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T80 9, L5, TP RIE; 1 44, 0<
C<<0.6;2 %%,0.6<<C<2,8{ 1 HBREHEE >
3 mm;3 2%,2<{C<4,88 2 HREIRE >5 mm; 4
R, A<<C<8, 5 3 ZYRHE >7 mm;5 4, 8<<C<C
11;6 4, C=11, Hi C(%) =G /C, X 100,
C =R ARHEKXZ AR, C, =R LR X
RIPR. 5.6 RABRFERAEZIREK TS
L3RR E ZRE AT, PIRBE HREFEHO
P, HiBHRECH 10051 FHiBHEECH 8452 Fpis
FRBCH 6853 HPTHIBECH 52;4 KRB ECH
3635 BILEARECH 2056 BBLATEECH 4,

TEFR AR B I F iR~ R & F
MR RBERE . RE AR LR
(mm), R R RT3 R SE 3R
B GRSERREE, A GY-1 BURSE AT, A
WHERR AHEA R AL A B R A, U
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KR, MO 4D EHEEYE, 2R
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FAFFEE R, CESE W, LR E R
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1.2.2 ZF4H DNA By

SR CTAB ¥ MU R, 3+ 1%3iE
BEXT DNA BE47 58 BRI, 8 AR 40 6 B TR
DU BE AT
1.2.3 SSR M

SSR A ZR:1 pL DNA #itk, b, T i#5l
Y% 1 pL, 2 X Tag Master Mix 7 pL,ddH,O &
20 uL, PCR 254 94 C 5 min; 94 °C 30 s,
55 °C 30 s,72 °C 1 min,35 ME# ;72 °C 10 min,
4 CLRIERN . T 6 Y0 BAR M 5% 9 I TOE R o6 e v
WA BN =Y, AgNO; Yeti 8, BBAH IR0 5%
1.2.4 AFLP &

AFLP 2y FHric &% VOSES iy e, Bt %
B . DNA B (100~500 ng)3. 0 pl., EcoR 1 a-
dapter (5 pmol « pL.7!') 1.0 ul., Mse 1 adapter
(50 pmol * uL"")1. 0 pL, ATP(10 mmol « L")
1. 0 L, 10 X Buffer 6.0 pL, EcoR 1¢10 U « pL.™1)
0.5 pL, Mse 1(10 U « pL.7')0.5 pL, T, DNA
Ligase(5 U« L 1)0.6 pL,ddH,O & 50 pl,
RN 37 CH5&ER 6~8 h, Wy ik

% :DNA(BEVIE G F=4)6. 0 pL, EcoR T-prim-
er 0.6 pL,Mse I-primer 0.6 pl,2X Tag Master
Mix 8.0 pL,ddH,O & 2 pl., RMFFR 94 C
3 min; 94 °C 30 5,56 °C 30 5,72 °C 1 min, 24 4~
PE¥1372 °C 10 min, 4 ‘CR LN, MY 1
R Z DNAFY B = W5 B 40 £5)5. 0 pl., Exx
(10 ng »+ pL7') 1.0 uL, Mxx (10 ng » pL7™")
1.0 pl.,2 X Tag Master Mix 8.0 pl.,ddH,O &
25 pL, RWFFH 94 °C 3 min; 94 °C 30 s,
65 °C 30 s(BMEFRFEM 0.7 °C),72 *C 1 min,
12 MEE ;94 °C 30 5,56 °C 30 5,2 °C 1 min(%&:
MEFIEIN 1 $),25 MEF ;72 °C 10 min;4 CH&
AR . BEFH 6 V0 9 A 1 B P M Mot e 6 JC P VK
B IEBR LY Y R B e R A T IR
FATRFE
1.2.5 SSR 5 AFLP fFHric il BdEic s

SSR #ric ™ BRI 54 Py MHFIEHK 2, 5
BA P, #HFE R 0. 5 F, MHRENHEH 1, kil
h—1, AFLP #Ric . &4 Py ok, P, il Fy
A F, BEASA RSN 10, TR IC N
2; %4 P, o4l . Py M Fy 400 F, BHAHAE
Aok 12, BTN 0,
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SRR B AL E B EES . QTL 14 & 1l (R B
LODZ>2. 5, 3k I 0 PE R 25 [ 58 45 IX ) £ el 1
(ICIMD , P4 1. 0 M 25 K HEATH4 , K U 7T BEAF
W QTLs,
1.3 HBEHH

SR FH SPSS 17. 0 A4 xS A HGHA TR B
A A TBAL 47, I0 3¢ P1 Py Fy 3 A EERI R
R R R AR RS e R Y
ERALEREHITHIMES T, R Excel 30/
BEATHHE B R W HIAE
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2.1 F, REEpEXERSR
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0.322.0. 302.0. 292 1 0. 225, i3 B S S\ 42 18

ROBRZFR . PIRESRARELE 0. 05 K
BB E AR, MR REC —0. 138, KWIR
RTARAR O R AT M B B AR S T o

KRB B K, SR, AR RBIFRM REPENAESIFAEE,
BEARRNHHMEE. REMRENREPER
*1 F, BESHERMERGR
Table 1 Test of normality about all traits of Fs generation
etk I InEE FHE Fo/ME R W L35
Trait Average Std Dev. Var. Min. Max, Skew Kurt
W 124. 312 38. 284 1 465. 637 49. 400 247.100 0. 705 0. 483
FLD 65. 283 7.538 56. 814 46. 640 84. 083 0. 292 —0. 217
FID 58. 498 8.059 64. 944 40. 060 78.970 0. 456 0.125
FSI 1.132 0. 164 0. 027 0. 744 1. 578 0. 259 0. 260
VN 3. 190 1. 035 1. 072 2. 000 6. 000 0. 698 —0. 088
FF 8.125 1. 245 1. 550 5. 000 11. 090 —0. 004 —0.156
SS 4. 290 0. 640 0. 410 3. 000 5. 800 —0. 090 —0. 669
TPS 4. 109 1.012 1. 024 2.375 7. 600 0. 846 0.738
TPF 3. 804 0. 681 0. 464 2. 500 5.175 —0.015 —0. 903
TPT 4. 222 0. 925 0. 855 2. 450 6. 750 0. 389 —0. 259
CRI 65.534 26.571 706. 020 4. 000 100. 000 —0. 633 —0. 337

1 FW. RSEBR R FLD. RS FTD. RIHELRE; FSL RIS VN LZEH0 FE R AR SS. ATE B & & TPS. RIE R EHE TPM. RER

P TPT. SRR #E; CRL 4988, T,

Note; FW, Fruit weight; FLD, Fruit longitudinal diameter; FTD, Fruit transverse diameter; FSI, Fruit shape index; VN, Ventricular number; FF, Fruit
thickness; SS. Soluble solids content; TPS, The toughness of the peel on the fruit shoulder; TPM, The toughness of the peel in the middle of the fruit; TPT.

The toughness of the peel at the top of the fruit; CRI. Crack resistance index. The same below.

=2 F, B E MR EXES
Table 2 Correlations among fruit cracking in the Fs generation
FwW FLD FTD FSI VN FF SS TPS TPM TPT CRI
FW 1. 000
FLD 0.535% > 1. 000
FTD 0. 920 * * 0.298* * 1. 000
FSI —0. 402 * * 0.498* *  —0.665% * 1. 000
VN 0.456* *  —0,218* * 0.601** —0,678* * 1. 000
FF 0.427* * 0.498* * 0.397* * 0.016 —0.098 1. 000
SS 0. 052 0. 166 = —0. 020 0. 156 % —0. 259* * 0.170* * 1. 000
TPS 0. 085 0.155 * 0. 004 0. 097 —0. 067 0. 238* * 0. 057 1. 000
TPM 0. 145 = 0. 162 = 0. 084 0. 037 —0. 043 0. 267* * 0. 165 = 0. 702 * * 1. 000
TPT 0. 109 0. 066 0. 100 —0. 059 —0. 029 0. 246 * * 0. 140 = 0. 443* * 0.570* * 1,000
CRI —0. 060 0.322*%*  —0.083 0.302**  —0.015 —0. 138 = 0. 020 0.292* * 0.225** 0.010 1. 000

o *, % % FARTE 0. 05,0. 01 BEKFHES.

Note: * , * * indicate significant difference at 0. 05 and 0. 01 levels, respectively.

2.2 DNARZELER

R CEEAF & F, BHRAH DNA FieR
FH 17604 B B B 1 ri i AGH I o Bl R 2 T B4R
IR DNA % 8 i 52 57 oiE R 4,
B DNA 25 528, i 388, I HERE 54

HOEE T SMA3000 Al frit DNA ¥R B, ODsgo /
ODyeo 4+ F 1. 8~2. 1, W T )5 8k %, DNA
W (pg » mL™1) =0Dgg0 X 50 X T BEALEL .

2.3 SSR #1 AFLP &> FiridiGiE R IEER

FIHI 300 Xt SSR 514y, Xf 8 £ 4 Bt 479
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Fig. 1 Frequency distribution for tomato cracking fruit for F; generation
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A

1153 42 X2/ LHY SSR 514, FAIH F
YRR MLFE AT R, 58 5 LB, Hxt
F, RREBHASEA TR . A 256 %} AFLP 5|47
v, JLFRAR 21 XA |9 (F 3~41) .,

2 DNA ZRRSHESERE K
Fig. 2 DNA agarose gel electrophoresis

Foif53 BEA Part of F2 generation
A

3 SSR383 E#MS F. REHMEMIHEER
Fig. 3 Amplification results in the part of
F, generation with SSR383

Fal o BE{A Part of F2 generation
PP, 7 A Al

4 FE15MO3 #FE5R4r F. BEME B4R
Fig. 4 Amplification results in the part of
F, generation with E15M03

2.4 BEESEEAEE

IEETEE B 5 %) SSR BN 21 %} AFLP
514 B A, i IciMapping K44 4 i 15t % ]
AR — ik B R 259. 23 M R E B E 3
H & 5 B, 36 3 AN SRR, B 24 MRic
AP R RIEE R 12. 30 M, iR 2 B8
BEEA 10 MRt B/NEER 3.3 oM, 3
NEYFE LS ERD A 54 BRER
51.24 cM,
2.5 QILZR&h

K 27 A5 £ MARFE A QTLs(GE 3.
A5, K EEEN T 5 5 R MPTEEHE

M QTLs, #MH 1 N6 YR REEN
QTL, v T8 1 54k E3MI12-1 ~ SSR383,
LOD {E 4 2. 94, IR 24 0. 32, BERA LA 2 ]
BBk B T4, (HEEE 2 Mric B &L,
R 1 AR QTL, M F 1 54
& E15M10~E3M12-1, 5ifk % K 16.36% ,LOD
B4 3. 66, RN A TiE . FLBRMARE AL
7] 2 4~ QTLs, FTD-1 7F E3M12-1~ SSR383, {i
FH 1 SYaik . LOD R 3. 14, HERE R
17.26%, FTD2 fii T4 2 S Y@k b, 7F
ESM16~E8M15, 5 E8M16 BIHEES K 2.7 cM,
LOD B4 4. 47, TRERE R 20.06% ., 2 M A1
TUBRR I KT 15% , BEBA A 3L QTLs, FmisL
BE A IEAE, X 2 My S TTRESREH T2 3
A,

TSR 1 SR DRI 2 MR IE R
9 QTLs, TTRRZ B 4T 30 %, Ik 354 £
{8, FSI-1 {v TARIC SSR47~EIM14, Bi B SSR47
fat i BB R 2.61 cM, FSI2 i F 45 id
E15M10~E3M12-1, 8585 E1I5MI10 381G
3.41 M, O EEK QTLs Fz 1 14,
MTEE 1 S§ak i E3M12-1~SSR383, T1Hk
BRI, I8 F 49. 63 %, {ELIE I v A 0 A BE B AR
375, RN R —0. 01, A BL A7 S BT BBk B T 5
WA, A5 1 SYaEk R 2 NMEHE
WEEE I QTLs, 43 %4 T E13M5 ~ E7TM4 Fl
E3M12-1~ SSR383, BTRAZ 58 = » HL 443808
R, RUIGLE Ok E TR EA, kil 2 45
WA R S RN B RA LA MFE
1 Syefaiky E3M12-1~SSR383,

TR B FE R QTLs 48 3] 2 4,
TPS1 i T8 1 SH MK L, i T E3M12-1~
SSR383, TPS2 i F45 2 BYetafk Iy ESM16~
E8M15, BB vihmic B 5 4351k 1. 70.6. 18 M,
LOD B2} 4. 53, TTBRER Jy 36. 24 %0, PR R Hy
IEAE, BB LA 25 h 80 QTL, BT REK B T 2
A, ReF] 3 A4 5 R R B E ) QTLs,
H2MiTE 1 SYak(TPE-1 ft TPF-2), 0
PR I4 R A, FRAX 2 7SR X B A R
SRR ) B R B 55 M R R . B3 MR
TPF-3 i F4 2 B fafk |-, LOD (&% 4. 13, 5%
Bk R 31, 9700 I HRAN A £ AH , BE B4R 12 1
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CH-1 CH-2 CH-3
0eM E3M4
x 0eM E14M15 0 M E3MI1
X
28.]4 CM\ /‘E3Ml 20.77 CM\ /SSR28
51.28 CM\ /E13M5 L3207 cM\—/E13M3 Tl I NG
a 251 M~ N/ ~E7MI2 i
3.93
63.93 cM~_ || ~E7M4 \ / « | N
5630 M~ N/ ESMI16 | / \
_/__\
72.39 ¢cM i SSR47 . @ 20.46 cM E10M4
/_\ v 64.18 M ESMI15 , o
82.49 cM EIM14 | H ©
7669 M~ \| |/ ,E15M9-2 /—\
o /_\EISMIO LRE CM\ /E7M9 s -
Y :
113.79 ¢M E3MI2-1 ® ' 8768 cM\ / E3M12-2
oe THRX \__/

15192 oM SSR383 92.07 M E3M8 5124¢M E14M10

T @ REFE: A REPR; @ REER v RIBHEG+ RRE: R I EREY SR — LEHGK. REREPE;
00 RS | R EHE <. Pl
Note ; @. Fruit weight; A. Fruit longitudinal diameter; 4. Fruit transverse diameter; W. Fruit shape index; . Fruit thickness; ll.
Soluble solids content;—. Ventricular number; 3. The toughness of the peel on the fruit shoulder;TJ. The toughness of the peel in the
middle of the fruit; |. The toughness of the peel at the top of the fruit; X, Crack resistance index.
5 SSR#AFLP S FEEEBEKE QILs fiim
Fig. 5 SSR and AFLP molecular genetic linkage map and location of QTLs

%3 F, AR ER QTL Bl R
Table 3 QTLs test result for cracking traits in F> generation
PR QT Lk g Fric X ] HE pitie: IO
Trait Chromosome Position/cM Marker interval LOD PVE/% Add
BEFRE Fruit quality FW 1 133 E3M12-1~SSR383 2. 94 12.91 0. 32
4R Fruit vertical diameter FLLD-1 1 102 E15M10~E3M12-1 3. 66 16. 36 —0. 62
PSS Fruit transect diameter FTD1 1 132 E3M12-1~S8SR383 3.14 17. 26 0.51
FTD-2 2 63 E8M16~E8M15 4.47 20. 06 2. 34
o , FS-1 1 75 SSR47~E1M14 2.65 34,91 —0.02
RA 43 Fruit shape index FSI-2 1 94 E15M10~E3M12-1 3.71 39.13  —0.03
L2 ZE Ventricle number VN 1 125 E3M12-1~S8SR383 2.85 49.63 —0.01
. . FF-1 1 62 E13M5~E7M4 2.72 19.10 —0.16
R Fruit thickness FF-2 1 129 E3M12-1~SSR383 2.86 854  —0.12
AR E Y& & Soluble solid content Ss 1 143 E3M12-1~SSR383 2.69 13.33 0.34
BIERERE TPS-1 1 130 E3M12-1~SSR383 3.04 6. 25 —0.27
The toughness of the peel on the fruit shoulder ~ TPS2 2 58 E8M16~E8M15 4.53 36.24 0.05
L TPF-1 1 93 E15M10~E3M12-1 3. 30 9.98 —0. 02
TPF-2 1 131 E3M12-1~S8SR383 2.77 4.32 —0.16
The toughness of the peel in the middle of the fruit TPE-3 P 58 ESMI16~FSML5 413 31, 97 0. 06
TPT-1 1 50 E3M1~E13M5 4.41 41.28 —0. 26
TPT-2 1 83 EIM14~E15M10 5.26 38.10 —0. 10
R TPT-3 1 112 E15M10~E3M12-1 3. 96 37.79 —0.09
TPT-4 2 33 E13M3~E7M12 3.83 29.18 0. 07
The toughness of the peel at the top of the fruit TPTs5 P 42 E13M3~E7MI12 381 28. 49 0. 04
TPT-6 2 55 E7M12~E8M16 3.85 33. 06 —0. 08
TPT-7 2 65 E8M15~E15M9-2 3.83 29. 34 0.01
CRI-1 1 13 E3M4~E3M1 2. 65 3. 68 —1. 39
CRI-2 1 129 E3M12-1~SSR383 4. 90 14. 90 —1. 80
Fr2FEH Crack resistance index CRI-3 2 11 E14M15~~8SR28 2.61 15.37 0.51
CRI-4 2 49 E7M12~E8M16 2.54 10. 07 0.13
CRI-5 3 16 E10M12~E10M4 4. 36 13.97 0. 04
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YR GAAE, BABAIX 3 A7 534 LA X &
T R E R AIER . B 3 M7 i 5AE4E
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EI13M5 I FE B 2/ 1.28 M, TPT-2 BE #5 ic
EIM14 ¥ B8 85 & 0.51 M, TPT-3 §E #F iC
E3M12-1 fBEBS 4 1. 79 <M, H4b4 4~ QTLs fif
T4 2 S YAk (TPT-4, TPT-5, TPT-6, TPT-
) H AR MRS, WE 29% A, B TPT6
Ab, HAy 3 M AR IR R Y R IEE

M5 PR EACH QTLs & E] 5 1,
CRI1 f1 CRI-2 Z£55 1 B ta 4k I, LOD (&4 31
K 2.65 Fl 4. 90, TTER 2R 3. 68% F1 14. 90% ,
PERN 34 R SE, AR 2 N AR B T 5 R Bk
A, W FMAEREIMRLHEN. CRI3 Al CRI4
SR T8 2 Bk sy E14M15 ~ SSR28 Fl
E7M12~E8M16 #xict, LOD B KF 2.5, ik
RRTF 10% , ks i A 1EAE, BEAH X 2 M7 a5
AR AR B M HI/EH . CRIS i F458 3
S 4 E10M12~E10M4, LOD {84 4. 36,
TIBR SN 13,97 %0, B 7 0 A 10 14 BE 25 43 50 A
7.00.4. 46 M, PR K 7. 04, 8 B L A7 553k
H F i 3AA, X A SR A B M HIVE .

F4b, FEdRic E3M12-1~ SSR383 3 [ 4
B 5 AR SRR R SRR R T
FABHOEICH QTLs, I35 3354 Tl , U A IX
Lo g A Bk [F 4R 2R, AR IC AT 3 — 2
T BEMFRIER S

3 iS4t

ZLEL = A I A SR R PR AR A A R P
38 B LR I 1N o Ry
HERBFRAMR L ARBEEER L SRR HPUR
PR 24 520 T o s AR PO B P BE 7 3. BAR-
GEL MK, 245 P Ak FE 5 /N SR S A £
BRARENEKI; ST RKRET T H
M2 Rk iR E B A . REYNARDM?

YOUNG!! CORTES 204 & 3, i B4 iy
S, B TRE MR BRI 32 2 X6, 7
AT, R S A A BT 537
B2, VLM 5D A 7E R SF 4R
T PUJRE SRS st i 2 A~ BA L QTLs 4%
il BFEARNFE IR T » 47 s 2B AR 3 AL RN
ERES ZAMHMAERSAREEERDE
MR, SRR AR KEE MR A
B AR B IEAR G (B R R AR, &
FHIR A R R, R B, AR
AR, PSRN AR C SRR, B
R ERAIL, R B, T ST R BT
ECEE S NN = O (1| e T e
SHRR T AT

IR R TR RREE S 10
M HEFR SHL AR B AT A M ST, R B A
BSRLPAE IRTEFE B SR TR R AR SR B )
¥R REFEMHRX, Saf ARG RART. &t
RERIRIE R SH R B2 T B
it 4 T i SR PO B0, BT BB Fh T30 00 e B S I
U R B AR RRMUK 3 RN FR S HIBE 1 IE 3R, 5
FFER R A e B AR R, R 5 R AR BUR
HAh RIS WD ESE (L
) \AIEHEREIEY & BEMRR L E(CHIE
R4 FPIEAR A AR B, TRER RN
RAEFELEBE T, KRR EPERIERE,
MAEEZEZETREME. A SRR L E
TEEMK, SRILFE.OEHE B EEE
W& BRI R EBEN.

YRR R AT QTL E M WBFRIFA
L0, BRI DH #dx B 5 2LER PR
AT QTL EAL K3 7 A QTLs, Hop 4 57
BRER T 10%, AR IR RT T MR KB
YHEM QTL #5 ., ZREF AL E 3 4~ SSR Al
21 A~ AFLP #Ric i Fy FOHEIR A% 75 SRS . 7
Fric E3M12-1 F1 SSR383 2 fia) J: =) 46 10 2] 45 2
SRR R R R i a4
B QTLs, YRR Y h SAE , 5456 431 1 45
HECH—3, HENFRIC E13MS3 B MHE R385 %
TSR X B, HonERns 34k fH, BEHT 3
AL R B ) 2 T AR AR, 5 2 S kT
REATERRI B MBI ERE ., AT TH#—
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Fruit Cracking and QTL Mapping of Tomato

ZHANG Dongye, LI Huijia, YANG Huanhuan, LI Jingfu, XU Xiangyang
(College of Horticulture and Landscape Architecture, Northeast Agricultural University, Harbin, Heilongjiang 150030)

Abstract; Resistant crack tomato ‘14803’ and easily crack tomato ‘14633’ were used as test materials,
the F, generation was obtained by hybridization of ‘14803’ and ‘14633’ ,the resulting F; plants were
self-crossed to obtain F;. Correlations among fruit cracking and QTL of the F, generation were
investigated in this study, in order to provide a theoretical basis for further cultivating new varieties
with crack resistance and good quality. The results showed that there were significant positive
correlations between the crack resistance index and fruit longitudinal diameter, fruit shape index, the
toughness of the peel on the fruit shoulder and the toughness of the peel in the middle of the fruit. The
SSR and AFLP techniques were used to construct the genetic linkage map and QTL mapping. A total
of 27 QTLs related to fruit weight, fruit shape index and fruit toughness were detected by F,
generation,among them there were 5 QTLs related with crack resistance index.

Keywords: L ycopersicon esculentum Mill. ;cracking;correlation analysis; QTL mapping



