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il S A QTL-qHO6 . fHil A PR A9FE N FASCIATED EAR2, M/NE 7ok 5T
WAEEH L34, TERE T K UHIAELELE B Rhed F Rhgl-b 25, 0158 T A T9VERIALEE,

A R E AR SR AR 0 S I K A R ] s LUK R R F X 4, sife T 2 il B 2L
REVRIRME B . FoKRER AT, FREREZR R T KRS . s i
R ECE MR A (QTL ) Ghd7, #3884 A m ) A 4 S A OB BE P PROGT LA 45
il K FEBRAE BRI Y TPAL FE R ( 4afiBE 53 [T OsSPL14 ) o HARPRF2EZ AWM ST 5a b T /K H
OsSPL14 K[, FEKRERFRIA/N . BESE . R SR i, HAMIR ERER
Ay VTR T K RERL 58 FURLE 1Y qSWS/GWS JE, TR ERF: 1 su ke T b 4 bL /N 1)
FEH GS3. GS5 DL K GL3.1/qGL3, ¥l KFE = AL BT GW8 LK 24U DEP1 FE[H |
IKFE EAL % FE Y DEP2 B DL KK AFHESR Y O 3L GIFL . MADS29 4%, FE/KFE & 1
SR I, FRERFER TR T KRR R 23RN F AT S5 A AT
B Sa {75 . I EPMOR 40 TR AP E AN T LD WA352 . 5K R USRS A T Y PMS3 745,
IR T ENTRVEFILIE, TaREIFHT58 T REP1, CSA, DPW. CYP704B2, MTR1. EATI %
IKABAELG R BRI ZEKAEHUME /- FHLEI T, BASBRA 5 i b T I OK A 1 i
2K SNORKEL] Fl1 SNORKEL2 MoK AE SR FE ABUIEREN P21, TR ERF2E ik | —
AKFEHTIE I DST H487R T K RS . LRI ApLH], Sobe T/KFEHE CEIE R
Bph14, KZIKAFMNERAHSCHERE OsHAL3 A5 T — 5858 a2 AR AN Rl s & B L

(=) EVMHENEDSHANESESVNEMRNSEEZER

Ml —3— 1R (1AA) JERIRAEY) A K Z 1) EZIGER Sy, 3- WIVENERER (IPA) &
B REAIR N — St TER IAA S BRTR, 2009 4, 36 E WS b 7 A AT 5 20 58 1o i 1L 07
WY | — ISR TAAL TE IPA SRS AL TAA (055 1 20, Kt zdmRi% s h
WSIWRPRT I 5 S R A LA IF ST AL AR A iR 25 0 2 PN 4 YUCCA B7E TPA SR AR Ak 5]
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VAR LA N TAA, K TAA 1) EBAWY) & R A 45— AR 28 1 A2

PR (ABA) WA A K & B SR LAY 534 Yka KOV . 2009 4,
br b =ABEFEL 2 h 7 % PYR/PYL/RCAR FIEE N ABA B2k, MJG#HT T ABA
ZAK PYR/PYL/RCAR 5 ABA Z56 1 RSG5 . FRERMFZMAT T ABA {75512 SnRK2.6
W S5 R, B8 T PP2C 2 FIREMRE ABIL R50 40 1 4 185 SnRK2.6 AY4>T-HLiHI
F ShBL A ZA#HT T SnRK2.3 Fl SnRK2.6 DA & SnRK2-PP2C & & 1K1 fh iR 254, /R T
SnRK?2 # 30  SE i o FALEE . Bb4h, #5717 ABA 524K PYR/PYL/RCAR EI| 2 (W5 1R
fitf PP2Cs, FHEIEE A SnRK2s [ ABA 5555 FROFABIRL, IR ER AR MGE TR T
BE - JRNPMRES A H V3L (ABAR/CHLH) J& ABA S5, #2468 0958 4% i (b 52 ui ot
17 TIESZ 4T T ABAR/ CHLH /519 ABA {55 1% .

MFEFENEE (BR) MIAER (GA) WEMYNEZ MEREE SR, UESIMIERN
&, PTG AR AR RS T BRAG S BBEMNEACHEO, f#br
H— AN BRAF 576 Sl . R EASE ERLAZ 0 AT T BR 321K BRI (9 fh K254
#5751 BRI1 5 BR 456 90805 W06 0 0 L6 . FRERZ LS8 T BKIL Fl 14-3-3
EAHTE BRI SHFHNEN . HARBEZRLYEE T KR F-box M GID1 2k GA Zik)5,
fi#dT 1 KAE GID1 SR8 K GA4 MEE G 1 IR, DL R JT AtGIDa, GA Fil DELLA
M GAL N Il B —JC 2 AR RS54, B T GID1 U] GA 43 F L K /5 DELLA
ZFRABIBLE . BRS¢ & 3 DELLA 8 Hil it 5 JA 55 005 kil B JAZL 564
PEEAE, 0 MYC2 B0E JA OB FERIERIE, #8751 GA i) DELLAs 45 JA SO 1 43
FHLHl, FRER2ER LI DELLA & (il i 50605 525 st 1 PIF3 AR Y
FETEAS AR, KRG B K ELL & GA {550 B0 (45 1 1, sl B i 1k K A5
DELLA #[1 SLR1 8 [ 4ERE A e MR M .

M AR (SLs) 2L Z N — PR . ESMVEFZ el SLs &0 il fE
YIS BRGS0 T HAY A GER N Z A E, 1 SLs A IR 2888 R
AR, FREBLE R A BE N TSR KRS D27 B U2 SL A& B — A AL,
E AMBLA R MG UESE D27 J2— B - HHE N K BAUE isomerase, FFISEHE N K5 SLs 19
YA B R, EAMRIS R L IR A4 DAD2 Frdmit it o/B— 7K ff B AL T4 B
SL 214 GR24 7] g2 SLs 3z k. FRERMAZ N T 524K DAD2/D14 5 SL &AW i
IREEFY S Karrikin {55812 R H KALR MIS5H . ILfE, EEBFERIRE T KA 251
IFE AT BAFSR T KALR U1 Karrikin 43U . EAML# 500 R BUEZE 4 ABC #%
I PDR1 & SL A2 Pt 2804, JRHEAE I A R 55 IS AR A28

AR (JA) WA WAEK . BERBER . =E LR A E R AYH
PESEIERE . TR FERlA 55 o [R] U5 2548 B RN A= Ak J5 E A T F-box ZEH COTL & JA 952
A, [ AMRRE S T S RS F TR COLL 5 JAZ B8 FE 2 iR U 4L [/ a2 JA (5
o WA, WRBKIGEE (SA) FIESAHY A RGP, I SAR Eay 1 HE
T NPRI1 BYFEA# 76 2450 T I R BIVE R, 3T SAR B & A MR B0 S e e v . FEANRLE 3R



5T &30 NPR1 1955 Z [F]J54 NPR3 Fil NPR4 J& SA BY3Z44, Wi AS[EIZKSE 1 SA 25w
5 NPR1 FR& S

() #E¥/h3F RNA ERHEMRNBEFZARBGEZHE

LGt/ N3 RNA (ne-sRNA ) SR AERAEY) =000 2, sRNA 45/ RNA
TH (RNAD) RFERFRB RN —FEZ A RERAZXT RNAL U A RISC H
AGO AL A1 sRNA AT THF5E, 4878 T A AGO 455 19 sRNA 1945 P2 R A ) g
MEZME. W, ESMBRER B WA THEN S, R EREFEEKRE T &
T KN 24nt B miRNAs (ImiRNAs ), A] 5 AGO4 W55 4 FUE A RISC, @47
FHOFR L DNA (9 F A AR5 SO I SE PR i 225K, #8787 miRNA JA 80 L R 5=
KE—Fh TR R T —28H 8 sSRNA-diRNAs, 7F DNA WAEWT %L (DSB) B & dik
FEEAEHHEARFRTIRE, AEL# DSB AR HLERME TR BAh, 48R T RUEE
miRNA 1 3' - R R 1Y 1 EL 4 8 miRNA IIVER] . EAMRR =R T T HENT 85
5 miRNA 7> FE S Y iR L5H, IESE T HENT I 3E4E miRNA §97E FIPLBE; & B 17
B HESOL 519 miRNA3' AR R A 7] IR HE—JAX TR SN DIl SDNs 4 5 P A P
miRNA KT N miRNA 7K.

DNA I IEAb R — PR Sp (0 R B 1, W T4z et . P 3k R kA
I S L UTBR S FEZEAE . RNA 4 5109 DNA 4L (RADM ) 2489 1 Sk 57
DNA H 3L EZmA ., DIEIMNREZEON E, K28 T 21035 RADM WEZRH T, M
H— A RADM i 8%, 4850 T 242 54 DNA LZH LT, 78 DNA £H 5L
MUER 7 T BAS T g . 4l iR B A e T, [ ANRRR S & B SET 4544 ik
F ATXRS Fil ATXR6 J& 4125 1 H3 5F 27 (iffizi2 (H3K27 ) FH efbpl, BEA Rk 55
(T XS SR 41 DNA SR HIAMEH . TR ERFEFUEH IR T REF6 JEPH 4t — A E %L
() H3K27me3 £ HSALREGE, REPBERVIGE T 28 RB ARG F A, LYy
IR BE R B SR AZ B M AE S 08 A5 (R R 4550 S VR B e AR AR AR DG [ (1Y
ik, WALEFILE S UL A TR,

(&) EYIREESFREAEENTNERRRNTR. BRER

R PURALIE T, EANRLA SR & BN N AR JFURAS TR 4% NPR1 2 (IR S
SAR S, KIS- WAEFEAHEH K (GSNO) /59 NPR1 S84k, i 480k 2 Ak
NPR1 () 2 RAK ] BLRFEHe , NPR1 7640 MAZ v 7 2 b7 D3k 5 S R I a4, 34 SA
W, NPR1ZE IR R AR hy s Rk A AN HEAZ Y 3005 SAR MISEFE N Ay Rk, K
Ca™/ F5H ZE 1 AtSR1 5 5 AT SA /519 SAR, AtSRI1 fE45 A Ca™/ 51 Z Il i
BLHEEES A AE EDST ZEH )3 87 L 0L R Ak (ol SAR; EDST 2 ka4 S aib btk
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RN, PR -3 K G N7 ) B R, mT S H 8 11 RPS4 Fil RPS6 76 i b B.AE, 14
PRIV AT AviRps4 Fll HopA 1 iliadffi EDS1 2 &M%, JEM AviRPS4-EDS1 & & 1A 7E4H
JHL R BAZ R RS Bl TR . 54, R BUH I -3- BER R Y SAR AT RS 311
G50, Y H WETEA Y S O h A EEAER, HYA FIE (Glucosinolate ) 1Y,
S AR RN AP B B RSB EC R B R .

TERLY) - TR L AEALE 5, T ERLE R R T F AT 80N R 75 1 5 %
T EAEPLIETE R TIRA MG . S8 T 2300 N FEAM S EHE, 578 TEN
FYBCRHLIE s AT 1 B 5 PP A TR B Il SR B0 AR R RN R F- AveAC BB BLE], &
B AveAC —AN PR ABE IR RS AT T L T R Z K AtCERK1-ECD 25438 5 JL T i
HRIEE G RS, Hn T IUT s AtCCERKL LUK T B T8 W A5 5 530 %
FIBLER; BT TR S 32 K FLS2— A HEE M 1 flg22-BAKI (A iASity, &I flg22 il
S FLS2 5 BAKI JE IR — RIS Ag22 FH30E N DI s 5@l #m T
FLS2 PRI 40 #E 20 i i #E B 8 1 8 40Pl

(73) EIEFMHTURNA R HTTR

AP E SR e R WOy T, R ERL 2= AR I Pl e ST AR % 2 B (1 NRT1.1 J& = S5
HIRS RISz g8 . EAMYBTFEE— 0 R B NRT1.1 7] A o ik R K 25 AMINAR ip 5 1 24
HARZE RS RRER TS O N AR, XV RERAEY B SR e R IBAZ 1 —FhpdLil . AWz 7
1, FESMEHFRLEE TR RS R SE B G 2 B V&% SWEETs, & I—48 SWEET
AT S 0 A D R RO TR B, T A R EORS AR, T — AN S KT
SWEET & F1U N REME 2T (ASEET11/12) , A S MRS 20 220 e 210 990) B B s

AR AR T, EAMRFAZANT TR a8 A5 i (A0S) Mg, I
AEPE B RAA T ERHEY) G BT T3R5 b 1 SR il 5 Al
g — PR EL I R W 1) SR AR ZE R T A BT AR PR 8 BB T BUR R S AL e
SRR ( prephenate ) Vi) arogenate, i arogenate AR WCAFEP AR N 2R G s
BLRfE, WAL, BRI T YR NIRRT A S B . R S AE S ) E
PRt REPBREZEN T B AR GERREHER N — D R ——4- & T - 4
A GEERE (ACL) BYFHIRZER, B0 T 4CL1 AL TE M R 45 & i B0 5, B T
4CL B IR St A AL L

(£) EMEYEARFARMEATRER
TERIY AR D T, AR E R SR Rl ¥ 45 M (ZFN) | TALE, TALEN

K. CRISPR/CASO i AR FH FAEY FE R AH RGBT . ZFN FiAREFE T K. MW, I IreE
YIS N s TALE & TALEN iR EERIF T . T2k KBS b Ets T 0 A



AR T B RS R SE K AR ; CRISPR/Cas9 £ R T AEMIRG T . A . AKARZEAVEY) HA5
FIN . FREPRLE R A A X B AR N TR . ZRSER SR, PR T
FRUSGEAEYER AT 1 T H, 2010 47, 2 [ERlAE SR 38 5 0 0 p I 4 22 a5 R S AR
CENH3 4 7RI FsH L e se n] 7= A AR AU MR . BT CENH3 JE B AIMIE 22 08 EARSY
MR, B 2oy n] DI SIVEY) E RIS &Rl 2RISR b, RAMRIEZER T
TP B MO R NI R P R A RS, CAVERIZAR A B R AR TR ik,

SEREDEE RO R et , 2R LR A3 BRI AR e, 4G M. R,
Tk R, BN, FAIN, EREMESESE, REONFEEEYUR . BB BURAIE IR
Al TR R ALY . 2011 4, RREEEEHEY M E A C T 1.6 /2 hm?, EEFpH
EIRAFESEE . EG, PIARE ., BEE. ek, hES, —SRAREZNERAT, EXT
TERRHFT L2 . B L D E M RO LR B AR R A8 T A, A dE R e SE AR T &
AWREIRAE . FRIETF 2008 4G 8 “HE LAY AR B RHEE R LI, o0 Bk
SRS, 4GB A = RUR BB N, IR SR E A R =k A4 £
2009 AT AR FEEHEE K BT FEAR RR AL IR TR A SR P UK R 1B 157 R ZAcRh
“Buillifk 63" WA= R AUET, AR VR S SR B B AR EA T T RS A 45

=. TEHBERIMNAFRHEELE

FERE LD 20 FZH A Ty T, FRERFER TR . BEGERFE R FELLE K
R RESEEYINANS, it 2R EEE R I Tt G R pLR 5 3K
IR} 27 ZAE K R DR 21 2 i A SOK e B 2R MR R e R D REIF 9 TR MU 1 Hi e
g, AR HAD—LepF R A TR, REAE IR ERL 52 AR E PRAE R E AR LR
RPEMI T Annual Review of Plant Biology ' &3 T T2 A H, RUITEFRFER AT
FTAEAT 2 E PR Y A Y2 ST RS 2

HEARE, REFMEYEYFIMES, 0. MYEEZERMESE S .
P RE DA TR SR W S5 T P RIS B S5 , TR A= BRI R T A BR A 38 [
FABKER, FRSXREIEMTT SRR

MU, RERLRBEBHNREE

AT E PR AR A YA (IS A PR IS I A EE ZEXERS F AR, s R e i 2y
T ZRBIINR, Ak ATHFEE A R AIBRAL, A SHEERIAWREAL, LIRS RETRAY H 45K
AR TR A YRR BT S DT T, R B B AW R P e A BOR N A T B
PEATR E EV R i PUSSETTIROTE , FIRI Ts i a S LE B S A
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5 MG AV T AR A KA T S R P AL Y 2 R, 2B SURIE A
FRE ORI . Rk, EFREEEh T “C4” JKAREH, Al aakBl e RS 5%
i CA YDA MIHEIFEE C4 BRI SCHEIEN, g 5N TS 7 5 Fh TBets 4 1842
AR (C3 M) HRSER KRR S BRI ERZ " 8. FOM A ZWAE B T o
RHEY) -5 [ SRR R 3L AR AR SR 5 AR I BT 9 B R E AL, A B AR
AR BRI 2 B SRR R LA Y RE T v [ SRR, B A A R R AR
BRI, YU AETTRBIRE S . RIIWPFTAE YA MUBE S AV E Y B, TFRHT B REIRAE )
ALK P S DU OT K A I REIR . eAb,  RIANRA R IE S B BRI I B A S DA 14
FRIATT A LA BT R 25 I ) 7 R DR AR R T 2

Fe FE AL FE 375 R A JEAN L, B BRER FE PR, IR AE A YA O A 2 WA
R, A H IR EBT AU, R INSRALY) A AR LR N T . R IT 8l A
QBRI SIS, DU 5 — SRICA R A A AR ) A 2 BB B 22 TR SR
R, ARG FAREE A ARSI GE SR S PR 2

R I 1 v »
v DB

—. 8I&

NHYG BT R 0 B A RIS T OB 1T AT AR B A D B JERlE, 32
kb2 . KTESCILEREE N R RN . X BRE 10 B2 BT A AR Sk 2Bk 2 i 0
JEYE. TR R e, OB BT N BT SR 2 R M2 B TEAE, X B
TR APy 5 S P R R O G 10 B i F RN . FISE A R, AR
I EUARR E NS 2R, A E N AMITFOIR DL BRI R A a3, FFxt e OB
Frombtge 5 R g s

. KRERIEFERESHRHE

(=) DETAREEYFEAM

AT &R0 A 200 BT SRy A SR AE ) A Al AR IEAE 2R 3 4 — D DRy S A )



SMARIGE—m R, LT 10 N J7 T RO BT R 5 B Z M C R, X —
PR R

(1) 7E A e A L Pt B SR BB S A A DL S A T8 A T o B it T
— o —ME RSB,

(2) FErhZe eI R S SR A AL A b B 220 f5 BT & IS s 68

(3) LHEAT R 24 AT 2EET A P B TS A L~ Tz 5 5 AR
ORI L G4 S

(4) iCHC R E ) R S S R AR

(5) MIEIR LA S ZARH SEAEMZLE]_ERSE—1E.

(6) i H RIS 1z s RG AL K F it e b i) 2 4R A5 B AL -

(7) TEWG - 470 — HEP - PRI 2 0] S 2 S B F R MR R T

(8) MTIREST H BB

(9) 5 EFFER K AN S ST R A AR R AT LU 18 B O B2

(10) CoBEAT Ay 176 Sh AT 223 Bl 2 18] B 32 B FHZRCE T 87 RO SR AL, s o 47
ST B

(Z) HETHIRMERT AROEBIT AR RIS BiE

OB SRR — R OB R SR U 2 — o P2 FE R RIS L T
SO B O BRAT R B[R] 2 T PR

RZEAE A REAUERSE , SEMRE AT ) 07 sUEE IR 207 . WFSE R 28 A Dy — il
PRSI, A BN O B IR AR S AR A A, el PR A
S5 2 PREERT O BT A2 2 2 O E BRI ST SR A 2 2] 3 B R AT
7, WEET WL B MR NN R SO B DB R TR0, W27 > T T Yk
BlIESE -5 0 ST E 2N O O B B8 UE 55

X BRI M SRR BE BT . EAMITORE, hTIERaD, A
B2 A AT B T AHXS AR A TA A ], i — B R B 3R A FnRE ey 5.

AE AR — T REFAERANMABR, 2B B R G R m, T H
— R SRR, SCIRE G MRS Ty B A AR R . ST AT TSR A TR
fEafEsegr. o AfE . WRTSR . XS YAE 0 - S IKAE% 207 T A SOk e 5
VYT SCAEZ A DT A SR 2E 5, AT LA AMAZ B R TR RUE . Stk S
HIRL A TR BOASEBAE T LIRYS, JCHRLZM DI s | SO AR F BEAR TS I8 B ) AR
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FHEERC OB 2R HA R ARy DU EA G0 B2 R R S HhiHA
ATV, DR AN AU 4 2 BT 3 R 15 T R 1) R e 5 S LB A R

RRIEHE B2 A R A RARFAEAE T, E AT S BRSE IR rp e BB A, e
H DA E AL 22 SO SR A EOR MR R i R P 2 Rk 0, i P R [l A 23 10)
R, FETE BCRAT R i B SR A BRI A B . X R S iRREE “XE" 22 J05ER]
e O M — B RER A oy DI EEUR . FRE T 2P TH2 LR IRRBTEL,
Mt AR — A SR I] TH ESRLA A, 7R SR AR T OB A P R R
P, RO S U R R R TR AR, S b R A2 O B T I ) 2
HLIB S PR

Fhas S J b A AR Z2 IR U AR S AR R N Y TR AT AE 2 A R AR T X A A B 7
Pl TR K, WRARZ A S IR R A AR . BRI SE MU S T At e
TR it 0 A, IR D BRI SEIR PO ], DB N IR 55 TAE R R, A
fifp At 207 i A RROR

(M) LEFERARTENHER

OF L INAL BIELAN Z5RREEZ OIS, SO I Z MY Bl 2
ZFRHL S I B AR 22 0 15 BE B Rk L B 5 i B B R R R i 2 DDA O
PEHE T Rl ZS R4 RER 2 X PR OE RFIE R R LSO SR -5 Z AR B R 1
G4y o AECHIFTT T U DA 22 N 46 1) o o T SV R Ry DA D s L], S R X 22 1]
FIDIBEFIAT SRS ML | SRR 55 %58 1 DX S AR 49 . AR DX 55 b g X 43 T
MERL

2005 4F, 0K 5 Olaf Sporns S Pk M4 H 58 T 52 2% 9 2% AR A 92 R Y
ARG ARIFREIE—— ANIREREL, FET 2008 4F55 — IR il H G s B 4 At 2 IR
BT AT FRINEE A B IS A A TR b BRI R N e i ik 22 ot
B R Z—, A ITE 2 D05 e i 23 v O Jol R B0 & L B FCP B0 & 22—,
FEIL AR RAT T AR = [ PR 2

AR 2 S RENS Sh A5 b 283 RN IR B AN HIRE F1 S e SEmti i 4%, T A A
BERFSIASIRE S AR B R, I BT AN 25 R0 B 2 . BP9 B B R 2 b
RS, ARMAMAERA A ORISR T, #5443 SRR R IR . BRI 22 55
BREA A R 22, R T gt RS XHA I RE J1 AR, BT AR 22 5 1 Ry
WFFE AN HIRE ) B 2 b A2 0 B 50

F S b3 — A0 S 55 i R A DK, OB AR T A E R T 100 AR ZE A
o, BEE OB R IE, AT E DS AL B S BRSSO BRERI A
PORBGF R OCHEEGTE, BREEITEALL MRS S . R, Gk
N FH 2 I AN TR B a3, (R Il 7 A 2 AR o= R0 Ky 22 / D 22 Nk R 22




SEATT AR | 22 R ] RS R 1 R T S B A A 2 = MBI A S B BRGE T O 1%
PR T OEGETHRFTIT

=. TEHBERIMAFRHEELE

PEA 21 22 LOK, EOEE AR . HET, ENEEIA = a2 0y
WESEREE A, e T EER. Al (%) SR 7 —H O BeE
SR RSB O O BRI M A G 37 07 T (845 ARG A R S {4t Ei Al A
SCHE . FRE A FISE0BAT A AT TR AR SERRAT S U, R T
AT IR RR TR PR DT R AR e SO R . 7R A, Ol
[l A e B B 5 I 55 205 R Aty 1 FR BT

1B BIAT A AR LR S BRI AN SO R O B A O R, 2 A SR 2
BITRFIVT 22 B RSB Iz — . 3T 20 4ok, BEXTX —F AR=mE, Eir F42h
T—RIIRBR, ARSI Y )1, HEURFRSURR R AL RO, FeFE7RIX
AU T — LR, RS I E R S A, BRI 973 W H L AR
PHAFEGERITH A FEFFH ARG . AL SO 227 i 2 RE 2 12 20 25 s
AIBIFSE B 2k Bl T [ PRk -

TRV S, B2 A0 B e B 2R 2 A . N e 2 2 R
I A2 = A RS U P S D7 T AT TS . R R AR, {H
SRR T REBEE MRE R EREPR L, R DEAT N AR E 28—
BTN, IFEBER AR E AR . TEE P, SRR RBE R B R BRI T
O PEETTE NN D, BB MBS LRI & T IR X — 4. 7ERR SR ]
XK, Mz 2GR TIRAMTE, mENMPIEESEZ T 455 EEF LR, B
FER L ] R EIA . 154 ShFUIE LR AHSC R B X RE 20 F N EE D3y
WFFEAH

TEPYTT, BE T AR . R LR IR RSS2 T2 M se o IATE . BFFE & A
NFEBEFGFIT FRBHE DG IR EENER, s R B A RS )
RAFMEZINER, SCICHUR RIS 1 R MR ZRIN R . [ AT it ok 4
MM T RAILEL LA AT T RGN, T —2erp [ SO 2 T B1iE 1 & e po it
FELH . TESCAS IR BN Tr 1T, RS NAE SRS 584, i ar A1R . KU FoRAT
IR VA8 PP 5 YA T A 2 o S — JB TR SR TR LS T T B SO 22 S T IR AR
T, KT SR R R PGSR R RR 225 . AR R SR TTTHD,  PY T O B
B REAZESCHE WECEE . b ELO 2 ROZE B0 770328 5 B ST N,
TEARSEVE DT B2 . HOCHNR 5O ki b, s b e cil, MEhEAACH
DEER A OB S
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FANA, HEARCRPITEAML, @i wRaE, THRBIAEOE, R4t T E 2R, A
M, S2E . WAHWAFABFEZAL, REPTTE RS SRR R, #5253
FE PRI S AE— SR AT T, RO B A 5 b 7 E ST
Flr 2R, B, IR N E Y 1ot it
FEH 5 kRS G WO RS TG 10 SRR ERIPISERETT 1a), (OBR SR AR
o B IEHIR AR AR BT AL IZ B RS AR, R v L B S
FIRL BT FE Y A e K A B EA R ] . AR, 22 AT RSSOk 2 240 iz AR,
i W E TR RPIONE TR, Tk SRR R,
LB gy | F s SOR A A KR B & S AT R DT EE 2 AGET I, AR Bk
FEAE MR T B AR BT 25

. KREREREBRESE

( — ) (DIBIT AR EE W F LS R R A

It ok L AT O AHAE 2 AL 2 o) S EAE T AR BT B, FEANIERPRER, 21
LA L7 MU HT A 20

(1) TRRINEIRM " PURPR AR AR RIS | Sh)iEatiz s T4 SO
THLHI T SR .

(2) AR RGBT = — D H R (2 SIS R R e
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A=, IR 2250 M A IR R LB A7, HESr T BY R S AR e AL sk



FHEAAZS SR THOR, 528 T Tl AR

(2) RERHIN TSN SN M. R8T REEAEY S, BEELRE
Y NCRAE = N3 R NERI 1 NS NCR iRV IS EP S &5 % NN R s P e
3200, WEAFHARE ST 18 FZAVAGEME R, HArA 7Lk 45 %, RITRIZST
s 641270,

(3) REREIN T A S R 2r R o M T i 7 o o e 3 52 5 ot 5 A
B R, AR R ) 30% LAL, JERFALTR 97% LA L LUK OB, SR EIE H
1 95% LA ERIRAiE . mOKIEYORER, Bk T T3 WA, AR 325 R, BRR
TE 30 Z5 AL HfE) T

(4) FRCTRENZIMTHEAR . FEAFERPCOTRE NI THR | 28EINEL Ik
FEPREOR | AT RERE T AR BT ROR SN A, AR 600 ZARATLIN, KIS
TR A, BT RO

(5) L- LR ACRHEBORITTE S . IF 1 LR I Bk TD-076L HYIER |
L- FURR S W B A T 2R RS04 . L ZLRRAAE G 20 B SR AUHr RO Y A W1 5 1 2 5%
BEEOR, DT TR, FORERAER s 3 1%, BIRSCE T RIE L- LR
AP E S EWTARDL o

(6) B2 A faFE N7 AT G I FE AR o ST 22 F AR TR 4 e 3 ek ] g AG00
WG PHATI , TFAR T 7 BURAT H 3R AC AT A R EAG T AZ% OB R T 70 R AN
i FAT AT AR DR G I, BRI AR B TR BRIEREK, RS E KKk L A
13 1.,

(7) R A B TG R . BRI RIS TR BXUCH
WRAT 1 . e i K S5 DU R 2R TR BRI, SRATAE R W LA 33 3T, k3
SCIE3C 78 f, SR L TE 10 ZAT M sty 5 e Sk Al RO SEBRI AT, B 3 1 lk 5
S

=. TERB IR FH R IR

JUE TR E R AR A R, (5 AR SN MR — R 220 . AR I FE AR
S RFETC, BEEREOAOK =05 i 22 5 g AR [ N AMIT TSR R, e TR
B AR A SR IT I R4

(—) ZRERARARETERRES. ERZTEMNRHMI =K
TER AL E SR, [E BRI SE A 45 5 B 12 A0 SR IR BE o AN i 8 — e P L A 1o

YIRS DI RE R, AHSCORTE U LA L A R) e # 2R B O AL ah

o |V

i

24

=B
-+

i3

s
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s AERPORH T A AEEPEY SRR . ISR T SR FIALE] | B2 g A A AR Wi A
Y R IR . RIS A 22 WP TS A E B H AR e, AR B A R G T A
flr, wng e s SRR R AT T RS A A W A B
SIS al i N (1 e o A A B R ol i <98 L I = T o o I 11 S U
Ty | By TS0 S5 S S S = A I o B 14 G DN s T R = T e TN £
XFEALDIREVE B BRENA . Py X S D REPE AR RS s B AN T AR, AR
WA . THREAR | LR INEORSE; B IRREOR, SR EREOR | Mk ESEE
PRI AE

(Z) ERSdREGEERERX RGNS

MR RIS S ECEAKT, JETER S AU Ft SOt g i s hES HA
B & SCEARY , B E A S AR B BT R S B SO R R
& E ¥ Journal of Agricultural and Food Chemistry 8K X m THEM B A, M
T8 Food Chemistry bR SCRAESAEE Y M TREMAA, WARF2RHHELE, b
E . EEMHAEAEY A S0 TAY2% (Biochemistry Molecular Biology ) 124 24 7|
*# ( Pharmacology Pharmacy ) Wi RHAT 8w BREFE K-, T v 6 A S el ) 1) £ A 2
( Chemistry ) Fil& 752~ ( Nutrition Dietetics ) X TFBHEA B ERILH

(=) PEERTUMEERRERAEHEERRES

2 E B & TR S A B & TR E, 2011 FRNEE LA 23R E
B Tk 2.5 £ DA 2009—2011 4 3 4R [H], SEEPE RS i Tl Al i % A1) H 35 4L
FHZEEL 5318 0.74% F110.29%, et 3K F 1 0.39% F1 0.10%., ALk, & E
B X 5 Tl 3K 1 STk /N T2

M. *ERERBEREE

(—) £XERFRERRASR

AR it B [l PR A A Seops R BLAR P A . DIRA MM E IR Y BRA IR, 2
F IR A IR S D REVE BT , (EHEDREME BT S E RN EA DU A OJT A
P HRARGE W ARSI AR R BB AR I AR s @R LMIE TR0 S R &
A I AR B Tl AG s @TF RN FHABRR | B | il B s s A A £ il
PR @F—iRAFH ARG MPIEIF IR N ;. @O NS B RT  5h %%



PRI E N, @TF R AT, Bt it i,

(Z) AERAERERRNEZRES

ARRE P RHETR E A K TR RITE . ORI PG, mIIREE IR A
JE&, BTBAXEMAH T, BEAaBlr o, WIS MM ME AR AL
R ERIAS TR s QFERMBTFE LU B b, AR U R, B IR E
LRGP BUFEIIER, I BORBGRIE S A mRler | B2 BIRRkE L R
Wit SRR R S S B QBRI R AT IS, [ al ek e . nlfpsk
KSR d L A AN T 18], DRIHCR R B B R B TR, et %4
ORI CREAE L TEIEEMAE, SRR EOR QT R TR SO @RUREL AT N
T, RN AR, TEFRBEREABAT, BRSO R | et
AR QAA TSR UBON MR T, mZouil, FARPITERA G R
FAENG, TR B0 SEH AL AR IR A A bR ©F
AL RS AA S, L, L. RS, AREESOERUET AT AR A HESE TR, iR
— MBI ENA | T LA BARNA FIFAERHLAA

(=) REKHARFTME

BT EARWTTEHE R AT, AR E SRS BOR BB TT 1 ROZ A T TE . ORI 2
TN T BRI 07 RARE AR B S SR A T 4, 510 B T RBi BRI %, DI SR
JIAE | HBUA AR BB A AR IR, T A TR BRI AN AT 37 BEOR B0 £ B IR
(A R SR TS ) 2 —; QUUE SR R PREE R S ml 8 & Bt I &, #Exd
FAEN S @RI A R TR, TP T 3 [ 5 ROk s 8 JR i S i R 4 T
PERIIE PR, P2 ARER AR QLA RLE AR YRR A BRI O BB
PR, AYIMTEARBATER . %4, WHERIILAR, SRR HilE e & R HZ N2,
LU T OB R G B B IA R, R R T R o @LUE e
SR CBEROAR g FARA B e A A i, X BRI i T s KP4 . B3R
RENAR . MUKFEE s A G SE R, s B EEoR, et iR
THg, TTROBT IR EL iR 7 ;. QUL RS PRIB I 2R UL O R B 2 R R i,
BN ERAESIRIN T AR fEEN I . PSS EAEIA, THnsE TR Ry H
AR Bt 2 T TR A, S IR AE T A 3 T IR R AEERE ;. Ol PR
FETREAR N IR RS, MR REE MY ER SR & . B 5

N /APAN
o
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S5 RUIRE SR

BN gl%

NEMATE BTG, SCRSY A ST IR S Y BOGAN LU, 1Ot E IR
PR . RREH A B BERIEGIR, AFRIRBIRCIR EZA PO, AT, &WLT. &
FEANAT . Ki49AT KR4 (Light Emitting Diode, LED) %5, LED LAZMYHABGIELE
AEHAER R REDT L, IF HEARAEXT G, B E AT S8 TS k24 (B LED LLH:
WEMTEE, SIS A28 T2t AR SCHE UL LED SR i [ 25 IR BH 2 i 47 IR
HH2E R & B AR, Xt (2012—2013 FEIARIA S HE RSB L RS ) (LR R
(Hess ) P FZENE,

M T LED BARRUN . SGigas . JFoCH ) 45 w2 Ui, ATRAZEMRER . ik as | [
2050 R VP 2 AR SO IR IOV SEE R N Y, X iE st 1T LED JoFR A4 5 FH AT g S AR AE Ry
FFICIEA AT B

—. NERERERMTAFREHRE

W% LED MPRLE R . TARRRE, HACHARBEFSET . 2011455 7, Cree JT &
BT LED 75 350 mA (LGSR AR IGEH RG22 ) AT T REE R 2311 m, A0t
BOREIL 231 /W o ESRARX TR WL LED S8 EYL06 LED, 06 B &AL
LT, Ebr LARE green gap’ o L EA VLS YA AT ( metal-organic chemical
vapor depositio, MOCVD ) J& LED A1) e B &, H i E AR 8 MOCVD 4858 42
WHIE o 7 863 T RIFFRI R I SCFF T, ENZ Z AR SR AEAT IS, IFC & re it
FPREOLA A 185, AR B SR TR T — AT LR K 48 ) 2 3] LED AhE i
MOCVD A== RUEENL, AR AYSMIE A 25 TR bRt 8ty , HATIES AL A R . SR S
fi. SiC. Si =Rt IREARBL, FIPTE RSN R ZEWr, M3 E R SR B SE A
BATE SiAHiE b, IEAERPAFHORMIERE, HETC AR 6 3R Si wfIE BT a2 @ S0t



LED, 1W MHIIRE 1 610 mW #0Y, AL LED YERGEAH] 140 I/W ., ZEEZEH AR
Jr, ARG, B EE2E (chip on board, COB) #{) 1Z KM, FEEXFEMFATEH
NFHE ARG G, TR RS , FRAIRIABH . itk — 20 Ot B R S b i Hh i e
AR BA M . RIRA RS AR OGENE L . RSO EAR B, HN
VU8 70 65 B A A B w A R 22 B 1 B i A2 58 Ik 5 I & T 3 458 28 T
LED i & MRE, R R MEFF i 5 3C T R IT I, 3R LED ot AR ROERT ROk
AR R R R ARTIVER LED il A4k LED SRSl HL i

Bl RN H RGEH AR ERE, RARCRAHRERI LN AN R ERE, Bk
JETT AR AE S T REREARS AR I [FIRT, BRAE LA e R T AP it Sl O RIET E BE  bh,
RETL AT REAR AR P AR BB W BB R R T In . Jeiit . B AR | RS Kl R
VER - IR B R G AR D) = A B, FEEZ S5 H 0 3R T TR AR B
¥ FEBREAE A BTG AR ORI, IR B H RS WRE SRR R
PR s H AR RNy T 3T B AR B RGRE P AE WL Y =4 1 PR G2 il i 2 ik A
R TR R R BB TE ik, SEM T LED SR AT R IRy 5 s, 78 K3)#% LED
SRR RAFIRCR . SRR SEEHEEHBAED 2, IFZ2 2R KEM; i
IR A T, W THS LED RN EAGamCREY], FIE L BmEeR 507
FEVESEAR R

LED R B AR FER 58 0 5 AR E N . AERLSE R AR, LED NS5 8o . 17
SO S BAAW B, BCHTSR R, FAEEN . EAMEEHE RN b
HERE . B H A GRS T A BAKHG i VRS TE TF & LED HF Bg i BEOH 4 AR
WF9E, $EH T —ERT LED RS kT HPERE S H A TR B RCR W S5 004 ik . B
J&, FET S BN TS RS TE RN BV LI TE RS TE AT SE T LED BRIE LT AP il B AR S iR
PRI BE IR | N IRBIAE T, B RHET . RIBMCE RS E N R, CaBd
SE3 T HARMIG IS T — @ MmN . AR AR, 2 A BB Rt L A e
Pk REFRIE . BT T WG A SR N S A T o, flan, HrEgRL R
SBEE IR T . B S SR LED RIS SE, TR LIZTEE (R/B)
R FF Sy . CIABE R RE AT AL L KT ATARSE LED AE GRS s R K
22 SRR ) BE A 37 FH P A DA 40 A B 23 R 18 il voi R o 5 71 BEIF 9T LED Sexd w2k
KEBWm, Sy etk . habt KKEEY), Uy HAb e KR
BRFMT, VIR TSR NESE . AR B RN A S AR s A KA
KA S A e b . B EL R AE FOR IR ST BT A9 AFF 9% A B 2876 2 R S b A7 LED
TR A AR E R RS . BT EAE TS A A A S SR TR, WiV KA 5 A A 2%
BT T XS FRAE (K H ARG 5 LED SGIEAHSS & 17 REAMEBR, RSN T AR
DGR A RO LED S6it%, 04 T LED SEIRTER ] (MG R 5, TR AA B
EVRERSCR IR Z N F LR G T2 Lm0 s/ NI R il R R W% T2
FHLE T ANSXHERNE SRR R, (R AR A K, BRI, BRIRSET R,
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SRR WA . FER R R R A TR T, TPRRBE S SR T S E R
LRI AR RER B RS, B HRFAWO LRI & LIFL, R 1 LAY LED
KTAT LS 5 LI A TCER L, 338 150M

UEAh, Bl LED BRI ARW g0 K= IR A L &, LED BB ChRUER il . b
HEUR R A 7 Bk AP R SRR B, T BB AU A T, a7 —&
FIEZR . AP AR, #E 2012 4R, ERERAZRSC KM ED 27 M EHT
LED {4 B8 B 7= bR i, f145 LED J6IR . LED #541%5 % . LED #3445 LED T H 5451,
TAFER . EZPE SR T AR & K= B DL 4448 T Al AR i 8 T LED #H 56—
FEN AT bRIE . LED BB 7= ff (AR ZE Ak RN P32 CURRIE AL 2 AR Ak BRI bR v A
SR —AE S, 2 2R AR S —Jr i, Al okl E L R Ak, (A
E LA EZAE T F LED 1 FifE, —HLFCEHBUS T SRR . a0 E i
FISERE TG (Bl SER LR “LED IF [ B R4S IR 2 a2 g bk i
FARGEI J32 JoR P TLE E TR I i, 0L ) L 4 T 96 [ Labsphere 23 7] A 35—
& “LED O, . W SAERERIRIN REEh, RGEAMUEA LED 7E4 AR 1451 4%
HF LED 6. o, ESEMKIIEE, Wi Ok HAT LED IE [ i % 5 85 IR A0 56 R ik
B AT LED A5 ) dt 2 SABH 14 I = T e

=. TNERBAIMNAFT R

£ LED B, A5 EANEBEERNBEAR SHRA —EMZER . ESME 58
A EBEFAS, RESEE LA —E g, AL REAR I 26 T E. E
Hh K5 EIZE Y MOCVD BN FH D3 SR A&, F R & TR AT ey, il ek 7 32 24 h 26 BR
. EERHEA, H, fEE AIXTRON, 3E[E VEECO X P ZK A Al i T E PR 90%
DL, miE P B aidE = MOCVD & ikaEiE . BHal, 72k SRR B
RZTH, FEE Cree A ARG, 2013 4F 2 HiZA T B 44E 350 mA AT T
SEILT 276 lm/W HYSER ZS R AR, Hm ™ LGS A RCR R E ARA ] 200 In/W 97K
EWJE, £ “EZEESEBU TR s t, &9 “th7 . “T—1" 10FEMER,
e PR B I G R R B, BHAT, B A RIK L GaN 3k LED B s itk
YA DG LED B2 05 850 150 Im/W 5 Pl AL D3R AL B2 5 08064 130 Im/W . [E N
2 Y Rt R AR P AR 5000 K B, 350 mA R ER0E T 130 Im/W, 6 Jif ikt
JEES A IR B , PEREAN 2 ~F A . AR B2 AR T A A d 25 T 1 ' o
TR IK 590 mW (LA E 35 Alem” ) o

FEEPREF AR, ENIMIRAE — 2 B 2200 3% F2 BRI A A O L R R
PR EEBR AR T, SR R RRA A e e Ak, R SRR R H S
RGN, EWAMEIEAKR, (AFREMEQEZOERED, SRR, RiEEZR



& LED B2 5 hR il S5 e A TR W71, 94y A 2 59 LED ARifi
AR HEEEZHACIUGRIE LA T IR TR TR, Wgkh G T —R50E
Z Al AR, (FUE, TEENARERYHIE PAAE N AR EAT G . AHIED™ S EE A i E bR
HESERNEL, [, 7ECHIERPRET, Sz SRR R ARA LED 7 &) SEPERYRERR
bR I UARR AR, FREPE SRR ZE S PREEOR IR R A S, MR T LARifE
A | SRR il A F RTAL T e 20 AR R B, (E5 7l A R B REAS T SR SR AR Y

MU, REREZRBBHNREE

H HT LED 2= SR B AR AT o R B BE, LED $iR— BrEPul & e, 7edvlt)2
I, LED MRS FERSOCRN - S8R VR ME R CHER & MOCVD 5
BINEA SR, FE RN EARFRDSE R e A R, B4 R T ks %,
{17551 AE A o045 i BE VA . AR W T R AT IS 1) 22 JRols 1) 161 28 RS B/ N T
KR, 896 LED WHEAR LA THORT, SOt / et LED & — AR D5 m. 4R,
Ptk 7 JEMME LED AEAETR 2 GaN [RIBTRTIS, X 7ERAR B MRk,  HRRIA ™
GaN Lt JICIRIE, PRI AR B A Rr e — 20058, 5340, BIFR TAER ™ L & TR A 3
N THEAERFREA, TR Zn0 Fl LiALO, &R/ 5 525, il GaN AR50 5
FERECTE/N, ebErT LABERE IR . AnsR EIRAT LA, GaN 3 LED $Al AP Ry FHYE
A EER T RSO, KR RASE, #h, e Rash, BB ok
B, AR Z BUAE R P B0 o) N0 JD T, L4 RGB =it FRRLA B D6 LED G
FEARB RIS ERE, BOEmFEsE. R AR AR, LED (O F il 5 R 15 2 #H
B . A ERE DL IR BRI T I AR RS SRR A 1, PERA A AR
PORE A, 3 B R S5 B AN AR KR ALAS, W il T2 R b fEifh, (84 LED o
il 1 AR Y AR KA, e dERe A bk J , 7E HARE AR Z T, 4% LED s i) KR
FETF KA H LED [ Droop Z50NEKE A A K f B B 2818

T, FH 2 1T 1) % J 2SR ARBE S LED S8R5 AW R BT R o P A R
BAT LA BRI AN B 6 et . e — 3ok . NIREFEE S A R — 2. [
i, LED AT HRGMIIREME R B W EE MW AR, Uk LED T HRGE 5. A
MERESFSS G A, FTFOIRetE R B B KT RAT HLAh b F2 22 0 & R 5 1 AR R T
BT KT + AR + KT 527 RAAE U B LED 7MY . REFRAL. BT,
JE AR AR SIS AAG BY R BRI R AR B N R R R, DB
AR L H BRI A% R R B R GO EA TR R BN FHRT St . LED BYREPEE T
AT ERBIRETT (IR, [Sh LED &) THlil Siot; HaFF g a4 0 oy 12 ks |
FRABEIABE R AR L Bk e . TCERA% 1 TR T G R A5 S5 Rl o BE . FERRIAY
Pl RIS, REHRAT M RIE I BH AR A3 500 . I RIT A A M 9 RB R . 7677

Fal=
He
PA%)
He

o ) 15

i

24

=B
-+

pisd

s
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IN

IHER R FTSER, B BEREI” Ok BT 9 15 IR

W& LED #fJi . SME, T ZHIRREZ I AR TR, il R GeLREAR LED i
B AR SR H S i dr AR AR R L SR g — A R DR, B0 b
AR RIZ AR AR, FHANE, e EEHA LED BB a) % . I, LED
HEIT)™ it B LA RIE P DA E AL R AR AR IR AR i R R ) — LT, IR Bk
BT I, AT E AR N A 75 BRSO A RER i A TLE R 22, H
HATB AR E MR SRR 5 7 838 A~ SR BT i S B HIAR R &, BT AN
ISR R R s BT OCPRER T AR TR ARG L S E PR AR R, 45k
SARRRBT AR, S IRBA SR A R

TERTIN T 07 T, 5 EEMEEARUEAL LA . RALRG . IS HLA A0 AR 5 il (4 [R]85
T, BN RG., SERNE R AR, s VTR IR LED PE -5 I
S I PP AR A SR SR 5 A, 5 R AT [ A IR B A
JEE, TR LED BRI R e R

I o T N LN

-~ gl%
2% (Stereology ) TET 20 20 60 4FAR, 22— THFFE = 4e4ht (=4Eiy ) Rt
2, HEAUREHFRIE A5 . ARSI 108 A5 . B B AR |

FORMARL . PG CT BE 5 BT R5 4, B S Ml T AR SR 3R B AR 22 B A
JEHLR . HESNEIKFR2ER, USRI AR R R

—\ IRERNAERAR R

(— ) XHME#MZE “stereology” HIFIAIR

H “stereology” —in] (LG —FE “MRHLZE" ) T 1961 4RI LK, FEENANARTE



G AR R, e SR H A —, I T AT AR AR MR BRAR R T A%
tE AR AU T B AR, AR EE S U THRHLZ SR (CT) Rl 25
REAV B S 55 22 UEn 11 44 % SO i T T RN B U OGS AR RS, IFREANTT R 315
THHR, R —10] (FECH stereology, stereo— + —logy ) BIRZ Ly L “BIF5E =44
REE" s mPCEEEE =L CT BRI R S8 TR 2 R . (2T 5E iy
S YRS RIE R TR

(Z) EMEFGRERRIER

(1) AW IFE W A7 e BN, L T2 T R B T 5D
DRI S L AL SN A R 2 2T 4R A T A2 070 L B I AR BRI A | AT ]
T AN SR TSR S e A A R I R I TT I . SRR AN i i K
FE SRS 0] i A0 P o ) 1 5 G AR ) AR BRI PP, TR ORI R . Bl . ARl
@OITE KA U] SRR AR DNA 5 A (0 s AU SS:

(2) AR A 205 SR AR SR B~ F T Al O B2 W P B . Bl . (RHAE
TEAMIBE AT FE B 5 AR Tk N TR R B E 5T | r AR SR IS . B
ARG A B SR B, e R, ZLANIESE BB . B IIRBE A
Bt BRI SF AR BRI, DLRAERE R T AR LTS | i Ao L
] Bl RS SIS P A T A4

(=) MR ERRER

RRLATE AT RL 2B i E MEE 1) P iU B R 2 5 T AR 2 B D st A rh DA AT
B, BEFRRy 20 el g B A &R 5 S Ak AR R A R IR 2 B A i e i1
VAR B ARG LR LA

(1) BFIFEBENATS (EBSD) HOARNK AR ZHZUE B I N 2L L E S dh e 21
A SHBH IR . RF, &5, /A, Bum . B 2s . BUeSCR . Al Bpa
JEAFTT U BUR R, IR 2R TR N

(2) EBSD i AFH J1 Huf #F 7 38 [ 5 A TR o (4 dh AR AE L H 20 7 (grain boundary
character distribution, GBCD ) HJBFFE/K-, Horp— B SR T S SRR 73 A 1)
SRR

(3) $&H W KARFRZL SR ) 8 A 2 2 ) — 2 o 5 T AL A e A B By vt 5 [ B
St TR 2013 4 HU ) Materials Express 2V SH ST A A s HReh T i =4
i R BB RY R i = 2 o ROT SR b S BN E OGRS e
T SHEMEEEMSE G, O S TR AR B HRSCR SRR

(4) IEAEARSE R T E SRR o3 Bl e SN AN A 4 & rh B AHZHZR . Je el & A
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S EARHERER Tk AR, V40 dtb EE AR v e T 32 L R AR RE T 15 22 [ A
HER SR . KA SIEIT AR, A s T3 E AR R 5 I A ) R R AR R 1Y
PrifELL RN A SR o

(M) BBaHHARER

(1) RWrk R EUSR I BT HoR 55 A R R s e MRS | AR 2 5,
WK T —RIEG B . MPRHII R 7 M RS E RS B D5 s BT X E YR 40
SR B R BE R EOR , 4R T — RS ER r FOT AT %

(2) WA T 26 MR A sh3Rfg -5 7 5 e 7 vk .

(3) T TR, 42 T BAR I B E gk, B T R 57
b H AR AR 2R 2 55 B BB R e U /N 28022 2 R U8 7
IESRG” %Ak 2010 4R EZHOR LI — 58,

(4) #ENT T AT ORI IR ARE K R GE UG A HTie Wi Ik MR G, #2187 2tk i
JHR IR B B2 R B B2 WA LB F o8 0, RS 17 3 68 AR 2200638 A5 A2 K e [ P
A

(5) gy 7R T4 H sh ¥ i i fose i 87 80 i & DICOM ( Digital Imaging and
Communications in Medicine ) FGE RS, THE T, EWRBEEEY R B E) DICOM brif
P SRR

(6) $2H 7 HT R A B EEA R SRS 2, o T RIS R 2
A AR TR YA R

(7) FE=HERPOTH, I T AT AL AR IE RS, (RS BRI T kAT 1T
SI4

(8) fE=HEmad i, 7E8URH . YIRS R Ros . Bl ™ EmIE A T &
RN T 2 P A T ST Ay o A A R A A 7 U T — R BB R

(9) HEEHFZGUETSE MY F T IIE AL R BT it (48 SO 7 50T 24K 2012
SRR | ORI — AR

(#) CT HAMRIRE

VAR, TTEMIMIZ#4 (computed tomography, CT ) FiARWAS T BEVRE, 5L
FILJT

(1) 7E CT BEAIIETNEDITE b, CT RN g2 =4e L e, (ARGl —Fh
e, BT PR EEE A E AN — N EEHIS, BRI EE AN
GEWMETAE . FeT BARIUALM AU g, JUHR I T Fe s B AR N 48 22 dn MUY 5 i
TE AR R R B[R] A U T BB g . 7E CT MU IR 1, LS



EIBAGY R BIMA USRS R, DAEGE RS UG R 2] T WLAE / 268 / A CT
g, IFCELR RS 2 PR R GRS R AW RGO . fEadFE CT 459E X ok CT 142
TN U R G . RRE LRI k.

(2) 7£ CT RGEACHISHER ST L, BRACKATOLIR . 85HCTR . SR bmit4
FIF AR S G R HAR B BURR AR AR L T 45 CT RS0 1 8T S 1 Fl
i, WT T CTAE N —FEZ SR E AR E R T, IR ER U . SRR
PP AR AR IE 7k 5 S BR RGN TR H A i 25 6 R %, AR T U900 RIAFROERCR
& CT BUGTT I AR B B i ) — A B OR

(3) A% BARA O EE AR R E RS, WAL CT (R E rTk 8L 40K, Xt
AT A A5 0 ] 7 2 22 T LK Y LAY L

(4) F A R PR 22 2 P K B 0 A TG I < R TR 2 5% S s At S A ) A
AR 2010 4 F R HAR L A8 IR —H i SR S R I A e . G A
FEFF AR TANTRACHIMER, Tz IR . s, g REEAREAL . ) —BUR
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1. Chemistry

In the last two years a great progress in the chemical research in mainland of China has bheen
achieved. This report organized and edited by the Chinese Chemical Society summarizes the
achievements attained by Chinese chemists briefly and it consists of a comprehensive report, eight
special topic reports and a supplement. There are more than 1100 references cited.

There are four sections in the comprehensive report: (D introduction; ) the international hottest
research topics in chemistry in the last two years; () the important progresses of Chinese chemistry
in the last three years, including the development of Chinese chemistry viewed from statistical data
and the main progresses of Chinese chemistry; and @ prospects and suggestions.

It has been pointed out emphatically in introduction that the world will welcome the coming of
the sixth scientific and technological revolution in 21" century and “the revolution of the giant
chemistry” will be one of the most important core contents of this scientific and technological
revolution.

Based on the information searched from “Science Watch” , the second section of the
comprehensive report describes some hottest research topics in chemistry field in the world in the
last two years, helping the readers to understand the developing trend of chemistry. These topics
involve new energy sources, new materials, new reactions and phenomena and relative subjects.

The third section of the comprehensive report gives out the statistical data about the winners
of national scientific and technologic prizes and the academic articles published by chemists at
home. These data indicates that chemistry is lying in the speedy development period undoubtedly.
Its main features can be described as following in briefly, that is, basic research is more solid and
deep, the thought of green and sustainable development is concerned emphatically, some growing
and hot subjects and issues are developing as same steps with international chemical society and
parts of issues are playing the role of leading the development of the subject, the transformation
of the achievements obtained in laboratory to the power of the production is being paid more and
more attention and making some breakthroughs, the academic exchange both in international and
domestic areas are more wider, the amounts of the published papers have positioned the first place

in the chemistry world and the qualities have raised greatly.
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In this section of the comprehensive report, the main achievements and breakthroughs in the
chemistry researches and developments attained by chemists domestically are reviewed according
to the traditional classification of the subjects in brief. The main contents and some examples are
described simply as follows.

In the part of inorganic chemistry, the progresses of fabrications, structures and properties
of a series of inorganic materials are reviewed. These materials include (D the inorganic nano
materials including noble metal/rear earth nano structural materials, metal-oxides, quantum dot
materials, graphene and its modified materials, photonic crystals with narrow gap, and so on;
@ the porous coordination polymer materials; (3 coordination catalysis for the activation of C—F
bond and the activation of inactive B=H bond and C—H bond at the same time; and @ coordination
supramolecules. The progresses on the syntheses, structures, properties and applications of
the microporous molecular sieves with novel structures, the molecular sieves materials with
special functions, functional mesoporous materials, metal—organic—frame materials and porous
polymers with special functions are summarized, too. For example, the three kinds of synthesized
microporous molecular sieves which have been recognized as new type structural molecular sieves
by the Structure Committee of International Associate of Molecular Sieves, the molecular sieve
TS—1 with good catalytic performance for oxidation of macromolecules, the functional FOM material
with obvious absorptive property for carbon dioxide, a novel biomimetric macromolecular nano
device and the tiny, brightly glowing nanoparticles as detecting disease biomarkers etc. have
been developed successfully. In addition, the applications of the porous coordination polymer
materials on catching of carbon dioxide and storing of the hydrogen, the bioinorganic chemistry
research on metalloenzyme analogous catalysts and its interaction rule with G—quadruplex DNA and
development of therapeutic vaccines and so forth are introduced, too.

In part of organic chemistry of the report, the progresses on the asymmetric reactions catalyzed
by metal or organic small molecules, C—C coupling reactions, C—H bond activation reactions,
formation and activation of C—F bond and methodology for synthesis of fluorine—containing
compounds are reviewed. Numbers of examples indicate that the study on organic reactions and
synthetic methodologies in China keeps continually the strong and speedy developing situation in
these years.

The complicated natural compounds which have been all-synthesized successfully by Chinese
chemists recently are listed out, too. For instance, the all-syntheses of ( £ ) —schindilactone A
with good activity for adjustment of immunization extracted from traditional Chinese medicine Wu—
Wei-Zi and typical oceanic sterols compound Cephalostatin 1 with the best antitumor activity have
been accomplished successfully. The collective synthesis, scale— and multi—synthesis of natural
product family and analogues, and function—oriented synthesis are the key points being concerned

by the organists in the field of synthesis of the natural products, and they will still be the trend in



the future. Some good results are introduced in the report.

The hundreds of new compounds and new types of frame structures have been found from natural
products. At the same time various important bioactivities have been found from tens of compounds
among these compounds. They will play the very important roles to explore the mechanisms of the
traditional Chinese medicines and design new drugs.

For chemical thermodynamics and thermal analysis, the important progresses on the fields of
thermodynamics of green solvent systems, material thermodynamics, bio—thermodynamics, colloids
thermodynamics and new type thermo—analytical instruments, especially in the thermodynamics
of phase behaviors and intermolecular interaction of complicated systems including ionic liquids,
supercritical fluids, supercritical fluids/ionic liquids, have been achieved. The thermodynamic and
diffusion data bases of the aluminum alloy with the highest accuracy in the world and thermodynamic
and kinetic data base of hard alloys have been set up.

For catalytic sciences, the traditional concepts have been broken through exploring in the
directions including (D to design and control the structures of catalytic active sites and the
environments of chemical coordination on the nano scale; ) to understand and explain the formation
of nano structures and properties of catalysts on the molecular level; 3t design and construct new
catalyst materials; (@ to find the new catalytic reaction and develop new research methods and techniques.
Based on these researches some new thoughts and methods for designing catalysts and researching
catalytic mechanisms are presented. For example, it has been found that the effects of confinement
inside carbon nanotubes of catalysis, the surface morphologic effect of catalytic materials, and the
interface effect in complicated systems etc. will play the key role in the multi-phase catalysis, and
some new concepts, such as the threshold-limited catalysis in interface, catalysis in nanoreactors,
“chainmail for catalyst” and a photocatalytic activity enhanced by a surface—phase junction for TiO,
system have been presented. In addition, some new results, such as a new route for transforming
the carbon dioxide to methanol, catalytic transformation of biomass raw materials, catalysis of
surface defect sites, and improvement of catalyst for catalytic oxidation of methaldehyde at room
temperature etc. have been described in the report, too. It is worth to mention, the accomplishment
of the catalytic hydrogenation of vinyl carbonate with high selectivity would offer a new scheme for
transferring carbon dioxide to methanol with high efficiency and selectivity if combining it with Shell
Omega process which is the synthetic procedure of vinyl carbonate. This achievement has been
described as “two birds with one stone” and commented as an important step on the road forward
chemical utilization of carbon dioxide with high efficiency.

In the studies on electrochemistry, great progresses have been made in high energy density and
high power density batteries, supercapacitors, fuel cells and electrocatalysis. By rational structural
design of electrode materials with three dimensional nanocarbon conducting network, Chinese

scientists have developed many stable and high performance anode and cathode materials with
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micro/nano complex structure. Layer—structured nano—plate cathode material of Li ( Li ,NigsMng sg )
0, with high change/discharge activity has been prepared by modulating the nature of crystal growth
of layered o -NaFeO, nano—plates. Structure—controlled synthesis method of nano—materials has
been further developed, and high index crystal surface has been realized for various metal and
alloyed nano—catalysts.

The progresses on colloids and interface chemistry are reviewed. It involves the presentation of
the thought about building the supramolecular surfactants based on the supramolecular interaction,
the constructions and applications of novel ordered molecular assembly including amphipathic
molecules, hybrid supramolecular reverse micelles, surface pattern ordered aggregated materials,
the applications to syntheses of micro and nano functional materials involving inorganic compounds
with special morphology, organic/inorganic hybrid assembly materials, noble metal nano materials
and gels of small molecules and macromolecules, the applications to biosensors, and the new
methods for studying the colloids and interface chemistry.

Some achievements with international advanced level and influence have been attained in the
field of biophysical chemistry. They include, for instance, whole genome sequence of single human
sperm, development of novel revised photo—excited fluorescence proteins, studies on protein
folding and interaction and their mechanisms, development of highly efficient molecular dynamics
simulations methods, etc.

The interdisciplinary research between analytical chemistry and life science is very active.
The report focuses on the new analytic methods and techniques of proteomics, metabolomics,
metallomics, for example, nano biotechnology, biosensors, microfluidic system and chip
technology etc. Chinese scientists have occupied the outstanding position in international analysis
commune and displayed the important influence in the aspects of proteomics, metabolomics,
traditional Chinese medicines, eco—environment, biosensors, and microfluidics. In addition,
many new techniques and methods in view of food security, ecological environment monitoring,
drug testing, emergency response for epidemic disease and other hot topics are developed; and
gratifying progress on the development of large—sized analytic instruments have been achieved.
For example, a new type fluorescence sensor plateau with signal amplified for using in nucleic
acids has been established, and it can be used for various multi—-marked probe molecules, and
the limit of detection has declined two orders of magnitudes than that original one. A sensor for
detecting nucleotides with multi—state by electroluminescence has been fabricated. It can reduce
the background signal in great degree. The established new microchip electroluminescence method
for detecting RNA in cells has been used to detect c-Myc mRNA in cell of breast cancer. A normal
base of Chinese liver organization samples and international first systemic protein group base of
healthful human’s liver have been set up, the numbers of the functional proteins with important and

significant means in physiology and pathology have been found undergoing the systemic and deep



biological analyses, and aseries of new techniques and methods for use in the research of proteomics
have been developed and improved.

The chromatography has obtained fast development in the exploration of methods and techniques
of the separation and analysis, new chromatographic column and materials for pre—treating of
samples, and applications to metabolomics, proteomics, drugs, environment, food analysis etc.
For instance, the system of micro reaction based on the hydrophilic interaction chromatography and
an all-on-line integrated analytical plateau of reversed phase protein separation—organic solvent
replacement—enzymolysis on line—reversed polypeptide separation— mass spectrum detection, and
the analytic technique of quasi target—directed metabolomics based on RTL-GC-MS SIM and so
on are established and developed. The amount of papers published in the journals collected by SCI
has kept the first place in the world continually since exceeding USA in number at 2010, and some
achievements have attracted the great attentions.

For polymer science, the important progresses of the polymerization with monomers sequence
precisely controlled copolymer have been obtained. The research of optical-electrical functional
polymers has been developing fast as the same step with international polymer commune in the front
of the world. For example, the best results on published date are often achieved in the research
of polymeric solar cell. Since Chinese chemist suggested and accomplished the flexible, textile
fibrous solar cell without transparent electrode firstly, the new breakthroughs have been reached.
A novel and flexible fibrous energy source integrated device combining solar cell and energy
storage has been prepared successfully. In addition, the series progresses have been attained on the
researches of the issues, such as, polymeric drug—given systems, macromolecular assemblies and
supramolecular polymers. The important progresses on the technique for production of polybudiene
and polyisoprene catalysis by rear earth catalysts and its scale tests have been obtained. The total
amount of papers published by chemists in Mainland China increase with high ratio year by year and
the increment per year is 87% of the total increment in the world. Now total numbers of published
papers have ranked the first place in the world and total cited numbers on the second place.

For nuclear chemistry and radiochemistry, the researches on the chemistry of nuclear fuel cycle
including the development of new type of nuclear energy source, the pro—treatments of the poor fuel
and the treatments and managements of the radioactive waste are very active recently. The research
achievements in the fields of nuclear security, environmental radiochemistry, radio analysis
chemistry, radioactive drugs and marked compounds display the important supported action in the
building of the national defense, developing of nuclear energy and applying of nuclear technology.
For example, a total reflection X-ray fluorescence spectrometer for using in elemental analysis
with ppm grade has been set up; the method for separation of U, Pu, Mo, Nd rapidly in burn up
analysis and automatic separation system has been built; some nuclear parameters obtained abroad

have been corrected, such as the half-life periods of **Si and *Kr.
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Many research results have reached or even surpassed advanced world level in the field of
environmental chemistry in recent 3 years. The number of papers published by Chinese researchers
on Environmental Science and Technology, Top one journal in the field of environmental study, has
listed second position since 2010. Moreover, not only POPs—related SCI publications of Chinese
scientists but also their citations have already positioned at second place in the world. After reporting
presence and partitioning behavior of polyfluorinated iodine alkanes in environmental matrices
around a fluorochemical manufacturing plant in 2010, Chinese scientists successfully identified
tetrabromobisphenol A diallyl ether, a new persistent organic pollutant or potential precursor,
as an emerging neuronal toxicant in environmental samples by bioassay directed analysis, which
marked the beginning of a new era in which Chinese scientists play the leading role in the study
of emerging contaminants. Active involvement in polar science and environmental exploration in
Tibet helped extending our research to global scale. Establishment of large—scale scientific facilities
such as Shanghai Synchrotron Radiation Facility made it possible to carry out mechanism study on
micro—interfacial environment. Elucidation of dissolution and microstructural transformation of ZnO
nanoparticles under the influence of phosphate is a typical example. Besides, breakthroughs have
also been made in elucidating environmental formation, behavior and fate of nanoparticles. For
example, the work about sunlight—induced reduction of ionic Ag and Au to metallic nanoparticles
by dissolved organic matter has been published on ACS Nano. Various advanced methods such as
surface plasma resonance and theoretical simulation have been adopted to resolve the molecular
interaction between pollutants and biomacromolecules. Assessment of estrogenic activity of
perfluoroalkyl acids based on ligand—induced conformation state of human estrogen receptor has
been made based on structure specificity of coactivator recruitment. Such has enriched the content
of the discipline and built a solid foundation for further development.

The progresses of chemoinfomatics ( computational chemistry ) attained recently involve
molecular mimicry of structures, properties, interactions and mechanisms of the matters,
prediction of structures and functions of proteins, analysis of complicated systems and near infrared
spectra, and development of soft and databases and so on. For example, structural position—specific
scoring matrix (SPSSM ) , Hallmark Pattern, SPSSMPred, DSP and BS-align, AWRCQLD and
RSWAQLD, the multi-corrected QSTR model of temperature—spectrum and new quantitative
method based on this model, new ideas of Model Population Analysis ( MPA ) and the nonlinear
pressure methods etc. Now, the level of predicting second structure of protein has been the best in
the world.

The reports introduce in brief the progresses and the breakthroughs in the study on the signal
transduction of chembiology, the developments of synthetic methods of bio—active molecules,
modern analysis techniques and methods, and applications of the technique for imaging and

controlling the molecular process and metabolism in cells etc. For example, the research on



the rule of gene mutation in human sperm based on the whole—genome sequencing of single
sperm cells has been accomplished, the new mono—-molecular techniques for detecting proteins
and nuclear acids based on chemical antibody—nuclear acid aptamers have been established
successfully.

Some important progresses for the application of achievements obtained in laboratory into the
practical and industrial line have been described in the report, too. For example, organic light
emitting materials, the technology for fabricating the green nano printing plate, and clean coal
conversion and utilization technologies, and so on. There are great progresses on the transfer of
the laboratory results of catalytic science to production in plants in recent years. For example, the
test of industrial application of second generation catalysis loaded on novel molecular sieve for
isomerizes dewaxing of basic oil of lubricant oils PIC812 has been operated successfully; the ability
of alkenes well reach 12 ~ 15 million tons per year produced by allowed sets by DMTO technique,
which will occupy about 30% ~ 50% of the total amount of producing in Mainland China, which
will help to reduce the pressure from requirements of the market greatly.

The more information about the progresses in Chinese chemistry during 1983 —2012 please refer
to the book “Speedy Developing Chinese Chemistry ( 1983—2012 )” edited by Chinese Chemical
Society and published by Science Press, Beijing at 2012.

In the last section of the report, it is pointed out emphatically that Chinese scientists must
catch the chance brought by the coming six" scientific and technologic revolution and drive to the
proceedings of “the revolution of the giant chemistry” doing everyone’s best. As professor Xu
Guangxian has pointed out twice, the revolution should be proceeded including changing the base
of organic chemistry from hydrocarbon and derivatives to carbohydrates, developing the green
chemistry and atomic economy chemistry and cyclic chemistry, paying more attention to develop
the new medicines and artificial organizations, new energy sources, novel catalysts with cheap and
high efficiency, strengthening to proceed the development of chemical and molecular biology, etc.
We are full of believe in attaining the final goal step and step due to that better progresses have been
achieved in above mentioned fields.

At last, the future trends and possible research directions for the subjects involved in report are
prospected simply.

There are eight special reports attached to the back: “Rare Earth Materials and Chemistry”
“Recent Advances in Li—Ion Batteries and Solar Cells” “Recent Advances in Organic Light-

”

Emitting Materials and Devices” “Progress in Environmental Catalysis ( 2012—2013 )" “Research
Progress of Pesticide Chemistry” “Chemical Transformation and Utilization of Carbon Dioxide”
“Progress in the Clean Coal Conversion and Utilization Technologies” and “The development of the

Education of Basic Chemistry” .
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2. Geography ( Cartography and
Geographical Information System )

21 Preface

Geographical Information System ( GIS ) was enlightened in the 1960s. It is developed to acquire,
process, and analyze geospatial information and data; an interdiscipline combining geographical
science, survey science, information science and other disciplines. As the foundation of GIS,
cartography is a long lasting subject that has almost equal history of human culture. Cartography
and GIS have been categorized as the subordinate of Geography in China. This report focuses on
the research development and the overall situation of Cartography and GIS in the last two years,
and includes their summarized development for the past five years. With close relation and deep
penetration, Cartography and GIS can be taken as the two aspects of one discipline which will be

further introduced and discussed in this report.

2.2 Recent Progress

As a frontier subject, the development of Cartography and GIS is driven by the science and
technology planning and market demand. With the support from National Natural Science
Fund Committee, Chinese Academy of Sciences, the Ministry of Education and others, the
theoretical research of Geographical Information Science has made considerable developments.
Also with support from Ministry of Science, the Development and Reform Commission, the
Chinese Academy of Sciences and others, our domestic GIS software platform is improving and
the brand recognition of GIS software is increasing, indicating a booming in the GIS industry.
The GIS education in China has successively provided professionals to scientific research and

industry.



2.2.1 Geographic information expression and management

Geographic Information Expression is the basic subject of GIS research. The most outstanding
research focuses on three dimensional ( 3D ) representation and modeling, especially represented
by Zhu Qing’s and Lv Guonian’s research team. Liu Gang etc. have presented a 3D spatial database
model combining the spatial and the semantic relationship for the integrated management of
aboveground and underground features. It supports various storage environments. Based on the
ordinary 3D spatial model research, Yuan Linwang etc. have introduced the conformal geometric
algebra ( CGA ) into GIS 3D spatial modeling, and effectively solve the inconsistency between the
multi—expression of spatial data models and the analyzing frameworks, creating a new methodology.

Effectively manage large volumes of unstructured geospatial information is the basic direction
of GIS research. Chen Rongguo and his research team, based on a systematically analysis of the
relational database management system, have proposed a method to expand spatial data model
inside the relational database kernel. This solves the eight kernel technical problems: high
accuracy spatial database system space identification; spatial data storage; spatial indexing;
spatial operators; space affairs; spatial query optimization; spatially distributed processing; and
secured data space access. They have successfully built the first high security geospatial database
management system in China. Wu Lixin etc. have promoted the concept of Earth System Spatial
Grid ( ESSG ) . Meanwhile, based on the Sphere Degenerated—Octree Grid ( SDOG ) , they have
designed a SDOG-ESSG model that satisfies the eight basic requirements.

2.2.2 Geographical information analysis and simulation

Geographical simulation system is a technology used to simulate, predict, optimize and display
complex systems. Li Xia etc. have designed the Geographical Simulation and Optimization System
( GeoSOS ) to simulate, predict, and optimize geography patterns. In digital terrain analysis,
Tang Guoan and his team have proposed new concepts and discussed the terrain index scale effect
and scale deduction, the terrain information of digital elevation model, terrain scale similarity
measurement methods, and built the parallel computing analysis platform Spatial sampling and
interpolation is a basic feature of GIS. Wang Jinfeng etc. have developed the spatial sampling theory
system for heterogeneous land surface, and proposed the Trinity Theory for spatial sampling. The
theory includes the Modeling Spatial Means of Surfaces ( MSN ), the Biased Sentinel Hospital
based Area Disease Estimation Model ( B-SHADE ) , the Single Point Area Estimation (SPA)
Model, and the Sandwich Model for heterogeneous surface interpolation. For typical spatial data
interpolation and modeling, Yue Tianxiang and his team, based on the fundamental theorem of
surfaces and combined with Gauss—Codazzi equations, have generated numerical methods by

applying uniform orthogonal mesh on the simulation region, and build the High Accuracy Surface
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Model ( HASM ) .

Marine geographic information modeling and analysis is fundamental in marine geographic
information system. Zhou Chenghu, Su Zhenfen etc., have proposed a spatial and temporal
modeling strategy based on the classification and abstraction of processing object, and designed
a raster—based spatio—temporal hierarchical data model. They successfully applied it in marine
spatio—temporal process database system analysis.

In spatial data mining and knowledge discovery, Pei Tao, Zhou Chenghu etc. have established
the theoretical model and methodology to apply multi-scaling decomposition for any spatio—

temporal point process data.

2.2.3 Map and geospatial visualization

Adaptive visualization is fundamental in mapping research. Wang Yingjie, Chen Yufen,
Ai Tinghua etc. have explored the theory of adaptive visualization mapping, and proposed a
method for applying variable scaled design, map features and layered details on small screen and
navigation. The virtual geographic environment aims to achieve the simulation and expression of
the geographical environment, and change the traditional methodology. Gong Jianhua, Lin Hui,
You Xiong etc. have proposed a theoretical framework for virtual geographic environment research,
and developed the virtual battlefield analysis system. Lv Guonian ete. have discussed the overall
framework and function for geographic analysis based virtual geographic environment. Li Deren,
Gong Jianya etc., analyzing from three different aspects: the basic principle, the technical content,
and the expression form, have proposed the geospatial information 3D visualization technology
based on graphics and image information. They have also developed the massive visualization

software GeoGlobal.

2.2.4 GIS technology and software

The fundamental application software is important for GIS industry. Since 1987 the first
international version of ArcInfo was introduced to China, the GIS technology has made rapid
progress. Experienced the import, digestion, absorption and re—innovation, the domestic GIS
software have gradually turned into strong brands. They are widely applied in national resources,
surveying, environmental protection, infrastructure management, and other industries, and
entered into the international market. The success of domestic GIS software platform strengthen
the GIS software research and development level in China, making it comparatively equal to the

international standard, and help to enhance the national strategic security.

2.2.5 Geographical information services and applications

GIS is firstly applied in the resources and environmental information system in China, making



it relatively mature. The National Water Information System, the National Soil Environmental
Quality Information System, the National Land and Resources Map have been put into services.
Geographical conditions monitoring, smart city, public health and hygiene have become new
focuses. The location service, navigation, education, entertainment, consulting and more
information service industries are emerging. The Baidu Map and Tencent Map have been providing
the public with comprehensive services. In a new era of big data and cloud services, building a new
GIS system for the integrated “data—model-software” , promoting personalized map services and
the application of spatial knowledge, give us the opportunity to interactively develop cartography
and GIS.

2.3 Comparative Study

GIS emerged during the 1960s in the United States (US ), and was introduced into China in the
1980s. The US leaded in the fundamental theory studies in GIS. The US has carried out GIS basic
theoretical research, advocacy geographical ontology, spatial relational language, large spatial
database, and spatial data quality visualization. ESRI has cooperated with several universities to
establish a variety geospatial analysis programs. Compared with the US, the GIS theoretical research
started late in China. We have effectively started GIS researches in recent years, including spatial
sampling and interpolation, spatial analysis and data mining, system modeling and simulation,
spatial data uncertainty and accuracy analysis. Now, the GIS research in China and US are all
focusing on the frontier subjects.

The GIS software and technology in China are moving on a new stage. The SuperMap and MapGIS
series have occupied 60% of domestic market and entered into international market. GIS in China
is facing opportunities to expand. We have synchronized with the US to create new generations of
GIS software for big data and cloud service. The establish of the first high security spatial database
management system BeyonDB, the initialization of two high performance GIS platforms gDOS and
HiGIS, shows that GIS has successfully developed in China.

2.4 Further Development and Perspective

Afier 50 years of development, Cartography and GIS have entered into a development stage focusing on
geographical information service. Massive dynamic data access, integrated management, integration
processing, intelligent analysis, personalized graphics and knowledge sharing become popular research

directions. The emerging of a new era of GIS and spatial information system, the development of GIS
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towards processing, networking and integration, the development of distributive massive spatial
data management system, the geographical information services, and the cloud based geographical

information calculation, have become the frontier and trend of GIS development in China.

3. Plant Science

3.1 Introduction

Plant Science is a major and fundamental subject in Biology, with the aim to study and understand
all aspect of plants, from molecular, subcellular, cellular, tissue, organ, individual, population to
ecosystem. Plant Science consists of many different research areas, including the followings: plant
morphology, structure and anatomy; plant origin, systematics and evolution; plant physiology,
genetics, and development; plant ecology and vegetations, etc. In the long history of evolution,
plants appeared as early as more 400 million years ago, while human have inhabited the earth for
only two to five million years. The development of modern civilization since the industrial revolution
has been an extraordinarily short period of a few hundred years. The plant world represents the
cradle of the human race and the foundation for their existence. Therefore, plant science or plant
biology is not only related to many other subjects in biology, but also provides an important basis
and framework for utilization of plant resources as well as agriculture, energy, medicine, and
environment, and eventually for the survival of human.

During recent five years, plant science in China has developed expanded rapidly with the
steady support of various funding agencies. Chinese scientists have made significant contributions
to the research field of plant science, with many original and novel findings in various aspects
of plant biology. For example, as a plant encyclopedia, the Flora Reipublicae Popularis Sinicae
(FRPS, Chinese edition of Flora of China ) was completed by the great efforts of more than
four generations of plant taxonomists and 80 years in preparation and writing. It is the pioneer
achievement of innovative, systematic, and fundamental work for China’s half-century research

in plant science and won the first prize in the State Natural Science Awards in 2009. Its completion



will make a magnificent contribution to the study of biodiversity in China. The Compilation and
Digitization of the Vegetation Map of the People’s Republic of China (1: 1,000,000 ) was also
completed with the efforts of three generations of scientist, which won the second prize in the State
Natural Science Awards in 2011. These basic researches have laid very important foundation for
understanding the national inventory of plants and sustainable use of plant resources. In addition,
numerous breakthroughs and progresses have been reported, including the protein structure of
photosynthesis, plant ( particularly crop ) genome sequencing, signaling pathways of plant innate
immune resistance, identification of important functional genes in rice and other crops, mechanism
of DNA methylation and DNA repairs in plants, signal transduction of plant hormone, ecological
safety and industrialization of transgenic crops.

In recent years, plant science community has taken great steps in attracting young talents and
training students. The country has also made a great effort to create a fair competition mechanism
and to invest largely on improving the infrastructure and research facilities across institutions and
universities. To date, China has established 2300 natural reserves and has more than 200 bhotanic
gardens. In addition, international cooperation and exchange have been taken in all areas and at
different levels, between Chinese scientists and those from well-known research organizations and
universities in the world. An important issue worthwhile mentioning is that China has successfully
won the bid of holding 19th International Botanical Congress ( IBC ) for 2017. This congress takes
place every six years and is a major convention of scientists from around the world to discuss new
research in the plant sciences. The winning of the right to host IBC reflects the significant progresses
and great impact of Chinese plant science community and will benefit to the development of plant
science both for China and the world.

This report aims to provide an overall picture of plant research in China and highlights some
of the important findings during recent five years and provide prospect for development of plant

science in China.

3.2 Major Achievements

Plant science consists of many different subjects or disciplines and is related to many other
biological sciences. During recent five years, Chinese scientists have made substantial
achievements and progresses in numerous research areas of plant biology. In the following, some

major findings and breakthrough in different subjects of plant science are summarized.

3.2.1 Plant structural reproductive biology

Chinese scientists in this area have made significant achievements involving studies on plant
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cell structure, plant structure and development, plant structure and environment, molecular
mechanisms of meiosis, gametophyte development, cell-cell communication during reproductive
process, rice fertility and reproductive isolation. Particularly significant progresses have been
obtained in dynamic imaging in vivo, mechanisms of mitochondrial movement, organization and
function of cytoskeleton, cell wall formation, plant reproductive cell development, cell recognition
in fertilization, mechanisms of reproductive isolation. Chinese researchers have also made great
progress in the studies of pollination mechanism, self fertilization evolution and plant and flower
interaction. Remarkable diversity of mating patterns and pollination in flowering plants has
fascinated evolutionary biologists for more than a century. In addition, new techniques like single
molecule microscopy have been applied successfully in some research areas, and provide advanced

tools in studies of this field.

3.2.2 Plant taxonomy, phylogeny and evolution

Molecular technologies, bioinformatics and genomics have evolved rapidly and promoted
greatly the development of plant evolutionary biology. First, taxonomic knowledge has important
implications in various ways. The Flora Reipublicae Popularis Sinicae was completed by the great
efforts of more than four generations of plant taxonomists and 80 years in preparation and writing.
It is the pioneer achievement for China’s half—century research in botany and won the first prize in
the State Natural Science Awards in 2009. Second, plant molecular phylogenetics has progressed
from the sequencing of individual genes for a few taxa to routine sequencing of complete plastid and
even nuclear genomes. Third, plant biogeography has been extensively investigated with the aims
to document and understand spatial patterns of plant biodiversity, deal with the questions of scale
and time, and understand the processes and factors involved in species distributions. Finally, great
achievements have been made in the area of plant comparative genomics and evo—devo genetics.
The significant breakthroughs include the evolutionary patterns of important genes in food crops,
molecular mechanisms of divergence of duplicate genes and origin of new genes, patterns of plant

genome evolution, and molecular basis of floral evo—devo genetics.

3.2.3 Plant molecular genetics and development

Of various fields of plant sciences, studies in rice gene function and agronomic traits were
immensely significant, which have made great contributions to our current understanding on rice
seed morphology, seed weight and size, rice architecture, reproduction isolation, hybrid vigor
and domestication, etc. The research in rice tillering and hybrid vigor is especially systemic and
enlightening. It is noted that the genome sequencing projects of important crops, vegetables, and
fruits, like maize, millet, cucumber, cotton, and orange have been completed, which provides

important and critical genome background for future studies on these economic species. Chinese



scientists have also applied state—of—art technologies like RNA-seq, GWAS, and whole genome
re—sequencing to improve our knowledge on the transcriptome and natural variation of these
important plants. These large—scale studies have provided new information on notoriously difficult
problems like hybrid vigor, and laid a solid foundation for future functional genomic studies and

agro—biotechnologies.

3.2.4 Plant ecology and vegetation

Many ecological advances have been made in China involving the following areas: plant
molecular ecology, plant physiological ecology, plant individual ecology, plant population ecology,
plant community ecology, vegetation ecology, global change ecology, and biodiversity and
conservation. Particularly, the Compilation and Digitization of the Vegetation Map of the People’s
Republic of China ( 1: 1,000,000 ) won the second prize in the State Natural Science Awards in
2011. It was completed with the efforts of three generations of scientist, more than 200 people. In
addition, many young outstanding scientists in this area have emerged in recent years and a series

of important platforms have been set up across the country.

3.2.5 Plant resources and their conservation and utilizations

Chinese scientists in this area have made great contributions to progresses in this areas, covering
various theoretic and practical aspects such as genetic diversity and endangered mechanisms, life
history and population ecology, germplasm conservation and management, laws and policies,
nature reserve management and community protection ( ex—situ and in-situ conservations ) , and
so on. Particularly, many important insights into the understanding of rare and endangered plants
have been made. Progress has also been achieved in studies of natural resource conservation,
molecular biology, and chemistry of medicinal plants, the quality control of herbal medicines as
well as the modernization and globalization of traditional Chinese medicines. A number of these
novel compounds have been proved to show significant bioactivities, and are under development as

potential new drugs in preclinical or clinical phases.

3.3 Trends and Prospects

Past five years have witnessed significant progresses of plant science in China, from basic research
on all aspects of plants, conservation and utilization of plant resources, and capacity building
in plant science to student training and public education. Particularly, some important policies
programs have been implemented in the past to advance many areas of plant science in China.

A notable example is the Knowledge Innovation Program, which began at the Chinese Academy
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of Sciences in 1998 with the aim of boosting research and education capacity in the natural
sciences. Numerous plans and projects have been undertaken, including different programs such
as supporting long—term and interdisciplinary research, capacity building, expanding research
support facilities and infrastructure, and fostering international cooperation. Meanwhile, many
young talents have grown to be active and began to play critical roles in research and education
across the country.

Despite these, there is still a large gap between China and the developed countries in many
disciplines in this area and we are confronted with many challenges. For example, novel and original
researches are not many and scientific breakthrough and milestone findings are rare. Also, there
is sharp decline of the number of scientists in basic and traditional fields like plant taxonomists.
Compared with foreign counterparts in this area, Chinese scientists should attach great importance
to the interdisciplinary studies, and to integrate the macro—fields and micro—fields and encourage
collaborative research between scientists from different field. In plant systematics and evolution,
comparative and evolutionary genomics, evo—devo genetics should be encouraged in addition to
maintaining high—quality teams in traditional fields. As the importance of the ecological civilization
has been recognized gradually, more efforts have to be paid to ecological research. Chinese ecologists
will face new opportunities and challenges. The following directions should be highlighted in the near
future: (D hierarchical responses of plants to global change; () integrative studies on ecological issues
based on multiple—dimension and across—discipline approaches; @) basic and applied research on energy
plants and crop plants; (@) comprehensive studies linking in situ studies and field observations; (5 plant
trait spectra under multiple factor conditions, (6 long—term controlled experiments on plant diversity
and community maintenance. While the demand for plant resources is increasing rapidly, especially
for herbal medicine resources, China is currently facing the problem of supply shortage. Extensive
studies have to be conducted in the areas of introduction and domestication of rare and endangered
plant species, selection of elite cultivars, and conservation of germplasm resources to guarantee
sustainable utilization of plant resources. On the other hands, China needs to keep up with the
world in the studies of plant molecular genetics and development. New technologies like genomics,
metabolomics and proteomics have to be used in all research fields. In the future, the most
interesting topics for seed biology include the development event involving storage characteristic
and germination behavior of seeds after maturation, dormancy release, maturation drying, and
pre—treatment technology. Research capacity will be built and expanded continuously, which would
improve the overall research level and international impact.

In conclusion, plant science has grown rapidly, with significant progresses and achievements
obtained in the past five years. We are confident that in near future, Chinese plant scientists will
play critical roles in the study of plant biology and become more active on the stages of international

scientific community.



4. Biochemistry and Molecular Biology

Biochemistry and molecular biology explore the essence of life at the molecular level and are
considered as the basis and the frontier of life sciences. it focuses on structure, function and
metabolism of biological molecules such as protein, nucleic acid, sugar and lipids, as well as the
storage, expression and regulation of the genetic information.

The development of biochemistry and molecular biology, from the unveiling of the DNA double
helix structure to the technology of genetic engineering, from genomics to proteomics, not only
provides people the chance to understand the mysteries of life, but also creates broad prospects for
humans to utilize and change life, thus to promote the development of modern medicine, agriculture
and industry.

As early as the 1960s and 1970s, Chinese scientists had made great achievements in the fields
of chemical synthesis of crystalline bovine insulin and yeast alanine tRNA. The “National medium—
and long—term program for science and technology development ( 2006—2020 )" has listed such
subjects as gene language and regulation, functional genomics, epigenetics, non—coding nucleic
acid, structure and function of biomolecules, and the regulation network in the living systems as
the frontiers in life sciences. Remarkably, protein research was listed as one of the four national key

research fields in basic sciences.

41 Proteins

Following the completion of the Human Genome Project, biological / biomedical research has
entered the post—genomic era. Protein is the fundamental and core component of all biological
processes and its structural and functional diversity generates the complexity and diversity of life.
Understanding the processes of protein synthesis, folding, modification and degradation and their
underlying mechanism is the basis and cornerstone of life science research. In the past few years,

China has made many important progresses in Human Liver Proteome, including the profiling

227



xR

%

s 3 0 3%

c10c—<c10c

228

of the expressed genes, systematically analyzing posttranslational modifications, identifying
disease hiomarkers and establishing new proteomics technologies. Protein researches and chemical
biologists in China have been very active in the emerging field of optogenetics. This report is aimed
to summarize the important research progresses for Chinese protein scientists in the past few years

and also discuss the possible challenges and trends in future protein science research.

4.2 Peptides

Peptides Science is an integrated subject that concerns the structure and function of biologically
active peptides, including peptide hormones, neuropeptides, peptide toxins, antimicrobial
peptides, anti—tumor peptides, antiviral peptides, immunoregulation peptides, as well as peptide
carriers and peptide self—assembly. Peptides research is an important subject in modern life
sciences.

Many biologically active peptides that play such important roles in the modulation of endocrine,
immune, neural systems, tumors, and infection, can be amenable for usage in diagnosis and
treatment. Peptide drug in therapy has multiple benefits, such as high efficacy, low medicinal
dose, limited side effects, and easy application.

The chemical synthesis and crystallization of bovine insulin in the 1960s indicated that peptide
research in China was advanced to a high level. In the past 30 years, Chinese scientists has been
focusing on the following fields: isolation and characterization of natural biological active peptides,
structure and functional studies of neuropeptides and antimicrobial peptides, peptide self-—
assembly, and the research and development of peptide vaccines and peptide drugs for a series of

diseases. And in China, peptide research is becoming even more active.

4.3 Non-coding RNA

The non—protein—coding RNA ( ncRNA ) research is one of the most rapidly developing frontiers in
today’s life sciences. After life originated from the “primitive RNA world” , there still exists a large
number of ncRNAs in the modern forms of life, with a huge and incompletely discovered “Modern
RNA world” . “The biology of ncRNA genes” is a new gene research field arising from this era of
big data in recent years, which mainly includes three aspects: (D RNA informatics; (2) RNA biology;
3 Non—coding gene resources and technologies. “The biology of ncRNA genes” will demonstrate that
life depends on the RNA molecules for playing critical center roles of regulation. It will also

allow annotating the structure and function of genomes in the manner of integration coding



and non—coding genes, and thus clarifying the origin and evolution of modern life. At the same
time, this novel new field will help to elucidate the mechanism of many severe human diseases from
new angles, and in turn provide new theories and technologies for the prevention and treatment of

these diseases.

4.4 Glycoconjugates

Glycoconjugate research focuses on the structure, synthesis, metabolism and biological function
of sugar complexes and sugar chain. Due to their involvement in physiological and pathological
process, sugar complex and sugar chain are explored for early diagnosis of diseases and the
development of vaccine, anti—virus drugs and antibody drugs.

Researches have been focused on the development of carbohydrate—based drugs in recent years.
There are more than 500 carbohydrate drugs in use, including a variety of antibiotics. Because
of the heterogeneity of sugar chains, the derived products are usually a mixture with different
compounds of various glycoforms, which brings a great challenge in their quality and safety control.
In addition, the difficulty in obtaining compounds with high purity and determinant structure also
influences the research on the titer of glycan-related drugs. Given that, the chemical synthesis
of carbohydrates becomes important. China has made a series of important achievements in the
chemical synthesis of carbohydrate compounds.

Research on the characteristic alteration of glycans in the process of the development of tumor
provides important information for early diagnosis, process monitoring, prognosis evaluation and
therapeutic targets exploration of tumors. Meanwhile, study on the alteration of glycosylation in
tumor development will help to reveal the regulation mechanism of proteins in tumor cells. Glycan
structure research technology has become the prior technical problem in glycomics research, which

has been in vigorous development in recent years.

45 Lipids and Lipoproteins

Lipid research in China has been focusing on their storage and transport, the signaling network they
participate, and the pathological basis of the related diseases with many remarkable achievements.
For example, research on lipid droplets, the molecular mechanisms of lipid metabolism and
metabolic diseases such as obesity and diabetes, cholesterol homeostasis and the role of Sirtuin 1 in
the function of antiatherosclerosis.

Remarkable achievements have been made, include the following: lipid metabolism, lipid

—
e

(w5

229



xR

%

s 3 0 3%

c10c—<c10c

230

related diseases, novel treatment development of lipid metabolism disorders, and the influence
of environmental factors on lipid metabolism. In addition, the relationships between lipid
metabolism and inflammatory pathways become clearer based on the findings including the newly
reported anti—inflammatory effects of HDL, IL-5 expression induction by liver X receptor ( LXR ),
and the regulation of lipid levels by the microRNAs. The relationship of lipids with diseases
is further consolidated by the reports about the role of ApoE in the pathogenesis of Alzheimer
disease, inflammatory factors in the process of atherosclerosis, and domestic researches
focusing on the relationship between diabetes mellitus and abnormality of lipid metabolism, pro—
atherosclerosis effects of high plasma triglyceride. The impact of environmental factors on lipid
metabolism is currently an international frontier, in which considerable successes have achieved
in China.

Future focus on lipid and lipoprotein research can be expected to happen in the following aspects:
isolation and identification of new lipids, regulation of lipid and lipoprotein metabolism and its
association with diseases; developing lipidomics and translational medicine in lipid; development

of new therapeutic drugs and drug targets.

4.6 Epigenetics

Epigenetics studies heritable changes in gene expression or cellular phenotype, caused by
mechanisms other than changes in the underlying DNA sequence. Epigenetics mainly concerns
three aspects: DNA methylation, histone modification and non—coding RNA.

In recent years, Chinese scientists have made several important contributions in epigenetics
research. In basic theory study field, Chinese scientists raised several novel viewpoints about
biological function of epigenetics modification, which have been published in world—class scientific
journals, such as Science, Nature, Cell, etc. In translational medicine field, some abnormal DNA
methylation sites have been identified, and cancer diagnostic kit is being developed.

In the next five years, our understanding about epigenetics will continue to be expanded, and
some critical questions in this field should be answered. With the development of epigenetics,

advancements to diagnosis and treatment of illness are widely expected.

4.7 Systems Biology

Systems biology is a new biological field that focuses on the systematic study of an organism, being

viewed as an integrated and interacting network of genes, proteins and biochemical reactions which



give rise to life. In particular, systems biologists consider that the whole is greater than the sum of
the parts. From the year 2000, research teams or institutes on systems biology have been gradually
increased in China, and now many of the major research institutions establish systems biology
related research groups, and the various terms related to systems biology are also used widely
in China. Based on such an essence, significant advances of systems biology on understanding
complex biological/medical phenomena have been achieved in recent years in China.

Several recent achievements on systems biology are described as follows: (D How the p53 pulses
regulates the cell fate decisions; (2) Identification of the dynamical network biomarkers for early diagnosis
of complex diseases; (3) the novel prostate cancer associated pathways based on integrative microarray
data analysis ; (4) Proposal of a hypothesis on the mechanism of cancer development; (5 the Proposal of a new
concept of single amino—acid polymorphisms; © Development of a new 3D geometric co—calibration
method for a combined system of fluorescence molecular tomography and micro—computed tomography;
(D Development of a optical-resolution photoacoustic microscopy based on two—dimensional scanning
galvanometer to measure cellular dynamics; (8) The application of systems biology study on traditional
Chinese Medicine.

To promote its further development in China, we need to (D strengthen the related studies at the
molecular level; ) initiate the systems biology studies based on biological big data; (3) develop new

technologies for systems biology; @) promote the translational medicine based on systems biology.

4.8 Biotechnology Industry

Generally, the modern biotechnology industry mainly includes the biological medicine, biological
agriculture, bioenergy, biological manufacturing and biological environmental protection
industry. Since 2006, China promulgated the “national long—term science and technology
development plan ( 2006—2020 )" . Under such a background of policy support, China’s life
science and biotechnology industry have made great progresses. Both of the number and quality
of papers and patents have improved constantly, and a number of key technologies have made
major breakthroughs, stimulating the rapid growth of biotechnology industry, making important
contributions to economic and social development. This article has reviewed the development of the
biotechnology industry in China in recent years, citing a large number of statistical data to describe
China’s biotechnology industry output value, industrial structure and investment and financing
conditions, and made analysis and prospect of the trend of development of the biotechnology

industry.
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5. Plant Biology

During the past five years ( 2008 —2013 ), plant biology has being rapidly evolved with nearly day—
to—day innovations. Many important advances in various fields of plant biology have been obtained
by both the domestic and abroad scientists. In the field of plant genomics, the genome sequences of
maize, soybean, tomato, Sorghum, barley, cotton, cucumber, Chinese cabbage, potato, Setaria,
watermelon, Citrus, Phyllostachy, Thellungiella as well as A and D chromosomes of wheat have
been determined. Genomic studies on genetic variation and evolution, origin and domestication,
genome—wide association study of key agronomic traits have been conducted widely. Remarkably,
a dozen of genes controlling important agronomic traits in crop plants including rice, maize, wheat
and soybean have been cloned and their functional mechanisms have been extensively studied. In
particular, some important genes, such as Ghd7, PROGI1, IPA1/0sSPL14, GS3, GS5, GW8,
DEP1, GIF1, and DST, which regulate plant architecture, seed size, grain yield and quality, have
been cloned from rice. Progresses were also made in the understanding of the molecular mechanisms
controlling rice Indica—Japonica intersubspecific hybrid sterility, hybrid male nuclear sterility,
cytoplasmic male sterility and photoperiod—sensitive male sterility. Moreover, it has been firstly
reported that strigolactones ( SLs ) are new plant hormones and key ABA receptors are the PYR/
PYL/RCAR family proteins. Important findings were documented in the studies of the biosynthetic
pathways of auxin, SLs and cytokinins. The basic working models of ABA, BR and JA signal
transduction pathways have been established in recent years. The regulatory mechanisms of non—
coding small RNA have been thoroughly studied in plants. A new type of miRNA, long miRNAs
with 24 nt, has been found to repress target gene expression at the transcriptional level through
mediating target DNA methylation, while another new type of sSRNA, diRNAs, being uncovered to
be involved in the repair of double—strand DNA breaks. A couple of factors regulating plant DNA
methylation and demethylation have been identified, and the mechanism of RNA-mediated DNA
methylation has been largely elucidated. Using Arabidopsis as research system, the molecular
mechanisms of systemic acquired resistance have been dissected in—depth, and the host targets of

a number of bacterial effectors identified and their pathogenic mechanisms in plants clarified. In



the fields of plant nutrition and metabolism, plant biologists have also achieved many progresses,
especially plant nitrate transporter proteins being identified as nitrate sensor in the N sensing and
absorb. In the development of plant biotechnology, Zinc—finger nuclease, TALE, TALEN and
CRISPR/Cas9 technologies have been successively adapted to engineer plant genomes and applied
to the rice, maize, tobacco and cereal plants. Additionally, a new approach to generate the haploid
plants by modifying centromeric histone H3 and a novel “reverse” breeding procedure by silencing
meiosis—related DMC1 gene have been developed, providing novel ways for hybrid-breeding

practices.

6. Psychology

The human mind and behavior are the basic research topics of psychological science. Mind and
behavior are not only based on physical and biological foundations, but also influenced by social,
economic and cultural, and environmental factors. Focusing on this subject, the present report will
introduce the recent major progresses both at home and abroad, narrate the comparison between
domestic and foreign research situations and future development trends, and give some suggestions

for the research and development of psychology in our country.

6.1 Research Progress

People’s knowledge of various complicated process and the relevant biologic foundation of mind
and behavior are going through a process from locality and isolation to overallness and unification.
The research progress made in different fields has reflected the major trend of this discipline, such
as progress in the roles of consciousness based on center awakening, space—time mode of neuron
information communication and collection, central gating system, integration of memory and
learning process and emotion process, unification in neuromechanism from primitive emotion to
artistic aesthetics, evolution of language source and sports system, individual development in the
complicated interaction among brain—behavior-gene—environment, animal models on brain function

abnormality, etc.
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The relationship between mind and environment has always been a basis research filed in
psychological sphere. Network, social class and culture are environmental factors influencing
people’s mind and hehavior. Internet community, as a virtual environment, has impact on various
aspects of human life, such as socializing and learning and its influence on mind and behavior has
been an important research subject. Social classes have been widely researched from the perspective
of social cognition, finding a relatively stable cognitive disposition among the same social class that
can further influence the way how a man percept himself, others and the society. Creativity is not
just a personal feature and individual phenomenon, but rather a complicated cultural phenomenon.
Culture decides the development and expression of individual creativity. Behavior decision
reveals some cross—cultural differences in coopetition, self-assertiveness, risk seeking, risk
communication, deception and corruption. Both similarities and differences exist between western
and Chinese cultures in many perspectives. The present research intends to explore from the cultural
provisions on individual lifelong development, cultural communication and relevant economic and
political practices, influence of the development of psychology particularly from the visual angle of
history and cultural comparison.

Theories and methodologies of psychology have been widely applied to all fields of social
life, accordingly forming psychology—related sub—disciplines that are important components of
psychology discipline. As our country enters the special stage of social development, the social
reform is also in a critical stage. It can bring both opportunities and challenges to the development
of psychology in China by standing at the world frontier of science and extracting scientific issues
through focusing on major problems in practices and reality.

Cognitive neuroscience, a highly interdisciplinary subject, is closely correlated to high—
tech development. In recent years, researchers began to reconsider the cerebral cognitive neural
mechanism from a neural network angle, and attach importance to the functions of encephalic
regions and the effective linking mechanism, regulation of encephalic region dynamic activation
by stimulus and tasks, collaboration mechanism of cognitive encephalic region and other regions,
etc. Studies of brain neurosciences frame—human brain connection group based on complex
networks and graph theory have updated people’s knowledge on brain structural connection
graph. Individual differences should be the core variable in studying human cognitive ability and
neural basis.

Cognitive diagnostic model, as the core of the new generation test theory, pushes psychometrics
to an era of soft measurement. The statistical methods applied also show a trend of consolidation.
Structural equation model, multi-level regression model and growth model plus response time
analysis are three newly developed psychological statistical methods representing the latest progress

of psychological statistics.
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in certain fields of study has reached, or almost approached the international level, such as the "
researches on sensory perception, social cultural cognitive neuron science and branch function f

connection and so on.

Psychological researches in the western society mainly employ a social cognitive visual angle.
Domestic scholars, by contrast, mainly focus on researches on measurement of social class,
controllability of subjective social class and attribution preference, etc. The domestic web—based
learning researches, combining the reality of China’s education, investigated the cognition,
emotion and motive rules as well as relevant education countermeasures, all of which have
been new issues of researches on domestic education psychology. In the West, the concepts of
creativity, measurement and influential factors have been widely and adequately studied. Shi
Jiannong et al. have been engaged in researches on genius children and creativity for many years
and come up with the research result on the creativity development in the context of Chinese
culture. Li Yu et al. have performed in—depth researches on the influence of culture on decision
making, and found differences in decision making between Chinese and western cultures.
With respect to lifelong development, the western psychology pays equal attention to the three
perspectives of physics, psychology and spirit. Chinese psychology should perceive the cultural
connotation hidden behind western psychology and construct psychological science and practices

suitable to Chinese people.

6.3 Prospects

With the increasing knowledge on the interaction between the biological mechanism and mind
and behavior, the future researches may make new breakthroughs in brain “pacemaker”

. T » . . .
mechanism, “binding issues” of perception neuromechanism, door control process, emotion
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and learned regulation as well as direct language communication between human beings and
computers. Influences of social and cultural environments on mind and behavior will be studied
more detailedly and deeply. Researches on social psychology and behaviors should attach more
importance to dynamics, groups and cultural specificity. Moreover, the influences of culture on
creativity, decision—making and lifelong development will receive more attentions from scholars.
The present China is in a transformation stage, and the introduction of political psychology for
interpretation and investigation of the social problems in China has been an inevitable trend.
The frontier issues of political psychology mainly include international politics, ideological and
system rationalization, influences of emotion on political behaviors and so on. At present the
political psychology in our country is in a developing stage. As for the future development, it is
mainly about the sinicization of political psychological researches and the localization of related

theories.

7. Management Science

and Engineering

Management science and engineering is a discipline that involves the study of theories and
methods of management activities. The research results can provide professionals with scientific,
methodological and technological support both practically and theoretically. In recent years,
China has witnessed an unprecedented development in the field of management science and
engineering. On one hand, quite a few research results gain international reputation and are
published on top journals. On the other hand, the research is based on domestic management
practice and contributes to economic and social development significantly. This report attempts
to analyze the trend of domestic management science and engineering in recent years by the
following three aspects: the latest research progress in management science and engineering,
a comparison between domestic research progress and abroad research progress, trend and
prospect of this discipline.

This report performs a statistical analysis on high quality papers in the field of management



science and engineering. A co—word matrix, visualized as a graph indicating the hot spots in
management science and engineering, is obtained based on keywords in these papers. Combining
this graph with expert opinions, we identify the hot spots as: operational management, industrial
engineering, theory and method of decision, business intelligence, quality management and service
management.

Apart from the hot spots mentioned above, some emerging fields along with traditional
fields are attracting more and more attention. This report chooses the following fields for more
detailed analyses: agent—based computational finance, urban traffic management, intelligent
knowledge management, service science, low carbon development management, project
control.

This report conducts a comparison between America, Canada, Japan, Korea and China’s Hong
Kong, Taiwan in terms of research progress, based on the statistical results of papers published
in major journals of management science and engineering. It turns out that mainland China has
published the second most papers among all investigated countries since 2010. According to the
principle that a country with more most—cited papers is more influential in the related discipline,
China has achieved significant influence in management science and engineering, yet the gap
between China and other countries still exists. By analyzing keywords of high quality papers, we
identify the differences and similarities between China and other countries/regions in terms of
key research areas. The comparison indicates that each country differs from one another, while
scheduling, optimization and the game theory are common to all.

The next decade is a critical period of strategic opportunities for domestic scientific and
technological development; the rapid economic and social development makes numerous new
requests for management science and engineering. This report summarizes the future trend of
management science and engineering, and proposes the key areas, namely management theory
based on China’s actual conditions, methodology of complex management system, management
issues with behavioral complexity, risk management and crisis management in the post—financial
crisis era, service science under new information technology, decision and knowledge management
under network information environment. Finally, we end with suggestions to promote domestic

development of management science and engineering.
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8. Tibetan Plateau Research

The Tibetan Plateau is a focus and an ideal natural laboratory of earth system sciences researches
in the world, due to its complex formation mechanism, the highest elevation, the largest area, the
most important environmental effect and the most fragile ecological system. It is a key region for
multi—spheres interaction researches, including lithosphere, hydrosphere, and atmosphere.

The basic theory research of the Tibetan Plateau is a platform for China to obtain research
breakthroughs and occupy international academic dominant height in earth system science, and
further more become a leadership. For national strategy, from the researches on the relations
between the Tibetan Plateau uplift and resource and environment, it helps to understand many
uncertainties faced by human beings in climatic changes, and play an important role in supporting
resources rational utilization and sustainable development of society.

Recently, some academic developments are achieved from the following points.

The collision of India and Eurasia plates is a basic and important scientific question for the
Tibetan Plateau research. From the sediments in the foreland basin near Saga of the Tethys—
Himalaya, and combined with the evidence of the ophiolite obduction time, the collision time
between the two plates is defined as 65Ma, when the sedimentary environment performed apparent
changes.

Lithosphere structure, properties and thermal state of the Tibetan Plateau provide observational
evidence in deep processes to explore the dynamics of the formation and evolution of the Plateau.
Studies on Cenozoic potassic magmatic rock in the north, central and eastern Tibetan Plateau since
40 Ma confirmed the existence of lithospheric thinning. In addition, the discoveries of low—speed and
high—conductivity layer in the Tibetan Plateau ( southern part: ~ 15 kmj; northern part: 20~50 km )
has a very important significance for understanding the uplift model of the Plateau.

In recent years, the theoretical models of mineralization in the Tibet areas have been achieved.
Fluid activity and mineralization resulting from orogenic activities and crustal growth have been
studied in detail. Focusing the orogeny belts on the Tibetan Plateau, large—scale mineralization
has been found mainly to be formed in the post collision period and developed in crustal extension

conditions.



The paleo—elevation of the Plateau is a key point for discussing the uplift process and its
climatic and environmental effects. Along with debate, the Plateau elevations in different periods
are estimated by using animal and plant fossils and isotope altimeter, providing a clear route and
direction for understanding its changes.

There are obvious regional differences of the uplift processes of the Tibetan Plateau. The
Himalayas in the southern part uplifted in the early collision period ( 50 Ma ) . The uplift of the
southeastern part was probably not later than 22 Ma, which was revealed by the changes of the
surrounding drainages and mountains. The northern part possessed significant uplift around 5~6 Ma.

The intensity and process of Cenozoic weathering and erosion in Western China ( mainly on the
Tibetan Plateau ) is not only closely related to global change and Asian monsoon evolution, but also
deeply influence the global climate. The latter, in turn, affects the Asian monsoon. Thus, the uplift
of the Tibetan Plateau is probably the driving factor of many processes.

Both the uplift of the Tibetan Plateau and the Paratethys Ocean have affected the formation of
the East Asia monsoon, and the influence derived from the latter should be more intensive than the
former. Beside these tectonic factors, the Cenozoic global cooling had also influenced the change of
environmental spatial pattern.

Researches of the past environmental changes on the Tibetan Plateau have been deepened
continuously. Significant progresses have been made in the temporal resolution and quantitative
study when reconstructing the environmental change history using the proxies of tree-ring, ice
core and lacustrine core. This provides continuous high resolution records for the reconstruction of
environmental change in Tibetan Plateau in short time scales, and is also significant in discussing
the change of monsoon and the westerlies systems and their interactions in long time scales.

There are three patterns of precipitation in the Tibetan Plateau, which are monsoonal,
transitional and westerlies patterns. Water phase transformation among different spheres of the
plateau is being intensified, along the tendency of the weakening monsoon and strengthening
westerlies. The changes of glaciers are showing obvious spatial differentiation, e.g. the intensive
retreating in the southeastern and southern parts, less retreating in the central part, and stable or
light advancing in the Karakoram region. Lakes on the Plateau have generally expanded, however,
despite the glacier retreat and lake expansion are temporally synchronized, their relationship still
needs to be clarified in further study.

Climatic warming on the Tibetan Plateau is propitious to the extension of growing season and
increasing of vegetation productivity. This also increases the height and coverage of deciduous
shrubs and herbs, decreases the coverage of cushion plants, mosses and lichens, and reduces
the biodiversity and species evenness. Forest and farmland ecosystems on the Tibetan Plateau
are carbon sinks, and alpine meadow and alpine grassland ecosystems are weaker carbon sinks.

However, the potential change of precipitation pattern will definitely influence the productivity and
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carbon exchange of the ecosystem.

Irrational land use, especially overgrazing, has been the main reason for the major vegetation
cover changes on the Plateau, such as grassland degradation. Heavy metals and organic pollutants
emitted by human activities could be transported cross—border even globally through the
atmospheric circulation. This has disturbed the environmental background values in the polar areas,
and has also been found in the Tibetan Plateau.

According to the amount and subject analyses of the publications related to the Tibetan Plateau
research, China is undoubtedly a big country on the Tibetan Plateau studies, because it possesses
the first position in the total publications’ amount and their total citations. According to the numbers
of citations per paper and highly—cited papers, the status of China has significantly risen, which
means a continuous improvement of the Tibetan Plateau research. The formation and evolution
model and environmental changes of the Tibetan Plateau are hot issues according to the research

focuses and themes.

9. Operations Research

9.1 Overview of Operations Research

Operations Research ( OR ) is an interdisciplinary subject emerged in 1930s. As a formal discipline,
OR originated in the efforts of military planners during World War II. In the World War II era,
OR was defined as a scientific method of providing executive departments with a quantitative basis
for decisions regarding the operations under their control. Other names for it included operational
analysis and quantitative management. In the decades after the war, with expanded techniques and
growing awareness of the field at the close of the war, OR was no longer limited to only operational ,
but was extended to encompass equipment procurement, training, logistics and infrastructure. OR
also grew in many areas other than the military once scientists learned to apply its principles to
the civilian sector. With the development of the simplex algorithm for linear programming in 1947
and the development of computers over the next three decades, OR can now solve problems with

hundreds of thousands of variables and constraints. Moreover, the large volumes of data required for



such problems can be stored and manipulated very efficiently. Today OR is used by virtually every
business and government throughout the world and remains an active area of academic research.

OR mainly studies how to find optimal or satisfactory solutions through mathematical and
computational theories and methods for social and engineering systems. Sometimes the term
management science is used as synonyms for operations research. Employing techniques from other
mathematical sciences, such as mathematical modeling, statistical analysis, and mathematical
optimization, OR arrives at optimal or near—optimal solutions to complex decision—-making
problems. In a nutshell, OR is the discipline of applying advanced analytical methods to help
make better decisions. To achieve these results, OR professionals draw upon the latest analytical
technologies, including (D simulation that enables people to try out approaches and test ideas for
improvement ; (2) optimization that narrows people’s choices to the very best when there are virtually
innumerable feasible options and comparing them is difficult; 3 probability and statistics that help
people to measure risk, mine data to find valuable connections and insights, test conclusions, and
make reliable forecasts.

A typical methodology of OR could be summarized as following phases: (D define and formulate a
mathematical model for the problem of interest; (2) study the properties of the solutions to the resulting
mathematical problem and hardness to find them; 3 develop an algorithm for deriving solutions to
the problem and analyze the performance of the proposed algorithm in terms of time efficiency and
solution accuracy; @ implement the algorithm in simulated environment and study the results obtained in
simulations ; (3 determine the effectiveness of the proposed model and algorithm and give a practical
method for solving the original problem. It needs to emphasize that those phases are not independent
and carried out sequentially; sometimes some of them have to be repeated many times before the
problem is solved.

The major sub—disciplines in modern OR include mathematical programming, queuing theory,
game theory, inventory theory, logistics and stochastic models / processes. Typical problems that
OR professionals are interested include the problems of allocation, facility location, assignment,
project planning, routing, scheduling, supply chain management and so on.

OR overlaps with other disciplines, notably industrial engineering and operations management.
It is often concerned with determining a maximum ( such as profit, performance, or yield ) or
minimum ( such as loss, risk, or cost) . OR encompasses a wide range of problem-solving
techniques and methods applied in the pursuit of improved decision—making and efficiency, such
as simulation, mathematical optimization, queuing theory, Markov decision processes, economic
methods, data analysis, statistics, neural networks, expert systems, and decision analysis. Nearly
all of these techniques involve the construction of mathematical models that attempt to describe the
system.

Because of the computational and statistical nature of most of these fields, OR also has strong
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ties to computer science. OR professionals faced with a new problem must determine which of these
techniques are most appropriate given the nature of the system, the goals for improvement, and

constraints on time and computing power.

9.2 Development of Operations Research in China

In 1955 Hsue-shen Tsien and Guo-zhi Xu gave the initial drive to the OR development in China
after they returned China from the United States of America and in 1956 they established the first
OR group in the institute of mechanics within Chinese Academy of Science. In late 1950s OR
professionals in China focused on transportation and facility location problems. The world—wide
famous Chinese postman problem was proposed by Mei—gu Guan in 1961. In 1960s Loo—keng Hua
traveled around more than twenty provinces in China promoting the optimization and critical path
methods in numerous factories and country sides. His hard work and unremitting efforts exerted
great impact in China and even received praise from Tse—tung Mao. In 1970s OR group in the
institute of mathematics within Chinese Academy of Sciences obtained many important results in the
study of queuing theory, nonlinear programming and combinatorial optimization and trained many
young teachers and students in these fields. They laid a solid foundation for OR development in
China.

After China adopted the famous policy of reforming and opening to the outside world in 1978,
OR development in China became faster as the international academic exchanges increased. Five
important results were achieved in combinatorial optimization, the optimization of production
system, graph theory, nonlinear programming and traffic management in cities and awarded the
second—class prizes of national natural science, respectively. In addition, two Chinese OR groups
won the first—class Prizes for OR in development of IFORS ( International Federation of Operations
Research Societies ) in the evaluation of economic information system and the forecast of grain
yields. At the same time Chinese impact in international OR community increased significantly. In
1982 OR society of China ( ORSC ) became one of the members of TFORS, and in 1985 became
one for the founding members of APORS ( the Association of Asia—Pacific Operational Research
Society) . Even more, in 1992 Guang—hui Hsu was elected as the vice—president of IFORS. In
1999 ORSC successfully conducted the fifteenth conference of IFORS at Beijing.

In recent five years, Chinese OR professionals have made lots of progresses in the main fields
of OR including, mathematical programming, game theory, stochastic optimization, scheduling
theory, supply chain management, computational system biology and so on, and some of them
have already exert considerable impact in international OR community. In addition to that, Chinese

OR professionals have put lots of effort in OR application by closely working with enterprises



under some joint projects including, mobile network optimization, steel production and logistics,
operating room scheduling and market forecasting of airline companies. The methods / techniques of
independent intellectual property rights have been achieved, which greatly speeds up the innovation
pace of enterprises involved. During this period, two ex—presidents of ORSC, Xiang—sun Zhang and
Ya—xiang Yuan, were elected as the vice—presidents of IFORS representing APORS, respectively.
Moreover, Ya—xiang Yuan, who is the academician of Chinese Academy of Sciences, will give an

invited talk in the International Congress of Mathematicians at Korea in 2014.

9.3 Operations Research Development in Future

In addition to ascertaining that the internal vitality of the mathematical sciences is very impressive,
the current study has found a striking expansion in their impact on other fields, as well as an
expansion in the number of mathematical sciences subfields, such as OR, that are being applied
to challenges outside of the discipline. This expansion has been ongoing for decades, but it
has accelerated greatly over the past 10 ~ 20 years and will keep the same pace in the future.
Some of these links develop naturally because so much of science and engineering now builds on
mathematical modeling, computation and simulation for which the mathematical sciences are the
natural language. In addition, data—collection capabilities achieved in recent years have expanded
enormously and will continue to do so in the future, and the mathematical sciences are innately
involved in distilling knowledge from all those data. However, mechanisms to facilitate linkages
between mathematical scientists and researchers including OR professionals in other disciplines
must be improved. This is particularly urgent in China where prevailing SCI journals / papers
oriented research have prevented most of OR experts or graduate students to work with professionals
in other areas focusing on some key problems of real importance and potential applications.

The impacts of mathematical science research can spread very rapidly in some cases, because
a new insight can quickly be embodied in software without the extensive translation steps that
exist between, say, basic research in biology and the use of a collected data. When mathematical
sciences research produces a new way to compress or analyze data, value financial products,
process a signal from a medical device or military system, or solve the equations hehind an
engineering simulation, the benefit can be realized quickly. For that reason, even government
agencies or industrial sectors that seem disconnected from the mathematical sciences have a
vested interest in the maintenance of a strong mathematical sciences enterprise for the technology
innovation. And because that enterprise must be healthy in order to contribute to the supply of well-
trained individuals in science, technology, engineering, and mathematical fields, it is clear that

everyone should be aware of the vitality of the mathematical sciences including OR.
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In the future, OR will develop rapidly and fruitfully in some interdisciplinary areas including life
science, network science, management science, behavior OR and service science, economics as
well as big data science and technology. OR professionals will play a more important role not only
helping solve some concrete scientific or technical problems but also establishing some new subjects
of OR and enriching the tank of OR methods and techniques. In summary, OR will have another

golden age when facing so many challenges and exciting opportunities in the next 10 ~ 20 years.

10. Crystallography

One hundred years ago, in 1912, Max von Laue discovered X-ray diffraction by crystal. This
revealed the wave nature of X-ray, the periodicity of crystal structure, and the similarity of the
wavelength of X-ray to the lattice period of crystal. In 1913 and later, the Braggs determined the
crystal structures of NaCl, diamond, etc., making the great advancement for people to understand
the microscopic ( at atomic and molecular level ) structure of matter. These great achievements
started the era of modern X-ray crystallography. Since then, X-ray crystallography, together with
the subsequently developed electron diffraction and electron microscopy, and neutron diffraction,
by determining the precise spatial arrangements of all atoms in the crystalline state, give scientists
to access a large range of information, including connectivity, conformation, accurate bond lengths
and angles, the stoichiometry, the density, the symmetry and the three dimensional packing of
the atoms in the solids, and so on. All these provide us the base for the understanding of every
physical, chemical and biological property of the molecule and the solid. The great development of
crystallography over the past century has not only provided us deepest insights into the arrangement
of atoms in the solid state and in molecule, but also advanced the sciences of chemisiry, solid—
state physics and, more importantly and surprisingly, biology and medicine. Crystallography has
become the very core of sciences, showing us the structure of protein and DNA, and how proteins
are created in cells, allowing us to understand and fabricate computer memories and helping us
to design powerful new materials and drugs. In 2012, the General Assembly of the United Nations
adopted the resolution that 2014 should be the International Year of Crystallography, 1YCr2014.
This is a good time and opportunity to issue and to publish this volume of “Advances in

Crystallography” , to report the recent development achieved by Chinese scientists working on



crystallography, as well as to bring the beautiful and useful crystallography to public. This volume
consists of the following eight parts.

(1) Biomacromolecular crystallography based on the synchrotron X-ray radiations and the
future X-ray free electron laser. Biomacromolecular crystallography is extremely dependent on the
advanced high brilliant X—ray source thus synchrotron X-ray radiation facilities. China has recently
('since 2009 ) operated its well—praised third generation synchrotron X-ray radiation facility known
as Shanghai Synchrotron Radiation Facilities ( SSRF ) . Supported by SSRF, together with the old
Beijing Synchrotron Radiation Facilities, Chinese structural biologists have made great advances
in quite wide range of biological macromolecular systems, such as several membrane proteins
and their related transport mechanisms, structural insights or bases for histone methylation or
acetylation, structures and receptor binding of hemagglutinins or neuraminidase from human-
infecting influenza viruses, protein—-DNA complexes, and so on. Some emphases on the perspective
outlook for future trends and Chinese status in this exciting field, and the further promising future
structural determination perspectives on nano—crystals or even single or few molecule clusters by
using X-ray free electron laser are given.

(2) Advances in functional molecular crystals. The molecular crystal materials, such as organic
molecular crystals, coordination complexes or metal-organic compounds, are the main research
subjects of crystal engineering. More and more attentions are attracted by the functions of these
molecular crystal materials concerning their optical, electric, and magnetic properties, chemical
functions of adsorption, separation, catalysis and chirality, biological functions concerning
polymorphism and controlled—release of drugs, as well as other functions concerning sensors and
switches. The recent developments, achieved by Chinese researchers, in the fields of microporous
coordination polymers, metal clusters, molecular magnetic materials, non-linear optical crystals,
molecule—based ferroelectric crystals, as well as metal—-organic compounds, are reviewed.

(3 ) Advances in Nonlinear Optical Crystals. The present status and the development of nonlinear
optical (NLO) crystals in China have been reviewed in this report, including deep ultra—violate
(DUV ) and infra—red ( IR ) NLO crystals. KBe,BO;F, is the only crystal for DUV and it has been
successfully used to manufacture all solid state lasers in DUV region by prism technology. Large
size ZnGeP, with optical quality can be grown and different types of IR SHG devices can be made
to meet the requirements for laser in 3~5um F1 8~12uwm. The explorations have also resulted in
several new compounds and crystals available for UV and IR NLO.

(4) Advances in Laser Crystals. Laser crystal is the basis for the development of all solid state
lasers and their market request. High quality Nd: YAG crystal up to 100mm in diameter 200mm
in length was successfully grown, and the laser output above 10 kW power was achieved for Nd:
YAG planar structure laser, kW level output for Yb: YAG and 3W mode locking emitted from
Yb: YAG, with the shortest pulse width of 136 fs are available. Nd: YLF crystals and Titanium
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doped sapphire crystals of large size have been grown. Raman active double tungstate KRE ( WO, )
2 crystals (RE = Y, Gd and Lu ) of high efficiencies of Raman outputs are undergoresearch and
development.

(5) Advances in Powder Diffraction. This part summarized the advances of the field with
an emphasis of the following branches, powder diffraction instrument, phase identifications of
minerals, thin film diffraction, strains and textures, phase transitions and phase diagram, crystal
structure refinement and determination, hard X-ray free electron laser, software and database,
with several important progress in the study of Fe—based superconductors, giant elastic alloy and
perovskite materials for negative thermal expansion.

(6) Advances in Electron Microscopy. Integrating diffraction, imaging, and spectroscopy,
the modern electron microscope is a comprehensive platform for structural analysis and an
indispensable tool for non—periodic structures in nanometer scale, such as lattice defects in
inorganic crystals, protein molecules that are difficult to crystallize, and individual nanostructures
in electronic devices. The spatial resolution of modern electron microscope to the sub—Angstrom
level allows the successful characterization and study of the atomic—resolution structures of surface,
domain and defect of solids and related properties. The combination of the electron microscope and
scanning probe microscope makes the new possibility and opportunity to observe and manipulate
individual nanostructures within the electron microscope in—situ, and to measure the electrical,
mechanical, and optical properties of single nano—structure or device. In electron crystallography,
high-resolution transmission electron microscope images, as well as electron diffraction ( combined
with X—ray diffraction methods ) have been applied to determine the complicated crystal structures
of oxides, intermetallic compounds and zeolites, by using their nano-sized crystals, even
mesoporous silica and mesoporous carbon materials. The three—dimensional cryo—EM reconstruction
techniques can be used to study the three—dimensional structures from biological macromolecules,
large molecular complexes, virus, and so on. The combination of ultrahigh—resolution visible
light microscopy and high—resolution electron tomography three—dimensional reconstruction will
eventually realize the dynamic structural analysis of complex biological macromolecular complexes
in the cell environment.

(7 ) Advances in Drug Crystallography. The status and future of drug crystallography in China
are provided, focusing on the basic theory, national policy, and researches of polymorphic drugs
including polymorphic drug varieties, polymorphous certified reference materials, new technology
and new methods for quality control, and so on.

(8 ) Advances in Crystallographic Instrument. The recent developments for laboratory X—ray
sources, X-ray detector devices, synchrotron radiation facilities, X-ray free electron laser and
neutron sources, all are important for the crystallography, are reviewed briefly, and a comparison

in the manufacture and development of crystallographic instrument between China and other



developed countries is given.
In all above parts, the domestic and international developments are analyzed and compared, and

the perspectives in coming years are given.

11. Mechanical Engineering

( Non—-traditional Machining and
Micro & Nano Manufacturing )

In the past three decades, nontraditional machining technologies and micro&nano manufacturing
technologies have made remarkable achievements, and have been widely used in aviation and
space flight, energy power, automobiles, biomedicine, communications, consumer electronics
and other fields.

In the field of electro discharge machining (EDM ), five axises CNC EDM sinking machine
and high performance high speed travelling wire EDM machine have been developed. Meanwhile,
some new EDM methods, such as blasting erosion arc machining, controllable combustion
induced by EDM, micro—detonation of striking arc machining, have been proposed to efficiently
prepare the so called difficuli—-to—cut materials especially the refractory alloys. In the field of
electrochemical machining (ECM ), some new methods, such as three—electrode feeding ECM,
an active distributary electrolyte flow mode, W-shaped electrolyte flow mode, high performance
electroforming, have been developed to improve the machining precision and surface qualify. The
ECM machine for shaping blade profiles of blisk has also been successfully developed in China.
In laser machining, a series of important progresses have achieved in thin-walled titanium alloy
laser welding, laser surface hardening material system and laser etching. In the area of additive
manufacturing, the world’s largest laser direct manufacturing equipments for high—activity
difficult—to—machine metals such as titanium alloy structure and the high performance key integral
components with the largest size and the most complicated structure of titanium alloy or high
strength steel have been successfully fabricated. It indicates China is in the world leading level in

some aspects of additive manufacturing.
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In the field of micro&nano design technologies, the device design cycle has been effectively
shortened for emerging of MEMS pan-structured design method, three—dimensional design
software, and the research of structure and circuit co—design technologies, which meet the
MEMS design requirements. In area of micro&nano fabrication technologies, researches have
greatly improved resolution, mass production and controllability of micro&nano fabrication.
Applications of nano materials in micro&nano fabrication technologies have showed promising
prospect in biological and medical areas. After years of efforts in China, micro&nano fabrication
technologies have been enhanced significantly, and have possessed the capability from laboratory to
pilot scale experiment. In micro&nano packaging technologies, wafer level packaging technologies
and vertically stacked integrated packaging technologies gradually become the mainstreams.
Nano packaging technologies can effectively make use of good physical characteristics of nano
materials. In recent years, wafer level packaging technologies and vacuum packaging technologies
have been used in mass production of MEMS gyroscopes and accelerometers in China. Currently,
achievements of micro&nano measurement and testing technologies have reached accuracy of
nanometer level, and realized non-destructive measurement and testing. But with the development
of micro&nano manufacturing technologies, micro&nano measurement and testing technologies will
encounter more challenges.

With the demand drawing from national strategic industries such as aeronautics and
astronautics, as well as finical support provided by “National High Technology Research and
Development Program of China” and “High—Grade CNC Machine Tools and Basic Manufacturing
Equipments—Key National Science and Technology Special Project” , nontraditional machining
technical gaps with the foreign countries have been shorten with numerous high—level scientific
achievements. Original techniques that possess independent intellectual property have attracted
extensive attention worldwide. Research on nontraditional machining technologies in China has
developed from tracking imitation to independent innovation, and some achievements are at the
leading level worldwide. Although a wide gap exists in high—end equipments of nontraditional
machining, China has been one of the global research and production centers for nontraditional
machining technologies.

In field of micro&nano manufacturing technologies, China has mastered related technologies of
design, fabrication, measurement and testing, packaging, and so on. A series of typical MEMS
devices have been created and some of achievements have reached the international advanced
level. There are also bright spots in aspect of commercialization. The transforming performance
of scientific and technological achievements to productivity has gradually increased. However,
the following research and application are still the main directions. There are few achievements
with innovation and independent intellectual property rights. High—end equipment of fabrication,

measurement and testing, and packaging relies heavily on imports, and related research and



development are badly lagged behind.

With the developing of modern aerospace, energy, medical and automobile industries and
the applying of more and more new engineering materials, nontraditional machining will be
applied more and more widely in processing difficult—to—cut material, acquiring complex shape
and machining micro parts. The great progresses should be made in machining precision,
machining efficiency, machining stability, automatic machining, and intelligent machining in
the future.

The directions of micro&nano manufacturing technologies, which should be paid long term
attention and researched extensively, are research of basic micro&nano theories, micro&nano
cross—scale research of fabrication and modeling, research of micro&nano devices with new
principles, research of new manufacturing equipment, and so on. Meanwhile, the Chinese
government must play a driving and guiding role in micro&nano manufacturing industry to promote

its commercialization.

12. Electrical Engineering

Electrical engineering discipline considers the generation of electrical energy, transmission,
transformation, use, control, management and so on as the main object, closely combined with
information science, computer technology, electronic technology, automatic control, system
engineering, new energy and new materials application, which is a science with a long history and
deep accumulation. As the national first—level discipline, the electrical engineering is one of the
core subjects in the field of modern science and technology, and an indispensable key discipline in
the modern high—tech fields.

Seen from the self—development of electrical engineering discipline, the subject research and the
development of the industry dynamics have not been weakened over time. The electrical disciplines
run to today, which has become a root of many branch disciplines in the basic subjects of math,
physics, chemistry and so on, and blend in the field of materials, information, life and other
disciplines. As the global gradually formed the dominate field as the center of the environment,
energy, material, biological and information. The development direction of electrical engineering

disciplines has reflected the main characteristics by the diversification of the primary energy,
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the flexibility of the energy conversion and the informatization of power transmission control, as
well as the miniaturization of the large equipment. The electrical engineering has five secondary
disciplines, namely, Electric Machine and Electrical Appliances, High Voltage and Insulation
Technology, Power Electronics and Power Drives as well as Theory and New Technology of
Electrical Engineering. In recent years, our country scientific workers in various fields actively
explore the integration development ways of the electrical engineering discipline and emerging
discipline, interdiscipline, overcome a number of key core technology, and achieve the fruitful

research results.

121 The latest Research Progress for Electrical Engineering
Discipline in Recent Years

With the development of the computer technology, power electronic technology and control
technology, the connotation and denotation electric of machines and electric apparatus disciplines
have changed a lot. The research and development of electric machines and electric apparatus
gradually translate from the traditional electric machines and electric apparatus to the core,
including electric machines and electric apparatus system inner power electronics, digital control
and some special key applications, and even the integration system of electromechanical energy and
information conversion, the electric machines and electric apparatus disciplines has inseparably
intersected with the electronic information technology and computer technology.

As an important part of the energy industry chain, the electrical power system has hecome an
important part of national energy integrated transport system. New energy revolution causes a major
change in the power structure, and the existing power system can’t get enough for the technical
requirements of the large scale wind power and solar power generation, which has become the main
bottleneck of restricting our country large—scale renewable energy rapid development. The smart
power grids is the important platform of implementing the new energy strategy and optimizing energy
resources allocation, and the security, economy and environmental friendliness are three main
themes for the development of Power System and Automation.

High Voltage and Insulation Technology discipline is not only a good fundamental tradition
disciplines, but also a vibrantly interdisciplinary discipline. In recent years, around the national
ultra—high voltage power transmission project and smart grid construction and national defense
technology development put forward higher requirements to the power equipment, High Voltage and
Insulation Technology subject carries out the extensive research, and has made a series of high—end
scientific research achievements in power equipment insulation and structure design, intelligent

power equipment, AC/DC electromagnetic environment influence, and the related power equipment



technology under extreme conditions.

Power electronics and power drives discipline is an emerging discipline of electrical engineering,
also a strong chiasmatypy discipline. Power electronic technology industry covers almost all of the
related national key technology between the national economic development and national security
for a long time, and has become one of the key basic technology in social development and national
economic construction. In recent years, our country’s power electronics disciplines has made
considerable development, the corresponding power electronic technology has made the leap
development in the development and production of the components and parts, device topology and
structure and the main application field.

As the basic disciplines in the electrical engineering discipline, electrical theory and new
technology have no clear disciplinary boundaries. The electrician theory mainly includes the
theory and application of electromagnetic field, the theory and application of circuit ( electric
network ) , etc. The new electrician technique mainly includes a wide range of subjects direction
of superconducting application, electromagnetic emission, magnetic levitation, plasma, the
modern electromagnetic measurement etc. In recent years, our country ’s scientific research results
in Theory and New Technology of Electrical Engineering subject mainly reflects in the electric
circuit and electromagnetic field, superconductivity electrotechnics, bioelectromagnetics,
electricity energy storage technology, other new technology of electrical engineering, the
application technology of ultra—magnetostriction material, the application technology of
magnetic liquid, the electromagnetic acoustic emission technology and wireless transmission

technology.

122 The Comparison of Research Progress for the Electrical
Engineering Discipline at Home and Abroad

Throughout the development of electrical engineering discipline in China in recent years, although
it has made a number of the important and strategic significance research and development,
effectively support the national economic construction and development, it exists obvious disparity
compared with the international first—class level. It is especially not enough prepare to deal with the
new energy revolution and the revolution of science and technology, outstanding performance in
the following aspects: the original innovation ability and the lack of core technology breakthrough,
more tracking imitate, fewer of the innovative contribution; multidisciplinary cross research and
prospective study layout is not enough; less cutting—edge talent and the team of having a significant
impact on the international; lack of advanced research experimental platform, weak scientific

instruments for independent innovation ability.
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12.3 The Development Tendency and Coping Strategy of
Electrical Engineering Sbjects

According to the development and the demand of the discipline and industry, the prioritized
development direction of the electrical machines and electronic apparatus disciplines in the future
time is Energy—efficient electric machine system, electric machine system in the electric traction,
electric machine system using new energy power generation system, the electric machine system
of the special application, the development of special electric machine, smart appliances and
intelligent transformer, etc.

The power system appears two growing trends: one is in behalf of extra—high voltage technology,
building a new generation of very large scale system, the advanced transmission and grid safety,
the stability control and informatization of the power system, as well as the flexible electric power
transmission technology are turn to the core research direction; second is in behalf of new energy
and micro grid technology, building the intelligent power supply unit of local electricity generation
and local consumption.

Development trend in the field of High Voltage and Insulation Technology subject mainly
includes the insulation structure design of the DC transmission equipment, state detection and life
diagnosis, high voltage power transmission and electromagnetic environment research, impulse
power and plasma technology, the state diagnosis maintenance of electric power equipment and the
new application of high voltage technology and so on several aspects.

The overall trend in the development of power electronics and power drives is that the power
electronics device chip will work on the large capacity, high voltage, high frequency, low loss
direction development, System device work on the high reliability, high performance, integration,
green development direction; System control will work on digital, zero electromagnetic pollution
and high electromagnetic compatibility development direction.

The main development trends in Theory and New Technology of Electrical Engineering are
researching some new and more sophisticated electromagnetic theory problems, the superconducting
power technology work on a higher voltage levels and greater capacity, the principle diversification
and functional integration.

In bioelectricity magnetic effect research, it further studies the detesting technology of AC/DC
transmission lines, maglev train and so on other related complex electromagnetic environment,
and the influence on environment and health. In energy storage technology, it develops the next
generation all solid state lithium ion batteries and carbon nanotube battery, focusing on sodium ion

batteries and other frontier batteries.



Electrical engineering discipline and technology has been increasingly widely used or infiltrated
in energy and environment, manufacturing, transportation, especially in many important areas
related to national security and defense. Suggestions in electrical engineering and its industry
layout, the support principle, the priority development emphasis and implementing measures,
considering the following aspects: strengthening the application basic research of the electrical
engineering discipline, establishing public electrical standards and device test platform, the
key technical problems research in the industrialization and the standard research of electrical
disciplines special application, carrying out the key research according to national needs key
requirements and strengthening the close cooperation of industry—university—research. Electrical
engineering is a multidisciplinary, the collection of the multi—-industry, various aspects must
have a very good coordination and cooperation, advising to organize high—level disciplines and

coordination mechanism of the industry, strengthen communication and close cooperation.

13. Engineering Thermophysics

131 A Sustainable Energy System

The reform of the energy production and consumption patterns triggered by the third industrial
revolution, offers new opportunities and challenges to the discipline development. It is China’s
research frontier in the disciplines of engineering thermophysics to establish the energy, resources
and environment integration of sustainable energy systems, and to coordinate energy development
and utilization of resources. These research interests include: (1) Clean utilization of traditional fossil
fuels, implement efficient and cleaner use of fossil fuels, and actively explore sustainable development
of green energy technologies and systems with pollution—free or zero—emission; (2 Accelerate the
development of green energy, including the development and application of renewable energy and
clean energy in nature, such as hydropower, nuclear power with massive industrialization value,
and the need to develop wind, solar and hiomass energy; (3) Realize the integration of energy, resources
and environment, by pioneering new ways of chemical energy use or release to explore an effective

way to separate pollutants from the chemical energy in the process of transfer and release,
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enabling the effective utilization of chemical energy and pollutants recovery. Achieve a new
resource, energy and environmentally compatible development models by getting rid of the

traditional “chain-line” mode.

13.2 Energy-Saving and Scientific Energy Efficiency

Energy-saving can be divided into “save” and “scientific energy efficiency” . Scientific energy
efficiency emphasizes on relying on science and technology to achieve energy—saving and improving
the energy efficiency, designed to comprehensively and effectively promote the development of
circular economy. It is the fundamental way to save energy and the inevitable result of the energy
technology.

“Scientific energy efficiency” mainly includes three meanings: the first is by “allocation
properly, requirement distribution, and temperature counterpart, and cascade energy use” way,
constantly improving energy and the various resources comprehensive utilization efficiency,
reducing environment resources cost; the second is by resolving energy and environment
coordination compatible problem, closely combination energy conversion process together with the
material conversion process, special focus on control the formation, migration and conversion of
the waste and pollutants, organic combination of the energy conversion process together with the
separation pollutants process, reducing and even avoiding the additional energy consumption during
the separation process, implementation of the separation, and recovery of the pollutants during the
energy use; the third is to change the traditional patterns of energy use, developing the resources,
energy, environmental integration mode, achieving the resource recycling, minimizing the “waste”

“ ”
and “waste energy .

13.3 The Cleaner Use of Fossil Fuels

Clean use of coal is most prominent in China. You must open up a new type of high efficiency,
clean coal utilization technologies. At present the clean coal power generation technology is
built around the main development direction of coal—fired combined—cycle ( CFCC ) . CFCC is
an advanced coal—fired combined cycle power generation system formed by combination of the
transformation of clean coal or coal technologies and efficient combined—cycle. Among them, the
integrated gasification combined cycle (IGCC ) has completed a number of demonstration projects
and trial operation successful, verifying the technical feasibility, making the IGCC from technical

validation phase to the business application. On the basis of IGCC, another important direction



of clean coal technology development is chemical-powered cogeneration systems. Chemical-
powered cogeneration system refers to the chemical process through system integration and power
systems coupled together organically. It is a versatile, comprehensive energy utilization system
upon completion of the energy conversion such as power generation, heating, at the same time,
the production of alternative fuel or chemical products, to meet the energy, chemicals and the

environment requirements.

13.4 Renewable Energy

China’s solar, wind and biomass energy resource is very rich, with substantial favourable conditions
for development. Large—scale renewable energy technology and industrial development should be an
important measure for China’s transition to a sustainable energy system.

In the area of hydropower development, in 2010, the total installed capacity of hydropower
reached 216.06 million—kilowatt and electricity 686.736 billion kWh, accounting for 16.2 of
national output.

In terms of wind energy, in the end of 2010 the total installed capacity of wind power 31 million—
kilowatt, during the “Eleven—Five” , the annual growth rate of 89.8 percent. The generating
capacity is 49.4 billion-kilowatt—hours, 1.2 percent of national electricity production. The Grid—
connected sizes ranks second in the world’s.

The total amount of solar thermal utilization has been a world leader, the national scale
photovoltaic power generation machine reached 800,000-kilowatt in 2010, installed with 168
million square meters of solar water heaters; in addition, solar air conditioning, solar cookers,
solar architecture, has also developed into industry scales and is booming. China has a completed
demonstration of solar thermal power technology.

As for Bio—energy, the widening scope of the application of biogas in China, the technologies
get breakthroughs to produce liquid fuel from biomass such as cassava, sweet sorghum grain.
Thousands of tons of straw cellulose ethanol are in the pilot stage of industrialization demonstration
project. By the end of 2010, various types of biomass power generation capacity is around 5.5
million—kilowatt. It has already achieved preliminary results in the countryside in clean use of
energy.

Geothermal energy and marine energy use technology is continue developing. The shallow
layer geothermal energy used in building areas is of fast development. At the end of 2010, source
hot pump heating refrigeration area had reached 140 million square meters. The tidal utilization
technology is more and more mature. The wave energy, trend energy technology research and

development as well as small scale application have made progress. The development and utilization
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work is in a starting stage. It has great potential in the future, with much better technology

reserve.

13.5 Greenhouse Gas Control Strategy

China needs new idea and new technologies for greenhouse gas control to satisfy the economic
development and its energy structure.

The strategic planning to reduce CO, emissions needs carrying out in stages. The recent
objectives are to improve the energy efficiency by “shut-downing and recapping” to eliminate
backward productive forces, and to develop and promote the energy—saving technologies. The
medium and long term objectives are focused on renewable energy and other green alternatives. The
future objective is to develop CO, control emissions integrated system.

The integration ideas refer to that in the West such as resources—rich area construction
recovered CO, alternative fuel-power co—production system. It will transfer coal in Hang Hau
into power, F-T fuel or methanol, and DME and alternative fuels. At the same time most of the
CO, will be separated and recovered and in—place buried. The power and alternative fuel can be
transported to the economic developed area with big energy demand. In the economic developed
area, alternative fuel can be used as traffic transport fuel and advanced clean power generation
system fuel.

This approach conforms particularity to China’s energy structure that “rich in coal, relative
shortage of oil and natural gas resources” , resource distribution that “energy base is relatively
concentrated, consumer terminal relatively fragmented” , and status quo that “between the East—
West economic development existing a big gap” , The greenhouse gas control technique is suited to

China’s national conditions.

14.Control Science and Engineering

Using iCAN research analysis system, hot topics, authors and facilities of the past 2 years in China

are analyzed, and compared with the international development.



141 Control Theory and Control Engineering

In the fields of multi—agent, the convergence of the multi—agent control systems with
communication constraints has attracted many attentions. The foundation is established for studying
the relationships between the communication mechanisms, network dynamic constraints and control
objectives and performance of complex information networks. In the fields of the identification
of set—valued system, two—set—valued output system identification methods are proposed for the
output identification of linear systems in stochastic and deterministic environments, respectively.
In the fields of adaptive control, two—scale adaptive control law design method is proposed to solve
the periodic target tracking problem in linear system. In the fields of control-oriented recursive
algorithm, an effective recursive algorithm is constructed based on the value set in parameter
estimation data and its conditional expectation.

Network control system research has made a series of breakthrough in recent years, especially in
information—based theory, network—based theory and graph—based theory. In the fields of intelligent

control, fuzzy control, neural network control, and genetic algorithms are extensively studied.

14.2 Pattern Recognition

In the fields of fundamental theory, computer vision and application technology, in recent years,
the Chinese academia has contributed significantly to dimensionality reduction, feature selection,
large—margin—based classification, stereo matching, object detection and recognition, image
classification, and application technology ( particularly, handwriting recognition, document
analysis in image and video, biometrics such as face and iris recognition, etc. ) . Increasing articles
have been published in prestigious journals and conferences such as IEEE TPAMI, IJCV, Pattern
Recognition, NIPS, ICML, ICCV, CVPR, and ECCV. However, except a few research directions
highlighted with academic originality, most works are still following the international frontiers. But
it should be noticed that, compared to the weakness in fundamental research, Chinese researchers
have shown high visibility in some application fields, typically including biometrics, visual object
detection/recognition, and handwriting recognition. Now, researchers have been aware of the
importance of fundamental research, and are putting increasing efforts on mathematical foundation
of pattern classification, biologically—inspired vision, spatial context understanding, etc.

In the fields of brain imaging and cognition, the Chinese academia has also made significant

contributions. Cognition aims at unraveling the neural mechanisms that underlie mental activity,

/e
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such as perception, motor control, attention and language, decision making, and so on. Brain
imaging is a powerful technology for the study of brain cognition. Functional magnetic resonance
imaging ( fMRI ) makes it possible to observe real-time brain activity of the cognitive process,
such as, during sensory, motor and cognitive tasks. Great progress has been made in China in
development of computational methodologies for analysis of fMRI datasets. The representative
achievements are to research into spontaneous activity of brain with fMRI, and computational
neuroanatomy. In cognitive science, main contributions made by Chinese scientists include the
global—first theory of visual perception, Chinese language cognition, and cultural difference in
numeric and language cognition. Chinese scientists have also played a leading role in study of
cognitive disorders with brain imaging. The feature progress is the study of cognitive disorders
caused by various brain diseases, such as Alzheimer’s disease, schizophrenia, depression,
ADHD, PTSD, blind, deaf, etc. under the framework of Brainneotme. These findings are very
promising as imaging biomarkers for prediction and diagnosis of these disorders.

In the fields of data mining, Chinese institutions have made significant contributions to the
research frontier of the data mining community. Data mining is concerned with the process of
discovering novel, non—trivial, and potentially useful knowledge from large—scale data sets. We
highlight recent publications by Chinese research groups in the top venues of data mining research.
Compared to the developments of international research, which emphasize on theoretical and
interdisciplinary research, data mining research in China principally focuses on practical real world
applications. In general, there is a significant trend of data mining research towards social networks
and big data, which provides a considerable opportunity for Chinese researchers to establish novel
research directions and to make a broader impact.

Web multimedia analysis is a relative new research area, which researches towards analyzing
web multimedia characteristics, understanding web multimedia content, developing web
multimedia applications, to meet the daily needs of information service. Along with the development
of multimedia compression technology and the popularity of portable digital devices, we have
witnessed the explosive growth of multimedia data. It is the mature streaming media technology and
web development standard like HTMLS that has recently made Internet the biggest sharing and
propagation platform for multimedia data. Thanks to the rich information captured in multimedia
and the propagation efficiency of Internet, web multimedia, the marriage between multimedia and

Internet, has become the primary access to information for more and more people.

14.3 Detection Technology and Automation Devices

The concept of fault table based on graph theory is proposed to classify the results of each test and



detect intermittent faults by comparing to the table. Other methods, such as discrete event system

methods, are also used for qualitative analysis. Quantitative analysis methods for intermittent fault

diagnosis include analytical model method, statistical model method, feature analysis method, ﬁ
experimental research method and so on. Statistical models are proposed as a kind of probabilistic fi;
methods to diagnose intermittent faults in WSN nodes. The models are implemented by repeated %
testing to determine the occurrence of intermittent faulty of sensor nodes. In feature analysis %/]E
method, intermittent fault signal variation can be analyzed using continuous wavelet transform and -

Hilbert spectral analysis method. Experimental research methods are studied for the detection of

intermittent arc fault, auto gearbox gear crack fault, analog device for circuit system, etc. N
. . . ™

14.4 Navigation, Guidance and Control .
Y

Tsinghua University, National University of Defense Technology, Southeastern University and
Xidian University have gained rich achievements in the terminal equipment of satellite navigation.
National University of Defense Technology, Beihang University and Chinese Academy of Sciences
studies the GNSS/INS integrated navigation. Zhejiang University, Beihang University, Nanjing
University of Aeronautics and Astronautics, National University of Defense Technology, Harbin
Institute of Technology have applied the vision / inertial integrated navigation system into the robots
navigation, UAV autonomous landing, lunar exploration, space docking and relative navigation.
Beijing University, National University of Defense Technology, Northwestern Ploytechnical
University, Harbin University of Technology, Chinese Academy of Sciences, Information
Engineering University of the People’s Liberation Army, Beihang University, Huazhong University
of Science and Technology and Southeastern University studies geomagnetic aided navigation.
Breakthrough progress has been made in celestial navigation based on optical sensor. Beijing
Institute of Control Engineering, Beihang University, Chinese Academy of Sciences, Chinese
Academy of Space Technology, Institute of Command and Technology of Equipment developed

precise ultraviolet navigation sensor and studied the navigation algorithms.

14.5 System Engineering

In the fields of production planning and scheduling, the following problems are studied: the
scheduling problem based on group intelligence optimization, production planning and scheduling
in the intelligent decision—making supporting perspective, the new production planning and

scheduling methods orienting new production mode and new production equipment, energy
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consumption co—optimization, data driving production planning and scheduling, and so on.

In the fields of architecture engineering and architecture structure, under the background
of weapon equipment architecture, National University of Defense Technology has proposed
the architecture demand development process, which includes 4 stages and 12 steps. Chen has
proposed an architecture optimization method based on knowledge heuristic search. Zhao has

proposed an evolution—oriented design and optimization method for architecture.

15. Graphics

Graph is not only an important source of knowledge for human being, but also an important tool
for describing thought and communicating knowledge among people. Some kind of graph, like
engineering drawing, is seemed as a language to the science and technology community expressing
the idea of design and manufacturing. In recent yeas, because of the closely connecting with
computer and information technology, the theory, technology and applications of Graph are
developed rapidly, thus a new discipline named Graphics is formed, and it gets widely applications
in industry, agriculture, scientific research, defense, education and culture, etc.

GRAPHICS is a science which takes GRAPH as object to research the theory, technique and
applications about graphic representation, generation, treatment and transfer during the process of
producing graph from shapes, or constructing shapes from graph.

The object of GRAPHICS research is GRAPH, and the work of research is to find out the
relationship between graph and shapes. Here, the “SHAPES” refer to the form or object, which
exists in the objective world ( such as natural objects, man-made objects, natural phenomena,
etc. ), and virtual world ( such as animation, game, etc. ), and the essence of SHAPES is
“presence” . GRAPH is a visual representation of SHAPES, which is consisted of dots and lines
with their own attributes like color, line width, etc., and the essence of GRAPH is “representation”.
Therefore, it can be said SHAPES is the source of GRAPH.

The disciplinary frame of GRAPHICS is consisted of three layers and two supporting components.
The three layers are base layer, application support layer and application layer. The two supporting
components are graphics education and graphics standard. The base layer contains graphics common

base, graphics calculation base and graphics theory. The application supporting layer includes



graphics basic application software, graphics libraries, etc. The application layer contains a wide
range of applications, such as engineering and product design drawings, graphic design, creative
graphics, geographical graphics, information visualization, etc.

Owing to the introduction of computers, the original boundaries between the two subjects
“Graphics” and “Image” have been increasingly blurred, also the contents of hoth subjects have
been more and more merged together, so it is possible using GRAPHICS to unify both subjects.
In addition, in China’s “Discipline Classification and Code” ( GB/T 1375472 ), the information
about graphic theory, technique and applications spreads across in many disciplines, which
is not benefit to develop graphic theory and technology, therefore, timely to establish a new
discipline of GRAPHICS is necessary. For this new discipline, the report presents a concept
of “Big GRAPHICS” , and here the “Big” means that the research of graphics theory involves
various graphs, and applications of graphics cover a wide range of fields. Therefore, the role of
this “Big GRAPHICS” could be recognized as same as Literature and Mathematics to support the
development of science and engineering together.

In recent years, many progresses have been made in graphic theory, technology and applications

as follows.

151 The Foundation of Graphics Theory

The progress has been made in understanding line drawings by computer, which includes transferring
sketches into line drawings, labeling nodes and line type of line drawings, recognizing surfaces of line
drawings, and using quantitative method for understanding line drawings. Moreover, three important
research achievements have been obtained in graphic transformation, i.e. presenting a geometric
representation method for graphic transformation, amending the theory of “projection” and

“projection transformation” , and solving the parameter setting problem for perspective drawings.

15.2 The Foundation of Graphics Computing

Based on the cognition “Shapes is present and input; Graph is representation and output” , it
can be pointed that the basic element of Shapes and Graph is geometry, and then the essence of
Shape’s construction and Graph’s formation are geometry definition, geometry structure, geometry
measurement and geometry display, therefore the object of graphics is geometry, and the essence
of graphics computing is geometric calculation. It is also noted that the graphics computing involves

“numerical calculation” and “shape calculation” . In addition, other progresses have been made
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in geometric calculation theory, mechanism of shape calculation and stability theory for geometric

calculation.

15.3 The Application Modes of Graphics

Two application modes of graphics have put forward. The first one is integrated application mode in
product life cycle, and the second one is the system embedded with graphic core system for certain

application. Meanwhile, some examples of two modes used in industry are showed.

15.4 Graphics Application

The new progresses have been made in following applications: digital design and manufacturing,
building information mode ( BIM ) , geographic information technology, visual media technology,
etc. Two practical cases are given. One is to show the use of graphics in the whole life cycle of ship
building including ship hull design, performance calculation, process design, manufacturing,

inspection and maintenance. Another is to show the effect of using BIM in architectural industry.

15.5 Graphics Education

The new progresses in graphics education are obtained in graphics thinking, reform of curriculum
contents and system, digital teaching, simulation training, social graphics education, team

teaching, ete.

15.6 Graphics Standardization

Seventeen items of standards for digital design had issued and implemented from 2009 to 2011 in
China. This fills the gaps of 3D graphics standards in China, and marks the country has reached
international level in standardized technique for “computer aided design and drafting” . In recent
yeas, three international standards formulated under the auspices of China have issued, five topics
international standards decided to formulate have also been under the auspices of China, and other
six international standards will be formulated with China’s being member country . The above shows

that China has reached international advanced level in standardized research.



The progresses of graphics research at home and abroad are compared at four aspects, namely
research on the discipline connotation of graphics, research on the basic theory and technology of
graphics, research on the calculation basis of graphics, research on the application basis of graphics.

Finally, the report puts forward five aspects of future trends for graphics development,
which include graphics and animation, image and video, virtual reality and augmented reality,

visualization, 3D printing. The corresponding countermeasures are proposed also.

16. Electronics and Information Science

161 Introduction

The industry of the electronic and information is universally regarded as a strategic emerging
industry, which takes a great proportion in the national economy and it is raising year after year.
Now we are in the information society, and the science and technology basement is the electronic
and information discipline. For example, the development and application of the integrated circuit,
optical fiber communication, internet and the mobile internet is contributed to the microelectronics,
optoelectronic and software technology and so on. Electronic and information technology includes
information technology (IT ), information communication technology ( ICT ) or infiltrating and
combing with both. With the help of the electronic and information technology, the traditional
industry gets renewed. At present, it is difficult to distinguish the class for some new disciplines
between the traditional technology and electronic information technology, such as, computer,
automation, intelligent instrument, artificial intelligence and information processing, medical

electronics, aerospace and so on.

16.2 Current Research Development

The boundary and the scope are hard to be defined since the rapid development speed for the

electronic and information discipline. As a result, the discipline development is only organized by
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some sub discipline rather than the complete classification.

16.2.1 Microelectronics and optoelectronics

Microelectronics industry mainly includes integrated circuit industry and semiconductor industry.
The development trend of the integrated circuit area is that the chip square is bigger and bigger,
the integration level is higher and higher, the feature sizes is smaller and smaller and the system
on chip (SOC ) is more and more perfect. The main content of the optoelectronic technology is as
follows: as photons produce, controlling of laser technology and its related application technology ;
as a photon transmission waveguide technology; as a photon detection and analysis of photon
detection technology; optical computing and information processing technology; as the information
stored in the photon optical storage technology; the photon display technology; using photon

machining and material interactions of photons and photon biological technology.

16.2.2 Modern communication technology

With the development of digital technology, the transmission communication is moving in the
high speed and large capacity and for long distances. A wavelength section with multiple channel
WDM technology has entered the stage of practical for tens of years; optical amplifier instead of
the photoelectric conversion repeater is practical; coherent optical communication, optical soliton
communication has also made significant progress. This will make the transmission length without
repeater extend to hundreds or even thousands of kilometers. Wireless communication and mobile
Internet based on wireless communication technology make rapid development exceptionally in

recent years and mobile Internet become one of the five hot words in ICT.

16.2.3 Remote sensing and sensing

The role of sensor and the recognition is extended to people’s sense. It includes information
identification, information extraction, information detection technology, etc. All these
kinds of technology are called “sensor technology” . With the development of the materials
science, nanotechnology and micro—nano processing technology, sensor presents the trend of
miniaturization, micromation. In an interactive controlling, whether the man—-machine voice
interaction control, gesture interaction controlling and the typical multi—point touch screen control
technology, or the machine to machine represented by intelligent anthropomorphic robot, machine

and environment interactions control technology, has made great progress and development.

16.2.4 Information security technology

In recent years, it has made rapid progress in the domestic field of cryptography and security

protocols, from the sequence codes, block cipher, a Hash function, public key cryptography



and security agreement. In the field of information security based on cryptography, scholars in our
country started later, and in individual breakthrough, the overall level has a great gap between the
world. At present, cloud computing, mobile Internet, Internet of things, and other fields are being
concerned. The scientists and technicians are working together for the information security, and the

trusted cloud computing as well as other general trusted computing can be expected.

16.2.5 Big data and data mining

Big data is one of the most popular nouns in the information field, the reason lies in not only the
hype, but also the importance of the virtual world, which has been known by more and more people.
Big data is more focus on practical techniques; it is a comprehensive multidisciplinary, multiple
technology processing object. Data mining includes data preprocessing, data classification,
clustering, sequential pattern and so on, which is useful for knowledge discovery in database. In
future, it will focus on big data fast calculation, multimodal information fusion, the dimension

reduction of the characteristics of the large data and other technical direction.

16.2.6 New generation network

The Internet information network plays important and indispensable role in the modern
economic development and our daily life, while it also faces the lack of address space, bandwidth
bottlenecks, network security, mobility support and other problems. In order to solve these
problems, a new generation of network is highly desirable. The United States, Europe, Japan
and other countries around the world have spent a lot of energy and time in investigating the new
information network system theory, the heterogeneity of heterogeneous network integration,
the new network system of universal service, credibility and mobility under the new network
system and so on. One way is to build next generation Internet based on the IP protocol, which
is compatible with the existing various communication networks and supports the user to develop
innovative applications. Another method is to establish a new architecture, such as the “integrated
identification network” . Future research may focus on the solution to network security, mobile

performance, scalability, energy saving, resource utilization, etc.

16.2.7 Audio video coding technology

Video compression, therefore, becomes one of core issues in the field of digital video. For
decades, both in academia and industry, people have taken lots of researches and made important
progresses. The recent major development direction of the video coding technology mainly includes
the hybrid coding technology which is represented by HEVC/H.265, 3DV stereoscopic video coding
technology, encoding based on visual feature, and monitoring video compression, compression of

the screen video and so on.
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16.3 Development Tendency

Electronic information technology influences the people’s way of thinking, social communication,
production and way of life. But for a long time, “universal” degree of electronic information
technology has not been able to achieve the “threshold” ; its influence is not big enough to lead to
human life and behavior change. Only the carrier of “information” with “electronic” walks into the
life of almost everybody. You can’t get rid of their existence and influence of surroundings, and
the society has really changed. In order to achieve this goal, microelectronics, optoelectronics,
calculation, network communications, software, sensor and other areas related to electronic

information subject, will be beyond the common progress of electronic information discipline.

16.4 Summary and Prospects

Electronic information technology is like a vast sea, we can’t understand the whole sea from a
drop or a puddle of water. When we choose the topic and write the book this year, we try to avoid
computer science in the software discipline, communication disciplines, automatic control and
other potential overlap premise. This study focuses on several more active areas: next generation of
networks, digital video encoding and decoding technology, big data and data mining, sensor technology,
semiconductors and microelectronics, information security etc. Indeed, these areas do not reflect the
whole picture of electronic information science; we just hope that, through the development of research
report, electronic information can ultimately be the main subject areas. We can see hard work of our
scientific and technological workers results, our gap with the world advanced level, hot issues raised and

possible breakthrough in the direction. We can complete the “great mission” by the ongoing efforts.

17.Highway Engineering

Highway construction is believed to be one of the most fundamental approach to stimulate national



economic development in modern times. Since the reform and opening—up, China highway
construction has made a magnificent improvement in the 30 years. During the historical development
tide, highway in China started from scratch and now is the second largest national highway
transportation network in the world. Mileage of China highway reached 4.11 million kilometers by
the end of 2011 and is still growing.

China highway construction with both efficiency and quality has led to a prosperous evolvement
of the highway engineering discipline. Academic research regarding this discipline has been well
developed and obtained recognized world-leading levels in many areas. Outstanding achievements
and medals have been recognized and awarded in various related research fields. For the
fundamental development of the highway engineering discipline, important laboratories in different
research fields were built and assisted the scholars with the emergences of appealing academic
achievements. Based on the construction of the laboratories, professional faculty members are
trained to expand their international academic view in highway engineering discipline.

China Highway and Transportation Society organized the compilation of The Development
Report on China Highway Discipline for the first time in 2012. This academic event was
supported by society branches, social agencies and government administrations. The Report has
received extensive attention and satisfying feedback from the whole national highway industry.
Ministry of Transport of P.R.C. puts a premium on this Report compilation work. Meanwhile
China Association for Science and Technology has enlisted this work as the annual financial support
project in 2012.

With continuous evolution and innovation, highway discipline is now covering more and more
research fields and contents. This Report is based on the original discipline report last year and
expands the contents to ten different and related subjects, respectively road engineering, bridge
engineering, tunnel engineering, transportation engineering, informatization of highway prospective
design, road transportation and modern logistic, highway maintenance and management, highway
environment and sustainable development, bus technology and construction and maintenance
machinery. This Report provides the audience with an outline of the recent magnificent evolution
and crucial research accomplishments in China highway transportation discipline, aiming at
demonstrating the prospects and scientific researches in highway discipline development.

An overview on the recent development in all ten disciplines indicates that there are obvious
evolution directions for the discipline research. It is indicated that sustainable development for the
discipline has attracted more and more attention in recent years. Systematic research regarding
sustainable development has been performed in many sub disciplines. Further research in the
hazard control and safety emerges for a more secured and reliable discipline development process.
Also intelligent design and technology are extensively applied in the discipline for more efficient

research. Together the three novel academic research directions in highway engineering discipline
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have greatly improved the academic research level of the discipline on the whole scale, providing
the highway construction, even the comprehensive economic improvement, in China with strong
and important supports.

Great progress has highway engineering discipline in China made during the rapid development
in recent years, yet there is obvious research gap between China and developed countries. To
recognize the research gap, a comprehensive and thorough contrast of highway engineering
discipline between China and developed countries is introduced. It is realized that certain
shortcomings in discipline fundamental research, industrial innovation construction, development
and application of novel technologies, and humanization and safety design exist in the highway
engineering discipline of China. It is very essential that practical involvement requirements of the
highway engineering discipline of China should be taken into consideration during the deepening
research process. By this way can research in the highway engineering discipline of China achieve
the international advanced level.

In the future development of the highway engineering discipline of China, more emphasis should
be put on strengthening discipline construction and optimizing discipline resource distribution.
Conception of sustainable development should be implemented thoroughly in every possible
direction. Innovative research approaches should be introduced widely during the discipline
development. In specific, fundamental research for highway engineering should be deepened based
the discipline development requirements, intensive and environment—friendly construction and
operation technologies should be explored and applied more, development in facility safety and
long—term service life guarantee should be strengthened, and intelligent design and application
should be integrated and optimized. By this way, highway engineering discipline of China is

expected to achieve another great soar in the coming future.

18. Aeronautical Science

and Technology

Aviation science and technology is a discipline with strong engineering characteristics. Its progress

is closely linked with engineering achievements, and application particularly integrated ones



are often reflected through them. This study analyzed progress in China’s aeronautical science
and technology. The prospect, general trend and frontier in this field were presented through
summarizing China’s aviation science and technology’s new progress, results, ideas, methods,
technologies and comparing them with international advanced levels. Furthermore, suggestion on

development direction was put forward.

181 Aircraft, Helicopters and UAV

As for military aircrafts, the J—-20 carried out validation flight test at Yanliang test center and the
J-31 completed its maiden test flight on October 31, 2012, marking that China has become the
second country which develops two kinds of fifth—generation aircraft at the same time after the
United States. A heavy military transport aircraft developed by AVIC Xi’an Aircraft Industry ( Group )
Company is the largest military aircraft China has ever developed. The first J-15 prototype aircraft
successfully went through landing and take—off tests on the Liaoning aircraft carrier, demonstrating
breakthroughs in carrier — borne aircraft technology. As for civil aircrafts, C919 aircraft is
developed steadily and has received 380 orders. As for military helicopters, great progress has
been made in R&D and production capacity. WZ-10 and WZ-19 have been successfully developed
and fielded, ending our embarrassment of lacking dedicated armed helicopters. It is a significant
achievement in army aviation equipment. The development of JY-8, an unmanned high-speed
helicopter, is accelerated. For civil helicopters, there are Z—15 jointly developed by China and EU
and AC313. AC313 is the only large helicopter developed by China on its own so far. It’s expected
that AC313 will complete all airworthiness flight tests, obtain type certification and be put into

commercial operation in 2013.

18.2 Aerospace Power

China continues to increase investment and has made steady progress and breakthroughs in
aerospace power in 2013. As China’s troops began to equip with our own new generation fighters,
the situation of using imported Russian engines is changing. Taihang engine, a high—thrust turbofan
engine developed independently by China, was started in 1980s and finalized in 2005. It has been
partially fitted out in the J-10 and J-11. Its polymorphic variants are being used for the localization
of China’s new fighters. Engines for the 4th generation fighter aircraft and the carrier—borne
aircraft are under development. The Minshan engine for the advanced trainer and Jiuzhai Engine

for the general aviation aircraft are also under development. Qinling engine is a domestic derivate
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from the British-made Spey engine introduced in 1970s. It has reached a new technological level
through localizing its materials, accessories, etc. and drawing more advanced technology. The mass
production of it has begun in 2003. Kunlun engine is the first medium afterburner thrust turbojet
in accordance with military standards developed by the Shenyang Engine Design and Research
Institute independently. The institute owns full intellectual property right over it. Kunlun Engine
Project was started in 1980s and got design finalization in July, 2002 after passing 259 rigorous

assessments. [t can meet the increasing thrust requirement of the improved J-7 and J-8.

18.3 Flight Mechanics

In the field of nonlinear flight dynamics, many mechanism researches and experiments on
unsteady aerodynamic were carried out both at home and abroad. Progress was made, especially
in wind tunnel test. The experimental apparatus to simulate the large amplitude dynamic of the
SDOF movement and two DOF coupled motion of the airplane were established, through which,
some unsteady and coupling aerodynamic data were derived and some new nonlinear unsteady
aerodynamic characteristics were found. With the development of modern control theory and
intelligent control, the identification and control of nonlinear unsteady multivariable system has
been greatly enriched. In the field of elastic flight dynamics research, our country has carried
out profound researches on elastic aircraft unsteady aerodynamic prediction techniques and flight
dynamics theory. In the field of unsteady aerodynamic modeling, in order to make the aircraft
still be controllable in the large angle of attack state and DOF coupled motion so that it can gain
advantage in an air war, we have carried out in—depth studies. With the substantial improvement of
computer technology, CFD technology has been widely applied in a variety of projects. In addition,
with rapid development of the domestic large aircraft and the general aviation aircraft, civil aircraft

flying qualities and airworthiness have become an important part in flight dynamics research.

184 Flight Test

The design finalization flight test program for newly—developed military aircrafts is expanding.
We are now able to carry out the following items thanks to years of accumulation and large—scale
infrastructure construction: structure verification tests, flying quality verification tests, flight
performance verification and resistance measurements tests, the propulsion system verification
tests, weapons fire control system verification tests, equipment system verification test, avionics

system verification tests, electrical system verification tests, flight control system verification tests,



survivability and vulnerability verification tests, reliability, maintainability and supportability
verification tests, helicopter design styling and identification tests, the new model engine
design styling and identification tests, the new research aviation two product design styling and
identification tests and so on. A relatively complete flight test system has been formed. Our flight test
agencies are competent for implementing not only flights to test general subjects like aerodynamics,
flight mechanics, structural integrity, power plant equipment and airborne systems but also
flights to test specific items required by scientific researches. In the aspect of external parameter
measurements, our country has basically met the requirement for measuring the performance during
takeoff and landing and general flight path and attitude with high precision. Besides, our airborne

test system performance is close to today’s world advanced level.

18.5 Manufacturing Technology

The world’s largest tonnage forging presses, which was independently developed by China and
serves as China’s “large aircraft” project’s critical equipment, was successfully produced by China
National Erzhong Group Co., at its Deyang base, marking that China’s metal materials technology
has made a new breakthrough. Researches on advanced polymer composites manufacturing
technology, non—autoclave prepreg molding technology, deformation and thermal curing composites
compensation technology, aerospace prepreg autoclave cured composite outer application were
launched and progress has been achieved already. During the development of the new regional jet
ARJ21, aircraft factories have made full advantage of the digitized offsite design and manufacturing.
The whole machine design is with 1009% CATIA three—dimensional digital definition, and digital
pre—assembly and digital prototyping. Digital manufacturing technology has been applied in
ARJ21’s pipe. Currently, the national aero—engine manufacturing industry is vigorously promoting
the digitization process and has achieved a lot in the key components process design, tooling design
and CNC machining. It helps facilitate the transfer from traditional development and production
model to lean model. In addition, in 2013 the State Council has conferred first prize of State
Technological Invention Award on the research team who has developed aircraft alloy integral
member of large and complex laser forming technology. The technology has been put into industrial
manufacturing in our country. Manufacturing a variety of titanium and other large and complex key
metal parts directly through laser has been applied to new fighters, large transport aircrafts, large
aircraft like C919, etc. which makes our country the second in the world that masters titanium
aircraft structural parts laser rapid prototyping technology and realizes engineering application after

the United States.
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18.6 Materials

The development and application research of titanium alloys for aircrafts such as TC4, TC16,
TC18, TC27, TBS, TB6, Ti55531, TC21, TC4-DT, TB8, Ti45Nb, TA1S5 were carried out. Key
technology breakthroughs were made in high—alloyed ingot compositional uniformity control rods,
forgings organizational performance uniformity control and stability control batch forgings. For the
use of engine, the application researches of the forging, die forging, heat treatment, nondestructive
testing, machining, surface hardening of Titanium alloy such as Ti60, Ti6246, Ti6242, 650°C
titanium and Ti40 Alloys were implemented. Key technologies of organization performance
uniformity control, parts machining and surface hardening were derived. High—quality and
high—temperature engine—use titanium alloy forgings and key components were developed.
Special-function titanium and special technique, advanced polymer composites, metal matrix
composites, the ceramic matrix composite materials, the material performance testing and
evaluation were studied and progress have been achieved. The inorganic non—metallic materials
are in rapid development and its new technology and technique are continuously applied and

promoted

18.7 Auviation Electromechanical Systems

Our aviation electromechanical systems are moving towards integration, multilevel and intelligence.
The goal is to achieve full integration of function, energy, control, and physics. To fulfill the
requirement of China’s new generation aircrafts, China has accelerated researches on the aviation
electromechanical systems integrated control and management, improved the comprehensive
management and diagnostic capabilities by reducing the electromechanical system interconnect
and information sharing, as well as enhanced its reliability and maintainability. In addition, China
has carried out a series of studies on advanced more electric aircraft power supply technology,
key electrical system technologies, multi-system fault diagnosis, electrical load management
study, the stability of the power system load. China has also carried out some ground tests and
flight tests to verify the technical maturity and usability of some technology and confirmed that
the overall performance of the aircraft can be enhanced by replacing hydraulic actuators with
electromechanical ones, which provides a preliminary basis for China’s new generation of more
electric aircraft.

Although we have made considerable progress in aircraft overall design, aerodynamics,



structure, avionics, and aviation electromechanical systems, we still lag behind the world advanced
level. The development of China’s military and commercial aircraft is imbalanced. There are a few
civil aircrafts with competitive edge, and no product family is formed yet. Most products are only
exported to Asia, Africa and other Third World countries. China only masters the technology of
medium and small transport planes. The technology of large and ultra—large transport aircraft is
still in development stage. There are still large gaps in the aspect of aircrafts’ economy, comfort,
environmental protection and supportability. The integrated technology is still backward,
especially in power systems. In the field of flight mechanics, our preliminary research is weak,
top—level design is insufficient, simulation and experimental study of large—scale systems is not
enough comparing with Europe, America, Russia and other aviation developed countries. In the
aspect of flight test technology, there is a lack of innovation and flight test means for prospective
studies. Our aviation industry started very late with weak scientific and technological strength.
There are too many backward areas, especially in the civil aviation manufacturing industry. In
the aspect of materials, China’s research on cutting—edge materials lags behind and reserve of
new materials is insufficient. The lack of some key materials for the third and fourth generation
aviation products has seriously hampered the development of China’s aviation industry. In the
field of aviation airborne systems, the gap between us and the foreign advanced level is large in
terms of information retrieval system, aeronautical communication system, radio navigation and
S0 on.

China’s aeronautical science and technology are faced with good domestic political and
economic environment, but severe international challenges. In order to accelerate our
aviation industry, construct China into an innovative country, develop aeronautical science
and technology, China should adopt the pattern of driving sci—tech progress through model
development to enhance innovation capability. It shall plan aeronautical technology R&D,
industrialization, and market as a whole with largely—applied key products as the main line.
It should also focus on accelerating the development of large aircrafts, regional jets series,
general aviation aircrafts and helicopters. Breakthroughs shall be made in engine, important
airborne systems and key equipments. Professional productivity for aviation large parts, air traffic
management systems shall be improved. A sustainable aviation industry system shall be established.
Furthermore, priorities should be given to the development of green aviation technology, new air
system technology, new generation helicopter technology, advanced aerodynamic layout, active
construction techniques, self—control and decision—-making technology, high thrust to weight ratio
and weight ratio engine technology, high power, high—performance composite materials technology,
nano materials and aerospace applications technology, failure prediction and health management

technologies.
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19. Space Science and Technology

China’s space science and technology has been developing rapidly since 2008. Chang’e-1
successfully realized the predetermined targets of accurate orbit maneuver and successful lunar
orbiting, and Chang’e—2 successfully carried out many extended experiments such as orbiting
Lagrange point L2 and asteroid Toutatis fly—by. Shenzhou-7, 8, 9 and 10 spaceships and
Tiangong—1 target vehicle have been successfully launched, and significant breakthroughs have
been made in such areas as astronaut extravehicular activities ( EVA ) as well as automatic and
manned rendezvous and docking. The regional Beidou Satellite Navigation System has been
smoothly established and formally began to provide continuous passive positioning, navigation and
timing services for the Asia—Pacific Region. The High—Resolution Earth Observation System, one
of China’s major scientific and technical projects, has been initiated in a full scale. China’s Long
March series launch vehicles have greatly improved their reliability and enhanced their intensive
launch capability. China’s man—made satellites have basically formed satellite series including
meteorological satellites, ocean satellites, resources satellites, communications and broadcasting
satellites, navigation and positioning satellites, space science satellites and technical test satellites
as well as the environment and disaster reduction satellite constellation. The benefits of space
technology applications have been increased greatly. Moreover, both the subsystem technologies
and supporting technologies have made significant progress, thus laying a solid foundation for the
overall development of China’s space science and technology.

We must clearly recognize that the development of China’s space science and technology with
so many achievements still has certain gaps compared with the advanced countries. In the future,
China’s space science and technology will make breakthroughs focusing on the following areas.

China will develop heavy launch vehicle, reusable launcher and advanced upper stage; build
the regional mobile communications satellite system and the global Beidou Satellite Navigation
System; carry out research on technologies such as manned Earth—orbit transportation and long—
duration manned spaceflight; make breakthroughs in technologies including soft landing on a
celestial body without atmosphere and roving on lunar surface; carry out research on technologies

such as complicated satellite high—accuracy autonomous control and satellite networking as well as



guidance, navigation and control technology for launch vehicle; make breakthroughs in technologies
such as liquid rocket engine, solid rocket motor, air-breathing engine and special propulsion;
conduct research on technologies such as Earth—orbit spacecraft TT&C as well as lunar and deep
space TT&C; develop near—space materials, space materials and metal materials; conduct research
on space environment control and life support as well as space environment medicine; carry out
research on technologies such as near—space aerodynamics, aerodynamic characteristic calculation
and test simulation; develop technologies such as rapid response manufacturing technology,
precision / ultra—precision machining and advanced connection; develop the technologies such as
space target detection, tracking and identification, space computer and microelectronics; carry
out research on zero—defect systems engineering management and basic theory of space reliability;
develop satellite applications, new energy and new materials as well as space special technical
equipment; make breakthroughs in technologies such as metrological calibration under the
special environment; and develop the specialized technologies such as strength test and structural

dynamics.

20. Ordnance Science and Technology
( Energetic Materials )

The status of the development in the discipline of energetic materials of China in recent years is
summarized in this report. The term, “energetic materials” in this report refers to propellants,
explosives and pyrotechnics that were applied in conventional weapons. According to the function
and purpose in weapons, the status of technical development of energetic materials is introduced
as gun propellants, rocket propellants, single compound explosives, composite explosives and
pyrotechnics in this report successively.

The content of the report covers the most recent researches and/or technical developments
of energetic materials at home in the following aspects: relevant theoretical research and
computer simulation; design and research on the compositions of energetic materials with higher
performances; new process, technology and equipments for the preparation and/or manufacture of

energetic materials; charge design and application technology; measuring and testing technology
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related to energetic materials. Among the above — mentioned aspects, the most representative
research achievements are the gun propellant charge technology with highly progressive burning
and low temperature sensitivity, uni—modular gun propellant charge technology, the synthesis
and engineering scale preparation technology of the high energy density compounds ( HEDC )
represented by CL-20, thermobaric and fuel-air explosives technology, the processing and
manufacturing technology for higher energy NEPE propellants and high solid content HTPB and
CMDB propellants, the design and application technology for array infrared decoy compositions and
multi—frequency spectrum smoke series compositions, etc.

The theoretical and technical progress in the field of energetic materials of China has effectively
accelerated the modification and upgrading of the weapons equipped in the Chinese People’s
Liberation Army. The two technologies, the gun propellant charge with highly progressive burning
and low temperature sensitivity, as well as the uni-modular gun propellant charge, which have
completely independent intellectual property, are at the leading level in the world. This indicates
that China has already mastered the key technology in launch energy required by the design and
manufacturing of the new large caliber guns with longer firing range, lower chamber pressure,
better mobility and stronger survivability. The technology for the engineering scale preparation and/
or manufacturing of HEDC such as CL-20 has also reached the world’s advanced technological
level. It could provide important technical and physical foundations for developing gun powders,
rocket propellants, and ammunition warheads with higher energy performance and better
comprehensive characteristics, and would then add powerful driving force in the cause of promoting
the development of conventional weapon ammunitions in China towards the goals of long range
launching, high efficiency damage and precision striking.

In this report, the technology of energetic materials of China is generally compared with the
development of foreign developed countries. It would be seen that large gaps still exist in some main
areas of energetic materials, although technology of energetic materials of China has improved
greatly and reached the advanced level in the world in a few aspects.

Based on China’s national conditions as well as the current military transformation in the world,
the strategic trends and key directions which should be seized for the development of China’s
energetic materials technology in short and medium terms are presented. For gun propellants,
more attention should be paid to the development of propellants with higher energy and mechanical
strength, lower sensitivity, high efficiency of energy usage, as well as the corresponding propellant
charges. As to solid rocket propellants, research should be focused on the development of higher
energy, lower sensitivity and lower signature propellants. The main point of the development of
explosives should be the higher energy and lower sensitivity ones. As to pyrotechnics, emphasis
should be put on the development of safe, eco—friendly, high—end and individual compositions. The

developing trends of the process technology of energetic materials are safety, green, high efficiency



and precision. This is to guarantee the quality of products and to lower the cost of production while
guaranteeing the inherent safety of the process and decreasing and/or eliminating the contamination
of the environment. In the design of energetic materials, the relation between high energy and
low sensitivity should be seriously coordinated. And the coupling relationship between energetic
materials and their working environment should be taken into account during their application.

Some suggestions are also presented. They are mainly as follows: strengthening relevant
fundamental research to raise up the ability of self—~dependent innovation; emphasizing technology
innovation as well as encouraging technology integration; accelerating the cultivation of high level
talents and giving full play to leaders in their innovation activity ; paying attention to the construction
of scientific research platform and optimizing the allocation of necessary resources; reforming the
management system for scientific research and improving management regulations.

A brief introduction to the organizational structure, technical force and talent cultivation of the
discipline of energetic materials of China is also given in the report.

Taking a panoramic view of the fast development as well as the fruitful achievements which have
made by the discipline of energetic materials in China, it reflects that China’s ordnance science and
technology circle has made great contributions to the construction of modernization of the national
defense, accompanying the enhancement of the actual strength, advancement of the technical level

and boosting of the vitality.

21. Metallurgical Engineering
and Technology

The Chinese researchers put forward some innovative theories, perspectives and application results
with respect to the fundamental scientific research for metallurgical engineering technology, such
as: (D The Chinese researchers make descriptions for alumino-silicate melt structure, calculate oxygen
ions of such structure, set up new models for forecasting viscosity and conductivity of complex
slag systems, and establish quantitative relationship between conductivity and viscosity; 2 Gas—
solid Phase Reaction Kinetics Model is proposed; (3) Molten salt electrolysis is combined with

carbon thermal reduction so as to improve preparation techniques for titanium and alloys
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effectively; (@) High—concentration ion media of alkali metal under sub—molten salt state is proposed
for the disposal of vanadium slag, which can improve the recycling rate of vanadium. Vanadium and
chromium can be extracted simultaneously.

In terms of metallurgical technology, various new techniques and new equipments of beneficiation
are comprehensively utilized to upgrade the low comprehensive utilization level which features low
grade and great difficulty in beneficiation. Self-developed innovative technologies are applied in
large—sized and medium-sized blast furnaces which witness new advancements in terms of high
blast temperature and long service life. New progress is made for large scale, automatization and
intelligentization of metallurgical equipment. Efficient, low—cost and clean BOF steel production
system concepts and technologies are proposed. New—generation TMCP Technology, independently
developed by China, has come up to the international advanced level. The applications of modern
equipment and automation control technology in wide range of steel products in large quantity
generally improve overall performance of steel (i.e., cleanliness, uniformity, quality stability,
strength and toughness ) . The development of key high—quality special steel varieties basically
meets the development needs of emerging industries. Systematic energy conservation theory and
energy flow network optimization technology are applied to push forward “Three Dry and Three
Utilizations ( Dry Quenching of Coke, Dry Dedusting of Blast Furnace Gas and Dry Dedusting of
Converter Gas; Comprehensive Utilization of Water, Utilization of Secondary Energy ( represented
by byproduct gases ) and Utilization of Solid Waste ( represented by blast furnace slag and converter
slag ))” and other key generic technologies. In China, comprehensive energy consumption per ton
of steel, fresh water consumption per ton of steel and comprehensive emission level of pollutants
have dropped significantly.

In 1993, Yin Ruiyu ( Academician of the Chinese Academy of Engineering ) launched the
theoretical research on “Metallurgical Process Engineering Science” . He published the monograph
entitled Metallurgical Process Engineering Science in 2004 and published the English version of
this monograph in 2011. Afterwards, he has published another monograph entitled Metallurgical
Process Integration Theory and Methodology in 2013. As important works independently authored
by this Chinese scientist with respect to metallurgical process engineering science theory, both of
such monographs achieve understanding, research and analysis for material flow and energy flow in
steel production process and Element— Function— Structure— Efficiency involved in circulation
process from the perspective of engineering science, put forward a number of new concepts, new
methods and new theories, and form metallurgical process engineering science. Applications
of these theories steer the industrialization of new—generation steel processes, and continue to
witness satisfying results, for example, design, construction and operation of production processes
in Jingtang Iron and Steel, new base of Chongqing Iron and Steel and other steel enterprises.

Modernization and expansion of some existing plants and optimization of production and operation



are also achieved under the guidance of these theories. New—generation steel processes embody
three functions (i.e., manufacturing of steel products, efficient use and conversion of energy
and society—wide waste digestion ), and achieve efficient integration of advanced technology,
energy saving and emission reduction. The innovative Interface Technology ( Turnkey Solution ) ,
Technologies of Desulfurization, Desilicication and Dephosphorylation, Rapid RH Vacuum
Refining, High—Speed Continuous Casting and Efficient Rolling greatly upgrade the cleanliness of
products and help achieve the world—class level of quality.

The upgrading of steel products and accelerated optimization of product mix also witness
significant achievements, particularly significant progress is made for oriented silicon steel sheet,
pipeline steel, automotive steel sheet and other key products. Upgrades and quality stability of wide
range of steel products in large quantity harvest plentiful results.

Great progress is made for large scale, automatization and intelligentization of metallurgical
equipment designed and manufactured by China independently, such as large—scale blast furnace
(‘with capacity of over 5,000m’ ) and cold—rolled wide strip mill.

The appraisal events of Metallurgical Science and Technology Progress Award and Youth
Metallurgical Science and Technology Award of the Chinese Society for Metals push forward the
scientific and technological advancements in the whole industry. China Metallurgical Science
and Technology Award ( Special Award ) has been grandly presented in 2011, 2012 and 2013
consecutively.

In China, however, innovation level still needs to be improved, innovative environment needs
to be improved, and the steel industry innovation support system should be further improved and
strengthened. The funding and human resources inputs for R & D efforts of cutting—edge steel
technology should be further reinforced. For China, gaps still exist in corporate environmental
protection, ecological civilization construction, energy consumption and core competitiveness of
enterprises by comparison with such indicators in foreign countries.

With outlook on the bright future, Key Development Tasks of Metallurgical Engineering
Technology are specified as follows:

(1) Green Development of steel industry. Steel is one of materials with the most innovative
potential and sustainable development in the 21st century. Green Development of Steel Metallurgy
not only will support the rapid development of China’s national economy and meet the people’s
upgraded consumer demand, but also will play an important role in boosting Green Development of
the Chinese economy.

(2) It is necessary to perfectly combine metallurgical process engineering science with design,
production and operation of metallurgical plants. With Dynamic—Accurate Design Philosophy, it is
necessary to set up innovative theories and innovative design approaches for design of metallurgical

plants. In other words, it is necessary to focus on applications in the construction of new plants, and
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pay more attention to transforming the existing plants and giving guidance for applications in the
routine production.

(3) 1t is necessary to emphasize new opportunities and challenges brought by the rapid development
of information science and cloud computing to metallurgical engineering and metallurgical engineering
science, give full play to the role of interdisciplinary disciplines which link up information science and
metallurgical engineering science, integrate strengths and promote each other, and push metallurgical
engineering and metallurgical engineering science to a new peak.

(4) It is necessary to attaches great importance to the exploitation and utilization of resources,
especially the exploitation and utilization of low—grade refractory intergrown ore, manganese ore
and nickel ore and rational use of steel scrap resources.

(5) It is necessary to pay close attention to research highlights and emphases in various fields
of international metallurgical engineering disciplines. Financial and material resources should be
invested so as to increase the inputs for key development projects, support strong teams, and strive
to achieve rapid development and make breakthroughs at focused directions.

(6) It is necessary to strengthen the innovation support system for the relevant industry and
disciplines, including policy support system, technical service system, investment and financing service

system, legal service ( intellectual property rights ) system, personnel training and incentive system, etc.

22. Textile Science and Technology

As one of the traditional pillar industries, an important livelihood industry, an international
competitive industry, textile industry plays an important role in China’s economic system, and it
contributes to flourishing market, expanding export, absorbing employees, enhancing rural income
and promoting urbanization. In 2012, the gross value of domestic textile industrial output was over
5,780,000 million RMB with the year on year growth 12.9%. Textile industry of China ranks the first
in the world in production scale and export trade with the world’s most complete industrial chain,
the highest level of processing facilities. The total quantity of textile fibers processing in China is
55% of that in the world, and 35% of textiles and garment export are from China.

Recent years, the fiber material engineering has improved significantly with the increasing

investments of the technology and equipment of fiber material manufacturer, and the high tech



fiber materials have achieved breakthrough progress for the industrialize process; the advanced
equipments have been provided in the manufacture of the textile with the significant increase of the
production level, the degree of automation, and labor productivity; the technologies for the energy—
saving and the environmental friendly process have been developing greatly with the efforts of
scholars and enterprises. From 2011 to 2012, four projects were bestowed the Second—class Awards
of National Technological Invention, and six projects achieved the Second—class Awards of National
Science and Technology Advance. There were eight national research and development platforms for
the textile industry: two of them are the State Laboratory; five of them are the National Engineering
Technology Research Center; the other one is the National Engineering Laboratory. There were
many academic activities for textile science and industry: the China Textile Academic annual
meeting was held by the China Textile Engineering Society twice; three Academic Salons were held
with three topics, the fire resistant fiber development, warp knitting technology and application,
and the new ringing—spinning technology and application.

Textile talent development is composed by multilayered structure. There are 81 colleges or universities
with the bachelor degree belonging to textile subjects: five of them obtain the first level textile discipline
doctoral degree to grant authority and the postdoctoral research station; 15 of them have the first
level textile discipline master’s degree to grant authority, and 25 of them have the second level one.

In this report, the main purpose is to summarize the current situation and achievements of textile
science, and to forecast the future development direction. In the first part, the achievements of
the domestic textile industry and textile science and technology development are summarized.
In the second part, the domestic current situation of textile are discussed within nine sections:
the fiber material engineering, the spinning engineering, the weaving engineering, the knitting
engineering, the finish and dyeing engineering, the textile chemicals, the nonwoven material and
engineering, the industrial textiles, and the fashion design and engineering. In the fiber material
engineering, the biomass fiber, the high performance fiber and the functional fibers are developing
in the spinning engineering, the new technology for ringing spinning process is the focus, and the
development of new yarn design is very active; in the weaving engineering, the focuses are on the
automatic winding, automatic drawing in, environmental friendly sizing, while the key technology
for high speed weaving requires more primary research; in the knitting engineering, high speed
performance of the knitting equipment, the seamless technology, as well as the jacquard technology
increase greatly; in the finishing and dyeing engineering, low—temperature pretreatment, energy—
saving dyeing, and printing technology, functional finishing are the mainly researching direction;
in the textile chemicals, environmental friendly technology is the permanent requirement, while
the sizing material, the dyeing and printing pigment and auxiliary, functional finishing auxiliary
are developed for that requirement; in the nonwoven material and engineering, the structure

and property of nonwoven material, the environmental friendly technology for the manufacture of
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compound nonwoven material are the research priorities; in the industrial textile, the researches
and applications on the medical material, the filtration material, the structure material, the
protective material, and the transportation material are in the rapid development of the stage; in
the fashion design and engineering, the new researches and technologies are applied mainly on the
3-D body measurement, automatic garment manufacture, and functional garment development.
In the third part, the report makes a comparison between the domestic and foreign research and
manufacture situation. Then, in the end of the report, some advices and developing directions are

provided for the improvement of textile science technology discipline based on the former analyses.

23. Food Science and Technology

From 2012 to 2013 years, China’s food industry still maintains a rapid development. The economic
efficiency of food industry improves. Food industry promotes the development of agriculture
integration, circulation service industry and relative manufacturing industry. The progress of
science and technology is the power and source for the development of food industry, and will
cultivate innovative talents, develop innovation knowledge, reserve innovation technology, transfer
innovation achievements, support and guide the development of food industry to the sustainable
direction. Therefore, it is the urgent need to improve the level of China’s food science technology,
not only to improve the process of modernization and industrial competitiveness, but also change
the mode of development, realize the rapid development of food indusiry, safeguard food safety,
and protect the people’s physical health.

The report analyzes development level and trend of China’s current food science and technology
from three aspects namely the latest research progress, comparison of research progress at home and
abroad, and trends and prospects of China’s food science and technology. The report sums up new
progress of food science and technology in China, analyzes the existing problems in the work of food
science and technology, puts forward the future development trend of food science and technology,
and provides the basis for the formulation of policies related to food science and technology in China
in the future.

In the recent 5 years, some research areas have achieved new breakthroughs, such as China’s

food safety testing and risk assessment techniques, polyphenols and highly efficient separation,



physiological activity and antioxidant mechanism and functional peptide preparation research,
optimization theory and technology of microorganisms in food manufacturing, efficient screening
probiotics, analysis and application, the function of natural polysaccharides and their structure
activity relationship, and macromolecular materials research.

The scale and the level of scientific research of food subject are further enhanced, providing a
solid innovation impetus and support for the development of food industry. Food Science subject
develops rapidly in China, the number of university with food major increased rapidly from dozens
of universities in the last century eighty’s to 235 in 2010. The number of graduates of Food Science
in China increased from 633744 in 2007 to 884542 in 2011, up 39.6%. The number of enrollment
grew from 890510 in 2007 to 1134270 in 2011, up 27.4%. At the same time, in the aspect of the
quality of graduation theses, teaching material and teaching quality and outstanding student, the
quality and level of talent cultivation in food science have been improved. In 2012, the domestic
academic evaluation results showed that the level of scientific research like representative academic
papers of Food Science College, scientific research award, patents, and scientific research project
has further improved.

The new progress and breakthrough in the study of food science and technology of our country
not only expand the breadth and depth of scientific research, but also can be used in the industry,
and has good economic benefits. For example, agricultural products of high value application of
extrusion process and the key technology, innovation and application of key technologies of deep
processing of soybean, transformation of rice deep processing and comprehensive utilization of by—
products, application of high efficiency and energy saving of wheat processing technology, key
technology research and application of L- lactic acid industry, visual quick detection technology
and application of hazards factors in food safety.

However, compared with developed countries like the United States, China’s development of
food science and technology level is still fall behind. Judging from the number of published papers,
the United States of America published papers in the field of food is ahead in the world and the
paper published by China and Japan is almost the same, but the proportion of paper published by
China accounting on the world is on the rise. In the aspect of the publication of high quality papers,
the number of paper published in Journal of Agricultural and Food Chemistry by the United States
of America is higher than that of China and Japan. From the highly cited essays, high cited papers
published by Cornell University and University of California, Davis are more, which means that the
innovation ability in food research is higher in the USA. From the level of development of science
and technology of food industry, in 2011, the R&D investment intensity of food industry in the
United States is 2.5 times of that in our country. The number of patent applications and authorization
of average food industry enterprises in the USA were 0.74 and 0.29, far more than 0.39 and 0.10 of

ours. Not only that, the contribution of progress of food science and technology to the growth of food
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industry in our country is less than that of the USA.

International development prospect of food subject in the future will focus on: in—depth analysis
of mechanism of biological activity material, and raise the utilization rate of biology; to strengthen
the study on the properties of functional food, and promote the integration of functional properties
and nutritional value; develop and apply new food detection technology with fast, accurate, non—
destructive characteristics; speed up the industrialization of new food processing technology with
low nutrient losses; develop and apply new food packaging technology with characteristics of
environmental protection, high strength, high antibacterial activity; further extend the application
of proteomic technologies in food science research; pay more attention to the important impact of
change of environment on food safety; explore sustainable food, to ensure food safety.

The future research direction of food science and technology in our country should focus on:
develop new food resource to meet the processing requirements and market demand; new food
design and development oriented by the nutritional health and convenience; new food technology
with the core of life science and biological science; R&D and manufacture of food equipment in
order to develop intelligent integration and sets of key technology; developed system guarantee food
safety and full-range control; upgrade the food logistics support system supported by electronic

platform and communication technology.

24. Lighting Science and Technology

Lighting is very important to human’s life. In the last ten years, Solid—State—Lighting technology
has made great improvement, and LED has been widely used in many application areas. This report
mainly introduces the recent status, domestic and international situations and development trends
of the Solid-State—Lighting technology, in seven parts: materials and chips, packaging, lighting
systems, lighting applications, non-lighting applications, metrology and standards. The report is
divided into two parts: general report for summary and special reports for details.

The luminous efficacy is no longer a limitation to the applications of LEDs, since the technology
of materials and chips, packaging and application systems has made great improvement. Nowadays,
Solid—State—Lighting industry is trying to reduce the cost, while offering more comfortable and

higher quality of lighting. Intelligent and multi—functional lighting are also important. Solid—State—



Lighting technology has also been used in agriculture, poultry breeding, medical applications and
communications. Besides, in terms of metrology and standards, fundamental research on lighting
standards is in urgent needs. Standardization of LED modules and universal interfaces has received

more and more attentions.

25. Stereology

251 Re-understanding of “Stereology”

Since the word “stereology” first coined in 1961, the definition of stereology, in different
application fields domestically and internationally, including authoritative dictionaries and
other descriptions, is usually various and even misinterpreted, which directly impact the correct
understanding of the stereology discipline. In 2012 and 2013, the Chinese Society for Stereology
have for the first time organized hundreds of domestic and foreign specialists in several fields to hold
an academic discussion about stereology discipline and the definition of stereology. The specialists
reached a consensus on the following aspects. Firstly, the core content of the definition of stereology
is to deal with the three—dimensional structures. Secondly, 3D CT imaging on the projection data
belongs to stereology category. At the same time, we accept that the theory and technology of three—
dimensional CT image reconstruction are one of the organic components of the theoretical method

system of stereology.

25.2 Biomedical Stereological Research Progress

(D The biomedical stereological methods have been established and improved. For example, the
unbiased stereological methods for the quantitative researches on the structures and myelinated
fibers in cerebral cortex, hippocampus and corpus callosum have been established; ) The applications
of stereological methods in experimental pathology and clinical pathology diagnosis have been

strengthened. The application fields include radiopathology, electromagnetic radiation damage

285



xR

%

s 3 0 3%

c10c—<c10c

286

studies, normal tissue structure or in animal models of various diseases, as well as in tumor
pathology, quantitative analysis of infrared thermography, dermoscopy image analysis,
histomorphometry and other clinical pathological diagnosis, diabetes molecule pathogenesis

studies, liver disease pathogenesis and clinical countermeasures applications and so on.

25.3 Material Stereological Research Progress

(D Electron Back Scattering Diffraction (EBSD) technology makes material connotation from the
geometrical morphology of microstructures, expanding to the broad microstructural information of
the phases and the compositions. @ As one of breakthroughs in the research field of Grain Boundary
Character Distribution, the five—parameters analysis methodology has been invented. 3) An optimal
approach of 3D reconstruction and visualization of large volumes of grain structures have been
introduced by Materials Express ( ISSN: 2158-5849 ) as the cover paper highlights in 2013.
Moreover, the combination of the stereology experiment method and the computational materials
science has greatly improved the effect of the application of stereology and efficiency. @ In recent
years, the establishment of new Chinese National Standards and the revision of the existing ones
on stereology and image analysis have vigorously promoted the process of standardization and
automation on quantitative characterization of materials microstructure and nonmetallic inclusions

in China.

25.4 Image Analysis Research Progress

(D Various mathematical theories and models have been introduced into image segmentation. A
series of precise image segmentation methods, suitable for the image analysis in medical field and
material field have been developed. (2) A variety of theoretical methods which suitable for automatic
image understanding and classification have been developed. 3) A new method to rebuild non uniformity
molecular imaging has been proposed. Tian Jie et al. completed “Small animal multimodality
optical molecular imaging method and system” and won the Second Prize of State Technological
Invention awards in 2010. @ The methods and system for analyzing and diagnosing the polarized
light dermoscopy image of yellow race have been established. The methods to research the diagnosis
mechanism of skin cancer based on multispectral imaging have been put forward. The research filled
in the gap of early diagnosis with multi—spectral imaging for yellow race in the world. (3 Based on
microscope of automatic control, digital pathological and the image management system of DICOM

( Digital Imaging and Communications in Medicine ) have been established, and the exploration for



the standard DICOM of pathologic slice digital images has been carried out. (© Based on the digital
pathology biopsy, the methods for pathological image retrieval and auxiliary diagnosis have been
proposed, which eliminates “semantic gap” generally existed in the process of image retrieval. (D) A
new stereo matching algorithm with high precision and high efficiency has been proposed for the 3D
access. @ In 2012, “The encryption method and application based on the large deformation and
low quality fingerprint” , completed by Tian Jie et al. won the Second Prize of State Technological

Invention awards.

255 CT Technological Research Progress

(D Based on the CT hasic theory in the study, CT imaging, from two—dimensional ( 2D ) to three—
dimensional ( 3D ), has become a trend. Recently, a new theory of 3D reconstruction based on
Pl-lines is an important progress in 3D reconstruction; (2 On the CT system’s development and
application, imaging target is on micro—scale and large—scale. On the one hand, it adapts to the
imaging demands from biological and material science. On the other hand, it provides reliable 3D
perspective “eye” for the aerospace, shipbuilding, weapons and other industries. In addition, the
CT systems of flexible configurations have been developed to accommodate the modern applications;
@ The scientists in the Chinese Society for Stereology led by Professor Kejun Kang developed the
“Large equipment defects radiation detection technology” and won the First Prize of 2010 State
Technological Invention Awards. The detection technology has played an irreplaceable role on the
research and production of a large number of key equipments. Another achievement “Liquid safety
inspection system” won the Major Technological Invention Award of Ministry of Information Industry
in 2008, the First Prize of the Ministry of Higher Education and Scientific Research Technological
Invention Award for Outstanding Achievement in 2009, and it serves in important places such
as the domestic civil aviation airport, Beijing subways, the Great Hall of the People, and etc.
Moreover, it has been used for the security of the Olympic Village and the Olympic venues in 2008
Beijing Olympic Games. It has also been successfully used for trial or formal installation in the UK,
France, Austria, Australia, Mozambique airports and so on. “The apparatus, method and material
identification system generating X-rays with different energy levels” won the Gold Award of the
14th China Patent Award awarded by The People’s Republic of China State Intellectual Property
Office and the World Intellectual Property Organization. The system has been exported to over 30
countries and regions, which comprehensively covering the emerging markets for the existing dual—
energy Container / Vehicle Inspection System, promoting new demands for dual energy products in

international security field.
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25.6 Academic Institution and Discipline Construction
Progress

Since the Chinese Society for Stereology ( CSS ) established in 1987, 6 branches have been set
up, including the Biomedicine, the Materials Science, the Image Analysis, the CT Theory and
Application, the Virtual Reality and Simulation, the Metallography and Microscopic Analysis
Branches. Now, the CSS is the member of the China Association for Science and Technology and
the member of the International Society for Stereology (1SS ) . Chinese Journal of Stereology
and Image Analysis, as the official journal of the CSS, had been established in 1996. The
CSS had also instituted the Award for Scientific and Technological Progress about CT and
Three—dimensional Imaging ( 2004 —2010, for 4 terms ) and the Award for Scientific and
Technological Advancement of the CSS (2012 ) . In 2011, the CSS held the 13th International
Congress of Stereology (ICS—13 ) and the international commemorative academic activity for
50th anniversary of the ISS and jointly hosted the first International Undergraduates’ Material
Microstructure Photo Contest. From 1981 to 2013, 13 Chinese Stereology and Image Analysis
Conferences have been held. The significant advances of stereology in China has been the
increasing concern from the ISS, which is reflected in the permission of undertaking the ICS-13,
as well as in the fact that three term vice presidents of the ISS are the members of the CSS ( Guoquan

Liu, 2004—2007; Yong Tang, 2008 —2011; 2012—2015) .

26. Basic Agronomy

Agriculture, as a strategic industry, has played an important role in food security, resource and
environmental safety, and social development. The healthy agricultural development is also an
important safety guarantee to sustainable, stable and coordinated development. In the era of the
sync of “Four modernizations” and innovation—driven, the contribution of agricultural science and
technology to agricultural growth has reached more than half. The development of basic agronomy

discipline is the driver of the progress of agricultural scientific and technology, and its role in



the agricultural modernization with Chinese characteristics is prominent, providing scientific
foundation to improve people’s livelihood and achieving sustainable development. The No.1
Central Document issued by the Central Committee focused on “SANNONG” ( farmer, rural and
agricultural ) issues for 10 consecutive years, of which in 2012 stressed that “to put agricultural
science and technology to a more prominent position” , and further defined the strategy of
agricultural science and technology development, underlining that “the highlights of agricultural
science and technology innovation include the stable supports for the basic, pioneering and non—
profit science and technology research” , and clarified the key tasks of agricultural science
and technology innovation, including “to strengthen basic agricultural research, and to make
breakthroughs in a number of major theories and methods” “to accelerate the research of cutting—
edge technology, and to take up the high points in modern agricultural science and technology” .

Basic agronomy is the subject for understanding natural phenomena related to agriculture,
revealing objective laws and principles of agriculture, and researching natural phenomena and
its nature in agricultural production systems. The research aims at fully developing and protecting
agricultural native resources, coordinating the relationship between crops and environment,
preventing pest and poor environment from damaging agriculture sector, in order to obtain the
best combination of agricultural production, to enhance the yield and quality of farm products,
to accelerate the development of high—yield, high quality, efficient, eco—friendly, and safe
agriculture, to effectively ensure national food security and ecological security, to increase the
income of farmers, and to improve the international competitiveness of farm products.

The subject of basic agronomy is characterized by integration, dynamics, and development.
With the development of economy and technology, it has various connotations in different historical
periods. In the new era, with the gestation of a new round of science revolution and industrial
revolution, some important scientific problems and the core technologies have presented a
revolutionary breakthrough harbinger, which have driven the key scientific and technological to
cross and fusion and to leap in groups. The energy of breakthrough innovation is accumulated,
which is going to be the strong potential to promote the development of basic agronomy.

According to the overall plan of China Association for Science and Technology, the basic
agronomy project development 2012—2013 has been researched by Chinese Association of
Agricultural Science Societies in purpose of changing the way of agricultural development,
developing modern agriculture, and building agricultural modernization with Chinese
characteristics. The research project consists of 12 subjects, including crop genetics and breeding,
crop cultivation, plant nutrition, cropping system & soil management, agricultural soil science,
agricultural storage & processing technology, agricultural entomology & plant pathology, agro—
product quality & safety, agricultural resources & regional planning, agricultural information

science, agricultural environmental science and irrigation & drainage technology. The research
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project analyzes recent progresses, significant achievements, and applications in basic agronomy
and its branches, grasps status and the development of the subject, compares the research and its
application in China with the whole world, estimates the strategic needs and trends of the subject,
and puts forward the policy suggestions to accelerate the development of basic agronomy.

In recent years, the construction of basic agronomy has been paid much attention in China, and
great achievements have been made in the research and its application of basic agronomy.

In the field of crop genetics and breeding, the crop high—yielding and fine quality breeding,
germplasm innovation, biotechnology applications and genomic research have made significant
progress in 2012—2013, which made the production potential increasing and that the research
and application of the genomic resource exploration and the disease-resistant / quality molecular
breeding both have been developing at a rapid speed. The super rice breeding theory and method
of “combined ideal plant type shaping and Indica / Japonica inter—subspecific heterosis” have
formed and a group of flagship species has cultivated. Rice plant height and flower organs epigenetic
genetic regulation research has made significant progress, which laid the foundation for further
study in mechanism of epigenetic modification on rice development regulating. Sequenced and
assembled the draft genome of diploid cotton Gossypium raimondii, created a second generation of
super quality fiber and high quality big—boll transgenic cotton germplasm. Innovated the resistance
identification and selection technology of cotton verticillium wilt, and developed a new seedling
disease resistance identification technique, have bred five new varieties of cotton, achieved disease
resistance, high yield and high quality sync improvements and breakthroughs. Participated in and
completed the genome sequence fined analysis of cultivated tomato. Finished the cucumber genome
atlas laid the foundation for the genome-wide “breeding by design” . The world’s largest tobacco
mutant library and screening method have been built.

In the field of plant protection, agricultural entomology has made significant progress. By
using the metabolomics technology and genetic interference technology, combined with behavioral
assays, the regulatory mechanism of migratory locust two—type—transformation was found, which
provides a theoretical basis for locusts plague control and a good animal model for human metabolic
disease study. Systematic study clarified planting Bt crops has significantly biocontrol function on
agricultural ecosystems, which is the first time in the world to study the Bt crop ecosystem services
and mechanisms from the landscape ecology scale, and has important scientific significance in
developing the theory and method of Sustainable control of major insects regional catastrophe by
using Bt plants. Discovering that the genetic diversity of the resistant genes of cotton bollworm field
populations to Bt cotton exists, and for the first time, discovering and confirming the non—recessive
resistance gene has a key role in the resistance evolution of Bt crops. Successfully decoding the
genome of the major agricultural insects plutella xylostella with independent intellectual property

rights completely, first declared to the world’s that primitive Lepidoptera genome completed. In the



field of plant pathology, significant innovations have been made in the comprehensive management
technology of wheat stripe rust pathogen. These innovations have been applied in the large—scale
and achieved significant impacts in controlling disease and ensuring production. During 2009 —
2011, accumulated application area reached 230.672 million mu, effectively bringing the stripe
rust outbreaks under control, and increasing revenue / saving expenditure of 9.332 billion yuan.
The new fungicide for wheat scaboriginal control, JS399-19, was developed, which is the best
fungicide for both preventing wheat Fusarium Head Blight and reducing fungus toxin contamination.
Temperature control of rice seed pregermination and the farming operation techniques during
pregermination to grin has been registered 8 national new products / varieties, with accumulated
application of 5.1 million, preventing grain losses of 16.45 million tons, and increasing social
benefits of 12.8 billion yuan, of which 3.12 billion yuan have been accrued in the last three years.
7 kinds of citrus viral diseases and quarantine category rapid molecular detection techniques have
been established and optimized, and 440,000 mu of demonstration bases for the new virus—free
citrus seed has been developed, increasing 153.51 million yuan for enterprises and farmers.

Technology on crop water requirement and control has made significant progress. In the field of
stomatal regulation mechanism on drought—affected crop, the molecular gene expression mechanism
of drought-affected plant’s response modifier has been developed creatively, proceeding from the
significant demand for enhancing plant water—use efficiency, as well as the biological research
frontier of drought—tolerance plant, which has also opened up new avenues in the area of improving
crop water—use efficiency via genetic engineering technology. In the field of the principles and
integrated technology of high—efficient water use in urban modern agriculture, intelligent diagnostic
platform for water requirements has been developed. Technology and methodology of soil water
and nitrogen through drip irrigation, as well as water use management methods based on water
consumption target, have been proposed. Three water—saving technical integration models have
been constructed: high efficient water saving of water and fertilizer integration in agricultural
facilities; intelligent precision irrigation in orchards; ecological water saving in metropolitan
Greenfield. In the field of “water resources allocation and control technique in dry inland river basin
considering ecological theory and its applications” , a theory of rational allocation of limited water
resources and control technology has been put forward, playing a significant role in conserving
water, improving efficiency, and promoting ecological effect.

Critical technological advances have been achieved in the discipline of Agricultural Information.
In the field of agricultural monitoring and early—warning: Agricultural Information Analytics has
been gradually improved; China Agricultural Monitoring and Early—warning System ( CAMES ) has
been preliminary constructed; 2 national industrial standards have been drafted and implemented;
and Portable Agricultural Product Holographic Market Information Terminal ( Agricultural

Information Collector ) has been developed. In the field of Internet of Things ( 10T ) in agriculture,
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China has achieved critical technological advances in various areas of IOT in agriculture, such as
agricultural sensors, RFID, data acquisition and transmission, data—based decision-making and
management, application of [OT, and has nudged into the world’s leading country. Major research
achievements include: establishing nearly 300.000 mu of the “Comprehensive Application and
Demonstration Zone in Wisdom Agriculture” ; developing technical system of the application of
IOT in agriculture, which integrating relevant technology and equipments with respect to sensors,
transmission, decision—making and application; fulfilling monitoring / early-warning and production
scheduling of the whole growth period of field crops via IOT technology, mainly focusing on the
situation of seedling, soil moisture, pest and disaster. In the field of intelligent information services
in agriculture, breakthroughs have been made in some key technologies, including specification on
agricultural information acquisition, intelligent processing and personalized precise services.

At present, the branches of the discipline of basic agronomy in China have developed gradually,
forming a relatively complete system of academic disciplines. Breakthroughs have been achieved,
new theories, methods and technologies have been produced, new ideas and insights have
emerged, and some subjects are close to or have reached the advanced world level. However, since
the subjects of basic agronomy in China have started late, and their development has lagged behind,
there is still a wide gap between them and those in developed countries. By means of following the
“being independent in innovation, focusing on spanning, sustaining development, and taking lead
in the future” requirements, we must closely relate to the reality of our agriculture, rural areas and
peasants, fully understand the basis for the development of the strategic needs of agriculture, and
accelerate the reform and development. We must also improve the institutional mechanisms, increase
investment efforts, and strengthen international exchanges and cooperation. What’s more, we
should train men of abilities, organize prudent and efficient research teams, choose international
frontier of basic and advantageous subjects, key areas with overall focuses which affect the national
economy, the “three rural” and theoretical and technical issues, in order to develop by leaps and

bounds, and lay a solid technical foundation for the development of modern agriculture.

27. Plant Protection

In the recent two years, under the challenge of crop pests’ outhreak very seriously in the agriculture of



China, through large—scale science and technology staffs collaboration research by all sorts
of national S&T research programs funds, the discipline of Plant Protection has made a series
research progress, new achievements, new approaches, new methodologies and technologies in the
theoretical research of basic and applied areas, hi—tech S&D, key forecast and control techniques.
The mentioned advancements in plant protection have played an important role in the disaster
prevention and mitigation in agriculture, made a tremendous contribution to ensure the grain output
increased for the ninth consecutive year, and promoted the development in the discipline of Plant

Protection.

271 A Great Progress Has Been Achieved in the Basic Research

The development of the modern bio—sciences, for example, molecular biology and genomics,
etc. brought an exuberant vitality to plant protection for the basic research. Focusing on plant
virology, plant functional genomics for disease and insect resistance, insect chemical ecology,
invasive biology, etc, a significant improvement has been made in basic research capacity of Plant

Protection, which has hold a space in the related research area in the world.

27.1.1 Plant virology

Through collaborated research, the genome of southern rice black-streaked dwarf virus
( SRBSDV ) was firstly sequenced, and a conclusion was proven that SRBSDV to be a new specie
in Feijin viral family. For geminivirus and rice virus, significant progresses have been made
in research of viral pathogenesis, the mechanism of host plant resistance to the virus, and the
mechanism of virus transmission by insect vector. A new molecular mechanism was uncovered
that the host plant defense to geminivirus through DNA methylation—mediated system, whereas
geminivirus escape from the host plant defense through various approaches. The biological process
of RDV spreading in body of leathoppers was illustrated, which is the virus intaken by insect
stylet, through food channels ( esophagus ) to reach the duct of filter chamber, then spreading to
neighboring cells, and the other organs of foregut, midgut and hindgut. Several plant antiviral

pathways were found to be involved in the virus infection processes.

27.1.2 Plant functional genomics for disease and insect resistance

Important and initial achievements have made in the research areas of plant important genes
cloning for disease and insect resistance, and the mechanism of plant resistance to diseases and
insects. In the mean time, using genomics approach, the genomes data for a series of important

plant pathogens and insect pests have been collected, which are basic materials for further research
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and discovery of the pathogenic or insect caused damage genes.

27.1.3 Insect chemical ecology

In insect chemical perception mechanisms research field, the types, distribution and ultra—
structures of chemosensory sensilla have been verified in Locusta migratoria manilensis, an
important migratory pest insect. 14 gustatory sensilla were found locating on the 5th tarsus in
the forefoot of female adult of cotton bollworm, Helicoverpa armigera, and the oriental tobacco
budworm, Helicoverpa assulta. Many genes encoding chemosensory ( including gustatory and
olfactory ) proteins from various insect groups were identified and some functions of which were
verified. 7 odorant binding proteins ( OBPs ) genes and 1 olfactory co—receptor ( Orco ) gene were
isolated from grain aphid, Sitobion avenae. The electrophysiologic character of the excitatory local
interneurons ( eLNs ) was firstly revealed in fruit fly, Drosophila melanogaster, and as along with

their linkage with the axon of other neurons, and functional mechanisms.

27.1.4 Invasive biology

Significant progresses and achievements have been made in the following aspects: population
formation and spreading, suitability and evolution of the important invasive species, the competition
exclusion mechanism of invasive species to native species and the effect of substitution, the impact

of biologic invasions on ecosystem structure and function.

27.2 A Rapidly Development Has Been Made in Hi-tech

27.2.1 Plant viral detection technology

In recent years, viral detection technique systems mainly based on immunological technique,
Multiple PCR method, LAMP technology, have been developed rapidly. 20 viruses detection
technique systems based on monoclonal antibody, have been widely used in many regions
of China, which promote the pathogen rapid detection. Armed at 6 main kinds of viruses
(PVX, PVY, PVS, PLRV, PVA, PVM ) in potato production in China, the detection kits
for potato viruses were developed successfully, which is China’s first independent intellectual
property rights in the field. For Citrus virus disease detection, a micro—scale and rapid DNA
template preparation technology and stem tip virus—flee early effect evaluation techniques were

established.

27.2.2 Plant for disease and insect resistance genetic engineering

Using genomics, the functional genomics data have been acquired for a series of important plant



pathogens and insect pests, which laid the foundations for further exploration of the pathogenic or
insect caused damage genes.

Holding a series of independent intellectual property rights and higher activity insecticidal genes,
then armed at the important insect pests of major grain and cash crops, then the new varieties of

cotton, maize and rice resistant to insects have been developed.

27.2.3 Insect chemical ecology

In the field of identification and application of insect pheromones, so far, nearly 100 kinds
of insect pheromones of agricultural and forestry insect were identified in China, which laid a
foundation for the practical utilization of the insect pheromones. In the field of plant infochemicals
mediating plant—insect ( insect pest and beneficial ) interactions, a phenomenon was found that
an ecological adaptation balance existed in the jasmonic acid ( JA ) mediated direct and indirect
defense. It was the first reveal that JA mediated pathway played the different effects on rice defense
system to the different feeding behavior insect pests, and some chemical elicitors have been
identified with inducing rice for insect resistance. Using slow releaser techniques, the utilization of
plant infochemicals and aphid alarm pheromone E— 3 —Farnesene to control wheat and vegetable

aphids, have achieved very repelled effect.

27.2.4 Biological Control

4 new immune proteins, PevD1l, MoHripl PeaTl and Hripl, have been discovered from
pathogenic fungus, Verticillium dahliae, Magnaporthe oryzae and Alternaria tenuissima, and the
elicitor proteions induce the plant immune system, promote plant resistance to the diseases and

improve plant healthy growth.

27.2.5 Monitoring and forecasting of plant diseases and insect pests

Taking full advantage of “3S” techniques, including remote sensing—RS, geographic information
systems—GIS, and global positioning system—GPS, along with molecular quantitative techniques,
ecological environment modeling and computer—based informatics network techniques, and in
combination with all sorts of field survey data, such as the historical data of the plant diseases and
insect pests, crop composition and distribution, meteorological factors, etc, and also employing
spatial analysis, artificial intelligences and simulation models for forecasting and control decision—
making of plant diseases and insect pests, the capability of monitoring and forecasting for plant
disease and insect pests have been improved to a higher level. A good progress has been made
on monitoring and forecasting the outbreak of the rice migratory insect pests ( plant hopper, leaf

roller ) , armyworm, wheat disease and insect pests.
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27.3 A Great Breakthrough Has Been Made in Some Key
Technologies

27.3.1 Wheat strip rust disease forecast technology in remote area

Some important achievements in wheat strip rust disease ( WSRD ) forecast technology are as
follows: having made clear on the key factors for WSRD epidemiology in large areas; based on
the pathogenic population in wheat seedling in autumn in the WSRD pathogenic resource areas,
in combination with wheat cultivars distribution and the climatic trend, a long—term monitoring
and forecasting technology system for the trend of the disease outbreak in remote area has been
constructed. The acquired achievement, titled “Integrated Management of Wheat Stripe Rust” ,

won the first prize of National Prize for Progress in Science and Technology in 2012.

27.3.2 Plant virus disease control technology

Through the control and prevent technologies developing and integrated research on southern
rice black—streaked dwarf virus disease, Rice ragged— stunt dwarf virus disease, rice black—
streaked dwarf virus disease, maize rough dwarf virus disease, strategies and techniques for viruses
management were proposed, integrated with treating both vector—insect and disease, immune

activation, regional IPM, and resulted in good control effects.

27.3.3 Biological control technology

In recent years, some important achievements have been achieved in the following aspects
of biological control, for example, “Establishment industrial system of rotenone bio—pesticide
and integration of key techniques” “New resources of bacterial pesticide and its new industrial
production techniques” “Study and application of bio—fungicide of Bacillus” “The outbreak
mechanism of major insect pests to cruciferous vegetables and their key technology for sustainable
management” “The research and application of safe and efficient control technology on weeds in

paddy field” , all of which won the National Science and Technological Prize, respectively.

27.3.4 Some important invasive insect pests detection and monitoring technology

DNA barcoding technique, and remote comparative analysis system for important invasive insects
have been created, which greatly shortened the invasive species monitoring time. Information platform
for early warning and detection and monitoring of invasive species has been constructed, thus, indicating
the formation of an equipment fitting for large area remote identification and monitoring automatically.

On generally, in the coming years, the new technologies, based on high—throughput sequencing



micro—RNA analysis which companied with high—throughput sequencing technology, transcriptome
analysis, proteomic and mass spectrometry, will add some new energy into the development of plant

protection basic research.

28. Pratacultural Science

Pratacultural science is an emerging discipline in China which developed rapidly in the past
decades and have revealed good development prospect. This report studies and analyzes the research
progresses, achievements, new technologies and new methods in discipline development and
personnel training in the following aspects: genetic breeding of leguminous forage grasses, forage
grass cultivation and forage grass processing, to expound the application effects and contributions of
the newest achieved research progresses and important scientific and technological achievements in
sustainable agriculture promoting, ecological security guaranteeing and farmer—herdsmen income
promoting, and then to put forward the future study emphases and development directions.

The gene cloning level of the universities and scientific research institutes has already caught up
with those internationally renowned institutes. The Tao Wang team ( China Agricultural University )
(Lietal., 2011), Zhenfei Guo team ( South China Agricultural University )( Zuo et al., 2013 ),
and Wenhao Zhang team ( the plant industry of Chinese academy of sciences, 2013 ) all have done
researches on resistant gene of alfalfa, and have made significant achievements. Additionally,
Lanzhou University, Gansu Agricultural University and Inner Mongolia Agricultural University
have also conducted the genetic improvement of forage grasses.

As for the germplasm resources, there are currently one central library, two back—up libraries,
17 germplasm repositories and 10 technological cooperative groups in ecological area, which have
already covered the protection and utilization system of the national grass germplasm resources of
31 provinces ( municipality cities and direct—controlled municipality cities ) . Up to 2012, 22989
forage germplasm have been evaluated the agronomic characteristics and more than 6000 have been
evaluated and identified the resistant capability.

Although Tthe founding used on forage grass cultivation and utilization was far from enough, but has
ait is with significant effect. For alfalfa, the planting area had already reached 3774.93 thousand hm® in
2011, which had increased 85.6% times compared with that of 2001 ( the national animal husbandry

station, 2011 ) . And , which formed the forage planting regionalization and research station branches.
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As for forage grass processing, the processing and ensiling technique flows have already been
established for different forage grasses, as expressed in the issued industrial standards like
NY/T728-2003 grass hay quality grading, and totally more than five industrial standards.
Currently, alfalfa hay and granules have been generalized and utilized in some large—scale dairy
farms. For grassland protection, grass diseases diagnosis method, information technology, disease
damage evaluation, prevention and control technology, and so on, have been established. Certain
progresses have been acquired in damage traits and control methods based on the above damages.

At present, pratacultural science has become the first—level discipline of undergraduate
education, up to 31 scientific research institutes recruit undergraduate, postgraduate and PhD
students majoring in pratacultural science. The team keeps growing and the personnel training
system of pratacultural science has been established, which accelerated the enrichment and
development of pratacultural science theories, and the related standards and regulations have been
consummated, along with the conspicuously enhanced international cooperation and exchange.
Nowadays, some grasslands are degenerating, desertificating or being salinized, damaged the
biological diversity or injured by diseases, pests and rats due to human activities. To restore and
re—establish the ecology, the demand for excellent forage grass varieties is increasing, which points

out directions for the development of pratacultural science.

29. General Practice

General Practice is a specialty within clinical medicine, based on family and community medicine, as
well as integrating knowledge and skills from clinical medicine, preventive medicine, rehabilitation
medicine and the humanities. Its scope covers people of all ages and ethnicities, and encompasses all
organ systems and types of diseases. General Practice which emphasizes patient—centeredness, families
as whole systems, is community—based, health maintenance and promotion directed, long—term,

comprehensive, and responsible care which integrates individual and population health care together.

291 The Development Process of General Practice in China

After the reform and opening—up, General Practice and the national health system approach of



western developed countries was introduced into China. Capital Medical University took the lead in
founding a general practitioner training center in 1989. The General Practice Chapter of the Chinese
Medical Association was founded in 1993.

In 1997, the national health reforms and development regulation clearly directed “speeding up
the development of General Practice and general practitioner training” . In 2000, General Practice
has been established as a sub—specialty in clinical medicine, with postgraduate medical education
as the core of General Practice education. In 2011, it was proposed to build the primary health
care system, with the objective of featuring 2 to 3 qualified general practitioners providing primary

health service as gatekeeper for every 10,000 residents.

29.2 The Current Development of General Practice in China

29.2.1 The service mode of General Practice

Community ( rural ) health service centers ( stations ) is a grass—roots health institution, providing
basic medical services and public health services, which service objects are the residents in
jurisdictions and the service targets are women, children, the elderly, and people with chronic
diseases or disabled. In the future, the contracted services provided by General Practitioners will be
the main mode of community health services, with the goal of “family doctor for every household,
health care for all people, to establish General Practitioner system with contractual service

relationship and implement the family physicians health services” .

29.2.2 The education and training of General Practice

Today, 128 colleges and universities have undergraduate clinical medicine programs and 63
colleges and universities offer General Practice courses. Some universities have set up General
Practice Master and Doctor Programs gradually. And on—the—job training and job—transfer training
for general practitioners all over the country improve primary health care technology and quality of

primary care.

29.2.3 The disciplinary construction of General Practice

Family practice divisions were set in general hospital experimentally to improve its academic
level, accessibility of education resources and general practitioners’ practical experiences; also the
family practice divisions in general hospital were encouraged to collaborate with community health

service centers.
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29.3 The Development Trend of General Practice in
China

29.3.1 New medical reform brings strong impetus for the development of General Practice

General Practitioner system has been established through the State Council executive meeting in
2011, which means the turning point and milestones of the discipline of General Practice in China.
Building up the general practitioner system will depend on the health insurance system, gatekeeper
strategy, two—way referral system, and information technology resources.

The primary care initial diagnosis and two—way referral system will be built up through enhancing
service capability, reducing charging rate, increasing reimbursement ratio, and community health

service covered by basic health insurance for urban employees.

29.3.2 Medical education reform lays the foundation of the development of

General Practice

In the three stages of General Practice education system, the education and training after
graduate is the focus and core of General Practice education, which mainly refers to the
standardized training and professional graduate education of General Practitioners.

General Practice education should focus on training: the humanization of family practice, and
long—term, mutual trust and close cooperation between general practitioners and patients. General
practitioners’ practice should comply with principles of evidence—based medicine. General
practitioners keep up with new medical knowledge and appropriate technology in a timely manner so

as to provide better care to patients.

29.3.3 Construction of data network builds an information development platform

for General Practice

In the 21st century, with the rapid development of information technology, the degree of
information technology in modern medicine has become more sophisticated. The medical and
health information is the largest and most complicated resource, and also the most promising and
development valued field in the information system construction. Many provinces and cities have
incorporated the health information construction into the primary health care service system. This
will create a revolutionary change in community health service, and General Practice will have
the spatiotemporal and digital features. The capability of using information technology is also very

important and necessary for general practitioners.



29.4 The Urgent Research Issues of the Development of
General Practice

29.4.1 Research design in community health service

The specific content of General Practice services is not clear. Community health services include
many services, so at first we need to clarify the concept of each service. After defining the concept of
service, integration of numerous resources of manpower, material and technical constitute a service
system. After that, the time spending of each service should be made by the way of Blueprinting, to

improve efficiency and guarantee the quality.

29.4.2 Research on performance assessment of community health service

Performance evaluation of health services is a worldwide problem. Performance evaluation of
community health services is the key policy to promote the job setting and income distribution
of General Practitioners. We need to build the community health service performance evaluation
theory, complying with the actual situation of China, from the previous extensive evaluation into a

new evaluation based on objectives, indicators and standards of community health service.

29.4.3 Research on quality control and patient safety of community health service

Safety and quality are the eternal themes of health services. To ensure the safety and quality of
services in primary community, it needs to achieve the standard, normalized and institutionalized
quality in both technical and functional fields of community health service center operations.
Therefore, we should build the standard system and assessment specification of quality control
in community health services, to ensure patient safety and continuously improve service

quality.

29.4.4 Research on suitable and systematic General Practice education

Whether the three—stage model general of General Practice education suits the national
circumstances or not? Whether the model meets the requirement of career growth of General
Practitioners? Whether the model has the feature of systematic and regularity? These questions
become the practical issues of General Practice education needed to be researched. In carrying out
the study on the three stages of General Practice education, it also needs to focus on the relation
between needs and layout of General Practice education, and also research the continuity and
systematic among the school education, training after graduate and continuing education of General

Practice.
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30. Human Anatomy, Histology
and Embryology

Human anatomy is the study of the structure of human body belonging to morphology in the life
science, and the morphology is a win for supporting the life science to take off properly. Human
anatomy is an old and classic discipline in the taxon of medicine and life science, but now it is also
a modern one, developing very rapidly in China. Progress in anatomical research and teaching is
tightly related to the development of science and technology, especially in the field of life science.
Today, the techniques used for exploring the human structure are with multiple aspects or levels.
The most advanced means has been introduced to further investigate the complex construction
of the body, from various high—resolution microscopes to restriction endonucleases. What is
more, the rapid advancement of digital and imaging technology has promoted the development of
modern anatomy here. For promoting the progress, the Chinese Society of Anatomical Sciences
( CSAS ) has made great efforts to push the advance of research and teaching in China. A serious of
specialized committees under the CSAS has been set up to meet the development of life science and
technology. Therefore, certain new branches of anatomical disciplines, such as digital anatomy,
molecular anatomy, gene anatomy and sectional anatomy, are developed and advanced fast in
China. Importantly, research achievements of anatomy in China have made more contributions to
clinical practice, since the concept of “translational medicine” is now the guiding ideology of the
CSAS, in addition that there have been several research papers published in the world journals with
high impacts, like “Nature” , “Science” and “Cell” . Together with owning a batch of scholars
with versed scientific attainments who have several high national awards given by the central
government, the discipline of anatomy currently has had a high influence on the progress of life
science in China, and the CSAS have become a most active member in the International Federation
of Associations of Anatomists ( IFAA ) .

The main contributions or achievements made by Chinese anatomists in the last 5 years involve
various aspects of anatomical sciences. For instance, the theory of “multiregional evolution

hypothesis” that modern human origin in anthropology becomes the one of two influential theories



in the world, besides that the characteristics of different peoples in China are refined. A data set of
“Digital Chinese Human Body” got national awards after setting up the program of “Chinese Virtual
Human Body” at the beginning of the century. Big achievements have been made in many aspects
of neuroanatomical research, including pain and analgesia, learning and memory, immune—
neuroendocrine network, neural development, neural restoration, as well as brain injury and
prevention. The study on brain network is developing quite fast in China, although it begins rather
late. The concept of “brainnetome” has been first raised by Chinese scholar, since the theory and
methods for calculation in brainnetome are relatively in a high level in the world. In different fields
related with histology, a big progress has been made just by the application of new techniques,
such as photoactivated localization microscopy and MOCT system. With regard to sectional image
anatomy, the section of human body is getting thinner, and the study has been changed towards
imaging modalities for in vivo detection and mapping for exploring relationship between brain
structure and function. A significant breakthrough has been made in several aspects, including
regulation of pluripotency of stem cells, mechanism of cell reprogramming, cell transformation
and tumorigenesis, development of productive cells, and etiology of ovary diseases, etc., having
got a succession of national awards from different ministries of China. Detailed information of many
precise or fine structures in different organs has been further explored by significant progress of
quantitative morphometry and stereology in China. Certain aspects in restoration medicine are
developed, approaching or being the world’s top level. The achievements of restoration medicine
in China were highly evaluated by the special issue of “Science” in 2012. It is the leading role
internationally in studying on the formation of gametes by filtering controlling genes via a high
flux approach. The assisted reproductive technology is progressed fundamentally and becomes an
important method for curing infertility or sterility in China. A novel subset of mesenchymal stem
cells has been cultured and this cell, licensed by the Food and Drug Administration in China, can
be widely used for tissue restoration and immune regulation. It is the leading role internationally
in studying on research and clinical application of perforator flaps in China, and the construction
of theory of minimally invasive surgery has benefited from research progress in minimally invasive
anatomy. Also, quite a few achievements have been made in the relation of biomechanics, which
support improvements in the surgery, the finite element simulation of crash experiments, the
medical device performance evaluation, and the laser rapid prototyping modeling. In addition, the
study with biological plasticization has grown fast, although it starts relatively late. By means of
progress, the 16th International Conference for Biological Plasticization was held in Beijing, China.

It is no doubt therefore, that a great leap forward has been made in development of anatomy in
China in the last 5 years. Chinese anatomists together with their society, CSAS, are growing in
magnitude and increasing their impact in the world. The 18th IFAA Congress 2014, a biggest get—

together with the highest academic level for world anatomists, will be held in Beijing, China, and
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this is a landmark proving the progress. It can be seen, beyond doubt, a brilliant prospect opens
before us, and we know clearly that more tasks and creations are waiting for us to accomplish. We
should do more regarding: (D strengthening the hard—nut topics in anatomical science through
interdisciplinary efforts; (2 intensifying the idea of translational research; (3) according with the
key requirements of national development of science and technology; @) speeding up to be at the

cutting edge of world science and technology.
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