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QTL mapping and candidate gene analysis of RS and GABA based on
the recombinant inbred lines (RILs) of Fagopyrum tataricum
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SHI Taoxiong', CHEN Qingfu'

(1. Research Center for Buckwheat Industry Technology, College of Life Sciences, Guizhou Normal University, Guiyang
550025, Guizhou, China; 2. Guizhou Provincial Crop Technology Extension Station, Guiyang 550001, Guizhou, China)

Abstract: [Objective] Tartary buckwheat (Fagopyrum tataricum), as a high-quality minor grain crop, contains
a variety of functional components, such as resistant starch (RS) and fy-aminobutyric acid (GABA).
Quantitative trait locus (QTL) mapping of functional components in Tartary buckwheat grains is of great

significance for molecular genetic improvement of Tartary buckwheat. [Method] The recombinant inbred
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lines population constructed by using ‘Xiaomijiao’ and ‘Jingiaomai No. 2’ as parents (XJ-RILs) was used
as the test material. The contents of RS and GABA of the XJ-RILs population and its parents were determined.
Based on the genetic map, QTLs controlling RS and GABA were located, and candidate genes within the QTL
intervals were identified and analyzed. [Result] The XJ-RILs population exhibited significant transgressive
segregation and a skewed normal distribution for RS and GABA contents, ranging from 4.51% to 10.52% and
0.37%o to 2.50%o, respectively. Based on their contents, the population was classified into five categories (C1 to
C5), among which the C1 category had high levels of both RS and GABA, and three superior lines with high RS
and three with high GABA were selected. QTL mapping for RS and GABA in the XJ-RILs population detected
a total of two QTLs controlling RS and one controlling GABA, with phenotypic contribution rates of 7.59%,
6.34%, and 5.05%, respectively. A total of 108 candidate genes for RS were identified within the QTL regions,
and their expression patterns were classified into six categories (R1 to R6). Among them, 30 genes in R4, RS,
and R6 showed higher expression levels in seeds. Similarly, 64 candidate genes for GABA were identified and
their expression patterns were classified into six categories (Gl to G6), with 21 genes in G4, G5, and G6
exhibiting higher expression in seeds. Among the candidate genes for RS and GABA, 16 and 6 genes,
respectively, harbored SNP/Indel variations. [Conclusion] Three elite lines with high RS and three with high
GABA were selected. Two QTL loci controlling RS and one QTL locus controlling GABA were identified.
Within these loci intervals, 108 and 64 genes were screened respectively, with 30 RS-related and 21 GABA-
related candidate genes preliminarily identified. [Ch, 4 fig. 6 tab. 40 ref.]

Key words: Tartary buckwheat; quantitative trait locus; resistant starch; y-aminobutyric acid; candidate gene

5% Fagopyrum tataricum 5Z=—FhEETT & H AT 25 R EAEY, = 500K, 78 4 P e i v 4k b
X2 R, HObER S A BUPETERY (RS) AN p-23E TR (GABA) S D REVERL Sy, X LR FyA 718 MR
e ELA R D ROR B K25 I, 7B 5 0SS e RSP AR (DY, A DD RE I 6 5 & RN 5 A A
Z—M, RS FEHEASBEG AR HE AN T IR AL ()38 50 TE A B HC R = () B, s RS I B
A BT IR, ALY, HBR M MBI shi N, A B T R R . X SR
RS MW7 =24 R 7E RS Wil 48, a0 RI A & TRk . 22 U Biukh 3 46 i 45 3 57 RSUL. TE B & AR 1l
(SS) F A R4 G VEM & BE (GBSS) FIRI S PETEM & B (SSS) 2 Flr, EUEMAE W) & Bl i v i) gk
filf 7 —B WANG 25 NS L P 58 7 154 SS RN G B, W H4r AR AE AT T 4047,
WANG Z500 I3 M7 T 20 b Woki 25 & W SE K (FrGBSSI) SE#& (3L 4175 . GABA &—F) 12 /045 T3
Y. MY ARCE YRR AR SRR, RIVE SRR NS S S S TR, BT R
BT, S 5o I A R EETY, B B MCEREIR, B AR RN, AN GABA A H
ARG . T AERERE 2SS AN X T 5 GABA RIBF ST B AENIE R4 . IREME & S N 45 7
1T, TR U T A T R ORS B E G A B4R 55 T 99 57 28 Th GABA (95 i, CHEN %507 i VA o 11 55
BT TR GABA IR

B PEIR AT 5, (QTL) 52 57 2 8 7 2 2 B0 MR R 68 2 M 35 PR ) A8 /R 38 b o k80 e R TRl Y
WAL ST QTL XMEY & FBA TEEM{A . RS Fl GABA 1E MY & E A INREMERSY , 4248 5 HAR
KW QTL, T fif st 1% FL il ) 46 = VE 9 7 s/ AL AL VE Y i ot LA 22 . JEAE X RS Al GABA 1
QTL W 5% 2 5 T K Oryza sativa 5PV LAEY T, H RS BA X8 F# 47 B RS Il GABA 19 QTL
ik

ARBFFELIACA EFFZ 2% ‘Jingiaomai No. 2” | B /NKIFE” ‘Xiaomigiao® M HAYHM
41 A 2C & (XI-RILs) BEAR A HEIR M R, 35T 22 B 5 56 0 4 2 19 38t 4% (8138, X XJ-RILs Bf 49 RS Al
GABA 2 Mg #E4T QTL iy, LIS e #0175 5% RS Al GABA 1 CHE QTL, it A5 82
SIHTAR B R SE R, R IX 2 AN TR E v R T BBt SE R, R IR Rl A el R RN B o
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RS Fl GABA 75 5 AH 5 1) Fk R SR L FRL Al A1 )
1 #MEE 7 *®

1.1 ##E

KA TFHAEZ 25 | BAR UNKIE R HAM A XI-RILs FEAT 2022 4EFRE TS50 M MG K 2p 4
P ARFFE L 2R, 5 FUOR A B, G HISRAT AL, 76 30 C MU It T /e #58, Bk, 7
T 4 °C UKFEA . B CBFRL 25 M Sk 1157 ‘Guimiku No. 117 AR, 25, M 48, ks
AEFRAIZHE, PR AEGE RIS A T80 °C vKAR & H
1.2 RS HME

SR MR Ok, WA S, R B A Y . ERRFREL 0.100 0 g A, W0 3 mL HCI-
KCI (pH 2~3) Z& i, WA 1 mL B &EAR, 60 °C /KR 1.0 he A A1EH HCI Al NaOH 7 pH &
54, A 2mL a-VERIEE, 90 C/KIAHRG 1.5 he HEMIR AR ZE RS pH o 4.1~4.3, A 1 mL #45HH0E
Wil , 60 °C /KR 2.0 h, LA 10 mL JC/K Z B, 10 000 rmin”' .0 2 min; 375 R, UIEH
80% L FEPE 3 M5 MIA 2 mL KOH Wi UiIE, % pH = 4.1~4.3, fIA 1 mL #ZAPHEKEE, 60 °C K
PR¥% 1.0 h; #B/KH 5 min, 10 000 remin"' 8.0 2 min, W& FiHW, Sl 3 mL ddH,0 YEEUIIE 2 Wk, ik
WA, ERZE 15 mL(EFIEE). T H KA IR (DNS) ¥E1E 540 nm 40 E WG [D(540)], HR4EA
I RS 404 RS J i 43 A=A 45 T i < 0.9/BE T 0 o 12 ) < R DI BR A B X 100% .

1.3 GABA WHlIE

S TAERP Wk, wsA s, W A4 Y. HEFFREL0.100 0 g H:4h, A 4 mL I,
Z IR 10 min; 5000 r-min~' Z.0 15 min, F L3EW; B LARAHBAAEILEE 1R, FUESETE
J&, A 4 mL ddH,0, 40 °C /KiB#&7% 10 min, 5000 r-min"' &.0» 15 min, B FWERESH; EE Fidd
W1, I LER, ©FZ 10mL. B2 mLERIMA 0.8 mL 0.5 mol-L™" AICl;, ZER&¥R 5 min,
12 000 rmin' B§.L» 5 min, FPIE; IMA 1.2 mL #9 10.5 mol- L' KOH, ZE¥&#E¥ 5 min, 12 000 r*min '
B0 Smin, W EERAH; B2 LIRS E, HEH 10 mL #2P0R &M sEse, G3FUra S0 LiE
s A 4 mL A9 DUBI R 8 5% thi (pH 8.0) A1 1.4 mL 4 BB BON 6% KBTI ;s S8 2.5 mL i &
IYBUN 5%NaCIO KW, 7K 20 min; EZAZE 50 mL J5 7 625 nm ZME WG [D(625)]. AR ITE
FEAT GABA R0 %50: GABA R/ E=FFI1 b s GABA JH i 5 < R AR R i ) B R B B
(RE SR R BB 10%)x 1 000%0.

1.4 QTL EfL

{4 F§ WinQTLCart 2.5 1 & & X A/E K (CIM), & XAt (LOD) Jy 2.5, *F XJ-RILs FEfA it
17 QTL 31, RH “ QPRI+ R R R S 5+ 515 7 X QTL A i A 1w 4.

1.5 EFREEGIE

T XJ-RILs BEAK R SNP 84 [E 318 5 7 245 1 RS H1 GABA FH N A4 BELIX ] 2%, 4% QTL 438 [X.
[BIXFR PSR P 157 ‘Pinku No. 17 &% L4 (https://www.mbkbase.org/Pinkul/) P3RS QTL [X.[a]
PN 3 PR R e R A P
1.6 R EE PCR(RT-qPCR)

{8 ] RNA Easy Fast fH#720 21 RNA PO 2 B0 & RARAE LA R $2H0 Bk 1157 Al 5E
25 RRIAHZU RNA, ffi ] PrimeScript™RT Master Mix(TaKaRa 4E #)/8 7]) [ 5% 55 cDNA, 1E#
T FtPinG0008597700.01 . FtPinG0007011200.01. FtPinG0008803200.01 F1 FtPinG0008811900.01 25 4 4>
fi 5 5 9 Primer3 Plus 31 RT-qPCR 5|4, A T AW TERARAFEGR GIFFIILE 1), NS
KR FtAdctUnive DL 53K 1157 f B34 2% ARIAZU cDNA Bk, 4% 18 Eastep gPCR
Mix(2x) i & iR A% A28 1)) BEA B HEFT RT-qPCR. R 2720 it e 4 () e ik i
1.7 BRSO H

FI ] Excel 2019 84 F17E 5 250, R IBM SPSS Statistics 26 75U | i . 2 H 55 R /0 A



706 WroIL R R K A R 2025 4E 8 H 20 H

&1 RT-qPCR 3|¥1F7l

Table 1 Primers used for RT-qPCR analysis

314 IEG#I(5—3" B a5 19)(5'—3")
q-FtPinG0008597700.01 GCGAACTATGGAGGGCTTGT TCGTGCTCAGCCTGAAAAGT
q-FtPinG0007011200.01 CCATCATCAACTGGCTTCGG GCAACAGAATTCACAAGGGACG
q-FtPinG0008803200.01 TTCAGAATCCCAAGTCCGGC ATGAGGGGACAGAGACGTCA
q-FtPinG0008811900.01 GTTTGTTCAGGTGGCAGTCG CCTGCAAGTAGAAGGGCACA
ActUniv GAGTTATGAGCTTCCTGATG CCGCCACTCAACACAATGTT

P FIHEAT 45 SR (] 0 58 PR 9 07 2250975 >R JH RStudio N R IFAE R 26400, SR iTOL T H 2 %K

K,

2 é.%f% 5 24
2.1 EHFFFFHH RS 1 GABA )ﬁ;ﬁ*&ﬁ’ﬁ* At o

%‘% XJ-RILs BFACEA W32 25 M VNKFE RS B0 510 8.84% F19.26%, GABA Ji
BB N 0.50%0 K1 0.56%0( 2), ﬂ%lmﬁﬁﬁﬁ%; XJ-RILs BE & RS Fi1 GABA Ji 2 43 #4351l by
4.519~10.52% K1 0.37%0~2.50%0 , “F-3I{E 53 %K 7.53% F 1.35%0, 7255 2B 514 14.43% F1 38.21%
(% 2), BRI MIES G, FEROCH (K1), B2 0 0.123 F1 0.018, W 5351 2 0.179 il
—0.875 (# 2), RHIIX 2 Rk Y2 th 2 ZE R pECRE TR

Fz 2 EFF XJ-RILs BE UK FEZR RS 1 GABA IR G T4

Table 2 Descriptive statistical analysis of RS and GABA in the XJ-RILs population of Tartary buckwheat and the parents

RS GABA
FIEEARERE /% EE/% WE OBE TRERU%  EYEAREE % TEE%e  WE BE TREE%
ST VAN 8.84+0.41 0.50+0.15
IINKFE 9.26+0.35 0.560.04
XJ-RILs B4 7.53+1.09 4.51~10.52 0.123 0.179 14.43 1.35+0.52 0.37~2.50 0.018 —0.875 38.21
100 80
80 | 60 L
g 00 - %
B¢ N& 40 |
£ 40 ¥
20 L 20 |
0 — 0
4.0~5.5 5.5~7.0 7.0~8.58.5~10.0 10.0~11.5 0~0.5 0.5~1.0 1.0~1.5 1.5~2.0 2.0~2.5
RS 25 /% GABAJR 553 5/%o

i35 B R P PR R
B 1 XJ-RILs #4742 RS F= GABA Jit 2 5 8093 K oA B
Figure 1 Frequency histogram of RS and GABA content in the XJ-RILS

2.2 EFFFHIH RS 1 GABA B E ST RASH AT E
4 RS Fl GABA A9 5 7 73 B0 557 XI-RILs BEAAR SO R AT 153 ANk R AT RS dr. S5 %
Wl: 153 DRRAEME R 5 ASEHEE (81 2), CLRBEEE 20 MRR, RS PR 500 8.78%, GABA V-
BB BN 1.99%0, ¥ T HAD 4 268 G 3); C2HRMAUE 40 MR, RS & 05N
6.89%, GABA VPRIt /40 1.83%0; C3 KR E 19 MRFR, BIHAM 4 2R, RS B4l
A, H 6.00%, GABA ¥ HITHN 1.00%0; C4 KBELE 34 MFER, RS FEHECH 8.27%,
GABA it 7 BURAIL, M 0.69%0; C5 KBFELE 40 MER, RS FFESECN 7.71%, GABA V-3
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Figure 2 Cluster analysis of the XJ-RILs population based on their RS and GABA
g ! pop
BN 1.26%0.

M XJ-RILs B H i % HE R49. R160 F1 R161 3 4~ RS {4k R vl 4E 4 RS & & i i HEZE M BE, H
RS Bt 734050500 9.93% . 10.52% F19.91% (% 4); W\ XI-RILs BEfA i 6 i GABA ik 51y 3 Mk
Z ] /E N GABA & & % b BE, H) R41. R48 Fl R183, H: GABA JFi /7 70 02 ) K 2.39%0 .
2.50%0 K11 2.47%0¢ (3 4).

F 3 XJ-RILs BHEZKEf RS 1 GABA H1REY

= 4 XJ-RILs KL R ZH RS 1 GABA &t

FESH BN
Table 3 ANOVA analysis of RS and GABA among different groups in Table 4 Contents of RS and GABA in excellent lines of XJ-RILs
XJ-RILs population 732 RSJUHSHEU% GABAJT 3 8/%0
ERE AU RSERMEU%  GABARTRME /%0 R4 320 239
Cl 20 8.78+0.72 a 1.9940.27 a R4S 8.75 2,50
C2 40 6.89+0.62 d 1.83+0.20 b R49 9.93 2.00
C3 19 6.00+£052 e 1.00+0.22 d R160 10.52 1.91
C4 34 8.27+0.97 b 0.69+0.24 ¢ RI161 991 1.73
Cs 40 7.71+£0.46 ¢ 1.26+0.14 ¢ RI183 8.23 2.47

B AR/ NG FRER 22 57 B35 (P<0.05).

2.3 EFFFRIH RS 1 GABA #J QTL EfiL

X XJ-RILs BEAR T 52K BL RS Fl GABA #E4T QTL 5E £, RS A 2 4 QTL fii 5, BP gRS3-1 il
gRS4-1; GABA Kl %] 1 4> QTL {3 &, Hl gGABAT-1, gqRS3-1 1 T4 3 YL {A,44 Block5310~Block5518 [X.
G, FHRTTHE (R N 7.59%, LOD K 3.2; qRS4-1 10 T4 4 YL {f 1Kk Block9147~Block9171 X [a], R* N
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6.34%, LOD Jj 2.82; qGABA7T-11ii T4 7 Y {044 Block14135~Block14149 X [i], R* 4 5.05%, LOD K
1.01; Fr gRS3-1 Ml gRS4-1 K [ /INKIFE , IR 435128 -0.31 F1-0.28, gGABA7-1 kAT ‘&7
F 25 , RN R 0.11 (36 5).

&5 EF XJ-RILs Bk RS #1 GABA B QTL ZEfL
Table 5 QTL mapping of RS and GABA content in the XJ-RILs population of Tartary buckwheat

EZIN QTL @k /M LOD  RY% PR EfFIX[E/eM FRICIX ] YIFRIX [H]/Mb
qRS3-1 Chr3 0.39 320 759 —0.31 38.7~44.0 Block5310~Block5518  12.17~14.26

1 qRSA-1 Chr 4 1.66 282 634 —0.28 165.1~168.9  Block9147~Block9171  50.92~51.33
GABA  ¢GABAT-1  Chr7 1.01 252 5.05 0.11 98.9~101.8  Block14135~Block14149  32.352~33.13

UiHH: LOD. XL ; R®. RATTHRE,

2.4 RS #1 GABA QTL fi s & IEE B il & Rk 53 i

S QTL X B N A i 10 L R HEAT RGN, gRS3-1. gRS4-1 Fll gGABAT-1 43 HIA 3] 96, 20 F1 70 />3
o BETFH AU, 34 QTL (S A 172 MIEHEAETTRM . 250 0 JERPRIAE 2=/ —Fh A 2l 3R
ik, HFREXE 3 Fin . RYE RS AHCMEE R Rk g O, W E S IR ZUh £E 19 108 LR R
g6 ANKBE (B 3A), B RI~R6, Hirfr, R1ZSHES 17 NEM, 8RN IERAEfE P Rk i f s, At
W2, WRAHXTEAE, AR RAR; R2 8HES 23 A3, BR FrPinG0004083100.01 & PR 78 K74 Hh 3k
WA, HRREREER PRI E RS, EMthRZ, FrRihRiEEHRM, Lhmil; R3BHES
20 NFERH, IZEHEN LR AR RSB R, AR . ZEREP R EIRZ, TEATR P R B R
R4 BBES 12 ML, B FrPinG0004080900.01 1 FtPinG0001690000.01 & [K 7E kA7 h F ik T Bk ok, K
RIELRTE R R R IR e, 2R RBER Y, WP RE AL RS BB 9 ML, %k
FEN LR AEATRO P IR B, E RS HLUP R IR EAAXTEAL; R6 FEBEE 27 AN, B 11 A3

A 01
I1.5 I1.5
1.0 1.0
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R - T 18 FPkE (-SR-S R A 1
A. RSTERGEFE P AR AR P RIERN; B GABARUEE R E AR AR P RIFRIEEN; 0P HRERDYHETRT-qPCRIGIE 2 A .
FPKM. 3 T B L4 S AR 11 75 A P B

B 3 RS F» GABA 1%t 2k F £ R B 20 2% P 0 R A AR X,

Figure 3 The expression patterns of candidate genes controlling RS and GABA in different tissues
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FEFPRI T RR R E A, RS AEAR A rh ek i, ZERRPRL IRz, K. AR R A L
TEFFRL AP RYZEIRTE DL, R4 (10 4. R5 (9N A R6 (11 4) Hfl 30 NN AT BES: Sk RS B Al

R GABA FH G B PR (0 ik 5 00, B e R Al 8Uh 38 1 64 AL 40K 6 250 (& 3B),
BF G1~G6. i, Gl ZEHES 6 N EH, i ERF AL A rh Rk e, 2Rz, WRFFERLH
Al G2 2RHES 8 AN, BN IE AR e h Rab i, AR ZERI R, fERPRLh A i
s G3ZEHES SN, MR EFAER PRI RRE, EETREERZ, . AR R
KR G4 KBS 27 NEE, B FrPinG0009335400.01 . FtPinG0005688500.01 ., FtPinG0005324300.01
Fl FtPinG0001544100.01 X 4 PR 7EFFALh A A m4h, HARFERAER Mt rh Rk i m, 22k
Z, TEACRUFPRIT AR, GS ERESE 7 A, RN ERER R h Rk R, Rk, 22, 0
FIAE TP B Go /ES 11 DEE, [ FrPinG0006715500.01 1EFFk: i 835 B Ah , HiA 3L A AE A7
bk it iem, bk, HkEEhIRGAEWE R, ERME TR R, RIEEBIL ek
RHRIENEDL, G4 (44, G5(71). G6 (10 1) H1iY 21 NFEE AT e S SRt GABA HIA .
2.5 QTL fiImM1&IEEE RT-qPCR i

RT B IAN T P 3F RNA-seq T /E QTLIX Br W R A S s St ik, & T
FtPinG0008597700.01 . FtPinG0007011200.01 . FtPinG0008803200.01 FI FtPinG0008811900.01 45 4 7K
b IR ML HEAT RT-qPCR B00F (& 4). T B 157 5 S dl B X o 1k 3 (K] Jr /e ik 48t
T G LB R IR AETEZE S, FtPinG0008811900.01 75 2 /> 5 b B AN [F) 41 40 b e ik b =X 5 e s 4 —
, WEkR TR R AR ; FrPinG0008803200.01 £ ‘54 2 57 MIARRFIHL Rk B IRAHH
AEAR—E, B O 1157 BARRIASUh RIRE S 5 AR 225 FtPinG0008597700.01
H1 FtPinG0007011200.01 JEKIFE 2 4> i B SE PRk i 5 3 sk L RGBS AE 2 R, 55 R4 5k
P —B e 4 A FEFAERR PR RGE . UL, R RA BN S Z R S MR Z i, (H
FET R S FERPRL R i 263k 1 S S PR FE AR PSR R EE 63k, S 58Pk RS AT GABA 196 RS

| 200 FPinGO008811900.01 5 5 FiPinG0008803200.01 o FHPinG0008597700.01 |, FIPinG0007011200.01
oz 1000 A I X
w800 8
®600 6
& 400 4 B c b
<200 21D be be CD
oLbB_bB bB bB 0

0 0
CEENTT T T T T 2 S TR TR A T2
2 4141 12 12
PRI e B
AR AN B ) SRR IR A LR % 5 2 2 (P <0.09).

B 4 RS f» GABA 1%t A& B £ R F 4848 7 49 RT-qPCR ik
Figure 4 RT-qPCR validation of RS and GABA candidate genes in different tissues

2.6 RIEERNERGLASN

BET XI-RILs BER B9 SNP 35t 4% 35 P, O 0 16 A e i ik DR R AT 28 S0 sl 2 A o 3R 6 S5 2R KRB
qRS3-1, gRS4-1 Fl qGABAT-1 T AT 22 DM AEERIfEEAS S, B HA 1 MEFAL . gRS3-1 A 7T DA
fE SNP 28 5, 5 DMAFEAE Indel 28 5, Horpfg 4 AR DIREARTG B R, Hay 8 A A 433045 3 13 ¢
Protein NLP (FtPinG0008950900.01), SWEET sugar transporter (FtPinG0008951200.01), Galactose-binding-
like (FtPinG0008595500.01)., Homeobox (FtPinG0004083400.01), Phosphoribosyltransferase C-terminal
(FtPinG0001685300.01). Protein kinase-like (FtPinG0008594800.01). Protein DMP (FtPinG0008594400.01)
F1 P-type ATPase (FtPinG0001685100.01).

qRS4-1 WA 4 NEERFEEAE S, 3 A SEHAETE SNP AR5, 1 N SEIAEAE Indel 28 5, X SEELP i H
A IAFEFRGENER, Ha 3 A HFE 30153 8B . Ribosomal protein L7Ae (FtPinG0001991700.01)
Thioredoxin-like superfamily (FtPinG0006853900.01), Cytochrome b5-like heme (FtPinG0006854700.01),

qGABAT-1 ' 6 A BE K 1 Indel 28 5%, Hob WA 1A SEDIURAG B R, HoAax o0 00 15 21 13 R
Cyclophilin-type peptidyl-prolyl cis-trans isomerase (FtPinG0009335600.01), Ubiquinol-Cytochromec
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Reductase  (FtPinG0008807100.01),  B-box-type zinc finger (FtPinG0008810800.01),  Phytocyanin
(FtPinG0008811900.01) #I1 Isoprenoid synthase (FtPinG0006715500.01),

*x 6 EEEEHR SNP/Indel TRALH

Table 6 Variant SNP/Indel sites of candidate genes

AL AR S

T A QTL PEE AFRW (UMK mHEEE ) LR
1 FtPinG0001690600.01  gRS3-1 Chr 3 SNP A/G
2 FtPinG0008950900.01  gRS3-1 Chr3 SNP T/A NLP#
3 FtPinG0008951200.01  gRS3-1 Chr 3 SNP T/A SWEETH#; 2 H
4 FtPinG0008595500.01  gRS3-1 Chr 3 SNP A/T PR A ENA
5 FtPinG0004079200.01  gRS3-1 Chr 3 SNP G/A
6  FtPinG0004083400.01 gRS3-1 Chr3 SNP A/G R YR AESE A
7 FtPinG0001685300.01  gRS3-1 Chr 3 SNP G/A BRI S LA 1l
8  FtPinG0008594800.01 gRS3-1 Chr3 Indel G/GT G
9 FtPinG0008594400.01  gRS3-1 Chr3 Indel CTTTTTA/C DMPZE [
10 FtPinG0008127400.01  gRS3-1 Chr 3 Indel  C/CA
11 FtPinG0008127200.01  gRS3-1 Chr 3 Indel  A/AC
12 FtPinG0001685100.01  gRS3-1 Chr3 Indel  A/AATCAT PEIATPi}
13 FtPinG0001989400.01  gRS4-1 Chr 4 SNP G/A
14 FtPinG0001991700.01  gRS4-1 Chr 4 SNP T/C BHHAE L7 Ae
15 FtPinG0006853900.01 gRS4-1 Chr 4 SNP G/A T AU I A 1 28
16  FtPinG0006854700.01  gRS4-1 Chr 4 Indel T/TG M (0, R bS5
17 FtPinG0009335600.01 gGABA7-1  Chr7 Indel  AT/A PRI R ST 2RI S+ K4 it
18  FtPinG0008807100.01 gGABA7-1  Chr7 Indel TC/T 12 - 240 0 €8, 25 o3 I i
19 FtPinG0008810800.01 ¢GABA7-1  Chr7 Indel  AATAT/A B-box AVEFHE 4514
20 FtPinG0008811900.01 ¢GABA7-1  Chr7 Indel  G/GT FiikER
21 FtPinG0006715500.01 gGABA7-1 ~ Chr7 Indel T/TATAATAATAATAATAATA 5 H06 NG
22 FtPinG0005188800.01 gGABA7-1  Chr7 Indel  CTTGTTAAAGAAGTTTTG/C

3 7tk

ABFFE XI-RILs BEAA o RS Bt 20 80K 4.51%~10.52%, % T8 — g 25 280 45 1 RS 78 (7.00%~
35.00%), {HBAWFFEIFEFEH RS HEECRT 4.00%%, S5AMFGE IS LA G A I 1
FRYURRIEEBOITEAF B0 RS Juit /8022 5 03, DRI o] G2 32 21 B A RHRT RS 32 B 1 1 5¢
M, NS FRZ T, GABA TS B E2E 5, A5 ITI GABA FT 53 50CH 0.37%0~2.50%o,
TR AR AECY Bl A [F] b 75 S AP 3R 22 Hh GABA 9 51 5t 534 (0.98%0~1.68%0); LA T A< 1 A5 5502 Bl 22
AEAEFEA T GABA B0 5341 (1.439%0~3.968%0); TARSE AR Frilll iy oK% 157 () GABA it /34X
1 0.048%0, KFAMTIM /NKFE (0.50%0), HEMTTEEIE GABA A A G A A [R] fh AP IR 22 A7
2R FRIKFE, RT-qPCR G iESC I kR T W — 3L ZE AR R Fh 8 35 b fEfe 22 e eak . IR AEAN TR
AT FE T GABA 1Yl - AR IR 25 5%

RAEHEREM BB RO EZETB, AT LA IRE I R RS0 AW o8 i R 2 o b
i e 3 1 ¥ FF XJ-RILs FEARH RS L5719 3 MR R (R49. R160 Fl R161), LI K GABA 51 3 Mk &
(R41, R48 FIR183), fvkE|MkE R vl HF 8 A s A B, el fE k5 RS Al GABA HIZEF Mk

ABFSEHET QTL & o U 245 1 ¥ F2 kAL b RS FI GABA A e JE R, 78 FIT 78 137 07 3 2 14 1B i
(Ko, FtPinG008951200.01 1 B3] SWEET R, SWEET Rt —ZHME s A, 1l LAY Bt
W B, ABF P iZ LR AEAE SNP AR S, B AZR SN T, fERPRIh Rk, HEMNZ LR AT L)
FETTIRAPRL R B Rt R U Bh E RS i, AR R B AR AL K E IR . ki E A0 A gt R
SWEET Z Gk NEEH SkR R el 24456, LISECT A5 T 21 4~ SWEET 3K, HAdfl 7 M EFRIAE
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(1) B 12 i R0 A 2 5E Ry 1Y e Ak ol F B AR . FrPinG0008807100.01 ¥ ¥ %] UQCR (ubiquinol-
cytochromec reductase) Z N [Fl, UQCR J& —Fp £ W ILES IR G 1, JE4obiik i & b 55 1 — 587,
Z5 ATP EEPY, 1 GABA & AR 5 40 M N BE S ARIAH G , HEII T AE 2 5 GABA A& it f
i RE SRS AR . FrPinG0008811900.01 12 8% PC (phytocyanin), PC J&—284f TH B EN, MM T
AI1EN GABA & S A2 H AL 7129, RT-gPCR 45 5t i 7% FrPinG0008811900.01 H: PR 7E kL Hh i 3¢
ik, RUNZIER IR T IR GABA 1A .

4 i

ARG IES] T RS & HIRR R (R49. R160 Fl R161) Ll Bz GABA 7 & & AU Bk & (R41. R48 Fll
R183), £ 3 SHl 4 S Yetafk e8] T 24~ RS 9 QTL o5, 78 7 54k L fi® T 14 GABA [
QTL 7 #i o %F QTL X B P Ay e ik 3 b 454G, gRS3-1. gRS4-1 Fil qGABAT-1 43 KM 2 96, 20 Fl
70 NI, MAGX BEELP H ) R 30 RS RS AOMERESLIA, 21 DTS GABA ML, 22 77
F£ SNP/Indel 48 5 (/) JE H . A58 0] 24 =5 RS Fl = GABA ¥ 354> 7 B Fh B8 L al, JF 4 & RS Al
GABA 5 8 P it £l
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