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Genome-wide Association Study of Root System Architecture
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Abstract: The root system architecture ( RSA ) determines the composition of the root system and plays an
irreplaceable role in crop growth and development. It is of great significance to analyze the genetic mechanism of
wheat root architecture and the selection of varieties with better RSA traits in breeding for elite wheat varieties.
Genome-wide association study ( GWAS ) is an effective method to analyze the genetic mechanism of complicated
quantitative traits (i.e. RSA ) in wheat. In the study, GWAS for RSA-related traits ( total root length, total root
surface area, total root volume, average root diameter and number of root tips ) were conducted in 160 wheat
accessions from Henan and Shandong, which were previously genotyped by wheat 660K SNP chip. Twenty-three
loci associated with RSA related traits were detected from chromosomes 1A, 2A, 2B, 3B, 4A, 5A, 5B, 5D,
6A, 6B and 7B, and each explained the phenotypic variation variable from 7.2% to 12.8%. Among them, eleven
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loci are found to coincide with the formerly-reported loci, and the remaining 12 loci are newly identified. Taken

together, this study is of significance to uncover the genetic structure of the root architecture with a potential in

future breeding of high-yield and stress-resistant wheat cultivars.
Key words: common wheat; root system architecture ( RSA ); GWAS ; 660K SNP chip
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Table 1 Statistical analysis of root system architecture ( RSA ) related traits in 160 common wheat accessions

PEIR LGN W RAE ¥iH brife 2 AR FE( %)
Traits Min. Max. Average SD cr
BAREK (em ) TRL 172.17 786.69 440.77 120.06 27.2
BARF A (em®) TRS 15.61 27.36 23.32 2.12 9.1
SRR (em® ) TRV 0.33 0.53 0.40 0.03 8.6
HOF E4% (mm ) ARD 0.34 1.20 0.67 0.17 25.7
HJ%L NRT 134.00 1166.00 534.73 205.56 38.4
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Fig.1 Distribution of root system architecture ( RSA ) related traits in 160 common wheat accessions
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s e/ N LI R AR HR 2 ZEMER A E
*’T“T’E . R A R A
Y ¥H KE HIE MAF Genetic Diversity PIC
S —
ch No.of (Mb)  (Mb/Fric)
romosome - Noof b Density it Y il S ¥y i
markers Average Range Average Range Average Range

1A 18975 594.00 0.031 0.26 0.05~0.50 0.37 0.10~0.50 0.28 0.09~0.38
1B 13810 689.40 0.050 0.31 0.05~0.50 0.39 0.10~0.50 0.29 0.09~0.38
1D 4464 495.40 0.111 0.18 0.05~0.49 0.34 0.10~0.50 0.28 0.09~0.38
2A 2710 780.70 0.288 0.27 0.05~0.50 0.36 0.10~0.50 0.30 0.09~0.38
2B 14287 801.20 0.056 0.25 0.05~0.50 0.38 0.10~0.50 0.30 0.09~0.38
2D 3604 651.60 0.181 0.32 0.05~0.50 0.36 0.10~0.50 0.30 0.09~0.38
3A 13177 750.80 0.057 0.26 0.05~0.50 0.36 0.10~0.50 0.27 0.09~0.38
3B 20116 830.30 0.041 0.27 0.05~0.50 0.40 0.10~0.50 0.31 0.09~0.38
3D 2417 615.40 0.255 0.20 0.05~0.50 0.31 0.10~0.50 0.26 0.09~0.38
4A 12438 744.50 0.060 0.25 0.05~0.50 0.38 0.10~0.50 0.30 0.09~0.38
4B 10680 673.40 0.063 0.23 0.05~0.50 0.36 0.10~0.50 0.28 0.09~0.38

4D 1055 509.60 0.483 0.26 0.05~0.49 0.38 0.10~0.50 0.31 0.09~0.38
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SA 11972 709.70 0.059 0.27 0.05~0.50 0.37 0.10~0.50 0.29 0.09~0.38
5B 23584 713.00 0.030 0.29 0.05~0.50 0.37 0.10~0.50 0.29 0.09~0.38
5D 2512 566.00 0.225 0.29 0.05~0.50 0.33 0.10~0.50 0.27 0.09~0.38
6A 14250 618.00 0.043 0.25 0.05~0.50 0.40 0.10~0.50 0.32 0.09~0.38
6B 14434 720.90 0.050 0.27 0.05~0.50 0.33 0.10~0.50 0.27 0.09~0.38
6D 2544 473.50 0.186 0.25 0.05~0.50 0.36 0.10~0.50 0.27 0.09~0.38
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7B 12025 750.60 0.062 0.28 0.05~0.50 0.36 0.10~0.50 0.28 0.09~0.38
7D 4537 638.60 0.141 0.22 0.05~0.50 0.29 0.10~0.50 0.26 0.09~0.38
A genome 93664 4934.50 0.052 0.27 0.05~0.50 0.38 0.10~0.50 0.29 0.09~0.38
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D genome 20568 3950.40 0.193 0.24 0.05~0.50 0.33 0.10~0.50 0.28 0.09~0.38
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Fig.3 Principal component analysis of
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Table 3 Marker-trait associations for root system architecture ( RSA ) traits

PEIR brid ASEREN fir (Mb) Pt S50 R A P{a R FH (%)

Trait Marker Chromosome Position Favorable allele P-value R’

HRAREL NRT AX 109322726 1A 32.7 G 7.29E-04 9.8
AX 109299888 1A 4823 C 5.54E-04 9.7
AX 108755438 3B 696.3 A 1.02E-04 12.8
AX 108824314 5B 466.6 C 3.55E-04 10.2

HOFEI 4% ARD AX 110576622 3B 8.0 A 8.32E-04 11.1
AX 110471744 3B 827.9 T 2.68E-04 10.5

BREK TRL AX 108796282 2A 705.2 A 4.92E-04 11.0
AX 108967755 3B 53.5 G 5.66E-04 9.8
AX 110164603 3B 96.7 G 1.74E-04 11.5
AX 110673446 4A 594.9 C 6.34E-04 9.1
AX 109535955 5D 562.3 C 6.97E-04 9.5
AX 110910156 6A 17.9 A 5.97E-04 9.3
AX 108796635 6B 646.4 C 5.46E-04 9.8
AX 108985859 7B 743.3 G 5.41E-04 9.4

SRZIE N TRS AX 109887807 2B 773.3 C 2.24E-04 11.0
AX 109075612 5B 589.5 C 9.73E-04 8.9

SRR TRV AX 110176237 2A 5.4 T 7.75E-04 7.3
AX 108799783 3B 144.8 C 2.94E-04 10.1
AX 110364749 3B 224.0 T 2.56E-04 10.3
AX 110525389 5A 4438 T 7.36E-04 8.9
AX 109879050 5B 481.6 T 5.75E-04 7.2
AX 109601163 6A 13.5 C 5.36E-04 9.3
AX 108754540 6B 632.2 G 5.41E-04 9.4

R’: Explain phenotypic variation rate
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related traits in 160 common wheat accessions
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Table 4 Accessions with ideal root system architecture ( RSA ) related traits
PEIR Traits ) )
fiFl K UHREER  MTHER SRR Pors
Variety '( o) . Com) N o) / o’ )" FRY%L Number of favorable
NRT alleles
TRL TRA ARD ARD

Y54 47 Jimai 47 704.1 24.5 0.380 1.200 1065.5 17
#4216 Lumai 16 679.2 26.0 0.403 0.942 576.5 11
#7419 Lumai19 660.0 25.0 0.444 0.900 584.0 16
#5722 Lumai22 602.2 255 0.378 0.851 767.5 13

1114¢ 0431  Shannong 0431 505.1 27.4 0.355 1.152 899.5 10

1114¢ 0713-2  Shannong 0713-2 589.6 26.3 0.401 1.129 739.5 9

1i4€ 21  Shangnong 21 490.9 26.5 0.396 0.947 574.0 14
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