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Genetic Effects Analysis of gPh-3D, a Major QTL for Plant
Height in Common Wheat
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Abstract: gPh-3D is a major quantitative trait locus (QTL) regulating plant height (PH) in wheat. This
locus could be repeatedly identified in datasets at 14 different environments in the recombinant inbred line (RIL)
population derived from the cross between Kenong 9204 and Jing 411 (denoted as KJ-RILs). gPh-3D was
mapped to the chromosomal region of KN3D: 515.08-539.08 Mb, and the allele from parent Jing 411 could
reduce PH. In this study, we aimed to further characterize the genetic mechanism of PH reduction caused by qPh-
3D and clarify its genetic effects on yield-related traits, using the KJ-RILs population containing 187 lines as

well as a natural mapping population consisting of 316 breeding varieties (advanced lines). In KJ-RILs, the gPh-
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3D allele from Jing 411 can significantly reduce PH via reducing all internode lengths without significant effect
on spike length (SL), whereas it can reduce kernel yield per plant (KYPP) at certain level. Two markers AX-
110160363 and AX-111109273, which closely link with gPh-3D, were used for genotyping in the natural
mapping population with the yield-related phenotypic datasets. The gPh-3D allele with decreased PH was found
with a positive effect on SL, but a significant negative effect on KYPP. Based on the breeding selection effect
analysis at the gPh-3D locus, the gPh-3D allele with decreased PH was present in a higher proportion in wheat
varieties released from Beijing and Shanxi in China, but lower in Shandong, Qinghai, Sichuan and the foreign
countries. This allele was detected in a lower proportion in earlier varieties, while its presence in modern
varieties was detected increasingly. In addition, a closely linked PCR-based InDel marker targeting the gPh-3D
locus was developed. Collectively, the findings of this study will provide theoretical guidance for future
applications of ¢Ph-3D in molecular breeding programs in wheat.

Key words: wheat ( Triticum aestivum L.) ;plant height; gPh-3D ;molecular marker ; genetic effect analysis
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(UNEERS NG =5 s e k=R L el N Eil AN S Y S |
TR DX B da MR 5t A 000 B 7 e B A i A
AR 5T 222271
12 HEREESRUETE
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1.3 ERFEZBEFE R qPh-3D EAL
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18 0k /NAZ 55K Affymetrix iP5 A 5 R B #9045 316
13 B SR IR R0 S5 R R B o KR R 7 51 R
7 #i BLAST 4K 1 (ftp://ftp. ncbi. nlm. nih. gov/blast/
executables/release/) Ht X £ Bl 4& 9204 = % KL [H 4H
(http://202.194.139.32/jbrowse. html) , 3k 75 SNP Fx
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PR ZH T O 5T KI-RILs BEAR & T /N2 5
B P IR ALE R, A0 B 119566 MARICH . A
AFF 5 I P 3 b SNP 4T 41 6 10 B A 9204 225
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RILs FEIARTE 7 AL 12 IR Ak s 2580 B 1oz i)
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FETFRIA 9204 Fl 5T 411 4 FE R 20 w5, 3
AR DX ] PN 1) 3 910 2 S50 a5, R A5 >3 bp HEIX [
F 3 A Bl 25 7 25 (InDel, insertion deletion) , #
WheatOmics 975 #5117 1 (http://202.194.139.32/
PrimerServer/) % 11§ [X [0] 2 2% ¥4 InDel 43 F F1
e o A HIF ST M IR B A 9204 HE K 4H 3D Y (4 14
KN3D: 528091763 i # 4b , J & T 14> InDel 53 T
FRiC , 7 %4 N 3DKN-528091763 , 3 1151 ¥ )% %1
1 : 5-GGACTCGATGCACACTTTTG-3'; FiiF5| 4
#3124 . 5'-ACAGATGGCAAAGCAAGAAC-3',

1.5 REBELESHH

X} 187 4~ KJ-RILs ¢ R 7E 6 /1~ = AL (E2 \E4 (E6
E8.E10.E12) il 6 1~K % (E1.E3 .E5.E7.E9.E11)
W5 0k K b Fe BB HE RO AR
QGAStation 2.0°* 73 il i 7 f At 2k 1 TG fi A 31
(BLUE, best linear unbiased estimator) , 35153 5
UM 2H 2 BTN {E HN-BLUE 1 LN-BLUE, JHl )5
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E9~E12 455 I AR S SR BE R ORI 20
R A TR 5 o3 ) A B R M T (Al -
AT 9 BLUE . #4316 13 F Ui fl (R)
1 S5KGE A P B A5 8, 1E gPh-3D #LIX 8] N k4
P4~ SNPFRIC AX-110160363 F1 AX-111109273 , L5
PRI R ) 3L R AT 316 0y B RCEER (R ) #1740
MGt , 455 A RRHAR) - R B | E1 T
RO Fifp BT AL DX B BRI 3BT o A5 PIL 5
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PRI B 2R SRy 2 LAY AT — D s
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H GraphPad Prism 8 (https://www. graphpad-prism.
cn) F FineBI (https : //www. finebi.com/) , J5 2 43 #r
% F1 IBM SPSS Statistics 21 (https://www.ibm.com/
support/pages/ibm-spss-statistics-2 1 -documentation )
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2.1 ¥kEEX QTL-gPh-3D WRELL
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R1 ETFKI-RILs Bk L IRE TS QTL-¢Ph-3D ERIE R

BARHEAT QTL 43T , gPh-3D 1E 14 £H 37 855 rh 1 Gk
R0 # o AR N 3 AR IC AX-110160363 1 AX-
111705267 %5F 1% Bl 4 9204 #y BB 6 L E 7 T
KN3D: 515.08~539.08 Mb [X [a] N , Hirp 5 20 £
1% QTL &1 & KN3D: 536.08~539.08 £ 3.00 Mb ¥
FRIX I (1B 1), qPh-3D R T Rk e AR
SR 2.85%~14.96% , H: LOD {E} 4.47 ~ 17.08, [#
MR B 8 AL R RUDR BT 5t 411, IR B
1.78 ~3.09, LA EZ5REH], qPh-3D FI{EZ 5T T
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22 REANSFIRICHE

ghEGRMR 9204 FEDH 2 K 5t 411 S R B, 9%
5 qPh-3D L [X Bt >3 bp (1) InDel 137 55 . AH X B4
9204, 5% 411 7ERFK 9204 BL[K 4H 3D 4L £4,/& KN3D:
528091763 i B ALK F] 22 bp G, FF A T 1
> InDel 43 T Fric 3DKN-528091763, F|HiZbrid
XFRFA 9204 5T 411 Bz KJ-RILs FEAA R £ k47 2L A
UYL SE , 3DKN-528091763 1E L4 9204 Fll 5t 411 H
B H A 454 40 510 390 bp 1368 bp (K12) , 7E
1871~ KJ-RILs K R B i 1.2: 1, iZbRid
PCR /"3 7 s BTG M, 938420, T TR 22/
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Table 1 Primary mapping of QTL-qPh-3D in multi-environments based on the KJ-RILs population

L fr'E (Mb) ZEMipRic AR LODH RIS 4(%) TR
Environment Position Left marker Right marker LOD score Percent variance effect Additive effect
El 536.08 AX-94584051 AX-111109273 14.00 10.17 2.28
E2 515.08 AX-110160363  AX-110515857 4.47 4.74 2.00
E3 537.08 AX-111109273 AX-111705267 9.41 12.57 2.81
E4 515.08 AX-110160363  AX-110515857 4.82 2.85 1.78
E5 538.08 AX-111109273 AX-111705267 10.31 8.34 2.88
E6 524.08 AX-108939123  AX-108842519 13.48 8.32 2.50
E7 524.08 AX-108939123  AX-108842519 13.55 8.38 2.72
E8 536.08 AX-94584051 AX-111109273 6.93 6.91 2.19
E9 524.08 AX-108939123  AX-108842519 17.08 14.96 3.09
E10 523.08 AX-111163387  AX-109868592 10.23 4.37 2.57
Ell 524.08 AX-108939123  AX-108842519 9.93 7.63 2.41
El12 515.08 AX-110160363  AX-110515857 9.28 7.03 2.85
LN-BLUE 524.08 AX-108939123  AX-108842519 15.06 9.11 2.26
HN-BLUE 539.08 AX-111109273  AX-111705267 8.83 6.15 2.18

E1.E2:2011-2012 4F43 X AIK (R %0; E3 \E4:2012-2013 444 K LR L ES \E6:2012-2013 4R 51K L = %0 E7 \E8: 2012-20 13 447 S 1IL . i
% E9.E10:2013-2014 447 Z AL . 40 E1L . E12:2014-2015 4- 41 4 EAIK L = (s LN-BLUE \HN-BLUE : IR« 1 A HF T e AR TT A 11

fH; T

El, E2: 2011-2012 in Shijiazhuang under low nitrogen (LN) and high nitrogen (HN), respectively; E3, E4: 2012-2013 in Shijiazhuang under LN and
HN, respectively; ES, E6: 2012-2013 in Beijing under LN and HN, respectively; E7, E8: 2012-2013 in Xinxiang under LN and HN, respectively;
E9, E10: 2013-2014 in Shijiazhuang under LN and HN, respectively; E11, E12: 2014-2015 in Shijiazhuang under LN and HN, respectively; LN-

BLUE, HN-BLUE: The best linear unbiased estimate values under low/high nitrogen environment, respectively; The same as below
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The abscissa in the upper figure indicates the physical position (Mb) in KN9204 assembly of SNP markers used for QTL analysis;
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E1 ZIMETHE QTL-¢Ph-3DHJLODES 7
Fig.1 LOD distribution of QTL-gPh-3D in multi-environments

F 3
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500 bp
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M:50 bp DNA marker; 1~23 : KJ-RTLs K R BB 1 45717 s K RBHK 920457 51411
M:50 bp DNA marker; 1-23: Band type of parts of the 187 KJ-RILs; K: Kenong 9204; J: Jing 411
B2 InDel 5F4RiC 3DKN-528091763 7 &} 5y KJ-RILs 3R 3 B SR AR BRIk 45 R
Fig.2 Amplification and electrophoresis results of InDel molecular marker 3DKN-528091763
in parts of the KJ-RILs and their parents

2.3 qPh-3D3VHRE KA E)T7 8 =G SN AR AT R 4 1.88% , (A A IK BB K. M AT 5L K

FT 187 1 KJ-RILs K & K4 X [1] P4 B 4~ SNP
BRIt AX-111109273 Tl AX-111705267 } AW 55 FF &
() 3 F PCR £ Wl % AR (9 InDel 43 F #5 ic 3DKN-
528091763 5k A B 4519 B iEA 7 OCHR 43T
FH VLSBT qPh-3D Xk 95 B 4% 19 A1 18 38 4% 2000
R R TEm RESMET R A 5411 19 gPh-3D
Rof A 55 IR 70 ) AT I8 5 B Ik 55 (P<<0.01) , HLAEAIR
RN BEFF RN B 25, P Y R IE o 7.42%.
qPh-3D RERT 3 PR ARG R HLA — 8 I S R0, -1

TR R T O PR R0 451 (R 1Y 22 5, 25 SRR B, g Ph-
3D AT I R 50 J8 S RIS T A ) 5 R
R DU A4 , R 43501 M 10.72% . 5.78% . 5.40% Fil
6.83% , FEMIR AR T2k A 5t 411 A9 A7 D 03] —
R R EN AT E e == S
T (E3),
24 ¢Ph-3D AREEZBEMBKESHTERSH

T KI-RILs FHAR BV , 765 ARASFE T
A3 FIRTHEFFSE R Y (SR 9204 A1 [RISER B ) | RFT
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The number over the abscissa represents the phenotypic data of the corresponding genotype; Reduced allele: The same genotype as Jing 411

Increased allele: The same genotype as Kenong 9204 ; *: Significant difference level (P<0.05); **: Significant difference level (P<0.01);

ns: No significant difference (P>0.05); The same as below
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Fig.3 Genetic effects analysis of ¢Ph-3D on plant height and each internode length in the KJ-RILs
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Development stages

ST S2: 447 5 S3 - 2RI 5 S4 - AR ; S5 T A
S1: Early jointing; S2: Jointing stage; S3: Booting stage; S4:
Heading stage; S5: Blooming late stage
4 ¢Ph-3DAEEBHBKEHNEERSHT
Fig4 Dynamic difference analysis of plant height by ¢Ph-
3D at different developmental stages
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Fig.6 Genetic effects of ¢Ph-3D on yield related traits in authorized varieties (advanced lines)
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Table 3 The selection effect analysis of ¢Ph-3D based on 316 varieties (advanced lines) from different regions
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The selection effect analysis of gPh-3D target region in varieties released in different ages
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