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QTL Mapping and Candidate Gene Analysis of Yield-related
Traits in Sunflower RIL Population

SU Fei-yan, HOU Jian-hua, YI Liu-xi, SHI Hui-min, WANG Ya-ru, ZHEN Zi-long,
WANG Yan-xia, WANG Jing-lin
( Agricultural College, Inner Mongolia Agricultural University, Hohhot 010019 )

Abstract: In order to understand the molecular genetic mechanism of yield-related traits and identify
markers/genes in sunflower, QTL mapping and candidate gene identification of yield-related traits were performed
using 150 individuals derived from recombinant inbred line ( RIL ) population of K55 x K58 combination. The
phenotype data at two environmental conditions in 2019 and 2020 were producted, and the high-density linkage
map of SNP molecular markers were deployed. The results showed that nine QTL ( LOD =2 ) for 7 traits
including plant height, stem thickness, number of leaves, number of grains particles, grain weight, number of
empty grains particles, and 100-seed weight were detected, in which QTL loci at stem diameter ( Qsd17, Qsd9 )
and 100-grain weight ( Qhgw8 and Qhgw5 ) were detected at two environmental conditions. A multi-genic effect
site (Qsd17, Qngpl7 ) controlling the number of grains and stem thickness was detected. These QTL loci were
found on chromosomes 4,5, 8,9, 13, 14, 16 and 17, and the contribution rate of phenotypic variation was
0.265%-13.075%. There were two main effect loci ( Ongpl7 and Qhgw8 ) with phenotypic contribution over 10%
on chromosome 17. Fourteen candidate genes were annotated in QTL loci with stable or main effect ( PVE>10% ),
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These genes are involved in carbohydrate processes and cell wall/membrane/envelope biogenesis, and annotated

such as NAD ( P ) H dehydrogenase ( quinone ) , E3 ubiquitin protein ligase, SAUR family proteins, MADS-box

transcription factors, myb proto-oncogene protein. Collectively, these results might provide theoretical basis for

sunflower high-yield breeding.

Key words: sunflower; yield; correlation analysis; QTL mapping; gene screening
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Table 1 Phenotypic analysis of sunflower yield related traits

2 FER5HM

2.1 RIL B#FF=2EXERORES T AT

XF ) H %% RIL BER Y 9 A4S 7= i A e MR R4 7
Gt oy Hr (1), AR 9 RIL BE R 5 A B A
(K55 F1 K58 ) FE&EAR PR AURLEURI Bk 25 b Bl 3%
PRI, B IR R Z BN S+, B R
RBH 14.909%~86.58% , 7% S Wi B e A, Horp L
ORGSR R Ay G- DB S YA IS A R R B
R MR AR ZEHL M R B S ORI AR S R
LE AN E =R v QL ey VR QL R 2 T S NS A
Y B HORR B AR, R M 22, N R i RAE X 4k
PR F gL 22 AR, Tl A U R R B A A
i RE 98 T SE MR AP . Mk L AR 2R
R P 7 B8 5 5 SR B OB B B/ R TR A
VEFEIE AN K T A% o (1) R/ X )y
20.429%~92.50% , 25 MR T Lg% T3 R B /MK
YRR A RER I B PR R 2R BRI AR A
SR FALORTE AR 2SR R, 1 I B RS A
S /)N, B A RO R S i fe R o AT 4G
FEW, RIL FEAA RS HY 9 AN AH G PR A R 1)
I 2% S5 Ae R L W i B8 198 246 X6 1 4 TR 2 500/
T 1, & mHARAE G T o B IR, 5 52 A5
S, AT LERS A (1R 2), B A
PEARFE A 18 A XA P A DRI T QTL ey
Mo XIFEAI A EMARIEAT I 22508, A5 R 3= 0,
PR ZSHEL AN B 2 R AT, ISR AR [RIRR 5 A i
by QR L iy G R A Ry Ty G R LY A ENNTE R VA IS
R 25 ULIZOEATE & QTL /214 .

Ak RIL FffAk
Parent RIL population

PR ) A T
Trait Year K55 K58 RME BORE PIE bRfERE (%) {(TES Wi (%)

Min. Max. Mean SD cr Skewness  Kurtosis Broad-sense

heritability

B (em ) 2020 186.67a 153.67b  84.00 202.67  136.06 23.06 16.95 -1.435 1.614 54.79
PH 2021 186.67a 153.67b  78.67 200.33 12899  21.42 16.60 0.417 0.805
£ (em) 2020 9.00a  16.67b 8.67 29.00 18.00 3.96 22.02 -0.893 0.429 31.80
DS 2021 9.00a  16.67b 6.67 19.33 12.73 2.92 2291 -0.022 -0.692
Z5f (em) 2020 1.70a 3.10a 0.89 3.05 2.00 0.40 20.00 -1.309 1.400 49.27
SD 2021 1.70a 3.10a 1.10 2.89 1.77 0.37 20.76 0.825 0.609
PSR 2020  12.66a  22.00b  12.33 29.00 19.80 3.62 18.28 -1.356 1.650 74.51
NB 2021 12.66a  22.00b  10.67 30.67 19.14 3.81 19.91 0.514 0.402
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Fz1(%)
FAR RIL B4
Parent RIL population
PR Gy i 2 TGk AE T
Trait Year <55 K58 BoME EORME CFIE bRz (%) it £ WA (%)
Min. Max. Mean SD cv Skewness  Kurtosis Broad-sense
heritability
P RIAT 2020 677.67a 49833b  97.00  995.00 49752 229.47 46.12 0.208 -0.66 92.50
NGP 2021 677.67a 49833b 8550  1247.00 586.67 263.73 44.95 0.219 -0.728
AR 2020 44.33a 16.00a 3.00 63400 25122 129.01 51.35 0.435 -0.048 20.42
NEP 2021  44.33a  16.00a  10.00  364.00 8148 6123 75.15 1.765 4352
MR (g) 2020 42.60a  22.20b 243 22145 2400 2078 86.58 4.663 35711 25.89
GW 2021  4220a  22.20b 1.46 59.67  20.19  12.04 59.64 0.878 0.619
HRE(g) 2020 6.48a 3.22b 1.47 11.16 4.45 1.47 33.12 0.047 0.759 41.46
HGW 2021 6.48a  3.22b 1.06 9.23 3.49 1.23 35.28 1.003 2.500
GESIR (%) 2020 92.52a  97.05b  15.69 9839 6461 1583 28.68 -0.739 —0.672 28.50
SSR 2021  92.52a  97.05b  24.95 98.73 8571  12.77 14.90 2312 6.629

a.b FIRTE P<0.05 /K I W46

a. b indicates significance correlation at <0.05 level; PH: Plant height; DS: Disk diameter; SD: Stem diameter; NB: Number of blade; NGP: Number of

grains particles; NEP: Number of empty particles; GW : Grain weight; HGW : Hundred grain weight; SSR: Seed setting rate; the same as below
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Fig.1 Normal distribution diagram of each trait of inbred line in 2021
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Fig.2 Normal distribution diagram of each trait of inbred line in 2020
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Table 2 Correlation coefficients of sunflower yield-related traits
i - . ey " o L . . e
PR 7 s=A £z Eviil A LEERLY TR ke RiREY Ay [EE AN LHER
Trait PH DS SD NB NGP ) GW HGW SSR
NEP
¥k PH 1
#4% DS 0.494" 1
25 SD 04717 0.542" 1
A% NB 0.603" 0.252" 0.174" 1
HLEER L NGP 0.496" 0.502" 0.382" 0.270" 1
HEosoki % NEP -0.097 0.182" 0.007 0.053 -0.153 1
HLRI R GW 0.409” 0.524" 0.375" 0.224" 0.721" 0.049 1
HRHE HGW 0.278" 0.536" 0.294" 0.154 0.098 0.247" 0.403" 1
Z552% SSR 0.300” 0.198° 0.144 0.072 0.645"  -0.654" 04157 -0.067 1

TLAE 0.01 KT CRUI ) B ARG, T AR 0.05 KT (AU ) Itk A

. Correlation is significant at the 0.01 level, ": Correlation is significant at the 0.05 level

SRR R X 2 MHRRTEIE SR 2 AF gl 2]
QTL 17 5., 73 %4 Qsd17. Qsd9 . Qhgw8 Fl Qhgws5,
HAR MR 2] 14~ QTL i &5, Z5HLAn s
FRLBR) QTL ¥ 43 A 75 17 5 Y 44K |, Qsd17,
Qngpl7 FE[Rl—4F4 T 17 5 4Ltk Marker125344~
Marker128610 X [i] P4 5 &2 4 31, 248 1) QTL
D7 FE XA PRI X (8] N ] REAF7E — A e 2
il 7= A DG PR A 3 R X 88 QTL A s K 43

&3 RIL BFEEXMER QTL EAER

IR AR /N, AT 2 4~ QTL MY st A% BT ik R 8 i
10%, Bl Qngp17 . Qhgws , 5t #ik 2K 43 %1 4 13.075% .
11.747% , 7 F 5L QTL 7 o 8 AR B i 55
(B4 532 IEAE, B PR Y 2 AU (8 A 4543 5
R4 2ok F SEAR KSS, ILAh, A7 e ok [ A
K58 (1 HA FUSUN A I S5 FE R . PRAEIREE TR
I B AR FNZE S QTL sk .

Table3 QTL mapping results for yield-related traits in RIL population

R RIAGE GE by %)
JE BT 2 N N TERD
[E2TN QTL #F% 4y ) N FRic X (] o Phenotypic
: Linkage (cM) (eM) . LOD  Additive )
Trait QTL name  Year Mark interval variance
group Start End effect .
expiained
KRz Qphl4 2020 14 98.782 98.782 Marker104460~Marker104472 2.5 -5.017 3.969
PH
eyl Qsd17 2020 17 62.179 62.179 Marker125344~Marker128610 2.5 0.124 8.747
D Qsd9 2021 9 60.401 60.810 Marker56138~Marker56176 3 0.019 0.265
%k Qnbl13 2021 13 0.685 1.027 Marker94956~Marker96975 2 0.522 1.751
NB
LS TR Qngpl7 2020 17 62.179 62.179 Marker125344~Marker128610  4.264 99.24 13.075
NGP
LRy R Qegp4 2020 4 25.448 25.925 Marker27853~Marker27860 2.5 -40.24 8.993
NEP
L REY VAL Qgwl6 2021 16 35.953 36.567 Marker120869~Marker120959  4.207 -2.511 4.129
GW
R Qhgw8 2020 8 33.072 33.072 Marker54433~Marker54436  4.734 0.537 11.747
HGW Qhgw5 2021 5 85.229 85.707 Marker29942~Marker31036 2.5 0.291 5.258




G/ S S
0,00  Markers4g1
014  Markerg4s9
095  Markerg774
696  Marker7587
11,06 Marker7306
16,10  Marker7416
2107  Marker6377
2603  Marker3109
3100 Marker6897
36,17  Marker7057
2107  Marker6914
46,11 Marker7269
51,08 Marker7142
56,12  Marker5337
6132  Markerdas1
95 Marker7s
) arker
76,26  Marker 1606
81,29  Marker 1656 - Marker2164 1
59 Mool Q000 Makerds B\ Morker 31694
9680  Marker2269 = _\ Marker21644
10'1’70 Marker2351 9,53 Marker9883 E _\ Marker21667
106,67 Marker2a18 B —=—.. 953 Marker9884 5 _\ Marker21634
11130 Marker2681 = \ = Marker21626
11633  Marker805 ] _\ 11,28 Marker13942 = \ Marker21586
BeSh Mmemims N A Marlerss g N ORS579_1
13137 Marker2192 | | 20,88  Marker9889 = _\ ORS883_1
13640 Marker247s  [] % 024 Markers82 2O Marker22468
, arker 35,14  Marker13497 B arker
g Rt BENUBY b B\ Mo
157,36  Marker 1858 4118 Marker11920 _\ Marker22022
. arker - , arker O
o e I N B 4T - NN
Eg::g markk:r;g;% o ———— 57,94 Marker13979 S % Marker22312
. arker. = —=— 6246 Marker13980 Marker21834
le676 Markerz1sa B “‘\\— 6309 ORSBE32 Marker21924
19227 Marker3140 _\ 66,05  Marker10146 | | 83,45  Marker21934
137.03  Marker2752 _\ 7103 Marker10171 T 9152  Marker23063
206,55 Marker1388 7594 Marker10151 5 w 97,36 Marker23062
212,27 Marker2179 80,89 Markera806 H _\_ 98,40  Marker23064
216,62 Marker2003 \ 8694 Marker10088 [ Marker23054
22186  Marker3626 u 106,18 Marker22849
B0 hmmv BN\ Mewesisy || 08 Mo
23676  Marker3995 _\ ?5'1210 Tﬂa;ﬁ?;;% | | N 118,12 Ha4057_1
241,86 Marker3642 (2 ' T _12606 ORS579_2
246,57 Marker3957 03
000  Marker27851
x 2’2% marter%;gg? Marker31606
arker.
% H—— 1303 Marker27852 Marker36742
&5 Marker30258 Marker38275
& 229 Markeraress Marker 3684 o~ Marker38282
2640  Marker27856 Marker30737 % Marker38142
T I NN AR E
NN+ AR ot Morar3 1499 Marker38141
x . Marker31439 X Marker37831
=" o I NN
0 arker.
% 57558  Marker29578 Marker 29868 \ Marker37832
= SR BN A Vaedrs
, arker n drker
\ 7151 Marker23347 = mg:ﬁggggg _\ Marker39659
8574 Marker23344 & Marker 35098 _\_
—— 8862 Marker23873 — Marker29945 Marker39342
X 90,75  Marker25246 Marker31035 Marker39346
N2 Markerzszes Marker36175 _\_
\ 96,85  Marker25273 Marker36177 () Marker40154
\ 102,09 Marker25286 Marker33610
04 106,85  Marker24090

(E3)



54

TE AN L fig e PR 1

1481

Wi

0,00 ORS546_3
1,76 contig144_3
1,76 ORS471_2
6,33  Marker43076
11,66  Marker44774
16,27  Marker45534
2382 HaS14_2

2996 contig144_2

|

)

—
o

Marker43628

39,76  Markerd5280
41,15  Marker45445

46,82 Markerd1618
51,99 Marker41603
56,52 Marker41616

v
[r+]

ORS546_4

6760 ORS505_2
71,42 Marker41478
77, '35 Marker45090

co
n

07

1,09

un

NN O g
o

~

G AFN=5
D:II\JUI—-OMD
WUwomu

Y

~
—
e}
o

46,93

un
=

aw
\_.\m
hR&

66,69

e
m‘_\
B

[+4]
—
[+3]
W

oo
— N
AN
ow

[T+}
L
[41)
(=}

101 30

_
(=]
-
I}

11150
11533

—
RN;
Ny

Y

136,42
141,27
146.38
151,35

161 58

— —
N@ain
iy gt
'

G bu’

~

—
~
gl
b
+4]

181,79
186.69
191,80
156,70
20159

§k§§§8
-
Y.
[+ 1L T o]

-

F-
i - Sy

////////////////////////////@//////////////////////////%

w
o

i

Marker45085

88,22 Marker45083

DOR5B61_5
cont|53639 3
contig13_4
DRS486 1
Marker74635
Marker74585
Marker74175
Marker74026
Marker74013
Marker74051
Marker73810
Marker73820
Marker73818
Marker73699
Marker73733
Marker73591
Marker73412
Marker73586
Marker73222
Marker73312
Marker73330
Marker73172
Marker72028
Marker72441
Marker71818
Marker71153
Marker7 1010
Marker66471
Marker69386
Marker67728
Markerb9523
Marker67236
Marker67122
Markerb65619
Marker66220
Marker66123
Markerb65695
Markerb65782
Marker6568 1
Marker65670
Marker65742
Marker65752
Markerb5595
Marker65520
Marker65354
Marker65285
Marker65175
Marker65156
Marker65307
Marker65004
Marker64546
Marker65078
Marker64856
Marker64628
Marker64633

ORS896_2
Marker53422
Marker53421
Marker47910
Marker52240
Marker50957
Marker53320
Marker53912
Marker54355
Marker54172
Marker54144
Marker54098
Marker52304
Marker52381
Marker52247
Marker51930
Marker51753
Marker50656
Marker50465
Marker50744
Marker50714
Marker50176
Marker49965
Marker48990
Marker48988
Marker48903
Marker48633
Marker48792
Marker48546
Marker48088
Marker47691
Markerd7706
ORS896_1
Marker51161
Marker52026
Marker46614
Marker46188
Marker52406

ORS502_2
contig74_1
contig74_2
Marker75750
Marker76005
Marker76311
Marker79006
Marker79007
Marker78964
Marker79227
Marker80239
Marker80552
Marker81103
Marker81304
MarkerB81647
Marker82770
Marker81811
Marker82366
Marker82168
MarkerB82545
Markerg2801
Marker82873
MarkerB2909
Marker82912
Marker82931
Marker82926
Marker76193
Marker77828

MarkerB2050

0,00

oo
o —
[ )

-

Jr—y
00 —
LA 00
D —

Cy

ITTRNTIT 1T 175
"]
—I
un
[2*]

Wit

26,05
30,98
36,25
41,85
45,13
51,53
56,23
62,08
66,94
71,64
76,88
81,30
87,05
8551
—_/ 101,11

114,96
115,50

E 116,19
> _\_
5 121,16

Marker62637
Marker62624
Marker62636
Marker62656

359  Marker63250
16,04  Marker61895
21,38 MarkerS844S
26,04  Marker57859

1 Marker58411

x 36,18  Marker58226
_\ 41,07 Marker57719
\ 46,05  Marker57127
\ 51,22  Marker56832
\ 56,08  Marker56445
\ 61,08  Marker56390
\ 66,26  Marker55720
\ 7159  Marker55724
\ 76,13  Marker55182
\ 81,22  Marker54833
\ 86,28  Marker54659
\ 91,67  Marker54591
—\ 96,21  Marker54984
\ 101,15  Marker55054
'_\ 106,46  Marker54994
\ 112,12 Marker55562
\ 116,21 Marker56136
\ 121,45  Marker58005
\ 126,75  Marker61929
\ 131,29  Marker60643
\ 136,27 Marker60816
\ 141,66 Marker60893
N e
, arker
% 160,68 Marker61368
\ 162,42  Marker61369
\ 166,55  Marker59697
171,38 Marker59699

Marker86756
Marker87625
Marker86741
Marker85372
Marker86608
Marker85371
Marker83645
Marker83808
Marker83866
Marker83917
Marker83982
Marker83985
Marker83978
Marker84007
Marker83984
Marker84286
Marker84201
Marker84 182
Marker84 183
Marker84174
Marker84117
Marker87 149

Marker87138
Marker84386
Marker84387

Marker84444

(B 3)



1482

oWt WO o R 23 4%
0,00  Marker111101
—\"‘T\. 0,34 Marker105959
_\_ 1,38 Marker106097
—\ 6,11  Marker106314
" \ 11,06 Marker106409
= _\\ 17,04 Marker 106455
e \ 21,03 Marker106563
.~ . Warker ;
o 0,00 Marker94968 Marker 103008 2755  Marker 106562
§ 000 Marker35097 WMarker 103909 % 3463  Marker107325
g 3656  Marker107323
% 660  Markerd4423 IMarker 103317 x 2166  Marker107573
ﬂ\_ 12,26  Marker91272 IMarker 103496 —\ 46,83  Marker107429
XS e e B\\u e
5 arker Viarker » arker
_\ 27,22  Marker90904 Marker 105691 _\_ 61,60  Marker107395
Viarker
42 32 Markers0905s Marker 105613 X 66,70 Marker 107560
=="_1313 Markera4044 —\ 72,14 Marker107400
T 4622 Markerd40s4 Marker 100322 76,90 Marker 107581
_\ jei22  Markeraa0o!t Marker 104312 % 8319  Marker107842
\ 5418 Maheroa0is Marker 104638 \ 8749  Marker108022
_\ 2840 Markerd4d13 Markeroo734 _\ 92,32  Marker108572
—\\ BE43  Markard2775 ORSE61 2 _\ 96,23  Marker 108585
_\ 87 Marker92??6 Markerga003 _\ 101,16 Marker 109064
_\ o812 Mafkef aares viarker 106,50  Marker 109152
\ A arker’ Marker 104302 \ 113,37 Ha3638_1
N e N
’ farker 102530 . larker
—\ 8848 Markerdidss Marker 101745 % 126,37  Marker112550
—\ , arker = Marker 100584 133,49  Marker 106290
ﬂ\\_ 99,32 Hal327 4 = viarker \ 138,18  Marker105883
TN\ 0e1 ORsasTz & Marker99998 — 14364 Marker108629
TN\ 10952 Markergoes Marker 104787 N 14792  Marker112008
—\ 114,03  Marker91681 Marker 104473 _\\ 151,84  Marker112010
119,26 Ha1327_3 156,52 Marker 106188
0,00 Marker 118560 0,00 Marker 122577
T—_ 0,00 Marker122078 ’
N 138 IMarker122075 048 Marker122528
5 et 619 Marker122529
, Aarker
@ 7 1884 Marker121293 1;?5 ke
z %\_ 25,64  Marker121292 21,61  Marker122882
=2 _\ 2781 Marker121319 2625  Marker122896
—\\ 3110 Marker121082 3236 Marker122920
—\‘\\_ 36,43 IMarker 120868 36,25 Marker 122983
—\ 4148 Marker 120652 ~s 4131  Marker123111
_‘\\_ 4645 Marker 120679 S 4612 Marker123196
—\\h 51,14 Marker 120688 a5 5346  Marker123261
—\\ 5686 Marker 120687 5769  Marker130521
—\\\_ 61,62  Marker120723 61,15  Marker125354
—\\h 66,45  Marker120450 66,32  Marker130566
_‘\\_ 7158  Marker120733 7152  Marker133301
—‘\\_ 7642 Marker120274 7716 Marker133746
—\ 81,39 Marker119557 81066  Marker134308
_‘\\_ 8647  Marker119169 86,60 Marker134413
—\_ 91,12 Marker114200 9153  Marker134410
—\\ 96,30 Marker119145 97,14  Marker134451
101,23 Marker 118879 102,38 Marker134466
_‘—\\\‘_ 10024 Warker118882 110,87  Marker134468
_‘\\_ 112,43 Marker114321 119,09  Marker134470
_\\_ 116,45  Marker 114879 119,43  Marker133185
—\ 121,28 Marker114453 121,85  Marker124588
_‘\\_ 126,40 Marker113951 129,43 Marker122959
—\ 131,25  Marker 113846 133,71  Marker122957
—‘\ 136,31 Marker113781 137,37 Marker126774
14769  harker113459 142,24 ORS418 4
153,20 Marker113505 147,50 contig103_2
ﬁ 153,20 Marker113308 152,05  Marker132402
156,64  Marker 113265 157,87  Marker128354

PIARRY QTL 43 A 5 ( 2020 ) FIZL A, (2021 ) o ; Fer AR BiRT
The QTLs of the two years are represented by blue ( 2020 ) and red ( 2021 ) respectively ; Numbers represent linkage groups
B3 WEEFHTFERXER QTL BEEHSHE

Fig.3 Genetic linkage map of QTL for yield-related traits under two-year conditions
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Table 4 Candidate genes for QTL mapping of yield-related traits
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