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Correlation Between Flavonoids Content and
SSR Markers of Tartary Buckwheat
SHI Taoxiong, LI Ruiyuan, PAN Fan, HUANG Juan, ZHU Liwei, WANG Yan, LIANG Chenggang*
(Buckwheat Industry Technology Research Center, Guizhou Normal University, Guiyang, Guizhou 550001, China)

Abstract: [ Objective]l Correlation between the flavonoids content and associated markers was analyzed for genetic
improvement studies on Tartary buckwheat. [Method] Sixty-two SSR primer pairs were used to assess the genetic diversity
of 193 Tartary buckwheat germplasms. The SSR markers closely related to the total flavonoids content were selected by
association analysis. [ Result] The total flavonoids content of 193 Tartary buckwheat germplasms varied from 1.04% to
2.99% with a coefficient variation of 27.93%. Sixty-two pairs of SSR primers amplified 267 polymorphic sites with an average
number of effective alleles of 2.45. The mean values of gene diversity, Shannon index, observed heterozygosity and
polymorphism information content of SSR markers were 0.503, 0.942, 0.513 and 0.74, respectively. The population structure
analysis divided the 193 germplasms into 3 subgroups. Five SSR markers were determined to be significantly associated with
flavonoids content by the general linear model (GLM). The phenotypic variations ranged from 6.3% to 12.9% with TatG0124
at 12.9% and S6853 at 8.5% being the higher markers. [ Conclusion] The germplasms used in this study were diverse in
genetic variation and feasible for related genome-wide mapping on important traits of Tartary buckwheat. The loci, TatG0124
and S6853, appeared to closely associate with the flavonoids content of Tartary buckwheat and were considered to be
potentially useful for breeding new varieties with high content of the functional components.
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L5 3 X Y ¥5% ( Fagopyrum tataricum ), NA44%k
$H3EZ ( Tartary buckwheat ), JEZEL ( Polygonaceae)
FZE (Fagopyrum Mill ) SUFMHAEY), BFHFZHH
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SR 0.513, {E A 0.021~0.863. Shannon {5 B 35
(1) T8 0942, JEEN 0.065~2.031, Bl1YZ£
BfEE&E (PIC) BN 0.74, JEFIN 0.20~0.91, 7F
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Fig. 1| DNA fragments amplified by SSR primer TatG0124 (a)

and S2234 (b) in part of Tartary buckwheat germplasms
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Table 1 Genetic diversity indicators of 193 Tartary buckwheat germplasms based on 62 pairs of SSR primers

7% Index 514 FK Primer name  Z5ALFEKEI Na  HRUEAI RS Ne  Shannonfs 836801 MEEREHE Ho REZHM He ZHEEE PIC
1 S7582 4 2.253 0.918 0.932 0.556 0.82
2 S9023 5 4.120 1.497 0.813 0.757 0.90
3 S7676 3 1.451 0.519 0.005 0.311 0.58
4 S7622 3 1.418 0.568 0.130 0.295 0.61
5 S7678 4 3.110 1.224 0.802 0.678 0.77
6 S7642 4 3.501 1.320 0.578 0.714 0.81
7 58993 3 2.196 0.858 0.865 0.545 0.73
8 S9065 5 2.309 1.002 0.771 0.567 0.79
9 S9095 3 1.442 0.532 0.328 0.307 0.77
10 S8951 3 1.696 0.727 0.151 0.410 0.64
11 S9007 3 2.813 1.063 0.188 0.644 0.73
12 S8983 3 1.759 0.736 0.109 0.432 0.64
13 59045 3 1.099 0.206 0.000 0.09 0.66
14 S7606 3 2.089 0.802 0.839 0.521 0.73
15 S7662 3 1.709 0.721 0.109 0.415 0.65
16 S2218 5 2.400 1.012 0.844 0.583 0.72
17 S2298 3 1.833 0.753 0.479 0.455 0.80
18 S2314 3 1.241 0.389 0.026 0.194 0.56
19 S2158 5 3.401 1.351 0.797 0.706 0.82

20 S2214 4 3.486 1.314 0.438 0.713 0.81
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gk
5 Index  BI¥2FK Primer name  ZF(VIENEI Na B REEAFEH S Ne  Shannonfs B FE% 1 WERKEE Ho HRNZFME He ZHEER PIC
21 S2252 3 1.840 0.749 0.469 0.457 0.66
22 S2288 4 2.471 1.033 0.875 0.595 0.74
23 S6827 4 1.875 0.814 0.417 0.467 0.67
24 S6865 3 2.038 0.780 0.766 0.509 0.60
25 S2234 5 3.378 1.348 0.870 0.704 0.83
26 S6871 5 2.274 0.938 0.901 0.560 0.77
27 S6821 5 3.136 1.230 0.672 0.681 0.82
28 S6873 4 2.752 1.187 0.266 0.637 0.85
29 S2216 6 2.695 1.193 0.948 0.629 0.87
30 S2310 5 2.173 0.879 0.88 0.540 0.70
31 S2312 7 1.535 0.784 0.094 0.349 0.85
32 S6853 7 3.615 1.453 0.953 0.723 0.88
33 S6805 4 1.350 0.470 0.271 0.259 0.80
34 S6891 3 1.244 0.366 0.000 0.196 0.20
35 S6875 4 2.178 0.863 0.880 0.541 0.78
36 S6789 4 1.505 0.698 0.125 0.335 0.79
37 S6843 3 1.299 0.464 0.078 0.230 0.79
38 S6859 4 1.582 0.664 0.036 0.368 0.72
39 S7654 5 2.811 1.151 0.438 0.644 0.78
40 S7668 4 2.219 0.893 0.813 0.549 0.61
41 S6819 5 3461 1.325 0.734 0.711 0.80
42 S6811 3 2.105 0.796 0.964 0.525 0.53
43 S5216 3 1.021 0.065 0.000 0.021 0.67
44 S5196 3 2.128 0.82 0.870 0.530 0.57
45 S5166 4 2.300 0.922 0.875 0.565 0.79
46 S5176 3 1.134 0.252 0.000 0.118 0.69
47 S9013 4 2.544 1.026 0.964 0.607 0.73
48 S8963 4 1.065 0.165 0.005 0.061 0.52
49 S8969 3 1.321 0.489 0.135 0.243 0.59
50 S8947 4 1.295 0.412 0.219 0.228 0.71
51 S2304 4 2.228 0.951 0.214 0.551 0.82
52 TatG0242 8 7.283 2.031 0.747 0.863 0.91
53 TatG0O164 4 2.248 0.923 0.124 0.555 0.78
54 TatG0227 6 2.625 1.148 0916 0.619 0.83
55 TatG0272 4 2.391 1.096 0.202 0.582 0.79
56 TatG0O188 5 2.542 1.118 0.006 0.607 0.79
57 TatG0124 6 4.437 1.573 0.787 0.775 0.89
58 TatG0004 8 4.684 1.744 0.433 0.787 0.91
59 TatGO156 6 4.370 1.562 0.899 0.771 0.88
60 TatG0214 5 3.526 1.390 0.579 0.716 0.87
61 TatG0184 9 4.248 1.699 0.646 0.765 0.91

62 TatG0175 5 3.851 1.421 0.944 0.740 0.85
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Table 2 Genetic diversity indicators for each Tartary buckwheat subgroup

T AR Ee TSk R R R Shannonf% 547 %L MG E L SER 2R
Subgroup N Na Ne 1 Ho He
POP1 88 421 2.42 0.943 0.493 0.513
POP2 90 3.74 2.33 0.870 0.502 0.484
POP3 15 2.95 227 0.800 0.576 0.468

2.3 EHAFEIN
XF 62 4> SSR FRiC L LAY 1891 A Wi 21 5 AT
#3 SLHMAN Fst ZE (T=fA) MNei'siBERER (L
=R
Table 3 Pairwise estimated Fst (below diagonal) and Nei’s ge-
netic distance (above diagonal) for subgroups

WZ#¥ Subgroup POP 1 POP 2 POP 3
POP1 0.065 0.076
POP2 0.030 0.026
POP3 0.037 0.014

E: PR RE (P<0.001) .
Note: All Fist values are significant (P<<0.001) .
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B3 193 MEFHROBEERDN

Fig. 3 Population structure analysis on 193 Tartary buckwheat
germplasms

BB (LD) 201, BARIEA 644 N AFTE
BF (P<0.05) B LD, (HBHAKI 34.1%, 10—
A~EA#E POPL, POP2 Fil POP3 i, fF7E i3 1 LD J{
XHFRIC LA BN A 90 (4.8% ). 206 (10.9% ) il
97 (5.1%) A (K 4), /D TAE PR BT b AR 3]
PORCE , SRR S K 23 520 1 BB i) 3 A
24 RHEAZENTERMXEKSH

193 /> FE R BURF R 8 0 75 87 250 2.11%, 8
RN 1.04%~2.99%, 225 RN 27.93%. i JE A I
JE 535 29-0.29 Fl—1.17, BEHIRFAL 8 R 5 0 S T DL A
*4 EELDMSSREFCHAINEESHAILLBIFI D' GRER

FEARED
Table 4 Percentage and D' (standardized disequilibrium) value

of pairs with significant LD

LDIfJSSRFxiC  LDHJSSRAFIC

TR 5 LR . ;
. " B ALAH B LS T 5 P
Population R BT
No. of SSR Percentage of D’
and No. of germplasms .
subero marker pairs SSR marker
ubgroup in LD pairs in LD
44 Population 193 644 34.06 0.277
Popl 88 90 4.76 0.412
Pop2 90 206 10.89 0.304
Pop3 15 97 5.13 0.493
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H TatGO124 i B T 12.9% Ay R IWAF F3 | JE S A
FUPTTER AR ORI . HUOR: S6853, MR T 8.5% 1Y
TR SR

x5 SEFIFNAIESEZEZHXH SSRIRIE
Table 5 SSR markers significantly associated with flavonoids

content in Tartary buckwheat grains

SSRARIT Fld BEKFE R TIHRER
SSR marker F value P R/%
S2310 3.146 0.0095 7.9
$2304 2423 0.0373 6.3
TatG0124 1.848 0.0401 12.9
$2312 2.157 0.0402 77
S6853 2.066 0.0415 8.5
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