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Analysis of loci related to sugar content traits in radish taproot

GAO Minggang, LIU Yi, WANG Ruihua, HAN Min, LI Yuanyuan

(Key Laboratory of Biochemistry and Molecular Biology in Universities of Shandong ,College o f Biological and Agricultural

Engineering ,Wei fang University ,Wei fang s Shandong 261061, China)

Abstract: [Objective] This study mined SSR loci associated with sugar content traits in radish taproot
to improve radish quality. [Method]) Five sugar related traits including glucose content, fructose content,
sucrose content, total sugar content and sweetness index of 134 radish varieties were investigated for three
years (2015—2017). Correlation analyses between sugar-related traits were performed by SPSS 20. 0 soft-
ware. All radish varieties were genotyped using 156 simple sequence repeats (SSRs) before PowerMarker
V3. 25 was used to estimate genetic diversity of these 134 radish varieties and Structure 2. 3. 4 was used to
assess genetic population structuring. Finally, genome-wide association study was performed using sugar
phenotypic data of 134 radish cultivars and one set of genotypic data including 156 SSRs to identify loci as-

sociated with sugar content using Tassel 3. 0. [Result] The values of sugar content related traits had a wide
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range among the 134 varieties. Sweetness index had the highest broad heredity (60. 10%) ,followed by glu-
cose content (53.79%) ,total sugar content (48.51%) ,and fructose content (40. 73%) ,while sucrose con-
tent had the lowest broad heredity (30.67%). A total of 349 loci were detected by 156 SSR markers in the
134 radish cultivars with PIC values of 0. 106 to 0. 864 and gene diversity coefficients of 0. 112 to 0. 877.
The population structure analysis revealed that the 134 radish cultivars can be divided into two subpopula-
tions. Subpopulation 1 included 46 radish cultivars and subpopulation 2 contained 88 radish cultivars. A to-
tal of 61 SSR loci associated with sugar-related traits were detected, including 16 loci related to glucose
content, 13 loci related to sweetness index, 13 loci related to sucrose index, 10 loci related to total sugar
content,and 9 loci related to fructose content (P<C0. 01). These loci explained 5. 19% to 16. 29 % of pheno-

typic variance. [Conclusion) A total of 61 significant loci were detected and 14 loci were pleiotropic, which

were simultaneously detected by 2 or more sugar-related traits.

Key words: radish;sugar content;association mapping;heredity; SSR
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Table 1 A total of 134 radish varieties used in this study
e B 2 B o s B 2 B P
No. Variety name Source No. Variety name Source
1 TAE/KE N 501 Wuying radish 501 il 7 Liaoning 68 301A b Hubei
2 ‘% T Fuding 11 45 Shandong 69 3 N1 %5 Luradish 1 11 45 Shandong
3 FF ¥ # Kaituozhe fir 2% Holand 70 i N 15 Wei radish 1 11 % Shandong
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No. Variety name Source No. Variety name Source
4 £ 4% Zijinling YI.75 Jiangsu 71 HES N 35 Wei radish 3 11 % Shandong
5 BT Sading A Ttaly T i radish i % Shandong
6 2K Xiaolian Wt Hebei 73 HOHL M H 8 N Weixian radish 111 4 Shandong
7 b 5 i 2T Beijing mantanghong Jt 5% Beijing 74 7 B )i Qingyuancui 11 45 Shandong
8 i 4 21 1 Mantanghong 1 Jt 5T Beijing 75 $5 1% K7 Texuandaqing K HE Tianjin
9 & Qingcui W14t Hubei 76 KEVEFEEH N Dabaisha early radish J” % Guangdong
10 JuT F Jivjinwang 4k Hubei 77 g5 £ 22 Hanjingyucui H JKX Chongqing
11 H 2% Deri 2 Jldt Hebei 78 KFHFRY N Tianzichun late radish J7 7% Guangdong
12 &3 N 2 %5 Lu radish 2 11 %4 Shandong 79 IR 2 N Nanpanzhou late radish 7% Guangdong
13 H % N Qing radish 11 45 Shandong 80 He kAR 13 5 Tezhongmuzhu 13 J % Guangdong
14 18 = — 5 7 Degaoyipinging 11 & Shandong 81 e N 4 5 Wei radish 4 11 4 Shandong
15 N 2 5 Wei radish 2 11 45 Shandong 82 S N 55 Wei radish 5 11 45 Shandong
16 Y £ H Super baiyuchun Jt 5T Beijing 83 /N AR Small wuying iI 7 Liaoning
17 H Ah Liwaiqing 111 4 Shandong 84 TR — Qingcui 1 111 4 Shandong
18 F bl Feiyuanchun Jt 5% Beijing 85 #%F—%5 Taifeng 1 Jt 5% Beijing
19 4k 5t HFk Beijingchunqiu Jt & Beijing 86 P EARE N 35 Xixiafu radish 3 11 %4 Shandong
20 HE % 2 5 Baixuechun 2 WiVl Zhejiang 87 E {1 FH Xuejianchun i [ Korean
21 iiﬁszj%itgnghong I 463 Beijing 88 JLsiilii Beijingqingeui L5 Beijing
22 %45 Liibao VB Henan 89 # 4 99 Huangjin 99 Jt 5% Beijing
23 =i B # £ Xinuoxiaqingyu 11 4 Shandong 90 fﬂliﬁfrf fiﬁgnghong i Jt 5 Beijing
24 FHe# N 55 Qingcui radish 5 Jt 5 Beijing 91 H e K 5L 85 M Tiancui radish 11 % Shandong
25 = R [ Sanchibai Jt 3T Beijing 92 FH 15 Meibai 1 Jt 3T Beijing
26 4= 9 Sijibai Jt 5% Beijing 93 g N 4% Lu radish 4 111 % Shandong
27 ¥ #H 1 E Texinchunbaiyu g [ Korean 94 # £ Qingyu a4 Fujian
28 R ZEWF Cuitianmeijiao 4t Hebei 95 YRV IKIE N Anjiagou radish 11 %4 Shandong
29 302 VLTY Jiangxi 96 4t — % Beiqing 1 4t 5% Beijing
30 K% N Shuiguo radish K Ht Tianjin 97 Jt 5 =5 Beijing 3 Jt 5% Beijing
31 K 1k K4 # Jingxuandahongpao K Jilin 98 K& H M Daging radish Jt 5 Beijing
32 [a] B £ Xiangyanghong AL Jilin 99 i 4hE Liwaiqing Jt 5 Beijing
33 H A& 14 Japanese changbai H A Japan 100 F#kH E Fengqiugingyu it Hebei
34 # A% Chunbulao P )il Sichuan 101 Ei‘fjﬁiﬁ r:aih 5 11 % Shandong
35 E % Yusun Jt 5 Beijing 102 7§ R % N H 5 Xixing radish 5 11 4 Shandong
36 M B HFE A% Improved chunbulao i K Chongqing 103 ijj;tiﬂi ‘)il\!szj}fo%qil;]g big radish 11 % Shandong
37 B Kb 7 3k Tedashaguangingtou H JK Chongqing 104 940 % Bairuyu # [# Korean
38 — 4L ARHE Yichihongbukang K HE Tianjin 105 5 96 Hanmei i} [ Korean
39 i} 1 & Hanbailong #}; [ Korean 106 21 Jifi 96k Hongcuimeiqiu W4t Hebei
40 PYZE 5 H 60 Sijijingbai 60 It 5% Beijing 107 Wi K Zhedachang WL Zhejiang
41 W] & Star fif 2% Holland 108 A 1% 2) 1 Speical goubai Wil Zhejiang
42 W 418 N Mantanghong radish A Shenyang 109 KR Shuiguoging th 75 Shandong
43 #8791 Yuxin 791 ¥ Henan 110 Jb 5 41 T Beijingmantanghong [ JL & Beijing
44 A% M Yanghua radish VL5 Jiangsu 111 L U I S Liranggagacui FHHK Jilin
45 4% KM Baixuedagen H 7 Japan 112 #1 T Hongding TP Ak Jilin
46 7555 Shawo K Tianjin 113 2:4% Shenfu b5 Beijing
47 Hk 32 N Cherry beauty Jt 5 Beijing 114 MR W KK Improved zhedachang WiVl Zhejiang
48 40 30 Jinghong 30 Jt &% Beijing 115 2T 40 2 % N Hongxinhongpi radish Py )il Sichuan
49 FFh /N Tezhongxiaobai Jt 5% Beijing 116 ﬁﬁnﬁfngﬁfel\radish Py )il Sichuan
50 WL ZARKE T Qishanlaobukang I 11 4 Shandong 117 L, H3 N Maer radish J” % Guangdong
51 M3 N Black radish R Z H Russia 118 T WEM M B N Nanpanzhou late radish |74 Guangdong
52 A5 35 2 5] 0 Huasuzidaoxin YI.75 Jiangsu 119 FH I N Meinongbai radish Jt 5 Beijing
53 #% 37 Loutouqing L Anhui 120 W 420 I Mantanghong [[ Jt 5 Beijing
54 MBI 3 N Yangzhouyuanbai radish ~ YIL.75 Jiangsu 121 P21 % N =% Fushunhong radish 2 iL 7 Liaoning




55 5 1] R, A B D PR ST % A S MR 1 SR AL R 4 AT 107
#F 1(&) Continued table 1

T kL PR 7 5 Ok PR 7 Hb

No. Variety name Source No. Variety name Source

55 I Cuishuai 4t Hebei 122 KA N Shuiguo radish Jt &% Beijing

56 45 K K Liilingzhedachang WiiL Zhejiang 123 % HE N Xiangyabai radish Jt. 5% Beijing

57 H A& B35 Mt Japanese zhenqingcuitian ~ H 4% Japan 124 I E 4 Biyuchun Jt 5% Beijing

58 L340 K 41 #1 Liillingdahongpao VL7 Jiangsu 125 U Z=35 % N Sijiging radish Jt 5L Beijing

59 H Mi—5 Xuedan 1 B4t Hubel 126 # % Chunxue Jt 5 Beijing

60 # k¥ Loutouqing 4t Hubei 127 #1521 Hongbaoshi Jb 5t Beijing

61 £1 7% Hongxiu W4t Hubei 128 Jt 4% N Beifenglii radish il 7 Liaoning
62 431t 13 Duanye 13 J" %4 Guangdong|| 129 =R A% b Sanchibai radish YL BH Shenyang
63 2011M151 Mt Hubei 130 JELFh g BE Y Yuanzhongnanpanzhou J7 %% Guangdong
64 ¥ 4l Baifentuan ¥4t Hubei 131 It 5t 0 B 26 Beijingxinlimei Jt 5% Beijing

65 2011M148 514t Hubei 132 fitiE 7 Tiancuiqing K ¥t Tianjin

66 301B W4t Hubei 133 H e £ # Tiancuiwangguan W Henan

67 1% Hanxue b Hubei 134 195 K Kangbingdaqing 7K Jilin

1.2 WEENE

SR FH 0 25 AR £33 CHPLO) 25 0 2 9 S [ I R
rh RS TR | RORE R A 4G BE S & . RS IBCR HPLC )
EA RS IR IR AFD W ik, AT v R A
(total sugar content, TS) = B ¥ + #j %4 ¥ + 5
L HFEE(E (sweetness index, SI) = JE B & & X
1. 00 SLb & X 1. 75+ 4 28 B 45 1t < 0. 7007,
1.3 REHBEHITHH

FIHT SPSS 20. 0 #f4Fx5 134 38 b g AR 5 A
Fi B R CRERE R 40 5 B TS A SD ik 47 1E
AR T5 22 03 BT AR SCHE e i . & MR T X
WAL AR A Hy =06,"/(0,” +o.) 115, Hoh
Hy? FoR) 086 J1 v0,” RORBAETT 22 00.” RNHE
T
1.4 SSR #Ri2 47

K CTAB /MR S8 b ik Jy DNA,
SSR 5| Wik FH 1. 220 e BE . SSR 51 ) 3 H
T 35 VR A3 14 K I 6 00 3R DY M4 T M O G L
I E R G . AR i % A9 400 XF SSR 5]
PR T A TF R F M SR . 51T A 5
BRI ER AR W HORA R 7] B .

SSR 77 W) A 38 149 3R P s T i e G b, Dk 45
Gt R U017 A A 17 R R R0, A
— A5G 7 YA R R R AL AR i IR 2R
KR R BN/ E R “a” “b” “e” 4 . FIH] Pow-
erMarker V3. 25 #AEP %t SSR 43 T ki Bk HE w47
ZRMESI RN Z RS 2 S A RS
& (polymorphism information content,PIC),

1.5 BSOS MMXESN

BT AR5 SSR 2 FARic B . I Structure

2.3 A B HEAT REARSE R 30T o KRR IR AN AR Bk

RAAEFGE S ) MCMC 43511 & 4 50 000 £
500 000 K, KHEE K & 1~10, 85 5 W, LIAR
BB RHAH R 1 Q R B . 4R )5 R4 Evanno %557 ) Jy
P BRI B Ak K fE .

FIFH Spagedi & F2 58 134 5 & N 5 FH Y
Kinship %5, $15 2 ) Q %5 M #1 Kinship B 4E
oA i R Tassel 3.0 ST MR A L A A
(MLMD) X bR 5 B R i 17 53K 73 #r . P<<0. 01
RIS MR A AE 3 OCHK .

1.6 HBFEA

R SSR 5 ¥ 4 . F ] Primer-BLAST ¥E 4k
¥ (https://blast. ncbi. nlm. nih. gov/Blast. cgi)
58 Ny 9 BEAT P 51 X 3R S AR A0 A
FESEHA EENF R .

2 AR5

B4 HENRMHARRIUESESN
G390 T 2015 — 2017 AE#E 22 3 AF H A F Al 134
By 88 N AR R HPLC 3530 52 W 2 b A AR Hh
B SR R AT AN R S T N SR R T
AN B L () s AR 9l AS ) 4T 3 ) 1 K08
XA L 5 AR G PR ARy 25 IR BE T 25 AR S R R
™S AL AT SRk 2 iR, # 2 K
B SR 3 AF P 5 AN B B e AH G Mok B LT 35 4R
ST RCR AR F AR R 88 B AR B KOE (P<<
0.01). £ A PEAR M )~ gt & J1 R 30, 67% ~
60. 10 %0, L &I EEAE 1) SCast A% 7 Je i (60.10%6)
FOR AR (53, 79%0) (AT Ik ROHE (48, 51%0) Al
FWEC40. 73 %), T REME 1 ) st AL 1 B UK
30.67%,

FHOCHE 2 BT & B, B S 0 55 T Oy b 3 1E A O
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ANCP<C0. 05) , Ho Al PR bR 2 18] B 3¢ B0 8 A 0 3 15 A
FFF (P<C0.01) (F 3), LI Fhoph & 1 A Sk

(6] 47 £ TR IBE 25 S MR BE 1 nl BB 77 76 4 7] sl AR 2]

F2 134 HE MRMARIRPESEHEXEREBEHIRE
Table 2 Statistics of phenotypic traits for sugar variables in 134 radish varieties
o WaE/(mgeg D) . LR 785 -
" AR 3o e _— M
R R Sugar content i, WERN mERN mEx  Kkskg JF 0 FE U
Suez Yes 25/ % K Sk 8 D KS tes Genotype Environment £}/ %
tug_dtr ear E'i/J\{E E'ij(ﬁ %ﬁ{ﬁ cv urtosis Skewness . -O test mean mean Hy?
ral Min Max Mean square square
2015 1. 86 19. 10 11.83 29.84 —0.33 —0.24 3.53 0.83
: 9 : 2 34 3. 2
F%ﬁ 2016 0. 60 19. 61 8.93 36.28 0. 90 0.34 3.24 0.61 o u7ee 36 .73
ructose 2017 0.95 15.72 7.57 47.95 —0.52 0.46 3.63 0.41
T 2.48 16.17 9.44 27.01 0.12 0.06 2.55 0.75
Average
2015 4.19 28.99 16. 65 31.59 —0.26 0.13 5.26 0.59
(ﬁfﬂ% 2016 3.43 28.50  13.11 33.33 0.39 0.16 4.37 L -
ucose 2017 2.26 20. 41 8.66 43.65 —0.45 0.53 3.78 0.22
T 5. 90 19. 64 12.81 23.42 —0.41 0.09 3.00 0.90
Average
2015 0.00 8.68 2.01 76.62 1.38 1.65 1.54 0.07
oy 9 - -
Smﬁ 2016 0.00 2.79 0. 65 87,69 3.87 1.80 0.57 0.07 700 a g 2067
Ducrose 2017 0.00 15.97 3.95 78.99 1.92 1.25 3.12 0.11
T 0.00 9.11 2.21 67.42 3.34 1. 34 1.49 0.15
Average
2015 10. 72 49.97 30. 49 23.65 0. 00 —0.12 7.21 0.42
i , ) , . i
s 2016 6.13 17,79 22.70 31.50 0.89 0.13 7.15 0.89 (0 h0ee g3sgee 1551
TS 2017 4.73 39.47 20.18 41.53 —0.70 0.48 8.38 0.24
i 8.71 36. 54 24,45 22.41 —0.37 —0.08 5.48 0.98
Average
2015 10. 79 55.98 34. 36 23.25 0.27 —0.25 7.99 0.94
f [ [ 92
gﬁr%%lfg 2016 6. 68 5271 25.46 32.33 0.98 0.19 8.23 0.2 yu gser 9941+ - 5010
- 2017 4.69 43.99 23.26 42.35 —0.74 0.43 9.85 0.34
. 4
T4 8. 80 42.46 27.69 23.19 —0.13 —0.06 6.42 1.00
Average
T (Note) : * * P<0.01,
R3 BIHEMNDHARRP S MESEHREAEXE
Table 3 Correlation coefficients among five sugar variables in 134 radish varieties
WA TR [ET L] TR T P B A
Sugar trait Fructose Glucose Sucrose TS SI
TWE Fructose 1. 00 0.58** 0.17" 0.83"* 0.92**
% B Glucose 1. 00 0.23"* 0.88* 0.78**
HEME Sucrose 1.00 0.48* 0.43*
SR TS 1.00 0.97**
s ST 1.00

## (Note) : * P<C0.05; x x P<C0.01,

134 9% N @& F A SSR FRiE 447

HRYEATF K1 SSR Fridfs B . ¥ it & A 400
X SSR 514, ek B e b B A F UK R 25 K D L A5 3
AED™ 14 V5 BT 254 19 199 X SSR 51 ¥y 5 F-XF 199 %)
SSR 5| Wy #E 47 5 D9 4 Tk e 5 e P, ik A U e 2 36
THREIME LW WM 156 XF SSR 5141, #HH
156 X} SSR 54X 134 {38 NARL AP 3G, &
TR s T 05 R Pl KRS AR A T 349 S 2 A MR IE .

2.2

B L 25 7 38 43 b 1 B W O5E I H UK O 32 L SR N M
T Jhle 5 S FEL K 7 0 SRR AR G 45

XFARAG I 349 A Z B VAR I #F AT S A, R
PR B Y3 A5 5] 2. 237 N AR 5L AR B R
1~4 4, SSR 5| ¥ 1 PIC Jy 0. 106 ~0. 864, -1
SN 0. 498 KE R AR TR E0 T 0. 112~0. 877, - ¥1{H
S 0.542(K 2),
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A BN B v Dk 0 3 1 0 40 B 1 5 B TR TR MR T g BB S v K O 328 3 8 A3 AR A s C. 514 PRO39 8 &8 43 4R i 4 g A
a b RIZESF RN 2 3L 1~ 44 0 E 134 355 D SRR AR TE (AR b (3823 B4 8L s ML J3 7 i A i
A. Screening of partial markers by agarose gel electrophoresis;B. Screening of partial markers by PAGE electrophoresis;
C. PCR products electrophoresis of marker PR039 in partial varieties. a,b. Varieties with extremely different phenotypic traits;

1—44. Partial of 134 cultivars in radish natural population; M. Marker

BT oA i i e 5 3 A 4 A

Fig. 1 Screening and detection of markers in partial varieties
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Fig. 2 Gene diversity (A) and PIC frequency (B) profiles of 156 SSR markers
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2.4 SSRIFES5E MRMESEMHROXELS W

HFIR AL MHRER MLM(Q+K) , F FH 3645 1
349 AN Z A MEFRIE X 2015 — 2017 4F 3 4FE 4 134 {5y
B P TRROBE A A OGRS 3 AR B R AT G
AT . A5 (R O LB 5 S AR MR L o6
HEF] 61 A a5 b 5 8 2 0 2 5 OC I 09 07 0
Z ik 16 4 R BE S OCH AL S e b o 9 A,
B SRR 1AV A R ) R A AR S {E R 5. 190 ~
16.29%.,

H2% 4 ]I, 5 0008 & & OCIR M A A5 9 A4,
2015 4F3CHE 34,2016 4F JCHE 1 4, 2017 4F CBE 2
A3 AR EEOCHE 5 A, HodARid NRSr_417b 7E
2017 4 F1 3 AF S 34 v AE A B A 0 2 ARl
PRO15a 78 2015 4F 1 3 45 F- 4 {H 1 fil ] A A )
B, 58 A0S OCHR M AL A 16 4, 2015 AR
BE 74,2017 AFSCHK 5 A4S 3 AR OCHR 4 AL (1

Magnitude of AK as a function of K (A) and population structure (B) for 134 radish varieties

FE 2016 AR K B SCHARIE . WA 1 AMRicRES
wEL RN R, SRR S RGN SA 13 1,
2015 4EKIE 6 . 2016 4ECIE 1 4. 2017 4F 6T 4
A3 AR BEOCHR 9 A, Kb ARid NRSr_730b 78
2015 4F . 2017 A 17 ¥ A H B8 (W) B A I #
NRSr 767a NRSr_71d #1 NRSr_230b 3 450 7E
2017 A FNF- ¥ (H B8 7] B Bl K I 2], NRSr_240¢
NRSr_389a 2 MHric7E 2015 4F F1-F- #4456 [ B
BRI E . 5] SO R A 10 4,
2015 ARG E] 4 4~, 2017 ARG I B 5 A, F W E A
WME] 1 A0 2016 47 A K I 21 S 7 5, A 1
AR ST RENS B TR A I B . 5 R G 3K ) A7
A 13, Hirh 2015 AR &) 4 A I 1, 2016
AERG I E] 1 A SEBEA £, 2017 AEKG I B 5 A T A{or
SO R I E] 4 AN RBRAL 2, A5 12 NRSr_417b
TE 2017 A7 FF- 2408 fit [ s A Ak ) 3]

R4 BIHBEMNRMESEMKBEMRXH SSR LR

Table 4 Loci associated with sugar variables of 134 varieties

LT RN Fric Bk / % (P {H) R*(P value)

Sugar trait Marker 2015 2016 2017 SE{E Average
NRSr_3b 6.52 (4.23X107%)
PRO15a 5.81 (6.06X10"3%) 9.32 (5.62X10" %)
PRO39b 6.32 (5.98X10°%)
NRSr_103a 6.14 (7.99X10"%)

Fr%c;{?;se NRSr_292 5.85 (6.00X10"%)

NRSr_417b 5.62 (7.01X10 %) 6.04 (5.15X10 %)
NRSr_148d 5.19 (9.35X10°%)
PR107b 7.97 (2.19X10°3%)
RES_1b 5.82 (5.99X10°%)
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& 4(8) Continued table 4

LIS TR G RIN trid Tk /% (P ) R?(P value)

Sugar trait Marker 2015 2016 2017 S Average
NauESR77a 35 (8.58X10%)
NRSr_25a 19 (9.60X10"%)
NRSr_444 77 (3.22X10° %)
NRSr_71d 11 (2.55X10°%)
NRSr_730b 83 (6.34X10~ ")
NRSr_84a 52 (3.82X10 %)
PRO85¢ .99 (3.44X10%)

] % NRSr_292
Glucose NRSr_332a 37 (9.54X10°%)

PR107b 71 (2.15X107%)

RES 12¢ 5.24 (9.24X107%)

RES 4a 7.52 (1.92X10%)

NRSr_1076 .20 (9.37X10%)

NRSr_230a 72 (6.64X1073%)

NRSr_663b 5.38 (8.27X10°%)

PRO71b 5.26 (9.97X10°%)

NRSr_240b 9.07 (6.92X1°1)

NRSr_240c¢ 5.72 (6.59X10 %) 6.59 (3.63X10 %)

NRSr_389a 8.41 (1.07X10 %) 6.38 (4.20X10 %)

NRSr_730b 10.66 (7.77X10 %) 13.72 (1.53X10™%) 16.29 (4.54X107°)

UgRsr27a 5.64 (7.14X107%)

UgRsr27b 8.19 (1.27X10°%)

NRSr_84a 11.75 (4.00X10™%)

NRSr_230b 7.71 (1.77X107%)

NRSr_71d LA47 (3.94X107%)

NRSr_767a 6.76 (4.11X107%)

NRSr_1015b

NRSr_730a

UgRsr66b

NRSr_71d 8.31 (1.13X10°3%)

NRSr_730b 14.17 (1.11X10~%)

PRO77b 6.51 (3.80X10°%)

PRO85¢ 9.29 (5.88X10°%)

] e SR NRSr_292

Ts NRSr_417b

NRSr_68c

—_
© o O =N o U1 Gl

o2}

35 (4.25X107%)

~ w1

(S

Sucrose
31 (1.15X10°%)

99 (2.77X10%)
60 (4.66X103)
84 (3.06X107%)
26 (9.74X10°%)
.37 (4.24X1073%)

[
D d Dd > > o

87 (2.94X10 %)

.66 (6.79X107%)

.73 (6.46X107%)

RES_4a .69 (6.64X10%)

UgRsr66b LAT (7.75X10°%)

NRSr_730a 8.34 (2.13X10°%)
NRSr_71d 5.73 (6.44X10°%)

NRSr_730b 35 (8.59X107%)

PRO77b 37 (4.11X107%)

PR085¢ .53 (8.20X10%)

NRSr_103a 5.84 (9.60X10"%)
NRSr_292

NRSr_417h

NRSr_68c

RES_4a

UgRsr66b

NRSr_730a 19 (5.13X10°%)
PRO15a 65 (6.74X10 %)
PR107b 5.82 (7.78X1073%)

Ak ARG IR & B 14 A FhRic B “— SO E A9 T M O A R R 4 MR G
L7 B4 (R 5, Wkrid NRSr_292 fig Rl a5 B, kric NRSr_71d #1 NRSr_730b fig 7] i 5 % 4

(SIS B

o

ol

w > o

[}

97 (2.75X10°3)
80 (6.17X107%) 5.
.26 (9.02X10%)
.33 (8.56X107%)
LAT (7.76X107%)

A

: -3
S1 9 (7.03X107%)

oo o1 Al
-
wal

ol
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Pleiotropic markers associated with sugar variables

Fric Marker

Yt f& Chromosome

1% & /bp Position

FERPEAR Traits

NRSr_292 3R 1 580 455—1 580 636

PR107b 5R 42 800 977—42 800 523
NRSr_103a 3R 7121 423—7 121 576

PRO15a 8R 30 681 924—30 681 706
NRSr_417b 1R 57 884 045—57 884 166
NRSr_68¢ 4R 43 794 743—43 794 457
PRO77b 8R 21 305 637—21 305 453
NRSr_71d 4R 33 712 1564—33 712 427
NRSr_730b 9R 26 097 524—26 097 338
NRSr_730a 9R 15 060 101—15 059 885
UgRsr66b 1R 46 396 072—46 395 722
NRSr_84a 1R 58 736 553—58 736 872
PRO85¢ 9R 1803 969—1 804 217

RES_4a 3R 33 040 394—33 040 578

SR A 4G B 0TV MR BB LB EE (A Fructose. glucose, TS, SI
SR A 24 8 L TH ) {8 Fructose, glucose, ST

SRBE EHEE{H Fructose, SI

M CHEE{H Fructose, SI

SR ATV M SO R Fructose, TS, SI
AR RO VR E TS, ST

T M W TR TS, ST

O R 0] PR OB L E R Glucose, sucrose, TS, SI
WA BE O RERE AT M SO B Glucose, sucrose, TS, SI
THME AT VA A SO LTI EE (K Sucrose, TS, ST

TEWE T M BB BT EE (. Sucrose, TS, ST

& A HEBE Glucose, sucrose

I 2 1 AT VA OB B H Glucose, TS, ST

2 BE Tk SO SE A Glucose, TS, ST

3 e SEe

HI B ST 2 B 18 Z2 A0 90 10 0 5 2 A OC MR 2
AR R i 2 A AR RO R
R ANTA BN bR s RS A AR TS Fit ST
H 2R I S AR A A e SRR AT G IE A A A R Ut
N B N PR AR X 5 B B i A G MR
PEAR 2l 224 B DR 3R W) 4R Y . B AR DG MR
(4388 4% 3 AR 9% 2 o G A7 38 4% 0 R Y BE Al 2R F
GERZ BN T E WA E BT O ED R R
B, R SR L AR L T PR OB CTS) Rl
(SRS SLisAL 3 CH W) 43 51k 30, 67%,40. 73% .
53.79%,48.51% 1 60. 10% , X 54T 5 ik &2 78
B I 5T 25 L CRT s PR R OBE R RE B ) HL
AR 44,29 % ,50. 08 Yo FIl 47, 24 YO AT . LA | 4%
SRR E D ol B d A DG MR 2 R Y B IR
R A7 B S M AR A AL R ) 3 A% AR

IR B 72 o T 7K PR S B MR i £ 85
R —. BT %7 vEE N TR YR A e
ARPLEEWFSGY . 0 FerrAo 25 ] 80 591 4~ SNPs
PFRid 4T GWAS 4387, K BLA 3 Abric 5 DA% i i
B (0 0] 5k B 4 & 5 % VI A 5 . Fickett 00
FER I 56 AbRic 5 H RERE iR DG MR B Ok .
Sui 25 GWAS 2B 5 TR IEF 10 43
K 35 4~ SNP #ric 5 K & REBE & & 5 % QK.
Tieman %577 9 5 F 11 S Yk AGm £ 2 45
T i o) 2 N ROME B B W QIR AL A

AW FIH SSR ARic X8 MR TR 5 S
A SCHEAR AT 17 ORIK 43 M, L OCHR B 61 AL k.

A SCBE bR IC AL A 1 TTER RN 5. 1926 ~16.29%
Y K2R B TTRRRAE 10296 LR . X ] fig 2
R AT 1 AR B O A Sk A v R DR BT, T B S RO
ZA A5 I AR BLOE R B AR AL T RS H bR S AL
Tl — LD K bhh A i ge R WL 78 A SR B
A T ARG 0 38 A A SR8 1 43 ARG DR N

55 7 2 05 G I 67 £ NRSr_663b 47 ic /&
—~ EST-SSR #ric . &b i 7 A » & B H A F 3
ERD6-like 4(sugar transporter ERD6-liked) 1,
ERDG6-like 2 — 2K MB35+ . Yamada 2505%
PR L 22 288 Bk DR AT il EL A A S A A 0 A v Y T
S AT B ) B 7 Sk IR 9 15 16 40 T R A0 98 3 TR Y
YR, Zhang %5 BF5% AR BaERD6-like 14 ] fig
ZHTMETESEAORS RS R, AR T,
ERD6-like 4(NRSr_663b) & 4] % B 3 4EF L {H 1Y
S A, 1T AR AR SR 1 5. 3800, TN % A
ARES 5 T8 D REAR b 2 5 08 .

Fickett 25V i 57 & B0, 55 H B & 2 AH MR
R SNP frich , KEZBbric A" —H 23070
G ARWFGE BB B A G R 2 R A A B Y
R R AR AL R e e — N 230, i T
3 Y K1Y NRSr_292 bric [F] B 55 S0 | 4 45 B
AL OB CE M DA DG e L T 4 SR 9
YL iR B NRSr_71d 1 NRSr_730b, th A7 5 % 24 4% |
FEWE AT M BB RN R OCH . AR E b
PRI JBE AR 5 o R DG M BR 22 D) A TE — 1 3 AR AH G
Pk,

AR AL 1 A5 RERE A A OC R AR i
(NRSr_730b) B AEAS [FI4F £y vh Bk I 3] . 3 2% W)
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B2 3 R 1) B AR BT BB T BE B A O IR B2 i 4K
s HL I ST AN AP A 55 B 45 4% A R 0 25 A
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b RTFSSAEAL S 134 Oy 8 N SR Rh Y [ Sk BE
fRHr R 349 A4~ SSR bRic XF B N (A 5 AR SR b L A
AMELREAEL TR M BB B MR EE AT T
GWAS 5381, £ P<<0.01 B{E F 34845 T 61 4%
A A BN S BT R R Ol 5. 192 ~16. 29 %0, Horh
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