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Genetic diversity and association mapping between SSR markers and yield traits in sesame
GONG Hui - hui,ZHANG Yu - juan,SONG Hua - dong,ZHAO Feng - tao,MENG Qing — hua
( Cotton Research Center, Shandong Academy of Agricultural Sciences, Jinan 250100, China)

Abstract ; Sesame is an important traditional oil crop. In order to explore the gene loci controlling of yield — re-
lated traits , we screened a total of 72 SSR markers to evaluate the diversity and population structure among 96 vari-
eties of sesame seeds from home and abroad. Through analyzing population structure, association analysis between
SSR markers and 8 yield traits including plant height (PH) , height of stem from base to first capsule (SH) ,seed
numbers per capsule (SC) ,capsule width (CW) ,capsule length ( CL) ,stem tip (ST) ,capsule numbers per plant
(CP) and 1000 — grain weight (PH) were performed using TASSEL MLM ( mixed linear model) programs. The re-
sult showed followings: (1) A total of 446 alleles were found, and the average alleles per locus were 6.2, which
varied from 2 to 14. The polymorphism information content ( PIC) value ranged from 0.242 1 to 0.821 0,with an
average of 0.540 7. The gene diversity index ranged from 0. 550 4 to 0. 989 7, with a mean of 0. 747 7. (2) The a-
nalysis of population genetic structure divided the experimental materials into three subgroups. (3) Association a-
nalysis found that there were 51 markers associated with 5 yield traits, with the rate of phenotypic variation ex-
plained from 0. 132 9 to 0.320 8. Among them,5 loci were associated with the same trait in multiple environments
or using the average values, which were more stable alleles, for example,SSR loci Hs1775 — A2 and SIM201 - Al
which were associated with the height of the plant( PH). The marker sites Hs1514 — A1 ,SIM004 — A3 and SIM002
— Al associated with the seed number per capsule (SC), the height of stem from base to first capsule (SH) and
capsule numbers per plant (CP) respectively.
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Table 1 Sesame varieties( lines) used in this study

No. ShFBZFR Variety name Sk s b, Origin No. S FhZFR Variety name SRR AL Origin

1 2 B FR Lvbaoheizhima F1[E 114 Shandong, China 49 77M3025 I E 4 Guangdong, China
2 M3 F i Heibawangbian Fr[E 114 Shandong, China 50 77ZM3026 FE "% Guangdong, China
3 i £ #i Bawangbian Fr[E 111 %4 Shandong, China 51 77M3028 A [E "% Guangdong, China
4 JEFP B R Yuanzhongheizhima F1[E 1% Shandong, China 52 77M3032 1 [E "% Guangdong, China
5 FEF 25 Fengzhi 2 F1[E 11 4R Shandong, China 53 77M3040 I EJ 4 Guangdong, China
6 F2 3 5 Fengzhi 3 FrE 111 % Shandong, China 54 77M3056 FrE "% Guangdong, China
7 MY ] 5 Heizhi 1 Fr[E 11 % Shandong, China 55 Z7M3061 TEZ 7 Mozambique

8 B2 5 Heizhi 2 " 7% Shandong, China 56 77M3094 H 7 Japan

9 3 5 Heizhi 3 fFE 175 Shandong, China 57 ERE 5 5 Ezhi 5 th[E 14t Hubei, China
10 MY 4 5 Heizhi 4 Fr[E 1114 Shandong, China 58 HIHHE Yiyangbai H1[E {7 F§ Henan, China
11 MY 5 5 Heizhi 5 A1 [E 11 % Shandong, China 59 332 18 Zhuzhi 18 F1[E " F§ Henan, China
12 e B2 BE Youxuanheizhima F1[E 114 Shandong, China 60 %2 11 Yuzhi 11 F1[E A f§ Henan, China
13 BT Heizhimawang FrE 114 Shandong, China 61 98N09 H1[E i F§ Henan, China
14 FHPIEEEBR Xiangyuheizhima Fr[E 111 %4 Shandong, China 62 1R 19 Luozhi 19 F1[E " F§ Henan, China
15 BB HR 2 5 Xiangyuheizhima 2 H[FE LI 4R Shandong, China 63 #1213 Zhongzhi 13 1 [E[ g Henan, China
16 12 -3 B2 R 12 -3 heizhima F1[E 114 Shandong, China 64 H12 11 Zhongzhi 11 HF1[E ¥ Henan, China
17 12 -4 BE R 12 -4 heizhima Fr[E 1114 Shandong, China 65 77M0611 F1[E {7 F§ Henan, China
18 %2 U5 Yuzhi 4 1 [E g Henan, China 66 77M0624 F1[E " F§ Henan, China
19 2 15 Hangzhi 10 F1[E 114 Shandong, China 67 77ZM0749 1 [E g Henan, China
20 i 2 +—%5 Hangzhil 1 F1[E 11 4R Shandong, China 68 7ZM1060 H1[E 2% Anhui, China
21 2+ =5 Hangzhil 2 Fr[E 111 % Shandong, China 69 77M2420 1[5 244 Anhui, China
22 4% 12 BE Lvbaobaizhima A1 [E 11 % Shandong, China 70 77M2875 F1E $: M Guizhou , China
23 L E PR Lvbaozhima F1[E 114 Shandong, China 71 77M3292 H1[E {7 T Liaoning, China
24 12 Jfk Baizhima FrE 114 Shandong, China 72 77M3537 H [E 228 Anhui, China
25 52 1 5 Hanzhi 1 Fr[E 111 % Shandong, China 73 Z77M3540 A5 “¢18 Anhui, China
26 2 2 5 Hanzhi 2 F1[E 11 % Shandong, China 74 77M3573 1 [E 2% Anhui, China
27 %2 +5 Yuzhi 10 1 [E [ F§ Henan, China 75 77M3604 H1[E 2% Anhui, China
28 # 2 +—5 Yuzhi 11 1 [E [ F§ Henan, China 76 77M4029 FEfE @ Fujian, China
29 MK EE 2 B Hangtianbaixuezhima 1 [# 11145 Shandong, China 77 Z7M1523 4fif5) Myanmar

30 i K2 BK Hangtianzhima 1 [E 114 Shandong, China 78 77M0635 1 [EE§ Henan, China
31 MK 2 5 Hangtian 2 F1[E 114 Shandong, China 79 7ZM0910 H1[E 28 Anhui, China
32 FE2 15 Fengzhi 1 Fr[E 1114 Shandong, China 80 77M3113 BEZ 78 Mozambique
33 FE2 25 Fengzhi 2 F1[E 11 % Shandong, China 81 77M0603 F1[E " F§ Henan, China
34 2 16 5 Luozhi 16 F1[E[F§ Henan, China 82 Z7ZM0711 F1[E A f§ Henan, China
35 A2 18 5 Luozhi 18 1 [E [ E§ Henan, China 83 77M3499 H [E 2% Anhui, China
36 15 Jizhi 1 A1 [E 1114 Shandong, China 84 77M3536 A [E 24, Anhui, China
37 T E Jiejiegao 1 [E 11 % Shandong, China 85 77M3554 i [E 2% Anhui, China
38 K45 6 5 Taikong 6 F1[E 114 Shandong, China 86 MR Heizhima H1[E 11 % Shandong, China
39 FfiFHF P 88 -6 Yuhangxuezhi 88 —6 Hi[H 1114 Shandong, China 87 LZ7 F1[E 114 Shandong, China
40 i RKE 2 Hangtianjuzhi Fr[E 111 %4 Shandong, China 88 1754 Fi[H 1114 Shandong, China
41 FHERE HHZHE Jingduxuebazhima F1[E 11 % Shandong, China 39 i £ #f — 1 Bawangbian 1 H[E {7 T Liaoning, China
42 TAREE i 2 FE Jingduheiba H1[E 11 4R Shandong, China 90 i T-#f -2 Bawangbian 2 HE LT Liaoning, China
43 77M2417 H1[E 4% Anhui, China 91 JEid 7 Yanguoqing R [E L T Liaoning, China
44 7Z7M2511 F1E#Idt Hubei, China 92 i 2 3 5 Liaopinzhi 3 A [E {7 T Liaoning, China
45 Z7ZM2964 HE 7R Guangdong, China 93 77M1584 i [E # Jg 7T Heilongjiang, China
46 77M2969 H1E 4 Guangdong, China 94 L% 75 Liaozhi 7 1 EIL T Liaoning, China
47 77M2974 HH)" % Guangdong, China 95 K J\X Dabacha A [E {7 T Liaoning, China
48 7ZM2979 FE "% Guangdong, China 96 L2 15 Liaopinzhi 1 A [E {7 T Liaoning, China




184 HrE R AR

2018,40(2)

K2 ZW@ERM(R)SNTEUERERSN

Table 2 Variation analysis for 8 yield traits of 96 sesame varieties (lines)

R 28 fe/IMHE IEPNIEN Rk brifE 2 8 5 R i {6353
Trait Enviroment Min. Max. Mean SD CV/ % Skewness Kurtosis
El 2.30 3.50 2.74 0.23 12.14 0.59 0.60
. E2 2.36 3.64 2.87 0.26 11.19 0.41 0.04
Cﬁiﬁ/{:m E3 2.41 3.54 2.95 0.24 12.02 0.21 0.07
F4 2.59 3.89 3.15 0.24 13.12 0.81 1.19
44 Average 2.42 3.64 2.93 0.24 12.12 0.50 0.48
El 22.00 93.50 61.31 14.04 4.37 -0.18 -0.01
E2 21.98 93.46 61.60 14.00 4.40 -0.23 0.02
1‘*():);])?5( E3 23.98 96.32 62.85 14.03 4.48 -0.18 0.12
F4 22.31 97.14 63.32 14.27 4.44 -0.23 0.05
S Average 22.57 95.10 62.27 14.09 4.42 -0.21 0.04
El 0.50 0.80 0.58 0.05 10. 49 0.68 2.05
. E2 0.40 0.70 0.52 0.06 8.50 0.29 -0.15
C;\;ﬁ/ﬁi‘jm E3 0.40 0.86 0.60 0.08 7.94 0.47 1.08
E4 0.46 0.81 0.58 0.06 9.82 0.67 1.80
-4 Average 0.44 0.79 0.57 0.06 9.19 0.53 1.20
El 2.44 3.65 2.99 0.28 10.72 0.40 -0.34
- E2 2.28 3.91 2.85 0.31 9.10 0.65 0.54
1 000 _l(%W/g E3 2.30 3.95 2.87 0.36 8.05 0.70 0.16
F4 2.09 3.92 2.74 0.37 7.39 0.59 .22
14 Average 2.28 3.86 2.86 0.33 8.82 0.58 0.14
El 113.50 170.90 144.30 13.49 10. 69 -0.32 -0.55
N E2 113.45 173.90 148.77 13.79 10.79 -0.36 -0.49
Pﬁ/in E3 93.50 204.00 162.23 16.05 10. 11 -0.83 3.19
F4 102.41 212.07 166. 81 15.78 10.57 -0.59 2.67
1Y Average 105.72 190.22 155.53 14.78 10.54 -0.53 1.21
El 36.50 96.61 71.35 11.14 6.40 -0.82 1.01
. E2 35.13 96.98 65.09 12.12 5.37 -0.26 0.23
gﬁ;éiﬁ E3 32.92 95.57 69.28 12.33 5.62 -0.63 0.50
4 34.44 98.59 64.05 11.72 5.46 -0.18 0.49
SE-14 Average 34.75 96.94 67.44 11.83 5.71 -0.47 0.56
El 39.20 89.90 63.97 9.58 6.68 0.01 0.02
o E2 37.17 88.93 66.38 9.83 6.75 0.02 0.10
ﬁﬁéiﬁ/)ﬁfn{li E3 35.33 99.54 67.05 10.44 6.42 -0.13 0.79
F4 37.67 91.83 72.79 10.99 6.62 -1.05 1.47
14 Average 37.34 92.55 67.54 10.21 6.62 -0.29 0.60
El 5.80 17.50 9.59 2.43 3.95 1.06 1.12
E2 4.23 18.97 8.92 3.02 2.96 0.92 0.92
§7F¢]9€ E3 4.51 19.11 9.13 3.03 3.01 0.91 0.93
ST/cm
F4 4.16 18.39 8.54 2.96 2.89 0.87 0.76
S Average 4.67 18.49 9.04 2.86 3.20 0.94 0.93

T ELIf#E 2015; E2 .5 FH 2015 E3 . ll#k 20165 E4 . 5FFH 2016

Note: El ; Lingang 2015 ; E2:Jiyang 2015; E3: Lingang 2016; E4: Jiyang 2016. PH: Plant height; CL: Capsule length; CW: Capsule width; SC; Seed
numbers per capsule; SH :Stem height from base to first capsule; ST:Stem tip; CP:Capsule numbers per plant;1000 — GW ;1000 — grain weight. Same as

below
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Table 3 Variance analysis among 8 yield — related traits

PR AEA3[R] i ] FE (K 7 [A]
Trait Years Environments Genetypes
2.1 FEWRSGITHH Bk CL 519.08** 238.66" 19.33 %"
TEWIAE IR 8 AP BEPEAR 3 L e mem e
S SH S i . . .
KBS (F2) . HPHRKENERZEIK  Fpm 1000-6W 7029+ - 25.05" 8.72"*
K A R B A R A 12, 1% 5 25 R RS PO PH  4985.92°0  34L720 108.91°
SHEFRCD, 5 R B0 3.2% o R4 RA IR et e o
= N TS N A YA RP L . . .
%,ngmﬂé‘@/ﬁ(ﬁ%ﬂ\%%ﬂﬁzﬁj\lﬁmﬁﬁﬁﬁﬁ a‘gﬂé"ge ST 26.71** 15.17 % * 80.03 * *
B E K (6 3) o ULHISZ kA Rt L AP *P<0.05; " * P<0.01
x4 FEERZENELRY
Table 4 Correlation analysis among 8 yield — related traits
PEIR EiRIS SR WiTE TR Wi EETIE TR R EA
Trait CL CP CW 1000 - GW PH SC SH
Wessigk cp -0.137**
Wite CW -0.130 0.0908
TR 1000 - GW ~0.159" 0.099 6 0.207 2" *
i PH 0.044 0.3326"" 0.1457 0.105 2
FEHRIEL SC 0.096 -0.2280  -0.1843** -0.4350%* 0.152'5
BHIHERAL SH 0.147 ~0.5471** 0.1209 0.113 6 0.356 5~ 0.104 5
ZER§Ye ST 0.137 -0.1749  -0.1754 ~0.1867** -0.1292 0.086 5 ~0.288" "
*P<0.05; " * P<0.01
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Fig.1 UPGMA dendrogram of 96 accessions
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Fig.3 Population structure of 96 sesame materials
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Table 5 Associated loci and percentage of phenotypic variation explained

KB R R ENREERWRER

PR A= R*/% (P i P - value)
Trait Marker E1 E2 E3 F4 44 Average
HS1514 - Al 23.0(5.79E-06)  26.1(1.08E -06) 24.6
HS1514 - A2 19.1(4.59E-05)  18.4(6.32E -05) 18.8
HS1514 - A3 23.1(5.58E-06)  25.4(1.64E -06) 24.3
HS1656 - A3 17.5(3.62E-05)  16.2(7.74E -05) 16.9
HS1775 - Al 32.1(4.08£-05)  30.5(6.86E -05) 31.3
HS1775 - A2 29.8(8.69E-05)  28.3(1.43E-04) 26.3(3.14E - 04) 28.1
N SIMO07 — A3 20.3(1.05E-05)  21.3(5.90E -06) 20.8
*THEJ SIMO07 — A4 21.2(6.43E-06)  21.3(5.92E-06) 21.3
SIM022 - A5 21.8(2.75E-05)  20.3(5.73E-05) 21.1
SIM201 - Al 13.3(3.54E -04) 16.6(1.33E-04)  18.1(6.04E -05) 16.0
SIM027 — Al 16.7(3.06E -04)  18.5(1.29E -04) 17.6
SIM027 — A2 16.4(3.42E-04) 16.4
SIM005 - A2 15.0(2.06E -04)  14.5(2.69E -04) 14.8
SIM005 - A3 14.0(3.55E -04) 14.0
SIMOOS — A4 14.9(2.20E -04) 14.9
o HS1514 — Al 19.0(3.75E-05)  21.5(1.12E-05)  19.4(2.79E-05)  20.7(1.73E-05) 20.2
ﬁﬂi%ﬁ SIM201 - Al 16.6(1.07E -04) 16.6
SIMO18 — Al 16.5(1.14E -04) 15.4(2.03E -04) 16.0
Ly S ST 0
”ﬁgﬁw SIMO04 - A3 16.4(8.35E-05)  18.9(2.11E-05)  14.1(2.94E -04) 16.5
SIMOOS — Al 16.0(1.64E -04) 18.0(5.65E -05) 17.0
Wik SIM005 - A2 14.5(3.47E -04) 14.5
CL SIM005 — A3 14.4(3.67E -04) 14.4
P10534 - Al 21.0(1.10E -04) 21.0
if;k(%ﬁz SIM002 - Al 15.7(1.19E-04)  15.9(1.06E-04)  15.8(1.15E-04)  16.2(9.35E -05) 15.9
Zsfyse SIMO02 - Al 15.8(1.35£-04)  14.3(2.73E-04) 15.1
ST HS1638 - A2 13.3(3.73E -04) 13.3

B PARKRARIC S R Z RGN B R ARIC X R A R AR EL L I3 2015 K2 JF P 2015 13 1175 2016 E4 - 1 [ 2016

Note : P — value displays the significance between the phenotype and marker; R? value displays the percentage of phenotypic variation explained; El ; Lin-

gang 2015 ; E2:Jiyang2015; E3;Lingang 2016 ; F4;Jiyang2016
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