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QTL Mapping for Seed Size Related Traits and Its Relationship
with Shelling Percentage in Peanut
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( Oil Crops Research Institute , Chinese Academy of Agricultural Sciences/Key Laboratory of Biology and
Genetic Improvement of Oil Crops , the Ministry of Agriculture and Rural Affairs, Wuhan 430062 )

Abstract: Peanut is one of the important oilseed crops in China. Breeding for high yield is an important
target. Seed size and shelling percentage are the factors effecting of peanut yield. QTL mapping for seed size and
analyzing its relationship with shelling percentage will lay a foundation for high yield molecular breeding. In this
study, the seed size of a recombinant inbred line ( RIL ) population ( Xuhua 13 x Zhonghua 6 ) were investigated
at three consecutive years. The seed length ( SL ) , seed width ( SW ) , and hundred seed weight ( HSW ) were
variable in RIL population, and a significant positive correlation was detected among them. 52 QTL were detected
with 3.09%-17.34% phenotypic variations explained ( PVE ) , of which ¢SLA05.2 and gHSWAO05.2, gSWA07.1
and gHSWAQ7 are co-localized and they can be repeatedly detected in multiple environments. Favorable alleles of
qHSWAO0S5.2 and gHSWAO7 were derived from the female and male parents, respectively. A combination of the
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two favorable alleles using the linked markers was verified to average increase hundred seed weight by 33.80 g

in the RIL population. In conjugation with the QTL mapping result of shelling percentage, co-localized QTL

and specific QTL for either trait were found. Collectively, this study laid a foundation for future fine mapping,

molecular marker-assisted breeding and synergistic improvement of high yield in peanut.
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Table 1 Statistical analysis of phenotypic traits related to seed size in parents and RIL populations

JE/R Parents Y] H 2 A B RIL population
S - UK S
PR 785 A5 Z LivZ
U i = = L —y 2.
Trait Environments RaE13 e 6 FoME BRI HE brifie (%) L W2 Shapiro-Wilk test
Xuhua 13 Zhonghua 6 ~ Min. Max. Mean SD Skewness Kurtosis ———

W value P value

K (em) 2014 1.76 1.72 1.18 230 173 021 12.43 0.14 0.04 0992 0427
SL 2015 1.85 1.58 1.31 2.36 1.78 0.21 11.68 0.21 -0.55 0.988 0.141
2016 1.86 1.61 1.07 227 1.68 0.20 11.68 -0.01 0.21 0.996 0.946

FF5E (em) 2014 1.08 0.88 0.76 1.56  0.94 0.11 11.62 1.53 5.51 0.90 0.000
SW 2015 1.11 0.9 0.76 1.26 099 0.09 9.21 0.21 -0.15 0.987 0.105
2016 1.02 0.88 0.55 1.16 094 0.09 9.77 -0.39 1.06 0.981 0.013

H{#E(g) 2014 95.51 63.7 40.24  127.23 74.06 17.94 24.22 0.29 -0.26 0.984 0.037
HSW 2015 98.94 59.84 39.62 139.25 7642 17.75 23.23 0.40 -0.04 0.983 0.028
2016 90.08 58.77 35.05 11345 6549 15.71 23.98 0.39 -0.03 0.983 0.024

SL: Seed length; SW: Seed width; HSW: Hundred seed weight, the same as below
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Table2 Correlationship between seed size-related traits

78 LERIN LS ¥ 58 HIE
Environment Trait SL SW HSW
2014 [UIERIS 1

¥ 58 0.607+* 1

H{E 0.815%* 0.627** 1
2015 (USRS 1

58 0.812%+ 1

H{E 0.894%%* 0.917%%* 1
2016 fiFk 1

58 0.753%* 1

HE 0.828%* 0.738%** 1

T IRTE 0.01 MERKE 285
" Significant difference at the 0.01 probability level
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Table 3 Analysis of variance of size related traits for peanut seeds
PEAR RIS Sl FIH REil ¥y F f& P fE e
Trait Source DF SS MS F value P value H
(U N JEpH A 185 29.20 0.16 7.61 <0.0001 0.899
SL E7855) 2 1.66 0.83 39.92 <0.0001
FEFA x HbE 370 591 0.02 0.77 0.994
BR2E 363 7.53 0.02
Ah¥- 5 FEFE A 185 5.58 0.03 5.47 <0.0001 0.800
SW N 2 0.53 0.27 4823 <0.0001
FEFAL x FRbE 370 223 0.01 1.10 0.192
BR2E 362 2.00 0.01
g1 & HE A 185 215724.10 1166.08 11.54 <0.0001 0.936
HSW PRI 2 22930.60 11465.30 113.47 <0.0001
FEFEA x b3S 370 27795.13 75.12 0.74 0.998
BR2E 362 36576.70 101.04
x4 AEARETEERMEL QTL
Table 4 QTL repeatedly detected in different environment
PR QTL #F% 78 {8 (M) Fric X [i] LOD {8 eV DU (% )
Trait QTL name Environment Position Marker interval LOD Additive_effect R’
FhFK gSLA02.1 2015 53.81 AhEXZ317125~AhMXZ85964 3.47 -0.05 4.01
SL 2016 53.81 3.12 -0.02 3.80
gSLA02.3 2015 63.91 AhEXZ7105~AhMXZ198009 3.16 -0.04 3.70
2016 63.91 3.87 -0.02 4.70
gSLA05.1 2014 37.01 AhEXZ421090~AhMXZ212107 3.56 0.07 6.22
2015 37.01 5.63 0.07 9.16
gSLA05.2 2014 42.41 AhEXZ354229~AhEXZ401972 7.22 0.09 11.82
2015 42.41 8.53 0.08 12.62
2016 42.41 9.24 0.04 14.69
gSLA05.4 2014 47.41 AhMXZ65147~AhEXZ191678 6.85 0.08 10.86
2016 47.41 8.23 0.04 12.92
gSLA05.5 2015 52.01 AhEXZ422203~AhEXZ431105 4.90 0.07 7.51
2016 52.01 5.68 0.03 9.35
qSLA09.1 2014 58.71 AhEXZ100897~AhEXZ407009 4.51 0.06 6.65
2015 58.71 5.62 0.06 7.30
T 755 qSWA05.1 2015 37.01 AhEXZ421090~AhMXZ212107 3.02 0.02 428
SW 2016 37.01 274 0.01 446
qSWA0S.2 2014 42.41 AhEXZ354229~AhEXZ401972 2.72 0.03 5.36
2015 42.41 5.44 0.03 7.60
2016 42.41 5.88 0.02 8.93
gSWA05.3 2014 47.41 AhMXZ65147~AhEXZ191678 3.07 0.03 5.57
2016 47.41 6.05 0.01 8.90
gSWA07.1 2015 14.01 AhMXZ301307~AhMXZ296233 8.59 -0.04 17.20
2016 14.01 6.99 -0.02 14.93
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®al)
PR QTL ##% E28:3 fr'E (eM ) FricX[a] LOD {ii TR, TR (%)
Trait QTL name Environment Position Marker interval LOD Additive_effect R’
H{E qHSWA05.2 2014 42.41 AhEXZ354229~AhEXZ401972 9.05 7.93 15.28
HSW 2015 4241 6.98 6.54 10.65
2016 4241 8.35 6.40 12.60
qHSWA05.4 2014 50.01 AhEXZ91242~AhMXZ27264 8.53 7.75 15.46
2015 50.01 5.18 5.83 8.79
qHSWAO07 2015 14.01 AhMXZ301307~AhMXZ296233 7.70 -7.46 14.90
2016 14.01 9.65 =7.09 17.34
qHSWA09.2 2014 60.41 AhEXZ25771~AhEXZ228814 3.52 4.03 4.97
2015 60.41 3.43 3.85 4.54
qHSWA09.3 2014 61.61 AhMXZ214027~AhMXZ278151 3.34 3.92 4.71
2015 61.61 3.28 3.76 4.35
qHSWA09.4 2014 64.11 AhMXZ30863~AhMXZ143631 3.41 3.98 4.81
2015 64.11 3.05 3.64 4.05

TIPERSON A TEARL, S RCHE R OK H T REAR AL 13 5 A0 A 508, MR AL DR B TR AE 6 5
The additive effects of QTLs were positive, indicating that the alleles for enhancing were from Xuhua 13; The additive effects of QTLs were

negative, indicating that the alleles for enhancing were from zhonghua 6

2.3 FFRMEXMER QTL EEAM A ARG 1) 1 47 AP 9 AN E B AY QTL (gSWA07.1

b 2 W)L, FE A0S YL f5, A AhEXZ421090~  Fl gHSWAO7 ), BiEkZ 2413k 10% VU F, R 4 QTL,
AhMXZ212107 [X [A] fl AhAMXZ65147~AhEXZ191678  7F A05 4% {4 {Kk AhEXZ354229~AhEXZ401972 [X.
2 D L R 7 17 s ol < K 03 R 1= 4 T £ 1 2 T s o K e o W =
(gSLAO5.1 T gSWAOS5.1, gSLA05.4 Fl gSWA05.3 ), £ QTL (gSLA05.2 gSWA05.2 Fl gHSWA05.2 ), H
A07 Y01k AhMXZ301307~AhMXZ296233 X [H] N [A]  ¢SLA05.2 Fl gHSWA05.2 51 QTL.
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48515 —F 1< AMXZ258715 33 § § g 8 23.68 AhEXZ390881 I
4928~ |- AhEXZ91242 2 2 > s I3
50.02~] |- AMXZ27264 2 2 I !S( 26.92~J |- AnExz180880 R
50.16 1 [~ AhEXZ216162 g2 LN 5727 S AnMX 2110382
5 = [%] [%]
51,60 —|— AhEXZ270243 & o 2 2
52.00 — [~ AhEXZ422203 !2 !§ B E HSW
52.78 71— AhEXZ2431105 A @ 31.81 —— AhEXZ290423
53.80~]_| - AhEXZ366021 2 9 <
53,951 [~ AhMXZ17475
54.62 —T T~ AhEXZ258616
55.55 —— AhMXZ 100895

B2 QTL % A05 7 A07 ik RIS
Fig.2 Distribution of QTLs for seed traits on the A05 and A07 chromosomes
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(a, band ¢ )in the plot represented values were significantly different at the 0.05 probability level
B 3 QTL(qHSWA05.2 1 qHSWAO7 ) £ RIL Bk gy R BRI R
Fig.3 Phenotypic effect of QTL ( gHSWA05.2 and gHSWA07 ) in the RIL population
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FR/ANGHA R, SRR, A ES5H
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A 15 80 F K /NF 5& 19 QTL (gHSWA07 ) 5 i 3
SEE I A2 QTL (gSPA07.1 ) IX 8] # & , 4 4b 7
0~0.85 Mb [X [H] A, 3 H QTL RO {3 R ffH , 359

A7 Je ik FARAESR A T AL 6 5 3G sl A o A
Ko HTIATE A08 By ik g 3] 1 {4 F 4%
QTL ( gSPA08.2,29.00~32.93 Mb ), 7E A09 YL fA |-
SEDE R M QTL ( gSPA09.2, 44.02~83.80 Mb ),
AT TE A0S Y ik AN EFh-F K/ QTL,
£ A09 e i b J A A E] 3 AN E - EME QTL,
XL IX ) B 3 MK QTL 5 sk
QTL fi#E &, QTL N 45Kt — Ik 7 PRk )
FRAE DG () B 156 I A2 AR AR DG R [RI PR
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RIE AL HLE, AR F /NS R TE 7
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Table 5 Novel genotypes with high hundred seed weight and high shelling percentage

KR B (g )Hundred seed weight 1117 (% ) Shelling percentage
Line 2014 2015 2016 Y Mean 2014 2015 2016 YJ{H Mean
QT1768 87.4 101.69 83.58 90.89 79.74 79.03 79.71 79.49
QTI1878 88.34 103.06 87.89 93.10 79.8 79.48 79.55 79.61
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