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Genome-wide Association Analysis of Radicle Growth and
Morphological Traits in Wheat ( Triticum aestivum L.)
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Abstract: In order to explore the genetic mechanism of wheat seminal root formation and growth, 198
wheat natural cultivars growing in the Huang-Huai Area were investigated in this study. The total first grade
branch number, branch density, length, surface area, volume and average diameter of the radicle were
examined using 21 days old seedlings in the hydroponic culture. Q+K mixed linear model, in conjugation with
the genotyping results by the 660K gene chip, was used to conduct genome-wide association analysis (GWAS )
at radicle traits, followed by functional annotation and candidate gene mining of significant and repeatedly-
detected association sites. At the six radicle growth traits, a continuous and normal or nearly normal distribution
were observed, with coefficient of variation of 5.56%-22.10%. A total of 136 significant association sites were
detected. They were distributed on the chromosomes except 7B, each of which could explain 5.10%-13.60% of
phenotypic variation. Thirteen significant pleiotropic sites were identified from those 136 sites. Based on the
annotation, 16 candidate genes that may be related to radicle growth were found, such as TraesCS4401G023100,
TraesCS1B01G294400, TraesCS4401G006200. These genes were proposed to be involved in the formation of
wheat radicle root system by regulating DNA topoisomerase, ubiquitin-conjugating enzyme E2,

phosphoinositide phosphatase family protein and so on. The results of this study provided a reference for the
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construction of wheat root regulation network, as well as the optimization of root architecture and function.

Key words: wheat (Triticum aestivum L.) ; radicle growth; genome-wide association analysis (GWAS) ;
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Table 1 Phenotypic analysis on radical traits of wheat seedlings
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FARMRFE (em®) RA 8.10~22.88 14.87 18.78 0.6337~0.664"
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EMHRFIEAR (mm) RD 0.20~0.28 0.23 5.56 0.6057~0.723"

TFRARAE0.01 K BRI

TBN: Total first grade branch number of radicle; RBD: Radicle branch density; RL: Radicle length; RA: Radicle surface area; RV: Radicle

volume; RD: Average diameter of radicle; ~* indicates a significance at 0.01 probability level; The same as below
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Fig.1 Frequency distribution of radicle traits in wheat
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Table 2 Correlation analysis on radicle traits of wheat seedlings
TR —2 e . > N N N "
EZN Jrev TR R RO BMREWR ERERAE AR EAR
Traits RBD RL RA RV RD
TBN
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ENEARI R RBD 1 0.260%* 0.234%* 0194+ -0.378%*
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Fig.2 Circular Manhattan plots and QQ plots of wheat radicle traits
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Table 3 GWAS results of wheat radicle traits by the mixed linear model (MLM (Q+K) )

PR SNP M4k -log,,(p) Tl -log,,(p)#J{H DRI (%) TR IIE (%)
Traits Number of SNP -log,,(p) range -log,,(p) mean R? range R*mean
FHEMR AT HARE TBN 21 3.22~4.78 3.76 5.10~12.43 7.62
FHRML 534 %% FE RBD 59 3.06~4.80 3.59 5.22~13.60 7.29
FARMME B RL 11 3.53~4.23 3.86 6.78~9.66 8.04
ENHLFEIAF RA 27 3.58~4.31 3.82 5.91~9.54 7.48
EMAHYAFARY 9 3.55~4.23 3.79 7.04~8.92 7.90
EMHFHAZRD 9 3.60~4.58 4.03 5.78~12.81 8.81
Fa4 INEFEFEREIREI S SNP
Table 4 Pleiotropia SNP of wheat radicle traits
SNP £, 7% Jefa ik {1 (bp) PR
Name of SNP Chromosome Position Traits
AX-111828275 1B 510336993 TR, FARMR R R
AX-86173434 1B 511213188 FIEARACEE , FIEAR R MR
AX-86173435 1B 511213188 TR, TR AR
AX-108777745 1B 511484029 TR, TR TR
AX-94506199 1B 512457035 TR, TR A, AR
AX-94386441 1B 512457101 FARHAC B, TR, FAAR AR
AX-94456853 1B 512457855 FARM A, FAARAT
AX-95176694 2D 636065693 FIAR— G BAREL, TR %
AX-89653262 3D 13335248 FHEME— A HAREL, IR oA %
AX-86165473 4A 3872684 FARARF AL, T AR AR
AX-86165534 4A 3872684 TR, FIEARATH
AX-109979456 4A 16260968 TR, TR TR
AX-94770937 ARAI 32201014 FWRAR— G BAREL, TR

&5 NEERRERBEEERR HIREER

Table 5 Candidate genes and their functional annotations of wheat radicle traits

PRk SNP £ F5% Jefafk 7% (bp) L B TR Rl g A 2 1

Traits Name of SNP Chromosome Position Gene Gene annotation or coding protein

FHRME— GRS AX-89567869 1A 12160996  TraesCS1A02G025200  F§a RN N A bt i i =X BT 42 3 1

TBN AX-94720211 5B 21750401  TraesCS5B02G023700 UDP-#ij % -4, 6-Ji /K i
AX-94525037 5B 21751211 TraesCS5B02G023700 UDP-#45 -4, 6-Jii /K fil
AX-109299517 5B 21751815 TraesCS5B02G023700 UDP-#iZH-4 , 6- MK fiff
AX-94477554 5B 21752417 TraesCS5B02G023700 UDP-#i%45M-4 , 6-Ji K i
AX-95218323 6D 451559480  TraesCS6D02G358700 GATA 5K T

F AR AX-94924440 1A 460673060  TraesCS1401G265000 XU S WAL B R R

RBD AX-109999817 1A 415585301  TraesCS1A01G235100 BRI
AX-94509279 1B 670180628  TraesCSIB0IG454800 Wi
AX-95194968 1D 93126576 TraesCS1D0IG103800 I U-box B EE
AX-95631858 2D 22818378  TraesCS2D01G057300 & it ABRE R ITAMIZIAE A

R E A

AX-95156771 TA 625743378 TraesCS7401G432100 BHEEN




540 EIE 7/t S S S 4 2545
F5(48)
PR SNP £ Fk POEREN i1 (bp) P FEPRVE R s R 2R
Traits Name of SNP Chromosome Position Gene Gene annotation or coding protein
FIEAR K AX-110435496 4A 16470887  TraesCS4401G023100 DNA i b5t 574 it
RL AX-110462441 4A 16472528 TraesCS4401G023100 DNA Hi b4 546 i
FARM R HFR AX-111474947 1B 510791266  TraesCSIB01G292900 F-box 45 3K 1526 11
RA AX-108772347 1B 510791861  TraesCS1B01G292900 F-box 5 K R 1
AX-110438981 1B 511968673  TraesCS1B01G293900 WP e S A B AR AR
AX-108879683 1B 512420493 TraesCS1B01G294400 R GG E2
AX-94918877 1B 512422245  TraesCSIB01G294400 1 RA G E2
AX-95684557 1B 512633667  TraesCSIB0IG294600  GTP LK fit/3,4- —F23E-2-T 1
-4-BRIR 5
AX-86165534 4A 3872684  TraesCS4A01G006200 R NURE R 5 R
FIRARAFA RV AX-86165534 4A 3872684  TraesCS4401G006200 RN BB RR RS e
EMHFIHAZRD AX-95127141 TA 668733834 TraesCS7A01G472800 A BTB/POZ L5630 E 1
3 it FI) MK BE AL 55 AX_109892051 . AX_108740494
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