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Abstract: Grain weight (GW), a quantitative trait determined by several genes, is one of three key wheat yield
components and is sensitive to environmental variation. Researchers at home and abroad have done many stud-
ies on the genetic traits and molecular regulation mechanism of GW formation, and have made some research
progress. How to make innovations to improve unit yield of wheat based on the existing research is an important
work for the researchers. In this study, the latest research progresses on components, genetic traits, genetic
mapping of QTLs (quantitative trait loci, QTLs), candidate gene cloning and molecular regulation of GW in
wheat were reviewed, and then the problems of existing research and the future research direction involved in
our recent research were also sorted out and discussed. In order to get a comprehensive knowledge about the

molecular mechanism on the production of GW, researchers should pay more attention to three key items. First-

WCRs H 387 2015-06-115 &[5 H 5] . 2015-08-30

HEGWH: ERARPEE RN H (31201208) ; 2014 4 B2 W7 VLA FHH2 G1FE 2h 1) it A A4 i H
(2014R412048) ; T4 SR A Fh vk & J RBHEE % 3 (2012C12902-2-6) 5 #7 VL 45 BHEL 1 # A1
BATH H (2011R50026-23) 5 #i 7T 4¢ bk ke 2 A A 2 3h 3L 4101 H (2012FR028, 2010FK040)

EZE T A . BLE, WFHAY I it 98 o E-mail: 1187374847@qq.com, MAFIEE . Jifl, @I#4Z, W1,
A 43 T 10045 5 A B IR AN B 5E . E-mail: zhouweil9810501@163.com




BI3EH 2 B AR /NEORLETE R 2 T IR PRSI AT 58 Lk 349

ly, the variation of hormone in the development of GW should be concerned and measured. Secondly, GWAS
(genome-wide association study, GWAS) together with high throughput sequencing should be adopted to exploit
SNP  (single nucleotide polymorphism, SNP) markets conferring to some special agricultural trait. Finally, the
candidate gene should be mapped based on SNP marker-assisted selection in the mapping population, and then
the candidate genes should be cloned and their function in the regulatory network involved in the formation of
GW should be covered. This work will provide a good reference for further research. [Ch, 1 tab. 52 ref. ]
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I ERPRE ML I R, ZIREEI R AN WA /N R, 7R RO R SRR A M RTR R
BLE A o N P R AR A EEVEM . HAT, BSE/NERIEIE RSN (B REER  RE . KA.
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E R 353 R s N2 R AR, 5 HA KR VEY W £ oK Zea mays, /KF Oryza sativa %5 — 5 EEYAIEL,
WA AR A . L, /NZERLEE TR A 43 1 R AL 8 A X S o AR SO A R R R AR
REAE ORI MR 35 A% 07 (quantitative trait loci, QTLs ) 9 35t £ 5 v Rk R e B DA Kok 5108 A HY) 43
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2.1 QTLs EfLRIBER

N /N R A R R A A T A R 0, R S IS R R . HAT, FTNEREE
WAL EALH AR AR AR R, 55 1 B ArERER, an F BER . Fos BEIR . 10152 (back cross,
BC) Je = A HEMA; 25 2 R K AMEREIR, W #E 4 g 52 & (recombinant inbred line, RIL), Jiif% 8 4% {4
(doubled haploid, DH) Az /T %5 %L K 28 (near isogenic lines, NILs). %FXFASFEABFZE H bR, BF5E A G A
AN TE A B AR R X H AR QTLs #7815 0 A o 1 TR BIRFIA Y 22 S DL RS ki S8 I IR R K £, fiff
73 QTLs 5@ (i g Ry nl te ke 25 . HET, W HGE 9 50 E 2 A SR QTLs iz s i fE /& 1Y 21
FUufafh B4 DU )] Weizmann B2 g FELDMAN 2082095238 246 T8 6 a IF MBS & T 2 B 405D
58 /2 b B Bethlehem  (BL) 1 v [ £ (Chinese Spring, CS) 4 5 55 19 B A 2 ki) 22 9 (0 (KR 5 4 3%
(chromosome arm substitution lines, CASLs), )@t 4%> CASL HEH %F 5 i S A 5 B 4= 2 ki /N3 347
AAL, SRIG DR R B WA 20k 6~7 W IAIZE, fefa B AS 1R, B AR S & 40 R 35t 15 5 25 0 2 & 1
B> CASL KB A 2 Ri/NFE A e e (48 23 ) 5 | A B [R)— AR B /N 22 st A% 5 serh, XFF AT DAG S B A
2 RN Y R B BE DR ATk S I, T e S At e (0 AR DR B T, DA 3 3 X B — B
ARBEATHSTORFE B o IR EM RS 2 054 (CS T BL) 2238 Fir QI 0, BEAR LU JH 2 Mgt A% 77 5%
Z AR K CEEAR L BB Fy BEARSE R S i G R 8 %, HHA I NILs, [R5k 2 4%
I HERRPE A A58 F FERRT NILs Z (0], 1 A1 e 2 A okH I B 1 /8 | B 82 415 A& (recombination sub-
stitution lines, RSLs) 5 % FAH W ) CASL 5 X3 {4 (ditelosomic, DT)#FFT 1 YRZe28 A0 2 Ykl 58, 4 fa) 45
B FARICR AR R 1 e AR i BEHF AT L, ARG H 3¢ 3 IR RSLs AR 5¢ 2 A8 58 . A1 RSLs AH b
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CASLs 1Y F, A RSLs K541 (i 7E 3A, TBS Fl 4AL Yo (AR F H 5/ B9 1 324 QTLs.
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BB BEAF 5% b o 3 A 1Y) 32 B0 vk 0 QTL AR B RO ME A0 M o FE/NZZ = i) =B R v, R E Y
it AR AR H B2 st i Pl s st AR e B IR RO, , A4 B DR 5 5 AL (9 e Ay A
R 5 R B8 B I PE R, s A% 1ok 59%~80% , T ki i Je fir feobr S O B S bR . HAT, NN & F
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VR [ TR A o 45 F) BB R 1 QTLs b AT e R B, /N2 3 ML 4L (A, B I D)AY 21 e (mik b
150 A 5 5 ORL R S A B ARG QTLs (3% 1), BRESEGHELLO % 7'F1 GEGAS 455 5 /N 22 i 1 4%
P 2 2 () 0 06 R 3 L 4 N 22 K FURE B 1 8 45 DT AR 5 b ST, 40 i El R TR A 322 QTL
i 57, GEGAS %5 PR 1 Hig e > W 58 BT CREASARE 58 ) T 55 () a8t AL AH OG5 &3, KB 5 TR
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Table 1 Genetic location of QTLs involved in grain length, grain width and thousand kernel weight

PEAR RAA A QTLs ALY A 278 3Lk
T#.E  Renan x Récital 9 1D, 2B, 2D, 3A, 5B, 6A, 6D, 7A, 7D [23]
CS x SQ1 11 IBL, 3DL, 4A, 4BL, 4DL, S5AL, 5B, 5DL, 6BL, 7BS [10]
Rye Selecionl11 x CS 3 1A, 2B, 7A [11]
AK Karma x 87E3-S2B1 6 2B, 2D, 3B, 4B, 4D, 6A [12]
Trident X Molineux 3 6A, 6D, 7D [13]
Rye Selection x CS 10 1A, 1D, 2B, 2D, 4B, 5B, 6B [14]
MN98550 x MN99394 4 7A, 5B, 2A, 6B [15]
Chuan3505 x Shannong483 4 1D, 2A, 5D, 6A [16]
Pk 10 x &% 14(DHLs) 5 2DL, 3AS, 3DL, 6BL [22]
Ning7840 x Clark 7 1B, 4B, 5A, 6A, 7A (4]
Heshangmai x Yu8679 10 1A, 1B, 2A, 2D, 3B, 4A, 4D, 5A, 6D, 7D [17]
Seri M82 x Babax 6 1B, 1D, 4D, 6D, 6B [18]
RAC875 x Kukri 6 1D, 3D, 5B, 7A, 7D, 6A [19]
Drysdale x Gladius 7 2B, 2D, 3B, 4A, 6A [20]
R AR x HOkL 5 1B, 2B, 2D, 3B #17B [2]
W7984 x Opata85 2 5B, 5D [7]
AC Reed x Grandin 1 4B (7]
Chuan3505 x Shannong483 5 1A, 1B, 2B, 4A, 4B (4]
Sk 10 x &% 14(DHLs) 3 1B, 7B, 6B [22]
Heshangmai x Yu8679 1 2A [17]
Rye Selection x CS 6 1A, 2B, 2D, 5A, 5B, 5D [14]
Drysdale x Gladius 2 2B, 6B [20]
RLgE AR x HOkL 5 1A, 2A, 2B, 2DL, 5DL [2]
W7984 x Opata85 1 1B (7]
Chuan3505 x Shannong483 3 2A, 5D, 6A (4]
Sk 10 x &% 14(DHLs) 3 2B, 2DL [22]
Heshangmai x Yu8679 16 1A, 1B, 2A, 2B, 3A, 3B, 5A, 5B, 5D, 6D [17]
Rye Selection x CS 9 1D, 2B, 2D, 4B, 5B, 5D [14]
Drysdale x Gladius 5 2B, 2D, 3B, 6A [20]
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I EL A A5NT BIL A PR St A e S35 H DR ) w5 0 e o s B H 24 T T

R e Hhy 22 2 P A RO PR AR o S L BT RS R W/ 2R EE QTLs 1Y 38 A% 7 (01 2 52 36 85 1) 72
Wi 5 BE D5 3R E Y BLAE 2 8 QTLs 7E AR FREE AR AF T RIARATEE , (e 7E— L IR P GRS A5 I 21 1M
TE T3 b —F IR SR E 22 SR MAF BT A B e /N )™ i PR ) 18 A A8 (3 52 28 D) 38t 2 20 1z B
P, a3z ARV RSOV (455 A PR 22 T LR i TR A B 2 R A TN ) i B . (R, AR AN TR
AL AT AR A5 M BB RN QT Ls AT 38 A5 € (0 255 5 73 M RE A8 5T L i 73 B 240 QTLs Z [ 1y 67 %
T A EL AR AR, DA T S 4 T o AR EE QT Ls )38t A% 4R AiE K LA R PR - 22 18] 4 1 FH AR AE

3 NERER KN T ENH

31 NENEFHEXEENERES BT

PG A ) /N ZE A BT AR KRS L FOREE s AR e R 2% BRI H AT e @ /N
LT T % V) DG I FLE 7 b 5 X B BB AT 58 A A BT 1) SE PR RGN AR 22 o T AR X 40 /K e v I 2R
FEHE SRR AL, 33X Ry /N FERLE Y B A TR R AR AL AT SR A T R S

EUHT, /N2 0 T T B DG 3 R 1 5 e 5 T RE A AT T2 B2 R S8 RS R T . — 2238 B 15 AR i A
KW FEB 5 55— SRR R M & B R A A DG i S R o I 0 1R A A AR R IR AL I (AGPP) , Wl ¥ 1
TE B I (SSS) FNYE #4332 il (SEB) J& 3 A~ S5e Sl UE SE 45 kb S M i A= 0 5 e, FUR S5 /N R E B
G285 VTR G HK 17 DG Bl il B PR 24 TR0 8 45 0 X /N 22 M R TV oy R R R il O MR AR SRR W, AGPP, SSS
F1 SEB (14 [ 15 1k F AW IR AE /N 22 FFAE )G 20~25 d, H AGPP F1 SSS W& PEA/N S HiE M & & & iF
o, SEB {&YER/NG SCHEVER & E L . FEWEA 5L A (sucrose synthase, SUS)J& J) — ik 55 RE7E IE
By A e R Pk R A e B L . JTANG S5 PO5g B T M N2 2 M R LY R S S R
TaSUS2, R4 TaSUS2-2B i i b 55 ik [5] [8] 1Y) 22 5 (Hap-H 1 Hap-L)JF & 1 1 A3 @ ¥EbRic, S
& ¥ Hap-H 5 T B0 55 % IR OG0y /0N 22 00 5T Bl ) J B0 e S PR o % 9% 12 4 4 £ i R A
fiti (ADP-glucose pyrophosphorylase, AGPP) 2 4 il #5 4) 14 Ay JE 05 70 3E M3 15 B 114 5% Bt PR Sk 7, e 77 2 -
1-BE R A1 ATP JE JSUE 83 & B ELEE IR o AGPP Sty K/ BE 41 i) S 0 DU SR A, b B /N Sk J2: A Ak
WA, CIESE AGPP 3P ETR 5 IR FL A0 M€ 8 (195 s b 33K A GPP K& X 1) % 5L DUK Rt B FFRLARL G, T
FLE W ER N, HET, CAES@E/NE Pk T AGPP £ W) cDNA, Horfr B /NF 2 A5 (1% 25 R 7 o7 T 4
iR TA, TB M TD b, AR IL AL S . DRSS R JFAESE 20~25 d /NEEFFRLT AGPP fiff i
Phfemr, MREL R AGPP G 4 35 56 v DA = e a2 &

FE/NZEFFRLAN L K B A3 A AH CSE R I DI REF 9, S 45 & 7K R GS3 (glutamine synthetase I1-
I, GS3)JEHFHN RN R R 2 F g EST J¥ 41, DB T /N GS3 FE[H; Hogm it i 2 5L 1R 5 41 Fil K
FEARAAMEAR =, DR SR A AR < X8, R T B 22 R 411 A8 1 /NZZ2 RILs XF GS3 JE A 5k hL
R/NFURLEE Y 5C R IATEE BT R, GS3 H/NERFRIACEE | BERE . RLJE SO E 45 R R 1 AR G M1 1A 3
FIKF o FEK RS EIESE GS3 3 I a4k N 1 £ %) R T R R RIORE EE S N A Y
TaGS3 JEH Y T RE T e 55 /K R 09 2 A AHA R/ R AL

SU 452 ][] 5 e e £ R A /N 22 vh S e A B T TaGW 2 (grain weight 11, GW2)JEDN, H5 %3 N 5
FANZE YA AREE SRR RE 5 FFAE TaGW2-6A SR W) JE 8 T IXIUE I T 2 4 SNP i . WFsE k8. H
H 1A~ SNP 57 a5 55 FF R A4 KL 58 FHURE B AT I 385 0 QI HEIY TaG W2 JE 5 3l X 38 119 28 45 1 BB 23 5 1
5 DRl ) 2 3 T X /N A2 R EE (T L™ AR S o A% 1RO G X o B 1 o R RN 22 5 RORL /N TaGW 2 A5
P EE AT FE G LR R B, 2228 OB/ N A GBI 1) TaGW2 JEHAE 977 bp 4bA5 1 A4S T B 5k 14 A {12 5k
PUEEPE AT 28 0k 5 X TaGW 2 SEPH 4 it 1) S 5L R 17 51 1) — R 5 AL TN & 0, FLA R R 5k 61~103 X I A7
LA~ GW 2 [T BRI g 5 A 8, &l (i TaGW2 JE R B2 RIEFERF IR . KAE (9 GW2 5 K #5658
AIAILTEN S GW2 SE it 4 i 1 Fh B3 72 RiEEE S 52 FZ 40 008 DR, 5w 8 22 7K Rk s 250 5 200 1 1)
HH M REARRLTE ™ . I TaGW?2 S AE/NE h DI BE W] AR 5K RS GW2 JER B i T REAHAL, XF /N2 i
R B R IR . MA S8 BU 38 /N7 v ovn e T 4 i RE A% AL TaCW1(cell wall bound invertase,
CWI) JEH , IbIER 4K 3676 bp, &4 7T MNINEFHM6 NN ETLLL 1A 1767 bp BIFFCLRSHE .
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e TaCWI-AT 37 5 (2547728 5 TaCWI-Ala Fl TaCWI-A1b JT & T 1 % 5 b B EARIC CWI22 A1 CWI21, il
TEXF 2 41 B A /INAE AR SRR 2 A E AR KRR R R, CWI22 P84 (% 402 bp 5t 5 i TORLEE %5 V)
FHOG, i CWI2L T4 3 i 404 bp 54 SR TR E 2 UIAH O . 40 ML BE 25 5 %% AL (cell wall bound inver-
tase, CWI)F LAF7E 540 fIRE E e e sirh, Xk G mMiah RIEEHELE/EN . fEEXK
. CWI I P R AR 9 28 A28 (R 7E F WRERLIE 1 B BT Rz 2B < B A2 2], ik s 58 HUAT I8 AR 1/
59 CWILER P RERMALE AR, I MECH A NBIREAR ., /NEE TaCWT I B R 4506 55 F A%
(53 FHLH A5 A 1 T 3 — 2D b 58 3%
32 INENEEEHHERBRESER

Y N TR B T AL HE A K & (indole-3-acetic acid, TAA), 75% % (gibberellic acid, GA), 4ijifi4y
Z4 & (cytokinin, CTK), 7% BZ (abscisic Acid, ABA), Z 4 (ethyne, ETH), 5% HsHE R H (iso-propyl
alcohol, iPA)SE, WM ERTEMEY A KA T IR h 455 EL M REAEN . OF90RV . APk R 3
RFRLEE /N 3 B RFRL (R ) W3R B~ R 5 s s /N2 R A T 25 S s R I S A AE R R
MZY, TEAFRIRAE . WM& MOCHEE . B2 A A 3RIK . MAR 8 L B/ A A5 o 2 v R 1 A
Xof 7N KEARL P 5t T it SO ) 2 v R T P R PR T

TAA Z5EMm /N EREPR NP E SR . R IR TAA ] USRI ) 1 5 AL 0% -
AA K6 7 ) ) R RL I S A S CHAE FERL TP I R A0 A B 2 e RV D o RS8R0 . N TR TAA Bk
JE [ D A B SR TR S IR AE DG OC R 5 TAA SE ok 4% 2 UG A S P, S R A 43 e BB DA T 388 in /DN 2 R L
TEM LR, B R (CGA) Al Rk /N2 85592, A6 /N2 W SR 0 W i 7% 23 38 ) LA W) db 398 o Aok 45, 3 i 42
F 7, WHEELER S8598 1, 7EFFRLE Bl B N TR TAA 5 GA MRIERFF R R B MAK T &, 5
L (1 38 K B DDA OGP MR AE /N R R R B SRR R GA R TAA SR R[4 A 3L R 2 5 kR0 T4 o3 i 1
F, AL SR I B o CTK i e 3 15 IR 2L A0 A 19 43 LA S B sz e /N 22 ki, pE9E R 2K fe
ANANAZE CTK 3G PE B SR s FERFRL R B RO00 459 CTK 5 1< 8 55 IR 3L 41 4% A7 BE 77 DA 1T 52 W AR 08 5 e
i, EFREFDODIRERY] . EERIE O T RFLAEE SR I ABA O s i, 45 U0 2L 200 B % VB R B I
o FE/NZNFRLHES AT, TR ABA (19 55 5 X FF R0 IR o B e B AR AR T, 300 O o o) £ R
St ABA 35 JIOFFARLVE S 1) S (FLR 0 A DR I A B )% ) AR R e A T AR O N IR
W IR R A AR5 R B, AP RLHR GA3/ABA Bip [A] & AE FH 8 b & I DUFF RIS S B . BFgR R B : 767D
22 WL A0 43 A 1 TS0 A0 B N 1Y iPA R ABA S R o B 1Y TPA UK — s B BE B AT DA i R L 4 i
a4k, NI IORF R A AR FR ™, PR R B 0, PRS2 R R 0 G T, PRI iPA KRR,
[AEf GA, ABA Fl TAA A/KFEFw, mIbnl I GA, ABA, TAA FliPA 75 X707 2% ok 7 vp ot P W) A A
HE/NFZRFRIRE IR P s J P R AR S B B B B 1) — R AR, AR AR AR AR A T AR K S R
SO A HE SR S BRI B . WFIE R B . TE/INZZE HE SR AT I AR 20 A A i 70 B S R ek E
AT BB HF R R 18 R A G RV R A S BTG R 1 B A R BEE S TR AT R, dEE
B R REIE m e, (ERRPRLIE IR AR, R R AR . R R DR R T LA - Y A 5 OBE PR TR B AR
E IR, DI U 7E RS T P A ORI R R R R

4 HFEFAERE

EHT, ¥ R/ KLY B4 T R S BB R B 58 85/, s Z AR R IR . BUARGE i QTL 434
FEARENL T — o R AL, (HAR AT SR AT BE A B0 UE 5 XA F1 T AR A 98 48 58 A5 B I AR
B, MR R IIRE , ST o0, nRELT 3 404 8B 18 b /N 32 i 5598 B4 8 s AL A
fE oy . OG54 O A /N 22 38 1% 1 B RS (5 B, A 42 3% [N 41 € 1% 49 BT (genome-wide association
study, GWAS)H ARk — 5 F & 5 1R 25 D) AH SC I i) B A% 17 1R 2 A5 AR L (single nucleotide polymorphism,
SNP); &5 GVERIBEREAT 270 55 JL DR (0 SC G PR 4 BT, 0 8 b T e ik R B Y, JF R AT s B N )
REARAT . GWAS J& — i Jk T3 B A >k UM 4 Fhil Z (R s e LD 5 MR Z R OC Rk, )
12 B P AL 24 R E A DG M R RS . HAT, A GWAS M R C KR 28 7 5
AR BERTERE . Tom it . AR B L VM O i L O S Ak T RE AE AR VDA DGR 1 SNP i 811
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TEE KA LA 54 WA -2 7 W 2 8 M SC R Y SNP 7 5t Bl 32 30 ok 0, I GWAS 2 Br i R B 78
ANZE RIS N 2 A SRR AR RE L SR AR B R LG AT B Tl M S IR DD AR S A SNP
B, R TR R TE 8% 5 i F bR e e 6 R L K o3 T4l B B R B R e 8 B, RThE
R H I A% B A DR Y v I 5 D RE R AT OB S AR B D G, R GWAS SR BE— 240 5/ 2 ki
IR VISR IR SNP ARic, AR IR 0 A AR ie 19 B AR S (R SR IR EE AT 5 o7 01 5 [ H A 3k [
I AR P AT AR Ay /N F2 R o A i S 5K PR A 1 R T B (D45 A fe sl ek WU B AR A 5 S 4 RNA
FP AR LI FBOAR , A e T S SR R AR AR Z ) s RACEAZ ] S AR A Z (6]
BFEZEFRIERMIENMER, 456 LRS00 B /N6 s e B I, S/ A L i
Oy FURPEALE o e m e R 2 RNA IR AL 3 EOR m] LAAE Bef se B AL )P 0 a4 &, B sE iy
mRNA H A ME AR EEGER, RPN RAMZIL, Hal IS0 E 8 fEm, o Ealfe, BEE
P e R G DY B S T AR HAT, CAEKFRE S IR IT Arabidopsis thaliana™ 5 A AE Y is
SEITUHE A, 38 3k 73 A 2 e DR AR 2 B PR PR =2 ) SR A (A R A TR PR 2 ) 2 75 S R R I, 42 4
FUBRFE DR LA R H AR R Y b1 Ui 98 1 S I B ) 48 90 o IR, 5835 3 ) g 208 000 50 AR 2 T g AT /1N 22k
FIY > T IR R 5 — DR e . QR /N R E R R F SRR A KRR R UIMOG RE Ak
ANFFHE 3 A EEAM R E R R E AL ENZ UL B A E KRS B, Yk EE s 1
PEEAL AT 5T 3 2 S A ) Al g I 2 KRS PR, TN E TR R 5 B IR R o3 R A AL
ARSI XA S o PG, FEOFSE AR op AT /N R G A i A Al PSR . M . IR SF %
SR NI RO AN 0 T I AL AT 20 B B AT, A RE MRE (A L 1) /N 2 b E I B 1 SR P AL A o

5 5% Xt
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