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QTL Analysis of Soybean Vitamin E and Genetic Map Construction

LI Hai-yan,HAN Ying-peng, WU Xiao-xia, NIE Teng-kun,ZHANG Da-yong, LI Wen-bin

(Key Laboratory of Soybean Biology in Chinese Ministry of Education,Key Laboratory of Soybean Biology and Breeding/Genetics of Chinese Agriculture
Ministry, Northeast Agricultural University, Harbin 150030, China)

Abstract: Quantitative trait loci of agronomic traits and components of vitamin E of 144 recombinant inbred lines which were
crossed by Hefeng 25 and Bayfield were analyzed in three places of Heilongjiang province. The results showed that there were

8,9 and 11 QTLs in connection with vitamin E contents in Harbin, Hulan and Suihua. Eleven optimal strains with high V; con-

tent were screened by MAS.
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Fig. 1 Sat_246 amplification in some plants
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Table 1 Distribution of SSR markers on the map

e K FrRic%k S
Linkage group Lengh/em Average
markers  distance/eM

Al 211.7 5 42.34
A2 455.0 9 50.56
BI 285.9 5 57.18
B2 70.2 3 23.40
cl1 444.7 8 55.59
o) 500.2 10 50.02
Dla 253.2 9 28.13
DIb 707.8 12 58.98
D2 198.5 6 33.08
E 368. 4 3 122.80

F 732.7 1 66.61

G 333.6 7 47.66

H 21.3 3 7.10

I 232.0 5 46.40

J 67.5 4 16.88

K 391.7 7 55.96

I 511.7 9 56.86

M 351.3 9 39.03

N 155.7 5 31. 14

0 507.7 6 84.62
2K Full length/cM  6800. 8 136 50.01
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Table 2 QTL tagging of soybean seed «-,+y-,3-tocopherol and total V content

o PR fir s e ey IR it
Site Trait QTL e Marker interval | OS0on T LOD o Addictive R2/%
/cM effect

W /R Harbin - gha-a-1 DIb sall542 ~ sal266  15.02 311 —14.52 41.78
gha-a2 DIb sal266 ~ sal274 14,02 2.68  —14.68 41.87

gha-a-3 K salt617 ~ sal087 1.37 2.48 5.88 7.96

gha-a4 N sal239 ~ satt022 6.08 2.04 —6.42 10.05

+- gha-y-1 c sal327 ~ sati303 0.01 3.63 23.51 10.19

gha—y-2 K salt617 ~sal087  43.38 2.38 47.83 47.37

5 gha-5-1 A2 saltd24 ~ sat097 0.14 2.17 0.65 8.34

Ve qve-ha-1 N sal239 ~ sati022 0.10 2,44 -32.89 7.22

0% Hulan a- ghu-a-1 ) sall286 ~ salib43 0.01 6.26 ~5.30 16.72
dhu-a-2 L satl99 ~ satt664  19.75 4.17 ~6.67 28.58

ghu-a3 N sattl52 ~sa239  13.09 3.17 _5.87 23.48

ghu-a4 sal239 ~satt022  10.10 2.92 ~4.83 15.80

+- qhu-y-1 o) sal371 ~ sal062 0.02 2.5 —15.64 7.14

ghu-y-2 DIb salt546 ~ satt041 2.02 2.23 15.24 6.94

5 ghu-d-1 Dla sat110 ~ satt580 0.01 2.68  -10.35 7.62

hu-5-2 DIb sall546 ~ satt041 4.40 2.08 9.85 7.46

vV, qve-hu-1 N sal239 ~ sati022 0.10 210 -37.06 13.87

%4t Suihua a- gsu-a-1 A2 sattl77 ~ satt133 8.01 2.69 ~3.68 12.67
gsu-a-2 M sattl50 ~ sa245  11.78 3.04 5.12 21.02

y- gsu-y-1 D2 sal362 ~ sattl54 4.01 2,49 -16.45 9.40

gsu-y-2 L satt561 ~ sali527 0.02 2.24 13.39 6.09

gsu-y-3 salt527 ~ satt076 4.02 2.27 15.05 7.93

qsu-y4 M sattS67 ~ satt150 4.02 2.45 15.70 8.51

5 qsu-d-1 M salt567 ~ satt150 5.79 2.17 11.22 8.10

vV, que-su-1 A2 sattl77 ~ satt133 4.00 311 -30.98 11.25

que-su2 D1b satl69 ~ satt579 0.10 2.53 25.02 7.08

que-su3 D2 sal362 ~ sattl54 0.10 2.66  -25.19 6.95

que-sud M sattl50 ~sat245 1000 2.09 30. 1814 10.02

* BEARIE X ] A — A RIS R B

* Distance from the first marker listed in marker interval.
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B3 XE44E E(Sat239 ~ Satt022 ) #5440 E i
Fig.3 Fine mapping of interval ( Sat239-Satt022 ) related to V, in soybean
FeA =M pARIC & B Sat617 \Sat239 Saus46 . S TESE. L3 AIAL, RERE4EAER E LR
Satt177 .Satt150 . Sat362 iX 6 FRic Az S A H B, MEA 1L A, AR5 N 4,29 .37.52.54.114 144 |
PEAT TR RS, 5 F A RIL AL Z MR ARSS 122 135104 #1120,
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Table 3 Selection for high V lines in Hefeng 25 x Bayfield F, RIL population

A | A Ve it R Erro g it
W S B I Y otk B P o o
¥ Vs 4 "y 4 .y 4 Total 100-seed Protein 0il
ine Ve/pgg Ve/psgeg a-Ve/pg:g
B RS E contenl/p,g-g_] weight/g content/ % content/ %
4 154.80 264.41 61.74 480.95 16.95 41.7 21.2
29 142.09 250.74 45.90 438.73 17.48 42.3 20.7
37 84.63 227.32 54.36 366.31 22.70 45.2 20.7
52 103.83 276.25 57.71 437.80 17.50 42.4 21.3
54 94.15 279.58 77.53 451.26 20.09 41.2 21.4
144 149. 19 224.42 50. 60 424.21 13.76 37.0 20.2
114 206.21 250.29 33.31 489. 81 16.16 39.2 20.3
122 83.20 340.61 61.28 485.09 20.69 40.8 21.2
135 97.87 283.84 74.31 456.02 15.74 42.9 20.7
104 96.31 309.93 71.82 478.05 16.94 40.6 21.4
120 98.50 228.94 97.62 425.07 21.52 39.5 21.5
3 B YIRS BEAS AT Z2 A8 PR 3% , o 157 X5 5 A7 AE
kol LASE AR R 136 %0051 497 30 51 R 1
- W 5 B B ERC B, S TR il
3.1 EEEEESH & {ZIK%E,E{i?JElEJ:Eﬁﬁ?IEiX/ , o hRic ]

KT a- - SE B RAAE K E Mty RN AR
Yty QTL s fi e 10 4GB 1. J1 800 &f SR 3]



496 A s 4
3.2 #AERESE QTL &4#f JEBLARLY]. £ Tolk BH4%,2013,34 (18) :383-390. (Liu Y N,
B (LB 28 4542 % B R E AL R e b e e e
—_ N N vitamin esters derivatives . oclence an echnology ol 00d
N A~ N ) (%‘I'll | —
9 QL A 2 PAREAE A A3, A
IMRAEMG/RUE A 2 P AT Y aha-cd BT qhu- 1y jomes semitn, 245, . kw28 R o it QTL 5201, K
a4 AT N ST L PRICTE Sat239 ~ Satt022 [X FRE,2010,29(2) :207-209. (Lin Y H, Zhang L J,1i W, et
I‘ETJ s qha_a_4 E Fé—] ijElﬁ EP E’(J /fj E: Lﬁ‘ *ZT\‘ )LE Sat239 E]’(J iﬁffg al. QTLs mapping related to protein content of soybeans[ J]. Soy-
EE%‘% 6.08 CM, qhu-OL-4 E IZ].‘LJE% EF' B"”ﬁﬁ'ﬁ*ﬁiﬂ bean Science,2010,29(2) :207-209. )
4 51 HIMIF, KA E, WOCE, S KSR & &Y QTL 4 #r
Sar239 E"Jiﬁ{?ﬂﬁ%ﬂﬂ 10. 1 CMO 2007£|EM3.I'18. 4%“_,1 [5] WiXoF ﬂiﬂl T, 5. R HEHﬁMﬁiH’JQ 5B
. S A g . . [J]. YE¥=#4,2010,36 (9) :1498-1505. ( Miao X F,Zhu M X,
B/\Jgg': l/t‘\ % a-’f H @J I *’j: ic Tj_‘{ K ]i %ﬁl ﬁ L B/J Xu W P,et al. QTL analysis of fatty acids contents in soybean[ ] ].
Sat243 ~ Sat167 X [], 3% 5 A4 B 8 19225, 7T Acta Agronomica Sinica,2010,36(9) ;1498-1505. )
REAY SRR BTk 2 A AN ] (61 s, XIFrse, #e b, . FIRIOTIEAERL S A AR 8
53— AHHIF B IR R T 22 P, 52 B QLY. B 201,33(1) 914, (Shan
S = N D P,Liu C Y, Jiang H W, et al. QTL analysis of soybean protein
fy qve-ha-1 i qve-hu-1 5552062k % E 6 REAR G, H s
" g R T N N B content using two methods 1ierent environments . mese
zlg,fiﬂ: N l!!;,@llﬁj: ’ *ZRIE X IEH H_j;aISIEE Sat239 ~ Journal of Oil Crop Sciences,2011,33(1) :9-14. )
Satt022, 7E EE T A OL B S ARIC Sa239 MU (7] wier dwek, xR, % TR TR R R G
IR ER A 0.1 cM,, QTL 5[ J]. KRS, 2011,30(6) :901-905. (Ge Z Y, Liu X
Jﬂ_’, , -‘Lz 4%/]} it nJ ﬁE IEIL: ﬁ ﬂI:IJ é& A %“f E E/‘J 3‘3 i) B,Liu B H, et al. QTL mapping of protein and oil content in soy-
QL FLf FIE S T HR T B B R h 7880 T 455 beanl 1 Soabean Scfence 2011, 30(6) 501905.)
3.3 S FEHEEH (8] iKahae, B3 —M, PVE I, 45, ZIRBEAM T R 57 5 £ 24
: " Sh QTL SERCLT). AL FLE 2012,45(19) 13909 -3920.
ﬁﬁ%¥$ﬁlﬁ%nﬁ%ﬂ§ﬁﬁ?§*ﬁ %é E/‘J ﬁ7£ (Zhang J Y,Ge Y N, Sun J M. Identification of QTLs for major
ﬁﬁ?iﬁl’ﬁ 11 /l\‘l‘i}ﬁt’ﬁ[: aé/ﬂ[:%/% , ,ﬁ\:q:‘é&ﬁ:%% E {Eﬁ\i isoflavone components among multiple environments in soybean
KT 450 ng - g" MR SERAE 4.54 114 122 135 seeds [ J ]. Scientia Agricultura Sinica, 2012, 45 (19 ) : 3909
FL104, SEEHBRIR LRI, Sk bl ) s o
NS o ELA s 2 (1 A g kFE, EARR, KA. KR & ek e 4 SE LRI
o &N 122, b;ﬁiﬁamﬂﬁ/’%i?;jﬂ & g,ﬁ*iii 1], iRl 4R 2012, 33 (4 438 443, (Yoo D, Wang
j{l 20.69 g ’ﬁ 'J__[ w1t 40.8% , {Fﬂﬁ P 21.2% o X P W,Zhang J,et al. Inheritance analysis and mapping QTL on fat
j@é&i? E ﬁ?%ﬂhﬁﬁ%'fﬁ:Tmﬁo content trait in soybean[ J]. Journal of South China Agricultural U-
niversity ,2012,33(4) :438-443. )
%%iﬁk [10] Feng F Q,Deng F,Zhou P,et al. QTL mapping for the tocopherols
at milk stage of kernel development in sweet corn[ J]. Euphytica,
[1] TLee H J,Ju J,Paul S,et al. Mixed tocopherols prevent mammary 2013193 :409417.
tumorigenesis by inhibiting estrogen action and activating PPAR-y [11] Haddadi P,Ebrahimi A,Langlade N B, et al. Genetic dissection of

[J]. Clinical Cancer Research,2009 15 :4242-4249.

Li Z,Keasling J D, Niyogi K K. Overlapping photoprotective func-
tion of vitamin E and carotenoids in Chlamydomonas[ J]. Plant
Physiology,2012,158 (1) :313-323.

(3] RUHERS, T, XU, 45, 43R E EREATA W 5 T o & &

tocopherol and phytosterol in recombinant inbred lines of sunflower
through quantitative trait locus analysis and the candidate gene ap-

proach[ J]. Molecular Breeding,2012,29.:717-729.



