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Preliminary QTL Mapping of Sepal Morphological
Characters in Tomato

SHEN Yuan-bo, WANG Jing, DONG Wen-jing, WANG Xin-yu, LIANG Yan
( College of Horticulture, Northwest Agriculture and Forestry University , Shaanxi Yangling 712100)

Abstract: Tomato ( Solanum lycopersicum L. )is a globally popular vegetable with special flavor and rich
nutrition. Along with the increasing need of the customers on the fruit quality, people have paid attention on the
sepals, as an important part of fruits. In this study, the genetic populations ( P,, P,, F,, F," and F, ) were generated
by using tomato genotypes with sepal envelopment and upward curl as parents, respectively. The F, population
was genotyped using 130 polymorphic SSR markers to obtain the genetic linkage map, which contained twelve
linkage groups, with a genetic map length of 4682.22 ¢cM and an average genetic interval of 36.02 between
markers. The QTL mapping of six sepal-related morphological traits ( sepal length, sepal width, sepal thickness,
sepal area, sepal upward curl, and sepal crimpness ) enabled identifying 20 QTL, of which two were associated
with sepal length, three with sepal thickness, 11 with sepal area, four with sepal crimpness. These high-
confident QTL at each trait were further analyzed, and might lay a foundation for deciphering the regulation and
improvement mechanisms of tomato sepal morphology.

Key words: tomato; sepal morphology; linkage mapping; QTL localization
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Table 1 Part polymorphic primer sequences in this study

E Peafk EEF S5 14

Name Chr. Forward primer Reverse primer

TES1753 GTATTCCCAAATGGAGCCTTG CCCCTCGAATGGATTTTACA
TESS811 CACGAGTCGCAGTGAAATGT GGAGATGCCGTTTTACCTGA
TES1187 GTTGTTCTCCGTGTGGGACT TCGGACACAGCGAATGATAA
TGS64 CCAAAACCCAAGGAATAGCA GGGAAATAAACCAAAATGAGAAGA
TGS534 GTTGGAGTTACGAGGTGAGGG AAATTTTGTCTCGGAACACGA
TGS1518 GATTCATTTTTATGGACCATTTTT AGCTCAATGACGGTTCAAGC
TES2033 GTGACATATGTGTGCCCCAAT ACAAATTGAGGAATGGTGGG
SSR43 CTCCAAATTGGGCAATAACA TTAGGAAGTTGCATTAGGCCA
TES177 CGTTCAGCTCTGGACAAACA GGTGGCGGTAAGGTTCTGTA
TGS1160 GCTGTATGCCCCAAGAACAT AGCGAACCATTGGATTGAAA
TGS364 CATCGCGTATTCGTCCTCTT GACTTAGTTCTTGCTTATGTTTCCA
TES1230 GAAGAGAAAACAACCAAAACCA AGCTTGCCACGACTAGAGAAAA
TGS2519 GAAATGAAGGGGGACTAGGGA CCATCCATTCCGTACCATTC
TGS1544 AAGGACATTCATCACCAAATCA GAGCAACTGGTTTTTGGAGC
TGS232 GTCGGGTTGAGTTAGGCTCAG AAAGTGAAAGGGTGGAGGATT
TGS914 GCCAGGCATTCCAACAATACA TCACTTGTGCAATGAGGTTGA
TGS567 GTTTTGGGCATATGCGTTGTA CTGCTTGCGTCAGATACATCA
TGS38 GAATTAGAGGGTTTGTGATACCG AAAAAGCTTCCTGGCTAAGAAAT
TES99 GCGCCTAAGCCAAAAACACAT TCCAAACACAAAACTCTTGGA
SSR62 TGCAAATGAATGTCCAGGAT TCAGCAGAGTTATGCCATGC
TES1594 GTGGAGAGAATCACAAGGATGG TCATCGCATTCATAAACAGAGT
TES365 GCAGGGCCTGTTAAAGTTCCA TCTTATTCAAATGTTCTACCAATGC
TGS766 GATGGGCTATGCTCAAATTGC AAAAGCACTTCCAGCCAATG
SSR383 ATTGTACAAAGACCCGTGGC GTTGCACACTGGATCAATGC
SSR70 TTTAGGGTGTCTGTGGGTCC GGAGTGCGCAGAGGATAGAG
TES503 GCAAATGACGCCAAATTTCT TCCTCCGATTTTTGGAAGTG
TGS426 CACGCCCCAAGACCTTATTA GCATGCCTAAATCTATTAAATGCC
SSR110 TGTAACGTCAAACTTCAGGTG CTCCGCAATGTGTTGTATGG
TGS160 GCGAAGGAGGCCATAACATTC TGGACACTTGAACACAACCAA
SSR233 10 GACCATGGCCTCCTCCTCTAT CGCAAAAAGGGAAAAATGAA
TES1534 10 GACTCTCCAATGCGTGAATCC ATCATGAATCGTAGACCGGC
TMS17 11 AATGTAACAACGTGTCATGATTC AAGTCACAAACTAAGTTAGGG

TGS2218 11 GATGGTGGTGGTTTTCATGGT AAGCGTGATTCTCAAATGGG
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2.1 EMERESMEREXEST

211 FEMERESERUE XUHAREE
K R SRR R AL R R RS
i RE HE AT (6 2), 45 LR, RCE ) 6 4TIk
Z R HRAEAE i 25 P 25 55 TE A8 Fy AR AN PRIk K

INIEAR —B AR E 2T (BRE RSN, F,
PR R SH (T 3799~ -17.92°2
8], %5 #h B AE 1.15%~13.22% 2Z [A] ) JE5F- (R AE
1.10~34.21°2 [], % M JEETE 5.519%~26.95% 2 [8] ), 158
(_3MPEAE 35.14~46.11°Z 0], B Ml EE7E 5.519%0~26.95%
ZIa) ) A4 ( FBEETE 27.32~33.24°27 ], 2 i 7
31.48%~90.93% ) PUFf .,

*2 MHRKEFEREREREEESIT
Table 2 Tomato sepal characters statistics of four generations
F,
IR Characters P, P, F, F/ 4k S s b
Down wrap Flat spread Upwarp Upcurl
# K (em) SEL 12232 16.23b  15.14b  15.33c 13.33 14.66 15.91 15.11
5 (em ) SEW 5.43a 491b  4.93b 4.71b 423 4.99 4.95 5.10
R (em ) SET 2.26a 1.73b 1.73b 1.82b 1.65 1.76 1.97 1.69
WAL (em® ) SEA 33.17c  39.85a  37.29b  36.10b 24.29 37.37 39.99 37.98
= AL (°) SEU -124c  55.89a  15.23b  17.54b -9.92 22.96 38.40 31.49
2 EME (%) SEC 3.89¢  39.82a  8.70b 7.89b 7.06 12.21 13.36 36.05

ARG PR R AE P<0.05 7KV T 22 5 B & 1

Different lowercase letters indicate significant difference at the level of P<0.05; SEL: Sepal length; SEW: Sepal width; SET: Sepal thickness; SEA :

Sepal area; SEU: Sepal upward curl; SEC: Sepal crimpness ; the same as below

212 BEHERESHREXESHT  XEFHE
Fi 6 A PERDEATARSCNEJ Hr e B (35 3), 2 )5 S AN
B R R LR R R A A 3,
T FR 5 2 o ol A 3 R OC, AR R AR 1] 2 O

®3 MEREHSHESEREXEST

W B B A G . 2 R A MR B AH SEPHEFE 0.04~0.60
ZIa], Hod ) R KR B SE AR e P B i, 3 0.60,
SVASKR PR, K 2 B0 B MR 2 8 # A — € /Y AR
j&’rét o

Table 3 Correlation analysis of tomato sepal characters statistics of four generations

PR Characters # K SEL 29 SEW # )58 SET I SEA = S SEU =M SEC
WK SEL 1.00

R 5 SEW 0.60" 1.00

W) SET 0.46" 0.47" 1.00

R AL SEA 0.29" 0.30" 0.18" 1.00

W L SEU 0.25" 0.05 0.03 023" 1.00

3Rl E SEC 0.17" 0.04 0.05 0.13" 0.50" 1.00

¥ FRIRAE 0.01 K- OO ) ARIENE .35 5 * SRR TE 0.05 ZKF- (XU ) ARDCHE 2%

** indicates significant correlation at the 0.01 level ( bilateral ); * indicates significant correlation at the 0.05 level ( bilateral )

22 TBEMEREASHR QTLs ERL RS
221 FEMERESMER SSR #RIEHFIE R F, B K
EREBEN FIFHACEASLTGBE 900 X SSR 547,

MRS 130 X 22 250 A A2 3 T F,
FEREE S0 b, 28RN 14.4%, F1XF 230 B
F, FEARIEA TS DI RIAGI ( J& 1),
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MPP, F 1 23456 78 910111213141516 17181920 212223 24 2526272829 3031 32

P P,F 1 23456789 MIOII213141516171819 202122 2324252627282930313233 34

B 1 SSRY(_L)#1TES64( T )7EERS F, BHAHIY IEER
Fig.1 Amplification results of SSR9 ( above ) and TES64 ( below ) in part of F, population
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223 FEMERESHER QTL EM RS FH
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PO 1T, 256 F, BEIR SRR 02 R S R A7 X
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QTLs, oA % v )45 1 56 A3 5 158 A 56 9 QTL
(£4).

R IES S ak bR 2 M EERK
W) QTLs, glengths-1 | glength-5-2 1) LOD 4
3.22, BHKR N 2.23% . 2.24%. 2 4~ QTLs il

PR YR TEAE, FRPH L AZ SCA R 52 mA K .

R 5 R R A W QTLs 3t 3 4, /v fi
TES55 F9 5 Yo fk I, 51 ik % 7F 2.54%~7.63%
Z 6], LOD {H 7£ 3.00~4.11 Z [f], gthickness-9-1
LOD {8 fix K M 4.11, 5T HRE K 2.84%., 31> QTLs
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8.10. 11 S YA fk - & 434 1 1~ QTL, 11 4> QTLs
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H 1.11%~6.58%, S TTERH K 47.11%., 8 T YA ik
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RWBERA I QTL By T A5 L8R 57 ), o4 13.49, BTkR
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R HE R R B BEAS A 6 4> QTLs M MG S
PSR B AR,

SR B AR 3 SR 4 S YR b F
4452 B A OC Y QTLs, 4 M s iy ST
TE 3.84%~4.29% 2 [], B 5Tk N 16.27%, |7l —
Je ik i QTL 1Y LOD [EM BTk FILAHIE . il
w, 35 YLk F i P> QTLs gerimpness-3-1 Fl
gcrimpness-3-2 1) LOD {H 0 3, Tk R h 4.29%;
4 5 Y 4 {K 2 )~ QTLs gcrimpness-4-1 . gcrimpness-
4-2,LOD {H iz K ¥4 3.61, STk 4351 R 3.84% .
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Purple, red, blue and green represent QTL associated with sepal length, sepal thickness, sepal area, and upwarp, respectively
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Fig.2 QTL sites distribution of tomato sepal morphology characters
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Table 4 QTL results for tomato sepal morphology characters
. etk ZEMitRic E@ﬁﬁ o LoD fii Mﬁﬁm ‘ﬁﬁ%(%)
Characters QL Chr. Left Right Location LOD value Additive Varlache
marker marker effect explained
# K SEL glength-5-1 5 TES99 SSR62 2894 3.22 1.70 223
qlength-5-2 5 SSR62 TES1594 2961 3.22 1.71 2.24
)& SET qthickness-5-1 5 TGS567 TGS38 1169 3.00 0.21 7.63
qthickness-9-1 9 SSR110 TGS160 2680 4.11 0.02 2.84
qthickness-9-2 9 SSR110 TGS160 3127 3.58 0.03 2.54
L E A SEA qarea-2-1 2 TES1753 TESS11 1094 3.00 -2.23 1.11
qarea-4-1 4 TGS1518 TES2033 75 3.20 0.45 8.16
qarea-5-1 5 TGS364 TES1230 0 4.42 0.97 1.74
qarea-5-2 5 TGS2519 TGS1544 274 3.04 0.39 6.53
qarea-5-3 5 TGS2519 TGS1544 433 6.49 0.19 3.06
qarea-5-4 5 TGS232 TGS914 658 3.60 -0.22 5.90
qarea-8-1 8 TGS766 TES365 88 3.21 0.17 6.58
qarea-9-1 9 SSR383 SSR70 8 4.45 4.73 2.79
qarea-9-2 9 TES503 TES426 931 4.70 -0.71 2.08
qarea-10-1 10 SSR223 TES1534 40 6.88 -4.16 3.02
qarea-11-1 11 TMS17 TGS2218 318 13.49 —6.06 6.14
BREIE SEC  gerimpness-3-1 3 TES1187 TGS64 481 3.00 5.26 4.29
gcrimpness-3-2 3 TES1187 TGS64 539 3.00 5.26 4.29
qcrimpness-4-1 4 SSR43 TES177 3655 3.61 5.07 3.84
gcrimpness-4-2 4 SSR43 TES177 3718 3.61 5.07 3.85

TR Ay T 2 W SR8 A5 R R 1T ACAR 5 IPR380 Jhy B 3 B 28 A (0 B R U 1 T BEAR

Positive additive effect indicate the synergistic allele is derived from the male parent; Negative additive effect indicates the synergistic allele is

derived from the female parent
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REFARCR", AP B 6 MR
PEATHE G T, 205 2 W], 450 - 9 i B i
Fr B R i A DG L3, S T AR
M RE L ARG , HA IR RIS o 3% TEAR G
JEAR B U E S T S R G R
Frimif = e R 5 A HO BBt e,
Fi TR AR R R R S 3 TR AR G 5 A
HORIF T L5 2R [R) 45 5, 7 L3 1 S e gy
2 AR 3 AR G

i A5 A T DB R R T e R Y S e 5
G120, g A 3 R HEAT QTL 5 {32 1 i
P, 7 I e L v P I AL 454 5 Dh RE W 5
R LRI R, 9F B2 T4 7 Ty siAk
ALY B AR O I B . R s A E
FEl3 A B T4 8 QTL 5 ol B 12, AL 1 R 3i
49 53 3 S5 RIUHS T 1 15 A 10 45 8 B R/ N DD A
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