FRE AR RRE  2009,42(10):3571-3580
Scientia Agricultura Sinica doi: 10.3864/j.issn.0578-1752.2009.10.024

g

B FiEEARIEAEMGRERINERER ph-3 89 QTL 2
Fuetst, HarR, 2F% ] MAER g’

C AN RSP E 2 e, W/RIE 150030, %W RIE TV RS AR RbE 5 TR R, W/RIE 150001, ° Hp E AR BRI, Jbat 100081)

HE: [EHW] BREFHGORTERE RS EH 00 TR, b F B MR YOk 8 A8 B a7t
WP ABFFAREEAMEERKE. [T AR F RS R R EEXRE ph-1,2,3 # L3708
( Lycopersicon. pimpinellifolium) KR A&, BFEHLE & Z 04968 (L. esculentum) HEFARBEFH 260 A F,
BRR A E A AR, I AFLP. SSR 2 Mo TARCHAT R A AT, WS TR L B, AR M 50 ok
R AR TR NR L, 2 A RORL, R A A KEMEEE, #47 QTL &fu. DRI WA T a6 12 NESEHG
T EE, Ha4 3/ SSRAFICH 149 AN AFLP 4710, ZEEBE ZEANEHAEKE 1 443.07 oM, FHEE
9.50 cM. HWMET 5SAMGHMEERE ph-3 XU QTLALA, HEF Oph3- 1L TH 3 H48 L, TUMRBHEAL
FEHN26.59% . Qph3-2fLFH 1 fEARL, UMBHERR L RN 54.86%, Oph3-3. Qph3—4 77 Qph3-5, LT 9
EYE L, TUMBNRA L RSH KN 9. 24%. 10.27%F0 36. 49%, QTL KA KA N ik fo B, [44] itz
S M THRILAEARENGIRER BN EE,TICH B RETR,

KGIA: Fn; LG, SSR; AFLP; M AR % ph-3 5 QTL

Construction of Tomato Molecular Genetic Map
and QTL Analysis of Resistance of Gene Cluster ph-3
to Tomato Phytophthora infestans
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Abstract: [Objective] Late blight is a worldwild disease in tomato and can cause serious yield loss. Through construction of
tomato molecular genetic map and QTL analysis of gene cluster ph-3 to find closely linked molecular markers. This will provide a
theoretical and practical basis for molecular marker-assisted breeding. [Method] L3708 (L. pimpinellifolium) accompanied with
resistant gene cluster ph-1,2,3 was used as male parent and 04968 (L. esculentum) susceptible race with good characters as female
parent, the 260 F, single plants as construction population, a molecular marker linkage map composed with 12 linkage populations
was constructed by SSR and AFLP molecular marker. QTLs were found by applying complex-space mapping and according to
seedling-inoculated tomato’s resistant response to Phytophthora infestans physiological stains T1,2. [Result] The map includes 3
SSR markers and 149 AFLP makers. And the map coveres 1 443.07 cM of the whole genome. The average space between markers
was 9.50 cM. Five QTLs correlative to ph-3 were found. Qph3-1 was on the first chromosome, explainable phenotype variation was
26.59%. Qph3-2 was on the sixth linkage population and the explainable phenotype variation was 54.86%. Qph3-3, Qph3-4, Qph3-5
were on the ninth linkage population and the explainable phenotype variations were 9.24%, 10.27%, and 36.49%. The genetic effect
of QTL loci was additive and dominant. [Conclusion] The 5 QTL screened in this study can be used as a tool for molecular
marker-assisted breeding.
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SSR 3 #T: ARHEVE FHAEPUHN Wang 522K 2R 11
14, i A TREA R A .

JNARZR K 20 pl, EFEHIH DNA 40 ng. 1 XPCR
buffer. Mg®2.0 mmol-L™", dNTP 0.2 mmol-L", 5|#
0.3 pumol-L™"', TagDNA polymerase 0.05 U-ul'. dNTP
t Takala 23 @] 2E 7=, TaqDNA polymerase H MBI A ]
A7, G150 5 LA TAEY TREA 7 A . PVIE
R A 94°CTIAEYE 5 min, #RJ5 94°C 1 min, Tm 1
min, 72°C 2 min F{EER 40 ¥, 72°CZEfH 10 min. ¥~
By AR PEFRLE PCRAXH 95°CAEE 5 min J5 37 B
BT UOKIEEY T =57 FIk Al (Bio-Rad)
FH 6% 17 2R D 945 ok e e s FELUK 2025, 100W FELYiK
251 ho IRy BT,

AFLP 7347 KR40 DNA % EcoR [ #il Mse [
BEY), BEURERERNARRN 50 ul, AR DNA
100~500 ng. EcoR I F1 Mse I % 5U, EcoR I adapter

(5 pmol-pI™™) 1.0 pl. Mse I adapter (50 pmol-pl™") 1.0
ul. ATP (10 mmol-L™") 1.0 ul. 10X Buffer 5.0 ul. T4
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Fig. 1 Identification of resistance of tomato to Phytophthora

infestans in F, individual plants
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D) fESRAF Fy AR =y = 2 8,
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2.3 HFHRIERNS B

SSR Z3#rH, FHTR I 14 X514, LA R AR Rk
RSEAT PCR 73, SR NI I e A e A ) (11 2D
PR 14 N2 AL, & 2K, 12 D2 AMALE
By 1:2: 1 ER L, 2 MEZESHALAARRT S
AL, Bl 14.28% (R 3)

AFLP i+, Ff R 38 X514, LA Fy ARk
RSEAT PCR 3, SR NI IR A e A U (I 3D
P 180 DA S, &M, 171 M2 AN
PLRFFE 3+ 1R B L, 9 AN Z AT s 3 B,
o B LA 5% (R 3)

16 F, BEARM 145 2R s, SRARXAK
L3708 [AI7 55 47 53.31%, Sk HEBEA 04968 [HI47 55
17 46.69%, 2 DSEARLERAR T S Lo,
PR ™ T () w70 25, BRI IR S R 5 1R I 2L

F1 XEATELA SR BRI MBREFS

Table 1 Names and sequences of screened SSR primers based
on parents

SSR 5|4 SSR primer 51IF(5-3")  Nucleotide sequence

TOM a-b GCCTGTAGGATTTTCGCCTA
CCTTGCAGTTGAGGTGAATT
TOM k-1 GCAAGGTAGGTAGCTAGGGA
AACAATGTGACGTCTTATAAGGG
TOM 47 CAAGTTGATTGCATTACCTATTG
TACAACAACATTTCTTCTTCCTT
TOM 144 CTGTTTACTTCAAGAAGGCTG
ACTTTAACTTTATTATTGCGACG
TOM 166 GAGCGAGCAGAAAGGTGAAT
GAGCCTGAAAACATAGAAGT
TOM 168 GTAATAATAGTGCGGACAGATAA
AAGGTGGCTAATAAAAGAATGAT
TOM 176 TCTCGTTCTCCATCAAATACAAT
CAACCATCAGCATAGAAACAT
TOM 178 ACTCTCCGTCCGACCTGTTTA
GACCAAGTTTTCTGAGACCT
TOM 180 ACGGTCCAGTAAGGTTGATG
ATATGAAGATTGGGTTGTAACA
TOM 182 AAGATTGTGTTTTTCTCGTCAT
CTTTTGACCCTAATTTTATGATA
TOM 202 TGGTCACCTTCAACTTTTATAC
AAATGATAATGAAATGGAGTGA
TOM 236 GTTTTTTCAACATCAAAGAGCT
GGATAGGTTTCGTTAGTGAACT
TOM 314 TATGGGAAGTTAGTTAGGTA
GAGTTCTTTTGATTTTAGTG
TOM 320 CAAAGATAATCAAAGAGAAC
GAATAAATAAATAGATAAAC

R2 REARGHHEAFLP 5534 R R

Table 2 Names of screened AFLP primers based on parents

AT Bk AR AR
Primer name Primer name Primer name Primer name
E32M47 E38M62 E41M47 E55M60
E37M60 E38M81 E71M74 E32M74
E54M60 E40M60 E95M85 E32M85
E37M61 E74M71 E33M81 E54M31
E38M359 E74M81 E32M31 E55M79
E40M59 E37M81 E38M74 E60M85
E37M62 E37M85 E54M59 E35M85
E38M61 E33M79 E54M60 E35M74
E38M60 E55M59 E54M62

E40M47 E40M61 E55M438
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B2 3|4 TOM320 7EER 5 F. AR ROH B R
Fig. 2 Amplified products on primer TOM320 on partial F, population

B3 SI4ETINTA FEERS P BBARTPROH AR
Fig. 3 Amplified products on primer E71M74 in partial F, population
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Table 3 Molecular markers used for genetic map construction

I3 ThRiL EIE7Z[CSpE -3 ZAMERR IS frsrEbic e W BbRc iR (%) EBRIC L AEBRCH AREBRRL R

Molecular Number of primers Number of Number of distorted ~ Ration of distorted Number of Number of Ration of unlinked

markers or primer polymorphic  segregation markers  segregation markers linked markers unlinked markers markers (%)
combinations markers

SSR 14 14 2 14.28 3 11 78.57

AFLP 38 180 9 5 149 31 17.22

ST Amounts 52 194 11 5.67 152 42 21.64

2.3 EFEIERE brid Lot 1524, KK 1443.07 M, T8

N FHTE 14 /> SSR kit Al 180 4~ AFLP #xic, #f
ATEB T, 13— IR A 12 MNEBTER AL K AE
S (4>, s 3 /N SSR FRidFl 149 4~ AFLP

Kl 9.50 cM (3K 4) o REZIERE EARICE 3~47 /N,
KA 9.78~426.60 cM, IR 3.26~12.32 cM.
AP EBE LGo XN m e 1 4 tath, EBRE
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f"’% sl Llint 193.1 E32M47-F 1933 E38M74-D
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326 —~ | | E55M48-A 2799 = [ E55M39-A
472 ~ E32M31-A 31022 N\ E38M81-D
547 —JI— E95M85-A . 3195 1/~ ESAMG0-D
630 —— E7IM74-A LGS 3349 g~ E38MGI-F
e o 334, - [V
73.9 == E40M47-B 0 E37M62-D 3320 - Bﬁﬂﬁék
314 _j_\ E37TM60-F 11.9 —}4— E55M48-C 3428 E38M60-B
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25— ey s SH— e
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i g o s
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) 46.6 E95M85-C BasMAS B
0 E32M47-P 544 — L — E30M31-C 41.2 S
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St 312 E74M81-F i E35M74-B
= E32M85-B w2 — LI E3smss-c 141.3 EGOM8S-A
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4 ZEfh 04968 X L3708 BHKHY & F i 15 E &
Fig. 4 Tomato genetic map of 04968 X L3708 population
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rp Qph3-3 (L TIX K 14.59 M HIVaHEN, 5
I FIARIC E33M81 B IR ES 5.57 <MD . Qph3-4 (fif
TIXHA L 17.84 M G HW, 5 &I il
E41M47 D IS 8.83cM) il Qph3-5 (fii T-X[aj
B 13.97 oM e N, SEEMFRid E60M8S_A (1)
PEES 3.96 cMD , INPERLN A3 3.17. 3.39 1 5.74,
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Fig. 5 The QTL scanning results of the ph-3 gene for late blight resistance in tomato
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Fig. 6 Mapping of QTL linkage group associated with ph-3 gene for late blight resistance in tomato
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