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Abstract: The fruit weight of F; generation derived from the cross between cherry tomato ‘VFNT
Cherry’ (syn. LA1221) and processed tomato ‘Heinz1706” was over parents, showing obvious heterosis.
In order to analyze the genetic basis of this phenomenon, using F, population obtained from the above F,
generation self-crossing, the QTL mapping of tomato fruit weight was carried out by QTL-seq and single
marker analysis. A total of ten fruit weight QTLs were identified, and eight of which were dominant.
Among the eight dominant QTLs, five QTLs were incomplete dominant[QTL for Fruit Weight 2.1

(qFW2.1),qFW5.2,qFW7.1,qFW8.1,qFW9.1], and three QTLs were over-dominantgFW1.1,qFW5.1,
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gFW6.1]. Moreover, the big fruit alleles of gFW2.1, gFW5.1, qFW7.1, gFW8.1, and gFW9.1 were from

‘Heinz1706’, and the big fruit alleles of gFWI1.1, qFW5.2, qFW6.1 were from ‘VFNT Cherry’ .
Therefore, the heterosis of tomato fruit weight in the above F; generation may be due to its aggregation of
dominant large fruit alleles from both parents. Among the eight dominant QTLs, ¢FW9.1 had the highest
contribution rate of phenotypic variation, reaching 12.19%. The gFW9.1 locus was further validated and
narrowed to a 4.5 megabase pair by recombinant progeny testing.

Keywords: tomato; fruit weight; QTL-seq; single marker analysis

Fhiti (Solanum Iycopersicum) & BRI 4 FFric @ A B E AR IEY), FHorb RS m &2 i
BZMWPEIRZ — (Tanksley et al., 1982; Paterson etal., 1988; Grandillo et al., 1999). Z4EXK, #|
FXEEREAR (bi-parental population) 2 25 EAXEAZ &R (multi-parent advanced generation intercross,
MAGIC) #E. HARAS, KA QTL /EE]. 2FEF A LI/ 1T (genome-wide association study,
GWAS). QTL-seq 55771k, KIUEHIE MR LFER QTL £/F 28 1. X 28 4> QTL RAAZ 7 5T
MR K A —, KT 20%M0L 5 6 4~ AT 10% ~ 20%Z 181 16 4, /N F 10%M6 56 6 4

(Grandillo et al., 1999; Linetal., 2014; Illa-Berenguer et al., 2015; Pascual etal., 2015; EH%
4%, 2015; JAE 4%, 2015; Bauchetetal.,, 2017; Liuetal., 2017) .

H i O 20k A7 o 2 (1) 0 SR S i i ORI 3 AN: FW2.2 (Frary et al., 2000). FW3.2
(Chakrabarti et al., 2013) Fl FW11.3 (Muetal., 2017), FW2.2 /25 1 AN B 5 B (¥4 il A 4 5
wEPERIEER, HymbD 1 N EERATE T, X0 K A 2 7S ER (Frary et al.,
20000 o FW3.2 Zwh% 1 A~ P450 EEB, HEZTHE 1 MEZERZEME (single-nucleotide
Polymorphism, SNP) i HAp ik Edem, MmBGmR L hgifodis . R mE. LR R sk
J§#44E (Chakrabarti et al., 2013). FWI1.3 %l 1| DMIREARFE M, Hro 1A 1.4 kb BBk
ZE AN C AR T 194 NI, MRS AR R, R K (Huang & van der
Knaap, 2011; Mu et al., 2017). F& 1 40 BOECE A0 AR R Ah,  F i S st 3 500 2t n
PL3E 5 s 5 & (Lippman & Tanksley, 2001; Tanksley, 2004).LC(locule number)F FAS(fasciated)
RO EREE, WOsEAE. LC N WUSHEL 2K, H4aht X i# 2 /> SNP #]
BB L s R TA R A AR A T S B0 EHCE HOHI I (Munos et al., 2011; Chuetal., 2019) . i
WL W] FAS 9% CLAVATA3 H 1, HJA 317420 294 kb (EIALITH, S EOLESRIE &K,
MTHEOZEHIEZ (Xuetal., 2015).

X5 A T o 1 5 e 2 0 SR S o B ) R R, AR Fw3.2 B FW 1.3 1R RS A i R X
INRRIUCAE B, T FW2.2 BRI BRI N R R BUNEEYE, LC R FAS (2 0 51 2 A
XD ZERIONEEE . R, A5 06 e AL 5 22 3R AR S D R 3R oy ) R P SR S B AH O QTL A7 A, #
LTI R HE PRI S % .

FE458 QTL 8 6 512 75 22 150 % B 1) 4 F-hric R , 1 2 F- PR ic o R S DR Y 35 e 2 FE o R E A
J1¥ 71, Takagi %5 (2013) &5&4EH14r B0 #Hrik (bulked-segregant analysis, BSA) 143 Pk 21 =il
JFHiAR  (whole-genome resequencing), $2H T msid E 2 QTL 17775 ——QTL-seq, FH DI AL
TIKFEYIRYER . $hEE 7] QTL. HHT QTL-seq HAR TN T 2 M EY, Hlanss IF{ert ]
FLEAH QTL (Lu et al., 2014; 7KfE 25, 2018), MG F R 5 & QTL (Das et al., 2015,
2016; Singhetal., 2016), FAFRLF R, OEHE. LW A LEF 58 QTL (Illa-Berenguer et



O, xipedE, W, xbetk, FBEE, M, £ %, EFEa, B, HokE, 2R, X & 8, £ 5, mEE.
FIH QTL-seq & o 75 it 4 SE i 2 QTL.
[ & %4%, 2020, 47 (3): 571 - 580. 573

al., 2015; Ruangrak, 2015; Giang, 2016; Zheng & Kawabata, 2017), /K TR &, MHEK
QTL (Daware etal., 2016; 2= %, 2017), FKIEAF QTL (Chenetal., 2018), fLAEHTHEN BE
Jii QTL (Clevenger et al., 2018), H A =M =14k QTL (AL EM, 2017), H#EHAERS A QTL (Shu
etal., 2018) %%,
AR HI R Z A SEARTCH] T Fr, KA S5 AR AR Fy AR/ T HR{E,
‘Heinz1706” #1 ‘VFNT Cherry” 4ACHT Fy AR S & FME R T o6 8, R H BB APt
Bribz 4k, ‘Heinz1706" NS BN P aby, HIEERAFIE B EE %, T HEHE—
TG . PR RRIX R SR AR F BEAR, KA QTL-seq MEFRIC/HHTIE (RIEW 5, 2011)
AT B AR LR QTL e AL, LAl 10 AN RELREAA K QTL. Hr 8 M sl KRG L F N
o R EGE B . B SR A B AR S A G gF 9.1 A AR /NE 4.5 Mb X BN o i i ik
SN FAREA TR AXCE MR K RSO R R & s F R A R . ARG RN gFW9.1
SR — AP RS A e A e FE B8 1 A, (RIS 3 iR FH 2 AL 3820 AT = 77 B MR IR 4R =

L bR

1.1 BRI MERIRE

HARAIN TN Heinz1706” MR
Bl ‘VENT Cherry’ (syn. LA1221) B8z k/NzE
R (B D. EARMMTRAEE MR
VN 38 2 07 AL TR O . T QTL-seq
FEFRAC /BT 1) Fy BEAAR (Pl 152 AN SR O
T 2017 FFFE, ATEREEN F ##44
“18N4917 T 2018 F-HZE. F4 1k 18N622’
T 2018 FEFKZ=. Fs BEMR C19NS95°. “19N597°

lem  Heinz1706 VFNT Cherry

T 2019 FEFZE R R AL B} g ik 56 R b 1 FARIHRE
CAEE0) KM o 7 i 2R S 20 AT AT 2R S o Fig.1 Parental fruit phenotype

I, BHRBE 10 NN S BB REER
Rt E, BCPYHEENZERE R T E.
1.2 DNA B2 BUACE 7

H At AR 48 ~ 72 h, M EBEA LRSS (Qiagen TissueLyser I, Retsch
Technology GmbH, Haan, Germany ) ¥ i J1 ¥31#%, F|Ff CTAB 72 (Fulton et al., 1995; Boiteux et al.,
1999) #2HL DNA. i 1% B g (V900510, Sigma-Aldrich Co., MO, USA) %l HL Kl DNA
. By BRI R 0 & /N BT HE T, S HCHET AT 20 Ak HER 5 20 %, 20 ik 3L
v DNA 8RS, MR DNA G CRIFRAN R AR H DNA R CRRIFRRC SR . %
PR 2H B0 7 KB R FMEAE AR A IR AR 5, 54 “VENT Cherry” W7 IR EE A 30%, DNA VR
A M RE SR BE N 20%
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1.3 SFReHFLSEER SR

FR¥E QTL-seq £5 %, 7E A (SNP-index) ZE5H{EH > 0.3 FUUEAE I X 3K, LLXTSEA VENT Cherry’
M ‘Heinz1706” MIFHIZ R, ikt 88 NMEA Z AN Fhrid. FIH FiRbric AT REE R 54T
FESFRRICEELE 1.

®1 BEESTIRIEER

Table 1 Information of important molecular makers used in this study

i et WEAIEDD o en SIS (57-30

. o FRic ) .
Frid & Position on Categor Primer sequence
Marker ~ Chr. SL3.0 gory IEM 5% Forward primer J2 7159 Reverse primer
WK1 1 96 107 424 CAPS (Hinfl) TACCAAAGATCCAAACCACGC AAACGTCATAGTCGGAAGCAAAG
HP677 2 39 810900 InDel CAAAACTTGACTTGGTTTCTTC GCTGTTGTTTCAGCAGTTGC
HP4953 3 1538 546 InDel TTCAACAGATACGTATATCTCGC GTGAGAGTGATATGAAACCTGC
WK3 5 3401992 CAPS (Bcl 1) GCGAAGGGAGGGTCTGAAA GGGCGAACAAAAAGAGAAAAA
HP4995 5 63103 134 InDel AATGTAGTAAAACATTCCACTTCG CAGGTATACTTCATTTTGCCC
HP1839 6 45142 560 InDel GCAACAAAATGAAGTTTCTTCCTC  TGTGAACGGATGTTTACACGA
HP5513 7 65 099 453 InDel CTTATCTTGGGAAGGCGGTG ATTACATATTGCTTCCTTTGCCTC
HP3157 8 55545 603 InDel GAATGATTTATCGGATAAAAATT GTCTAGTAGAGAGGTGTTTTTAAGG

AGC

HP5625 9 62 401 997 InDel GTACCTCGCTTGGATACTTGC ATCACCAAGTTGCTGAAGGC
HP5627 9 62 623 521 InDel ACCATCTCTCTCCTTTGCCC GGCTTAGTAGTAAATGGAAGATAACTG
HP59 9 63 659 271 InDel GTTCTTTTGGGTATAGAGTCC CTCACAAAACTAAGCCTCAC
HP63 9 65 670 047 InDel CGTACACAGTGAAGTGAAAC GGATTTTGTACGATGACCAC
HP67 9 66 927 102 InDel GAGGTGAAAGCTAGAGTCAG GTTCCTCTTATCTCTGCTTG
HP1893 10 64 617 781 InDel TCTCATATGTATAGGTAAAAGTG AGTTACATGTGGGAATCGTG

AA

S FARER A 10 pL AR RBHATH . DNA Bt 1 L (100 ng - pL™) 1] K R A1 519955 0.2 uL

(10 pmol - L)\ 2x Tag master Mix 5 uL (2x M5 HiPer Tag HiFi PCR mix, MF002-01, Jtil%&
EVREARAT D). ddH,0 3.6 pL.
PCR ¥ ¥is4TFEF N : 94 CTiAEME 4 min; 94 CAME 30s, 52 ‘CiBk 305, 72 ‘CHEAH 30s, 35
ANMEIR; 72 “CHEAH 5 min.
InDel #ric BRI 3% 135 AR HE & B kA Il PCR 7241, CAPS #ric H PCR F*¥) & v 5
T 3% ER MR VAT AR . 15 uL B DI 2R : PCR 724 10 uL~ YY) 0.2 uL(10 000 U - mL™,
New England Biolabs, MA, USA). 10x ZZ#M¥K 1.5 uL ddH,0 3.3 uL, 7E&GE MR E FEEY) 2 he

1.4 HIELE
QTL-seq: =l 7> 04 Kb 22 12 43 #1 B KA FIE AR AR E IR A 7 58 il K S A 500 345 21 1
HRFH 5% S 3LK A (SL3.0 A, https: //solgenomics.net) EtXt, FH BWA (Li & Durbin,
2009) ZEEAFSAZPEA L [AIF) SNP. K DNA VR E I 715 21 1056 77 51 43 51 5 255 JE R 41
‘Heinz1706 F# 5| 34T LbXt, LU Heinz1706 " Ff B FE v A v 43 01 11 B O 58l A /s SRt /)
SNP-index (DNA jR&HHE— SNP A7 fifisFE S5 ‘Heinz1706” 4xi—ZHf, W% SNP ) index
N1, RZKH0) o NT DI IREAR K SNP 20 A A 51 5 R 2 45 R0, i yE e m
ANVE A A SNP-index 15 < 0.3 BRI <7 19 SNP A2 A LA 1 Mb RS E Ik, 10 kb A K
THEH LI SNP-index [F°FIME, HW B i DA s A7 B ¥ SNP-index. AR¥E M %15 H 1%L
Wi, FHRKRME) SNP-index 98 2/ Rt i %t R EEA7 B ) SNP-index, 73%JA (SNP-index) , 4R
Wi IR BRI AT Pr R BRI 21 (Takagi etal., 2013) o FEHUEH Al I & & Wb BEHE3R1S: http:
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//genome-e.ibrc.or.jp/home/bioinformatics-team/mutmap.

BFRE T A& JE AR E . R SPSS AT MSZAEAS ¢ KIS PEAL QTL S5 7 2 PR 22 1) S 52 ot 21 3
EEFMEZEN. B da RS QTL LA RIEE, d=Aa- (AA+aa) /2, FRABIER,
a = (AA -aa) /2, FRNINPERLS, (Illa-Berenguer et al., 2015). HH AA. aa 73 HMCE Fy Bk
QTL fi7 fURSREERAL, NRIERI B H P R i i, Aa ARG EEFAM F, PR E. KRR
S0k # H PVE (phenotypic variance explained) {H3#&7~, H#H A QTL IciMapping 4.0 (Meng et al.,
2015) HEAH.

2 RS0

2.1 FBARILREMIEESHT

A ‘Heinzl706” WP RFRE N 43.6 g, ‘VFNT Cherry’ KPP RFEEN 19.5 g, 458
A F, TR RS RN 452 g, PR BEL 43.2%, EIHBERAFH. F, AR R E S
BB (B2) , B/AMEN 83 g, BAMENT71.0g, FIIMEN30.7 go 2 SPSS HFEA K-S £
I (FEMEREM, 2014) , P=0.20 > 0.05, KULUi#Z% Fy BEARRSL R EILUES 0. kT
DN 22 B i w28 s S S o o A 52 22 R R o O B PR

VNFT Cherry Heinz1706
20 - (195 g (43.6 g)
AR | 1l KR
Small fruit pool Large fruit pool
15 (174¢) (46.5 g)
Y
£ 1
B2 10
':;lﬁ =]
E
o

o (L, ...
7510 12.6~15  17.6~20 22.6~25 27.6~30 32.6~35 37.5~40 426~45 47.6~50 526~55 57.6~60 62.6~65 67.6~70

10.1~12.5  151~17.5 20.1~225 25.1~275 30.1~32.5 35.1~37.5 40.1~42.5 45.1~475 50.1~52.5 55.1~57.5 60.1~62.5 65.1~67.5 70.1~72.5

R E/e Fruit weight

2 RBERIRENESHESE

Fig.2 Frequency distribution of fruit weight in F, population

2.2 F,BHARY QTL-seq 4

TEHL Fo T4 A AR oy SR S0 = (P AELVR 7% 20 Bk, K H DNA SR 5 43 0l #4) R/ St A R SRt /)N
RMAER P RS &N 174 g, KERMAEKRIFRRLREN 465 g (B 2). X5EAR VENT
Cherry’ « ZNRJMANR SRt 43 50 04T B e o Ji sk =100 25040 B AL ER A4 BT 7 A (SNP-index) 1]
ek (B 3D,
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'(1)-5 [ GFWI. | gFI3.1 I qFW5.2‘inW6.]i i

. 1 ‘ 2 ‘ 3 ‘ 4 5 ‘ 6 ‘ 7 ‘ 8 ‘ 9 ‘ 10 12
Yufa f& Chromosome
3 FBHEM A (SNP-index) #4%HE
i SR AL BUR R W RE S A R SEBUE QTL Y X 8o
Fig.3 TheA (SNP-index) line chart of F, population
Arrows and lines indicate the regions that may contain fruit weight QTLs.
. -/:ré 3 s _.

HRA Takagi 552013 f(JHIE, ACSNP-index) % 2 THASRERE OTL MREERE
é@;(ﬂ-’fa = 03 E'(J %@ﬁi 'Z: :@2 I)_lu T’E‘mu é’l\ﬁ%i Table 2 Chromosomal regions that may contain QTLs for fruit
JF B QTL, %133 A (SNP-index) 4ixt il > weight

, N NS Rtk VTR /Kb
0.3 B’]ﬁ%@,’flf&lztﬁ 104 ( IZEI 3, ﬁj Z!EE Bﬂi 4. Chromosome Position on SL3.0

88 890 ~ 96 100
38200 ~41 130
0~2210

11, 12 SREMRIMNO L E GO E,
bR G R X S B L B LR 2.

2490 ~3 700, 62260~63 150

64 980 ~ 66 270
FIFH A (SNP-index) WEfEfHT 88 41 660 ~61 740
PRACKS Fp AR A AR BEAT 2L I B 20 A, SR

63 700 ~ 65 380

1
2
3
5
23 F, BB BRFRe o s 42770 ~ 46 680
8
9
1

(=}

3580 ~ 69 240
g R EBIE AT bR L 0, RN Bd

10 MYt PR X I8 35 & R B A% QTL, 7 ildn 49 gFWI.1.qFW2.1.qFW3.1.qFW5.1.qFW35.2,

GFW6.1. gFW7.1. qFW8.1. qFW9.1. qFWi0.1 (&3, % 3).

*3 EREFRE QTL EHMS FHRIZ
Table 3 Markers associated with fruit weight QTLs

L fr v 2T AERIE e Average fruitweight of P P oy mgpai, @it
QTL Chromosome  Marker Heinz1706 by VFNT Cherry P-value PVE d/a
Heterozygote

qFW1.1 1 WK1 28.23 33.01 32.36 0.01946 4.04 1.316
qFWw2.1 2 HP677 33.66 32.94 27.08 0.00028 8.87 0.781
qFW3.1 3 HP4953 27.31 30.16 35.49 0.00028 10.61 -0.303
qFWs5.1 5 WK3 32.01 32.64 28.19 0.03870 2.55 1.329
qFWs5.2 5 HP4995 26.68 30.80 3241 0.00895 4.18 0.439
qFWe.1 6 HP1839 26.70 34.03 32.83 0.00021 9.93 1.393
qFW7.1 7 HP5513 32.54 32.46 26.95 0.00292 6.47 0.973
qFW8.1 8 HP3157 34.22 31.72 27.34 0.00066 6.91 0.273
qFWw9.1 9 HP59 33.47 32.11 24.16 3.3E-07 12.19 0.573
qFW10.1 10 HP1893 28.81 31.12 33.44 0.01456 3.91 - 0.005

ik 10 M7 SRR B TTEREAN T 2.55% ~ 12.19%, Horb gF W51 &%, qFW9.1 & X
10 AN S5 B KRG LR 5l ok B T PIANSEAR, qFW2.1. qFWS.1. qFW7.1. qgFWS8.1. qFW9.1 {1k
H ‘Heinzl706’, gFWI1.1. gFW3.1. qFW5.2. qFW6.1 F1 gFW10.1 [fJ5k 2 ‘VENT Cherry’; iX46f7
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MR RSN B TN R, ARNEE, ARk, B da G, gFWI.1. gFW5.1
R gFWe6.1 WK RN FE R BB, gFW2.1, qFW5.1. qFW7.1, gFWS8.1. gFW9.1 N5y Bk,
gFW3.1 Fl gFW10.1 [Ny Badt .

24 gFWI.I IR RBIRERERE

gFW9.1 oy AR s, TEARIGAT I B ¥ T A A7 s PR BV R DTk R ey, 18 12.19% (R
3). it QTL-seq, gFW9.1 #ERITE 9 SYAAR 3 ~ 69 Mb Z[A]Z] 66 Mb [IFEE N, XA % 9
SYAARL) 90% I X I (B 3D N T HE— 545/ gFW9.1 (e RLIXTA], e B e 7 X J) P R A 20 3t
T HoAth PVE > 5% = RCR SR AL gFW2.1. gFW3.1, gFW6.1. gFW7.1 Fl gFW8.1 A& IRk
BT . I Fyy Fyo Fs GRS ERHARIR I SIER B 38, HETC¥s gFw9.1 1€ L X 8]
4/ 3 HP5625 5 HP67 2 [A]1%) 4.5 Mb FIFEEIN (R 4).

Fz4 Pl R BRERERER
Table 4 Progeny test of g FW9.1 recombinants

TR R TR RME TR

Population Pedigree Molecular marker Plant Average fruit ?_\fme

number information HP5625  HP5627  HP59 HP63 HP67 number  weight

18N491 (F3) 17N495-135 A A A A A 12 428+3.4 7.1E-07
B B B B B 12 324+£39

18N622 (Fy) 18N491-4 A A A A A 11 39.7+£7.9 1.7E-03
A B B B B 10 294+4.1

19N597 (Fs)  18N622-8 A A A A A 12 422+2.0 4.9E-09
A B B B B 11 322+£3.0

19N595(Fs)  18N622-39 A A A A A 12 375+33 9.5E-06
A B B B A 12 30.7+2.6

E: AFRRERME ‘Heinz1706” f[F; BRmERFME VENT Cherry” .
Note: A homozygous for ‘Heinz1706”; B homozygous for ‘VFNT Cherry’ .

3 Wi

‘Heinz1706” A ‘VFNT Cherry’ 7858548 Fy RSE 2 H oG RFHEIA 43.2%, KI5 A%
LA . AFF A ILEIME] 10 MRS E QTL %, H gFw2.1. gFW5.1. gFW7.1. qFW8.1,
gFW9.1 W RRENIEFRAEAR ‘Heinzl706”; qgFWI.1. qgFW3.1. gFW5.2. qFW6.1 F1 qFW10.1
MR IER R HEA VENT Cherry’ o 3X 10 M S HANAE gFW3.1 F gFW10.1 KRR A7 %
KA Ay B, 9860 R 1 8 SRt K SR IE K vh gF W11 qFW5.1.qFW6.1 )R8, gFW2.1 .qFW5.1
qFW7.1. qFW8.1. qFW9.1 IR B MEEINLE F Mk, RE 17Xk B XEE 1) B KR4
B, NTAE Fy SRS SRR 3 . P& A R LR QTL KA R otk F SIS, AR
Z AR R UL QTL Z (B HAE SR IWIRN, I8 T XCEE AT & R SE i i QTL A IHAE S, W]
DA B2 A R AR R SR AN, TR B i v 7 B Pl A S8 2 & R FLhe it 2%

AT AR BN ) QTL AL gF W11 qFW2.1. qFW3.1, qFW5.1, qFW5.2, qFW6.1. qFW7.1,
gFWS8.1. qFW9.1. qFWI10.1 5 5l 55RiRIE ) fwl. 3. fw2.5. fw3.b. fwS.1. fw5.2, fw6.3. fw7.3.
fw8.1.fw9.3. fwl0.b X3 (Grandillo et al., 1999; van der Knaap & Tanksley, 2003; Linetal., 2014)
Ty E S, DRI A 7T ks W B A7 AORT e S AR AT IE S AL A R, (HE AN Cp e b
MR SL R IR FW2.2. FW3.2 1 FW11.3. Joui It 5Lk B fws.2 RFRPELL &, (BRI H N
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B,
LG QTL A L EEARG: Bhrid ok, XafERE. B4 XEERE. 2 EXE/ER
% CERE S, 20090, HAIXIAERE. 26 XIRAERER 2 H X AR RS & 28810 0 hn
TCIESN AT, RERERERM M T, KRIHEFE T AT W) AR/ BRA T E 5%
B Thric B, H2E AR o CERE QTL MIMEMALE . Likiietiic 5 1 4 QTL EHUE
514 QTL &8, Kl %. il QTL-seq HI45 5, W LAKIIE QTL M & K ¥E, M
BRI AT SR RS AT 6 A, 9D 7RI A I AR, ROR$E S 7 LR . ARYE Takagi
25 (2013) HRIE, Fo BEAAAR, 4905 N 20x. DNA JRA A A G SR L1208 15%0,
A (SNP-index) ZEx1{H = 0.3 AJLMENSH QTL Hikrut. T iZbrdk, AR di8id QTL-seq 5
F 10 MATRES A QTL MYk X Ik, FRIE L AR L TR IE S 71X B Yt i X I i A 3 A SR S
& QTL. H, QTL-seq H5HARICHIEMGE AL — MR WEMIEIT QTL EAM k. £
QTL FIRE 4 Al i 75 A @I S5 5L R DAHEBR HoAth QTL W40, Mim SRR 0% 75 Z 2 AR
FIAZER FAS . K . i QTL-seq, T LAPRLIH = Rt %00t RS i & QTL,  [FIET 45 & spnid
SR, ATUATE By BEAR TRkt B AR QTL AL s N G Bk A2 a8 #e . Hofth 3 R0 s ¥ o Al & (A
FRBEAT R — B W5 o ARG Ik B gFW2.1. gFW3.1. gFW6.1. gFW7.1. gFW8.1 % 5 /> PVE > 5%
1) 32 R R S R AL s AT gFW9.1 A 1 8 A7 X (AR AEAS e R Ak AT R AR 8, P IRE T
gFW9.1 7 5.3 BB e A7 X E] 46 /N 21 4.5 Mb S FELN .
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