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Advances in Molecular Genetics of Wheat Plant Height
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Abstract: Plant height is one of the important agronomic traits and controlled by a consequence interacting
among the genetic factors, the endogenous hormones and external environment. In common wheat, plant height
is recognized as a quantitative trait modulated by multiple genes that are found on 21 chromosomes. Several
molecular markers associating with plant height are available for marker-assisted breeding. The important progress
on determining the genetic factors, genetic localization and gene isolation, regulation mechanism and marker
assisted selection have been achieved. This paper summarizes the factors that contribute to wheat plant height, as
well as the achievements on genetic localization, gene cloning, allelic mining, marker-assisted wheat breeding,
followed by the prospective on future focuses in wheat.
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Table 1 Genetic mapping of genes related to wheat plant height
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Rht-Blp ) Fl Rht-D1b 1) 4 4~ %543 A8 57 3L K ( Rhe-Dla

e HERZE PRI DU (% ) E=PUN
Hybridized combination Group types Chromosomal Rate of contribution References
Opata85/W7984 RIL 1AS. 2D 4AL ., 6AS — [16]
Courtot/ H1[EFF DH 4BS.4DL.7AL,7BL 11.90~19.10 [17]
Courtot/Chinese Spring
Renan/Recital RIL 2B.4A.5A .6D.7A 7.70~15.40 [36]
W7984/Prinz BC,F, 2B.4B.4D.6A 9.40~29.50 [24]
TA4152-60/ND495 DH 3DS.4AL. 5AL 3.13~8.50 [19]
HIp 4 /74 8679 RIL 1D.2D.3D.4D 5.83~25.24 [37]
Heshangmai/Yu 8679
A&k 3338/Altgold RIL 2D .3B.4A.4B.4D.5A.7B 4.81~17.35 [25]
Nongda 3338/Altgold
Avalon/Cadenza DH 1A.1B.1D.2A.2B.2D.3A.3B.4B.4D. — [26]
5A.5B.6A.6B. 6D

JH 8425B/ HE#H RIL 2BL.4AL.4BS.4DS,5AS.7AL 2.60~33.20 [38]
Zhou 8425B/Chinese Spring
Carberry/AC Cadillac DH 4B, 6D 3.40~43.00
#8679/ 5T 411 RIL 2A.2B.2D.3B.4D.6A 430~14.87 [23]
Yu 8679/Jing 411
J& 8425B/ /IMIE 81 RIL 1B.4A .4D.6B.7A.7B.7D 2.23~16.25 [38]
Zhou 8425B/Xiaoyan 81
[ERANERIN [ERAN RN 2D .3A.4B.4D.6A 2.30~53.00 [33]
Natural population
K 3338/ 4 8 5 DH 1B.2D.3A.4B.4D.5A .6A.6D.7A.7B 0.12~46.02 [28]
Nongda 3338/Jingdong 8
Btk 2 5 /4 k 4332 RIL 2AL.3AS.3DS.4AL . 5BL. 6DS 0.09~87.08 [34]
Hesheng 2 hao/Nongda 4332

— IR DU AN

— indicates unknown the rate of contribution
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Table 2 The name, sources of variation, chromosomal locations, linkage markers and gene annotations of genes associated

with wheat plant height

FEH SRR RO HERRC / DIfEbRiC FEH R 27 3k
Gene Sour.ce.s of Chrom(?somal Linkage markers Gene annotations References
variation locatlons

Rht-Al KIRAE S 4A — TraesCS4A02G271000 [50]
Rht-BI1b( Rhtl ) KIRAE S 4BS Xbarcl0 TraesCS4B02G043100 [ 10,40 ]
Rht-Blc( Rht3) RIRAR 53 4BS Xmwg643 TraesCS4B02G043100 [39]
Rht-Bld KR 5F 4BS — TraesCS4B02G043100 [51]
Rht-Ble KIRAS 4BS NH.BF.2/Me.R TraesCS4B02G043100 [52]
Rht-BIf KRS 4BS — TraesCS4B02G043100 [51]
Rht-Blg AT 4BS — TraesCS4B02G043100 [51]
Rht-dp 4BS Xgpw3017 TraesCS4B02G043100 [53]
Rht-Dla KIRAE S 4DS — TraesCS4D02G040400 [51]
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F2(4)
A KR RO BRI/ SR SR B3
Gene Sour'ce's of Chrom(?somal Linkage markers Gene annotations References
variation locations
Rht-D1b( Rht2) FIRAS T 4DS — TraesCS4D02G040400 [10]
Rht-D1c( Rht10) RIRAR 55 4DS Xpsr921/Xgwm165 TraesCS4D02G040400 [51]
Rht-D1d KRS 4DS — TraesCS4D02G040400 [51]
Rht4 y rays 2BL Xwms317 — [51]
Rht5 EMS 3BS Xbarc102 — [54]
Rht6 KIRAG 5 — — [51]
Rht7 EMS 2AS — — [51]
Rht8 KR 2DS Xgwm261 — [51]
Rht9 KIRAS 5AL, 7BS Xbarc410 — [51]
Rhtll MNH 4BS — — [51]
Rht12 Yy rays SAL Xgwm291 — [41]
Rht13 MNH 7BL Xwms577 — [55]
Rht14 — 6AS — — [56]
Rhtl5 EMS — — — [51]
Rht16 EMS 6AS — — [51]
Rht17 EMS 4BS — — [40]
Rht18 Fn 6AS — TraesCS6A02G221900 [5]
Rht19 EMS — — — [51]
Rht20 y rays — — — [51]
Rhi21 — 2AS — — [52]
Rht22 KIRA 7AS — — [52]
Rht23 EMS 5DL — — [42]
Rht24 KR 5 6A Xwmc256/Xbarc103 — [51,57]
Rht25 KIRAE S 6AS — — [10]
Rht-NM9 EMS 2AS SNP34/SNP41 — [58]
TaSAP7-B — 5B SNP260 TraesCS5B02G388000 [48]
TuABPI-D — 5D gSF1/qSR1 TraesCS5D02G111200 [45]
TaCOLDI — 2A,2B,2D — TraesCS2A02G438900 [3]
— TraesCS2B02G458500
— TraesCS2D02G435300
TaDEP1 — 5A, 5B, 5D — TraesCS5A02G215100 [44]
TraesCS5B02G208700
TraesCS5D02G216900
TuPRR73 — 4A,4B, 4D 73ASF1/73ASR1 TraesCS4A02G105300 [47]
CF4/R4, TF4/R4 TraesCS4B02G198700
— TraesCS4D02G 199600
TuSTE — 3A, 3B, 3D A-FI/R TraesCS3A02G037600 [ 46 ]
— TraesCS3B02G046100
— TraesCS3D02G041900
TaDwarf11 — 2A,2B,2D — TraesCS2A02G331800 [43]
TaDwarfl1-A/TaDwarfl1-B TraesCS2B02G350400
— TraesCS2D02G331100
TaGA20xA8 — 5A — TraesCS5A02G543100 [41]
TaTBI1 — 4A, 4B, 4D — TraesCS4A02G271300 [49 ]
— TraesCS4B02G042700
— TraesCS4D02G040100

— FORAE SRR BRI YL AL B GEBIRRIC / DIREARIC BRI R

— indicates unknown the source of variation, chromosomal location of gene, linkage marker/functional marker, or gene annotation
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A-F/RHapll , V] LI AE /N2 B Fh b AV R 8 5 d i 1F
FT4 Bh ¥E £, Zhang 25" JF & T TaPRR73-A1
TaPRR73-BI [ Hfiebric I H T 55 R34, &35
iC. PASF2/PASR2 . URSF1/URSRI I 73ASF1/73ASR1
4 TaPRR73-A1 53i% 4 P57, CF4/R4 Fl TF4/R4
$ TaPRR73-B1 43 i 2 Fj B A% B, OCHK 43 #1 % B0
TF R AR T 2 5 i v A R A 56, FL AR A
%, 5 Ab, TaDwarfll ( TaDwarf11-A/TaDwarf11-B )
SLF TuABP1-D ( gSF1/gSR1 ) 3L AT & T #H i
R SIBERRIC I AT SE AT/ N2 RE L (2 2).
ik i 0 IR 4 T AR A2 TR SE /N
R R LA AR . LA R
117 D553 /N A AU AR 11 SSR BRI /3T
136 3 /NZ PSR AO SE0 A8 5, 25 S Ak 5 2 Fif
BT S A 9 AN 55 0k R i B A DG R I
IraliE Xgwm95 (2A ), Xgwm130( 2B ), Xbarcl68
(2D) . Xgwm285 (3B ) . Xgwm495( 4B ) . Xgwm126
(5A ). Xgwm212 (5D ), Xwmc396 ( 7B ) il Xbarc125
(7D), Horp Xgwm285 ( 220bp ). Xgwm495 (181 bp ).
Xgwm212 (99 bp ) il Xbarc125( 167 bp ) 55 {1 45
SR AT B T A R RV
1 XF 205 f3 A XN R (R ) AT a3t A
IR T, A T — S A S Y P S 6 AR
5, Horh BobWhite 48009 52 45 37 75 S v ik A] DA
S 24 AR /N 22 KK 25 12.9 cm, BS00039422 51-C il
TAAV1698-A S5A3i A8 S 5., 43 590 P 42 Bl 4 1]
5.9 cm F1 6.6 cm.  FAR S HT SRS OCHR A FARIC
Tk TARZ H2 B 0k e AH DG 6 R 1) e B A iR
R YR FhRiC AN AR L /N2 bk B R
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KT AR YE F TN B R AR R AR e A
Frico
22 INERESHXEEEFHHHLA
INZEREFTIE T K ) DIfebric il AR fE & Fh
A BRSSO S R AT R AN EE
i AR HR A o A S e R B BT RLSA 2N 3 AR
e et L o R AR IS 48 5. WEST & IK, Rht-B1b |
Rht-D1b . Rht8 Fil Rht24 5 /L EURFF 3L K )72 v
F/NZE B, BT LA AR S5 o0 A A P A X
SEFLIR Y, 2DL Gt ik Y Rae8 A LA/ INAZ Bk
EE AT 3~8 em ' A WFSL R B, RIS LU (0 iy
S BEAT 50 0 Rhe24 ALAT LARAS A 25 (6.0~
7.9 cm ), AT LIS HN TR (2.0~3.4 g ). JaoRAMNTE
W & B, AH L g €8 Ay 5 [ Rhe-B1b 1 Rht-DIb,
6A Yo & I 1Y Rhe24 TH RN 1 F /N & FF T AE
30600 Zhang 257 FH 4 BlUbRIC X 220 43 i
INFERERE AT O, % IR Rht-B1b . Rht-D1b F1 RhtS
() 3 AT 5 38 43 5 N 24.5% . 45.5% I 46.7% ; T %
Lt 1990 4F7i J5 B A B & B, Rhe-B1b Fl Rht-D1b 1)
Oy AR AR AN, Rhe8 (R AR I A8k, FE
RO % 3 A R TR [ /N 3 XK 129 4370
& FARMAN A TG ST TR, G5 R : Rhe-
BIb 1 58 iy /NAE M RE b gl A 2 5 Rhe-D1b AE4E T
24 iy INFZE MR s RS JE AT AE T 73 0 1K) s
[§]i5F 2 45 Rht-B1b F1 Rht8 K B4 35 1y 61 KL 7]
I 46 I 1) Rhe-D1b F1 Rht8 ¥ BH 14 A 16 1y 7N % 44
B i 3 MR NTEAR R ZZ X A 53 A3, Rht-
BIb 1 Rht8 K& HI A ¥ UE 4 22 DX 0 A0 W% 43 5l o
55.4% F1 71.1%; Rht-D1b FE R AE VG R4 52 X {53 A
R, N 37.5%; T Rht8 JEPRTE A2 X4
O3 . VRO INT 210 443 58 A /N ARG K
B, 51 AL e LUK S Rhe-B1b [, 40 {5 b4
BE AT LUK E Rhe-D1b FEH | 94 (AL RIS
B AR 3N EEMAETAH X 3 A4
HIRR = LA R B, &4 Rht-B1b (M R AS & A
Rht-B1b WA YIRE B FEAIK 9.7 cm; &% Rht-DI1b
(MR AN Rht-D1b BIRREREAR 16.7 cm; S5
Rht8 (AU B RAtS TE-Ykk i A 2.5 em.
KRG T T /N A BRI B o3 A 5 i, B i i
U0 5 ANRFFHED (0 S ThRie 0T 82 15
T /N SRR GEIR AT TR A3 AT AR Sy S
28.0% ( Rht-B1b ) .23.2% ( RhtS ) .9.8% ( Rht-DI1b ) .
13.4% (Rht5).9.8% (Rht12), £ 16 1 1 K} R i 2
A2 BB UL b BYEFTIE A (H AR & IR ) 5 A SR AT

LR Rht-B1b 1 Rht-D1b 1 5 F5 A 2 43 £ K3 1)
A 3 PVEAT LD, B) Rht-B1b  RhtS . Rht12 i Rht-
BIb . Rht5 Rht8; Foox 31 p MOBMU ST A 1 FlEFT 2L
. Korzun 257 IF & 1) RS (953 T-hRic WMS261
A 3 LA A S WMS261-164 (164 bp ). WMS261-
174( 174 bp ) Fl WMS261-192( 192 bp ). Asplund
202 FAZ AR A X 59 4y 19 42 (4 /N 22 1 )3
A7 A, g5 L & 1S 0y b RE B A WMS261-164 br
i, 36 10 5 AT WMS261-174 #3ic, 2 4 & A WMS261-
192 BR A, 1 3 4 A1 kL [F] B % A WMS261-164 Fl
WMS261-174 i, 1 (MR- 545 WMS261-164 F1
WMS261-192 FRicl. & B85 457 %) 3k [ 2 o A2 X
(1) 246 173 /N2 b g IR EATAG N, 45 2R R 6 %%
FF 3 [K ( Rht1  Rht2  Rht4  Rht8 . Rht9  Rhtl2 ) 7F ¥
WEAZ IX/NFE R 02 434, Herpy Rhel F1 Rhe2 3 A
Mz b BB 41.46%; Rhe-2 32 Y 63.41%,
Rht4 3£ 7 5 66.67%; 106 ) #1 Kl &5 A Rht8 3 A,
i 43.9%; 83 1y A4 LA I F] Rhe9-A1b %% FT 5
17 33.74%; 85 oy B4 L v kG DU 2] RAel2 (1) 55 #F Jk
Rht12-A1b, 5§ 34.55%. F| JH Rhe24 W5 i1 1 %
TaFAR F TaAP2 I 4 W) 53 F b ic i 2 242 1y
AN R, K B 185 AR A RE AT Rhe24 FEIAL, 5 L
76.4% " KN E/INEFIERAS— /N TR [
BBAL TR, LA 38 R AR G S RN 2E
T VEFNA LA 5, BE B 10 WM B R Ms2 iR
FFHEDR Rht10 B3 B R IR EAT A B 1)
FRWUNAZ o RN INZZ A e A B8 T ARk FE
P SRR /N s A ol R T L W5 L T AR
WARR/NE TR, R T A ACE N/ NZ TF R fe Il i
PR EPRAEE, 280t ZAEMEoE S0k, . T Ol
FR B N BRI R R E/NEZ B
RAE T HEEAEH B RN BRMARET 1
B30k 987 JR A T [ AL 75 T B AR A S AR it
AT UL AR A Y N2 B RS R PR, Y
HIRR B AR TSR SERY . AR 2 ik e A O3
RT3 I 2 th o AR Ie , i ek T B AL
FER RN H
3 RE
BAR/NE RO ibE T — L SRk E R AR
KBy QTL FIFEH H 5 Tk KRG 5 EYAH
Ll , O T /INAZ Pk v 2k TR 43— IR HIL I 98 Al AN
GRS MR B AREHEA . HHh, NI
K4 JE A (16 Gb, 22 K AEHE R AL 1Y 40 %5 ), 4544
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BRI A T, 3B Ye (o fk S RS AN B A T
et /N A S DR 2 R G A AR S R R BN A
(AA) S D FE P 4L BEACHLLL E % (DD ) B 5L
2R Aok [ BAC SR 4 LR 4 F Y
F¥ 31 LA I BioNano 43624 RS AR S5 8000 , 241
BT D RN 7 YRR, IWGSC A
OB i) R E 5% 751 (TWGSC RefSeq v1.0 ), X
SO L R 2 B i S /N A D e BE D A A e B T IR
SR, AR A CH T H AR ( GWAS, genome-
wide association studies ) F1 &5 [ 20 I 7 4% AR 45 5
SEHE AR IR K R Ry ok e A R T
R AT S S5 67 FE PR S D RE VR AF o 42 43E T A A0k
o BlEAE /INZE 1A% 3 B R 11 B IR A FD 58
GWAS $ AR /N BB AR 2R 0 38t 4% LB Rt
Y rp B 75 i b & B2, G Pang 2513 5 327609
A~ SNP i 55X} 768 153 /1N % #1 ¥} i 4T GWAS 43 Bt
1 QTL 43, A 2 1 E 28 v B 1 Rhe-D JE K il
Rht12 %) QTL o7 fo  H TR & % /N 22 A R R 285
BRCRD P PR T A M, D R s AR R Y R A
P, FATTN 1% R 35 12 FH a5 ¥ S GWAS 43 Bt
AR IR AR S SRS R 42 e N
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TRA RGBT, B /N 22 Bk e L oy ¥ st 1%
PEFERLE], TR /N 22 77 4 — o ny #e
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