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Abstract: Rutin a flavonoid compound known for its ability to strengthen blood vessels, antioxidant and
other biological activities. Tartary buckwheat is an important medicinal and food crop, which is rich in ru-
tin in its grains. Therefore, it is of great practical significance to understand and study the genetic mecha-
nism of rutin content in Tartary buckwheat and develop markers related to rutin content in Tartary buck-
wheat grains for breeding high-rutin Tartary buckwheat germplasm. In this study, 263 Tartary buckwheat
germplasm resources were used as materials to determine and analyzerutin content. The variation range of
rutin content was 0.46% to 1.43% and variation coefficient was 21. 64 %. Based on the genotypes of 263
germplasm resources detected by 77 SSR markers in our previous study, 263 Tartary buckwheat germ-
plasm resources were divided into 3 groups by cluster analysis. Similarly, 263 germplasm resources were
divided into three subgroups by population structure analysis. The relationship analysis showed that the
genetic relationship among the 263 germplasm resources was very distant, which had little influence on the
association analysis. The QQ plots of GLM and MLM showed that the two models were suitable for the
association analysis of rutin of 263 Tartary buckwheat resources. The results show that twelve pairs of
SSR markers, TatG0085, TatG0131, TatG0155, TatG0156, TatG0164, TatG0187, TatG0188, S6763,
SWU_Ft029, SWU _Ft177, SWU_Ft394, SWU _Ft420, had significant correlations with rutin content in
Tartary buckwheat. Among them, TatG0164 and SWU_Ft394 showed significant correlation with rutin
content in both models. Compared with previous studies, 8 markers may have pleiotropic function. This
study provides important scientific basis for molecular marker-assisted selection of high-rutin Tartary
buckwheat germplasm resources and mining important functional genes controllingrutin content in Tartary
buckwheat.
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HEit A RHIE 263 1y, Ho i EE B 57 My, WU 57 Oy (PE & 12 ), 6a0 17 4, 529N 29, thvs 7 4y,
Bevi 28 6y, VUG 28 1, = Fd 24 . YLVH 14 £ EAMFRR ABEES A, & 1 4.
1.2 HiE#E

B A BT 2022 4R B BRI T IR KREA N AR K F b (106° 7" 51" E, 30° 0" 4" N). H X 5 4B
L, HAEHEMA 3 17, 476 2.0 m, 785 0.5 m, RSB &AW 90 T bk, & 54K & F W A
JIES s Al T ] 4 L[] — RO R FHAET B 5 75 DokPRL LS 5 5T % R B ATL 8 BRI 008 5 . K B X — 30y 3
FRELAR . 20 BIEAT N Tk, HET, % 0.
1.3 EFMFHNATESENNE

(1) PR B E T BRI . AR 75 32 Al M R R B 20 g 2847 OIS AP R, HARIKT . SRJE & THLRI . A
60 CHETZ=AEE, MBI 00, FREL0.020 g R, BT 2 mLAELE S, MA 2 mL
5% M HEE, 60 CHHIR/KE 2 hJF. ZEELHLNLL 8 000 r/min & B L 10 min, 3. B 10 uL i
W, fmo.1 mmol/L & b4 80 pL, FF 1. 0 mol/L BEER AR 120 pL, M BEE & &2 250 pL, fEREIFE
i AR SCAE P S 420 nm Ak I Y B

(2) P T AruEpZR 2 H . 43 B0 UK BE 4 80 pg/mL B9 RS T AR xd B A% 0 mL, 0.8 mL, 1.6 mL,
2.4 mL, 3.2 mL, 4.0 mL F 25 mL &8P, f10.1 mol/L & L% 8 mL, FM 1 mol/L BERRHF 12 mL,
75 Y WS WOE A E 25 mL, $85). DUSE—& b as Axt B, AR ACE DR 420 nm A0 SE OB . DLk
JEH C MRE AR bR, WG A HPAAR, il T ARl 4, g —Jo8tk In I 7 f o M OC R 4L
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T FE A P 90 Ir st . 35 D0 R SR VR T A IR RT I 318 1 (E ARG FH Y 263 1) 15 35 B T B R
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A K (HBEEE AT 15 Wis 5. B AELEE R (Length of burn in period) #1 MCMC (Markov Chain
Monte Carlo) ¥}y 100 000 ¥K. B 45 5 BT 78 1) SCAF TR 46 0 zip. ¥ 2, FAE B R AL F Structure Har-
vester {03, 138 K 65 Q A (1 F 5T 8% 43 e 21 %5 7 2 B oy i ABE %) . o )R AR 45 4 43 175 L
TASSEL_5 B {F X} 263 iy v 32 R BTG PR AT 2R G KR R0 M 1R BR G KRR, I RIEF &HE& KR
A TASSEL_S BPEXT 263 433 57 BB TR A0 T & 5 Ml SSR A i s A7 S e 20 Br 0 390 £ — JBE 2k
PEREARI (general linear model, GLM) AR A LMERIAI(MLM) , & B B{E p<<(—log, (p)=3)G il i &
P, A R i 5 221 Manhattan B R QQ plot B, SCI AT 45 K15 58] p (B . RAVE F 5Tk 5 (R?) FICHK
B SE RS, 45 p<<0. 05, WU BZARIC S5 i M RAFAE B 35 G s 4 p<<0. 01, WIEHTIZARIC 5 MR A AE
ETESI S
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XF 263 AN S FREGEIR 0 P T S AT s AL 2 A
PRSI BT, Hrp &M T & e BB K, R
FECR 21.63%, T S EGEECN 0.46% ~ 1. 43%.
FOT S B B R A R 12 F R 1(0.46 %),
BHL 6C0. 51 %), T & B FP A AR 6
5 201.40%), BIEF 15 1.40%), @y 12 4
S 3(1.43%). 263 Ay FEGEI SR B TS
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thF 263 A A BRI, B R BCUNT 0. BLET R FTEE/%
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& W A4 A0 300 B0 A B 2 B A 5 W R R BN T 0, R I MR BN 4 A 5 OE A A A A Ak T,
KO- TR (R 1), BRI AR B 263 M 38 Ui T & & 2 A0 (E D).
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PG 10 4. Uil 28 £y, VU S {0, = Fd 9 £, ELEK 20 £, BRI 1 ), 55 I 2R BEEE 130 Ay (bt 11 4y, 5t
10 5y, VPG 7 4. VG 1 6y, BEVE 16 3, PUJIL 25 {5, PEGE 19 15, w13 . R 27 iy, HA L ), H
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FE TSI 2 F I 263 1) T 5% RS BT IR R AT
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K 43 BB . AR WF S F A Structure 2. 3. 4 $k {4
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2.4 EFMRFBEMNAET E=F SSR #RIEEBSHT

R R E R REIE G AT IR T A AL A, AR R IR T A SSR R R 43 B OGB4
Br. 285t T GLM Ml MLM PR LR 19 p (6. #47 QQ plot AT #4L . 4R MN1& 6 Fron. PSR AL i
PHAE S E K, Bk GLM AT MLM B BLERSE & 17 75 T &% 19 SSR CHK 47

IR T & ik 5 SSR ARG HEAT RIR 0T, FTAR B8 . LA p (E 0 X AR AR . DidRid BE
BYPTFEL B B AL AR, 206 Manhattan &, 25 R W0E 7 Frox. BHE 7 /74, W5 T & w55 aric B8
T SR 1 DG HK.
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7 AT &= Manhattan &

fE GLM BERUR , f 35352 T % i A Manhattan & (& 70 0T LIS A 1, 76 2 53k 2. 95 Mb i &
A A SSR 5T F A 5 O HR.

£ MLM B8R, i 38 2 T & & Manhattan B (& 7)) AT LR B, 7 2 S Y@k 20 Mb 2
40 Mb Z[EH —4~ SSR 574 T & & i 3 K HK.

XF 263 3 vty 35 F T BT IR 38 AL OC AR LA S REAR SE A HEAT S B, A5 B SRR SR IR X N Q fEL. )T 77
XFEL & A SSR ARic. A TASSEL_S {4 h f) GLM BRI MLM X35 35 Fp R 982 T & 2 540 1
FRic#EA7 B AT, W3R T & 5 SSR ARic KBRS R NEE 2 i,

(1) 78 GLM BRI MR 3 5y g5 8] b, A3 10 Mric 54 T & 84 B3 KRB (p<<0. 05) 5tk 2 3% A
K(p<C0.01). HA A 8 Mric 54 T & A7 76 i F M X (p<<0.05), A 2 AFrid (TatGo164 Fl SWU _
Ft029) 5 2 T & ik 47 76 B 8 3 HH OC (p<<0. 01). 2 5 3 SC R A9 45 b i 6F 2 T & 1 48 b 1 5T ik 2 30 11
1.40%~2.21%, “FHTTRRAN 1.66%0. S i 2 QB 09 & bR iC X5 /4 T & & 48 b5 19 STk R 2. 5806 ~
4.47% , TR 3. 53 0.



% 9 ZB, F.ERXHRTRETASESL SSR FC LS4 9

(2) 7€ MLM SRR A3 2] (45 b UF 4 AFRIC 59 T & A 35 Gk (p<<0. 05) Bk 8 35 AH G (p <
0.0D). HA 3 AMRICH T FBAFIE R EME(p<<0.05) . A 1 MRICSH T S BAFTEM B EMH L (p<
0.01). 58 E A& TRICH ™ T & AR 9 TR R 1. 8320 ~2.10% , I BTHR AN 1. 970, Bk
TR B AR IO X T R AR Y STk R R 2. 88 4.

Horp TatGO164 fE AR L5 T 3 i 4 B A 8 35 OC K, SWU_F394 fE PR B v 57 T 35 4 12
TE P I

%2 GLM# MLM B KB RER

FEIR SSR #iid CLM_ MIM.
P R*/% P R*/%
BT AR TatG0164 0. 000 4 4.47 0. 006 6 2.88
SWU_Ft029 0.007 4 2.58 — —
TatG0131 0.013 4 2.21 — —
TatG0188 0.024 7 1.82 — —
SWU_Ft394 0.027 5 1.76 0.020 3 2.10
TatG0155 0.035 1 1. 60 — —
TatG0187 0.036 6 1.58 — —
S6763 0.041 3 1.51 — —
TatG0156 0.047 8 1.42 — —
SWU_Ft420 0.049 0 1. 40 — —
SWU_Ft177 — — 0.023 8 1.99
TatG0085 — — 0.030 0 1. 83
—"FOR A R IIA.
3 itig

3.1 EFMRABATEENTRRERMGIE

IR B M AORIEY), R S F R T, ST IR 2R, BB REAR MM . iR AR s BERS
U0 T fi 95 A0 L, Ko RE AT — 2 TR P s A DA VR T S DLRE 2 T AR RS R 263 (7 3 3R Fh
R T S AR VS 0. 46 %0 ~1. 43 %, 1o TTEMESE G 190k [ T AR [RI L X 14 20 4 35 35 Ff 2

B AR S (0. 95% ~1.52%) s AR RECN 21.63% ., & T B PH T IRIE A 230 431 IR R VIR AE 3 4
O [R) B 855 H KL 34 R 0728 S R B (12. 06 %6, 13. 27 Yo Ml 14 33 %) o Ui WA BIF 5T Hh 37 5 ol A Aer #4455
PR S R AT AR R AR T2 Y, AN TR 3 e R L B % A R A R IR Y 2 e AT LA S R 3k I R
DS AR B B A5 T (R A i AR AT — S R Y O R L X R R A R i 3 R TR
N R TR

AKX 263 £ 1 FF R0 T PR ORLE M T A AT TG AT, S5 . 263 A FE UCUR L R
MR P T S 1,04 %, AT SRR R 12 85 3(1.43%), W HFE 65 2(1. 40 %) FE
WIS 11 40Y0) R Z, ATVE N B & o 7= B S A R T B 0. W3R 2 B (1. 2300) . W SR 6 5
(L.39Y0) A T A B, JF FLAG RIS A5 H ot = Sl 7 Bkt 5 w8 2270, 308 1A e 9 A ot ol GO 78 7 R %
B SRR A 75 A B A

Pl
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3.2 EFMRBEATEES SSRARICHIXE ST

T 58 B A7 5 SR B Fh R AR R B B R AR EIAC, BORAR. W IR T & = O B EAR
T TR, W Ty Z BT R G S A0 B B DG I A BT A5 it A% T B O 1o 4 o T AR MR
(7 A5 A7 BTl 15 8 s P A e S o R O PR A R SR SRR T AR B R . HAE R
W Ze s RME I SR A 9 5 T B MR AT SE AT, X IR O 4 S R B SR A
Fhrici B R LA EEAE. BET. 76 5E A B IE thOR H SSR 43 bR ac #E AT JC B 43 B 19 AH DG BF ST R
M ARBEFE M 77 A SSR 4» TARIC . R GLM BEEURT MLM B8 XF 263 445 1% 55 Fl B 98 R BEAT 25 T 3% i
(9 I A3 BT, I 3] 12 4 SSR FRAC (TatG0085, TatG0131, TatG0155, TatG0156, TatG0164, TatG0187,
TatG0188,S6763,SWU_Ft029,SWU_Ft177,SWU_Ft394,SWU_Ft420) 5 T & & B F M K. 12/ A BF
g, TatG0131, SWU_Ft420 if [a] B 55 ke b i BB 2 35 A0 M . SWU_Ft177. SWU_Ft394 5 F7R 8 K
W F A, TatGo164 50ETE M AT . HLiZ 5| 4y F 10 35 [H] 4 5 K & R R 46 ™ 5 S6763 S
L IR B S AR5 TarGO187 S5dha 8 B2 0 32 28 /0 BB W S AR 56 . ELIZ 5| Bk 1 B TR G B 12
BRE R 5 TatGo155 SHIMRAR R b @ E M5, LU SSR dpic 54 T & & B ML MR, 5 HAbE
MR 0 FE ARG, RUIHTTRA— W 2307 MII6e, 25BN 2 A EEER, B0 — 2 Rk
AHI 5T G5 B A 5 e T R BT B YR O 8 B A A 1 A I R R B SR A

4 #Fig

TSR IR T S it S SSR bR I A AT i 25 R B L AR ST P 263 40 9 FF R R R T
AR 0. 46 % ~1.43% . ZF RECN 21.64%. SSR BRI 263 3SR IR N 3 A5 BE.
RERZE R K 263 M FR IR RN 43 3 WL RE. (RS Hr 0 3 A JEREFBE RS54 23 T 19 3 A W BF I A AH
). A3 AT W03 25 5% . AT RE SR DR N O 3% 1 o0 BT AR BE O TR). RE AR 5 R o A B B R Ok T AR R A B R S0
1M SSR 2RS40 A1 AT LA B0 28 B0 4% 5 35 A o 98 R 0 SR % OC R, SR 4 O R IR AT DL B W 3 BH 4% 5 IR
VR Z IR W R4 RILE. GLM M MLM AR T p 6. QQ plot Bl 7 F >4 AL #8354 o7 75 9% 5 A
TE SR SSR KRR, XF 263 My wrFEfh BkF R T & &5 77 XF SSR A 4 B AT 7T GLM B A
1 MLM #5815 B A, Hoh TatGO164 (4. 47 %0 fif B e AR S 8 8 K. | L AT DAAEI TatGo164 /2
P SRR T S R E AL, AT IR R S MRS, XA FARIC I A MR E m T
T FEREORL A K

SE W
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