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Characteristic and Genetic Linkage Analysis of Cf19 Gene in Tomato
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XU Xiang-yang”

(Tomato Research Institution, College of Horticulture, Northeast Agricultural University, Harbin 150030, China)

Abstract: In this study, comprehensive research including resistance characteristic and genetic
linkage analysis of Cf19 gene were carried out. Artificial inoculation results showed that tomato plants
carrying Cf19 gene resistant to all physiological races in China. A remarkable hypersensitive response

(HR) phenomenon was observed in trypan blue staining experiment, and the response intensity that Cf19
mediated is between Cf4 and Cf9. Inheritance analysis indicated that the genetic action of Cf19 fits the
genetic pattern of a single dominant gene. Six markers linked to Cf19 gene were obtained in SSR and
AFLP analysis, and of which the marker SSR336 located Cf19 gene on the short arm of chromosome 1.
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i 255 th & A 25 1 (Cladosporium fulvum) B, i 2Rk F b il —Fhig b e
F . (RIS T, BRI R 2k (Veloukas et al., 2007; Yanetal., 2008) .
FERE 221 50 AEN),  AATTE DK B AR e it R P ) CF BURIIE D 5 I N B E5 SR, sl 7oK
BB AR FEHBIX () R 5. (Joosten & De Wit, 1999; Rivas & Thomas, 2005) . H i {EAN [ 1173
A AR LRI T 24 AU BRI, X SEFE DR AN ] (R AR BE/NFP AR TPE - (Kanwar et al.,  1980a,
1980b) o ik B FIIRAG A B SRS A PP R nT ULE 3 it AR b A s s B 1R R A, (2
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BT 5 AT ) A P () Bt ke 7 b 25 TR AR BN AR 04k . H TR Cf2. Cf4 i Cf6 SRR 2 L [
CLEN B LG AR BH/NRP R 25 TPk, i A 2 A8 B P0s 25 DR Kl 2 BRI I 75 22 .

F A S EE B C. fulvum R EESE AN AR S BRI BE R (gene-for-gene) (MG (Flor, 1942).,
et Cf BEPR =) 5 B0 I B JC 23 R D8 Avre ()7~ AT RO AR, TGS NN 15 51k S ik
18, IFEA AR DR VR RIE, 51U NAEPURERIL. HiTC4aH 24 Mirtai ik Cf
e ML AR AN 12 4404k 1, JF4 9 4~ Cf (Cf2.1. Cf2.2. Cf4. Cf4E. Cf5. Cf9. 9DC. Hcr9-9B.
Hcr9-M205) #1 6 4> Cf-Ecps #E[H (Cf-Ecpl ~ Cf-Ecp6) #sufs (P WNN 2%, 2009). HEj*T Cf
5 Avr BEDR =Wk AR T ST 32 SE4E i 7E Cf4lAvrd R CR9/Ar9 |-, Cf9 &5 Cf4 & (I E L% 771
— MR R 91%LL F, Avr9 5 Avrd ZWEIEAA BRI R, FE EEATZ 05 R S RO N AR A
IRKANE (Gabriéls etal., 2006; Hongetal., 2007), it pik 2 5 (0 FARKLE] v A W

Ay Cf19 R A A BIE 2 4 I Ak s SL B R B T AR ums v, mr LAE Btk & R i iz
WA EL. 1980 4F Kanwar %5 (1980b) #RE¥s CF19 FEPRIEAILE 2 S YR KR [, 2 Jax Tk
DHIRE ST — AL TS MR A o ARG il %t CF19 FEP BT VE Rl . HOPERS i 3L A LA & LA
SERTHAT RGHIETT, LA A G Cf19 BEDRAE & Fib () N SR (B AR 9, [RIIS oy CF19 BEPRI (1) e
B LA S HE— BT H S CE-Avr (K B AEHLEE 24 5 LAt o

1 MEETHA

1.1 ks

PLEr AT CFL9 JE A T 250 Z5 At it B “CGIN184237 (v B 4 MV A 2 st i SEAE FFIF I T T4 At
HBREAP s J3 M LAASEATART CF B 56 DAL (14 325 5 - 503 S5 it B Money Marker” (P,AD i1 ‘LA0716°
(PB) NAIA, g Fiv FoARPIANERA. J8 I 0 BEA CGN18423 AT N LHM AT, $RAT 75X
PIAACAI Fy, A0 FIA (CGN18423 x Money Marker). FiB (CGN18423 x LA0716), 47l AL
AT T P ARBEAR, 0 FA (FIA HZD). FoB (FiB HAD). Fy SEEARZE 45 BCy #EAE, i BCA
(FIAxP,A), BCiB (FiB x P,B) . iIHM KA 7 Cf4 FEHRMHIHi A kL ‘Ont7516”, % Cf9 KA
PUWAEL Ont77197 . N TR B RS 2B BNVl 1.2.3, 1.2.3.4. 1.2.3.45, 1.2.3.49, H&
JEAR MY K 2 el 252 Bt 2 i R 4 Fe it

1.2 CfIOERMTEEERE

HUAR [ 428 A2 K ) CGN18423 F1 Money Marker #1117, 4 10 #AE A —41 (3L 10 ¥k Money
Marker 15 FEAR U5 SR B vh D, 3t 4 41, AR — AN NRR, 55 AN AT R 10 7 VR B A T
R AN AR, ARG T 3 k. Hh4% Wang 25 (2007) (79775 5 ~ 6 J7 ELH-IHE T . 3%
B N R B AT IS AL, E PDA REFRIE LK, RWTE R, A A 10
A omL ™t BRI R A AR AR MK 2 el SR B L N REA T, BRI E G 24 h, BRI AR R
fE22~25 C, MBFELRFFAE 90%LL I, 15d LUG A IFIC ORI DL . S (1995) 1777k
HATWE RN 5y, RIESEMEE (2005) 5B S 4840 JFHT IR BRI 4

1.3 $um R R ER
J T BN EA R SR AT CFL9 FEIR 5 |k B RS S N s A, IR FR H AT BN R AN Cf4 Fl



Zhao Ting-ting, Zhang Fan, Li Shuai, Liu Guan, LiJing-fu, JiangJing-bin, Zhang He, Xu Xiang-yang.
Characteristic and genetic linkage analysis of Cf19 gene in tomato.
874 Acta Horticulturae Sinica, 2015, 42 (5): 872 - 878.

Cf9 JEPRMEAT X LU LS . UM R4 R RI 1 3 Bl A7 AN IR Pws J2k 51 (1A kL DL S 8% #4 L Money
Marker % 20 #%, HAT N TR, 21 d JGRASSFPBEPLRSE 5 At T G i o 52 . QR
Colon %5 (1992) W77k mbAckadt . Fmk FriZ i (e Farmer % 8 ~ 12 h, HUH 5 H 0.19%%HE Ul
VIR, 65 C/KI 5 he Bt it A I AE ORI K & U b i i . T3 i3 50% 1) H
M, Kt BB H I, 5 R AT s .

14 BERFIRMEEE

FH 220 B AE B/ NRT 1.2.3 X0 S8 AR DL S & AR AT N THeMp e, R iBmi i i A 4t
WL S PUE T S TP AR, AR G vh 45 o0 B CF19 5 PRI st AL A
15 SHFrRicEH

T Prv PoA MG ACHE AR GG 23 mr,  HAEARAIOH R (289 #K), BT LGRS HEARAE A 2
FRRCIEB AT IIA R BURRRS M, SR CTAB Jiik (AEYR %, 2008) #2H DNA. BEHL
TEHX 20 FEPUWHEREAT 20 PRBOPAEAR, 20 J0iKs 1L DNA 45 i 5 7R 5 S N7 P03 Fk DR b R 6 DT i
KM SSR F1 AFLP PFP 73 FARICIHEAT 04T o B R ACBEA o Py FEASHEAT L, R FH 403 JE DR
R 5 DRI 0 975 228 HH RO AR it AT B0E , e 2R RAS bR ac A o AR B AT 36 UE R 58 A7 537
SSR 4 HrikHL SOL Genomics Network (SGN) Chttp: //solgenomics.net/) ik FI3)5) 78 o6 12 4440,
PRI 128 XF5 140, [ NAR Z RN 44K 1] Wang 45 (2007) f#]. AFLP ¥/ EcoR I il Mse I #5#f
WUIBE, 256 XF 5190, OWAR R KN ST 2 A= SCIEE (2008) 19 H 6% 11 AR 2 DA s I e ek e
FLVKZr 2 77, Y5 (Bassametal., 1991) JE#E{T/0#1. Hl Mapchart 2.1 $E4T80AE 1 P .

2 HiR5rH

2.1 Cf19 By 4SE

THL I A [ 00 it T A2 /N ORE 5 CFL9 BT AR CGN18423 FIEpi#4 KL Money Marker i
ATHeM, 250K 1o B9 i Money Marker FEF AN [R] AR BE/NF S AP GL 2, 2 i B i T
HILER AR 2, ORI R A A, R KA 0 K Money Marker TG %,
VBT R R AR B S, HARI 418 B A0 . CGN18423 FEARE R J5l b i 5 3 AR AR -
AR5 T I AR AT LR N B M IR AR B, (EREAR AR K A R U, SRS K 0 IR AR TG
WIS ), 16 CFL9 X280 AR B/ NRP 1.2.30 1.2.3.4, 1.2.3.4.5 1 1.2.3.4.9 W BRI

F1 CHMEHMBNTRHBHFEEENIEREEE
Table 1 Resistance identification of Cf19 plants to different physiological races of Cladosporium fulvum

9 A A N o CGN18423 Money Marker

Physiological races of RIRZEIY% VAR E/INEE2e R 1% Wt HE 5L EiR 1
Cladosporium fulvum Incidence rate Disease index Resistance level Incidence rate  Disease index Resistance level
123 0 0 | 100 88.9 HS

1234 50 0.50 HR 100 86.7 HS

12345 40 0.40 HR 100 84.5 HS

12349 57 0.57 HR 100 97.8 HS

K GFIED 0 0 1 0 0 |

Water (Control)

VE: e s HR: Sidi; HS: R .
Note: |: Immune; HR: High resistance; HS: High susceptible.
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2.2 Cf19 N FH9¥UfR I R =

MR 7R 0 A AR DU SN R R BEAT G, X B CF4 AT CRO I B RS WY RS BRE 1K) 93 A 1
UL, BT CR19 A FIIPUH NS 5 (B 1o Jeta 45 SRR Cf4 A I GEUR N fs ol I 2, SRAEE
Pz, WK ERISRFEREE A A SN s Cf9 A R BS S MR E fe e, IR SEBRE /NI
OrHG RER LT A AL CFL9 o IR AU W 9 A+ CF4 AT CR9 2 [i], SRAEBTIAREIN,
P R BT KB 24

E1 TEEFMMHHFENEREERNARIERLGER
a: Cf4 JLNAFIBHUR N b: Cf9 LA FHIBMUR N ¢ CF19 JERAN T IEBHU Y. . HR: R Y o

Fig.1 Trypan blue staining of different tomato leaf tissues inoculated with Cladosporium fulvum

a: The hypersensitive response (HR) mediated by Cf4; b: The hypersensitive response (HR) mediated by Cf9;
c: The hypersensitive response (HR) mediated by Cf19. HR: Hypersensitive response.

2.3 Cf19 BiREMEL

PSR R 20 Wos AT REAS ) By IR BLGUN , BITAT KA R, F,A(CGN18423 x Money
Marker) 1 219 KGN, 70 PRAHLET, BCIA H 43 BRI, 40 PRI FoB (CGN18423 x LA0716)
69 FRRILYUN, 20 ARRIUEIH, BCiB ' 25 #kHUI, 21 MRIZUN . IRIEIESPENEER, B fif1A
MPURLLIIFFS 301 2B, BCy BHADURLLIIMT G 101 70 B, BEWIPUR AR CGN18423
PRI PR e A PR DR o

£2 TRABBHR CFL EEAHFIHRE ST

Table 2 The genetic analysis of Cf19 disease-resistance in different population

AR IER795Y 4 HURHEARE (R) IR (S) s 2
Generation Number of total plants Number of resistant plants Number of susceptible plants ) X

P, (CGN18423) 50 50 0

P,A (Money Marker) 50 0 50

FA 20 20 0

FA 289 219 70 3.129:1 0.056
BC,A 83 43 40 1.075:1 0.048
P,B (LA0716) 28 28 0

FB 17 17 0

F.B 89 69 20 345:1 0.184
BC,B 46 25 21 1.19:1 0.196

%005, 1= 3.84.

24 SFHRCIFE S IEEEE

2o i Fo B S U M PGEB 14 SSR FRriC SSR336 (& 2), W] LLZEHUR A KBl TR RL g i
4% 300 bp ZEAT R 45a1r, TBRA R o457, 1ZAric S Cf19 LKL 2k 5.3 cM.
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B2 5|4 SSR336 &ES F. BT KT EER
P;: CGN18423; P,: Money Marker; 1~28: F,r BRE AR, fidk: ZRHF.
Fig.2 The PCR amplification results using SSR336 primer in parents, F;and partial F, population
P;: CGN18423; P,: Money Marker; 1-28: F; lines plants; Arrow: Specific band.

TN 54 AFLP Axid, 45 E66M84-4 | M 10
E66M44-1, E38M61-2. E77M50-1 1 E77M50-2,
PRALFE 2> )k 8.9, 9.1, 9.7, 10.8 1 12.8 cM
(3. 5.3 SSR336
3 W

53 FooNA1

CF 704 35 DR (1 R FE A b s o) T k22505 11 9.7 E38MG61-2
KA AR JE DAL PR R RIURRASE FH A ke T 9 Jit 10.8 E77M50-1
PR A R, — S5 TP g it B A N o
ST RFELE PRI N, TS BUF R I PT fh 128 —o— E7TIM50-2
TR IR R AR, 7P AR B3 Srmsatadm

Fig. 3 The genetic linkage map of molecular markers

X, AEBE/NFP 1.2.4 F11.2.3.4 NH IR K

FE 5] 32 3 AR BN AP 21 8 4RI A] (Wang et al., 2007), 33X AN A= BN () LR BIAS CF4 35 BRI (1) 3 H 52
BT BRI HmrE A dscE 2 Cfs F1 CR9 PANHUR BE, (H 200 A2 /N 1.2.3.4.5 F11.2.3.4.9
TP R I, TS AG X P AN SFE DR R A FH R 528 7 52 BB o ASHHE T rh R AN TR AR B/ NG CF19 JE R
w7 S8, IR SR BN AR EG T H AT TR R R 0w L T CFL9 JERRIAE BT 11
YE R TGRSR AR SR A, SN T U E AL .

Hammond-Kosack 1 Jones (1994) il il i 54 AH ] CF &I [y 2liA FN A% 4 3 D5 20 11 2% 9t A ok
HATANEUIHTIR RN G307, $8H Cf LR T AN e AT WA FE R o ANFSE A 6 P AN AN [ AL AK L
AR THOR IR S, S5 BB CRL9 LR I HUR AR CGN18423 FrI4Tm 1k Fh fa 1k B
PRz, SR BT & iRt e . AR R LA Hammond-Kosack ¥ 77 V£ 1E4T 730 41, Cf19 KEIA
WAR T RER I A e 4 B, (HATFFU P AR Ui CF19 KRR 58 4] LG Cf5. Cf9 45K —
FE, AEN B AEPUR SR N A T o & ekt .

AT CF P S5 DO AR 72 1) I 8903 993 i B U 2 P AR AN TR R o 83 1 5 A At IR AR
“HEDRAS ISR ” ARG (Flor, 1942), Ui 5N RN SR B AR 1)k A2 5 B —AN 25 Eha 4 b i) B puv
FEDEURT— N5 J5 B T 1 Sk Avr JERISE[RIAEAE (Joosten & De Wit, 1999) . Cf JE 455 Avr LA
PR B AR50 51 % e it B T (0% S v (Nekrasov et al., 2006) , #£iX—id fe 3 miftbk i
SREZ T AN, B BUR N IR A SR YOE T i AR S RPN . AEE) CFIAvr 51K
MBS N R IANR], X Fh 2 A — s R R AR T 51U ML 2200 . #hai (2007) X554 Cf4lAvrd
T CTO/AVIO Ji [RI S [ 45 Bk 2 Jik DR 3 A R IBEAT Y e ML 5%, R T 1 o A Al 8 A s I SR 0 B8 1) 2 I T
R R LA R IE BT AT AR IR], AHRRKR YR, Cf4 JEDN 5 R IR N S s g, 3k 20 %
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N2 FERIEAT 04T, RN 25 IR DR SR AN AN SE A AR IR, 150 W P PR 80 I 1 5 | A ol o T A7 A 22
o AWHFHIEE R R, Cf4 BN SFHBRUR N L Cf9 JERIA T 1 BUR NS InsmE, 5tk

(2007) MWFST—5%0, CF9 MRV IRE AT Cf4 F1 Cf9 2 fa), INPEBEIE AR AT AEAE 2252, Rtk
e CFLO KL I PTENLEI T e th 15 Cf4. CIO FERAG BT ANIH] oAb CFLO JEPRI7E Ji W45 iE 1 S5 I3 5t &
IR EAE R Cf4 R Cf9 JEPR 2 R ik YR A, 1 CF19 JL[AIAG nl e Cf4 Al Cf9 AL R /E ik b i ¢
B ] 2R

Cf19 JEX A 1980 44 Bl e 7E 2 5 Qe ik K8 I (Kanwar et al., 1980b) , A 5T Jii

IEH 1 SSR 73 FAric SSR336 T 1 S ikmif, 1 Cf19 JERIEHLIE AN 5.3 cM, FHXfiXx—4f
R EMZESR, 4o Ima R T b Fooh 15 Qe ki & Cf LR E A, H
R Ay L2 A1 Cf JER (LU 4F Cf4 Fil Cf9 FEDAD # I T-1X — X 38 (Jones et al., 1993; Balint-Kurti
etal., 1994; Parniske etal., 1997; Thomasetal., 1997; Dixonetal., 1998) . Cf 37 YL ik |-
DAt B 67 RS, BT I O DR (077 A A ol T ) — Yt e DGR 41 X P 6 DR K B &2 761
B B R S S5 IR IR R (Parniske et al., 1997; Wulffetal., 2009) , H i CLANRIBFFT 3%
A Cf19 JER e T 2 S QR AR AL &5 S B, 1 HANE AT 2 5 e AR T R A 2 5 e i ik
IR R IAT BERARIC, BUARARESE AR CF19 FEIL T 2 S Yk AT gk, (HLRART A
WEFC R R AR (2 A bric, VEE AN CFL9 JEPR T 1 5 Yot R i X — &5 J s A5 2. Her9s
FEI R IE 2 TiX— X3, % F et dE Cfo. Cf4 Fl Cf9 1k 3 ANIEH, ¥ Ef7 T MW (MilkyWay)
LA AEE | (Jones et al., 1993; Balint-Kurti et al., 1994; Parniske etal., 1999) , 4h Cfl1 Z:[XI 1 9DC
FEDI 0 WIE AL T CRAICEI {7 55 R0 MW LR A8 . 1 5 YLt R A0 2 CF FER — MMV IX, A
WFST 25 S CF19 BL PR A 7EI% — X 38, 08 Cf19 LR IR A v] RS Her9s R K G EE 9DC S ik
Rz, BAEJR SR M) TAE I —HEWEA TR AN S5 881

References

Balint-Kurti P J, Dixon M S, Jones D A, Norcott K A, Jones J D G. 1994. RFLP linkage analysis of the Cf-4 and Cf-9 genes for resistance to
Cladosporium fulvum in tomato. Theoretical and Applied Genetics, 88 (6 - 7): 691 - 700.

Bassam B J, Caetano-Anollés G, Gresshoff P M. 1991. Fast and sensitive silver staining of DNA in polyacrylamide gels. Analytical Biochemistry,
196 (1): 80 - 83.

Chai Min, Yu Shuan-cang, Ding Yun-hua, Jiang Li-gang. 2005. Further identification of physiological races of tomato leaf mould in Beijing. Acta
Agriculturae Boreali-Sinica, 20 (2): 97 - 100. (in Chinese)
5L TG, T afE, %5748, 2005, JLRCHID MR E BURTE b, IRk, 20 (2): 97 - 100.

Colon I T, Eijlander R, Budding D J, Van ljzendoorn M T, Pieters M M J, Hoogendoorn J. 1992. Resistance to potato late blight [ Phytophthora infestans

(Mont.) de Bary] in Solanum nigrum, S. villosum and their sexual hybrids with S. tuberosum and S. demissum. Euphytica, 66 (1 -2): 55 - 64.

Dixon M S, Hatzixanthis K, Jones D A, Harrison K, Jones J D G. 1998. The tomato Cf-5 disease resistance gene and six homologs show pronounced
allelic variation in leucine rich repeat copy number. Plant Cell, 10: 1915 - 1925.

Flor H H. 1942. Inheritance of pathogenicity in Melampsora lini. Phytopathology, 32: 653 - 669.

Gabriéls S H, Takken F L, Vossen JH, de Jong CF, LiuQ, Turk S C, Joosten M H. 2006. cDNA-AFLP combined with functional analysis reveals
novel genes involved in the hypersensitive response. Molecular Plant-Microbe Interactions, 19 (6): 567 - 576.

Hammond-Kosack K E, Jones J D G. 1994. Incomplete dominance of tomato Cf genes for resistance to Cladosporium fulvum. Molecular Plant
Microbe Interactions, 7: 58 - 70.

Hong Wei. 2007. Molecular mechanism of the resistance to tomato leaf mold disease and the establishment of a technique system to isolate

resistance-related genes[Ph. D. Dissertation]. Hangzhou: Zhejiang University. (in Chinese)



Zhao Ting-ting, Zhang Fan, Li Shuai, Liu Guan, LiJing-fu, JiangJing-bin, Zhang He, Xu Xiang-yang.
Characteristic and genetic linkage analysis of Cf19 gene in tomato.
878 Acta Horticulturae Sinica, 2015, 42 (5): 872 - 878.

Bt F%. 2007, T AP EEIE 4> T WL R GUR A L 4 SRR AR R I [ g 3] B iR,

Jones D A, Dickinson M J, Balint-Kurti PJ, Dixon M'S, Jones J D G. 1993. Two complex resistance loci revealed in tomato by classical and RFLP
mapping of the Cf-2, Cf-4, Cf-5, and Cf-9 genes for resistance to Cladosporium fulvum. Molecular Plant Microbe Interactions, 6: 348 - 357.

Joosten M H AJ, De WitPJG M. 1999. The tomato-Cladosporium fulvum interaction: A versatile experimental system to study plant - pathogen
interactions. Annual Review of Phytopathology, 37: 335 - 367.

Kanwar J S, Kerr E A, Harney P M. 1980a. Linkage of Cf-I to Cf-1l genes for resistance to leaf mold Cladosporium fulvum Cke. Rep Tomato Genet
Coop, 30: 20-21.

Kanwar J S, Kerr E A, Harney P M. 1980b. Linkage of Cf-12 to Cf-24 genes for resistance to leaf mold Cladosporium fulvum Cke. Rep Tomato Genet
Coop, 30: 22 -23.

Li Shu-de. 1995. Progress of the main vegetable on resisting breeding in China. Beijing: Science Press: 257 - 262. (in Chinese)
AAAE, 1995, rf [H L EESEHUR A ERE. Jbnt: Rl L. 257 - 262.

Li Wen-feng, Li Jing-fu, Kang Li-gong, Xu Xiang-yang. 2008. AFLP markers linked to cladosporium fulvum resistance gene Cf11 in tomato. Journal
of Northeast Agricultural University, 39 (9): 25 - 28. (in Chinese)
ZEM, ZERE, RENTh, VFIBH. 2008, FAPUTERIER Cf-11 1 AFLP 2y Thrid. ZRALR K244, 39 (9): 25 - 28.

Lu Ya-li, Yang Ning, Zhao Ling-xia. 2009. Progress on the molecular biology of the Cladosporium fulvum and its resistance genes in tomato. Acta
Horticulturae Sinica, 36 (6): 911 - 922. (in Chinese)
FOENE, BT, BAVEAR. 2009, A R B S PUERE R > T AR . T 2454, 36 (6): 911 - 922,

Nekrasov V, Ludwig AA, JonesJ D G. 2006. CITRX thioredoxin is a putative adaptor protein connecting Cf-9 and the ACIK1 protein kinase during
the Cf-9/Avr9-induced defence response. FEBS Letters, 580 (17): 4236 - 4241.

Parniske M, Hammond-Kosack K E, Golstein C, Thomas C M, Jones D A, Harrison K, Jones J D. 1997. Novel disease resistance specificities result
from sequence exchange between tandemly repeated genes at the Cf-4/9 locus of tomato. Cell, 91: 821 - 832.

Parniske M, Wulff B B H, Bonnema G, Thomas C M, Jones D A, JonesJ D. 1999. Homologues of the Cf-9 disease resistance gene (Hcr9s) are
present at multiple loci on the short arm of tomato chromosome 1. Molecular Plant-Microbe Interactions, 12 (2): 93 - 102.

Rivas S, Thomas C M. 2005. Molecular interactions between tomato and the leaf mold pathogen Cladosporium fulvum. Annual Review of
Phytopathology, 43: 395 - 436.

Thomas C M, Jones D A, Parniske M, Harrison K, Balint-Kurti PJ, Hatzixanthis K, Jones J D G. 1997. Characterization of the tomato Cf-4 gene
for resistance to Cladosporium fulvum identifies sequences that determine recognitional specificity in Cf-4 and Cf-9. Plant Cell, 9: 2209 - 2224.

Veloukas T, Bardas G A, Karaoglanidis G S, Tzavella-Klonari K. 2007. Management of tomato leaf mould caused by Cladosporium fulvum with
trifloxystrobin. Crop Protection, 26 (6): 845 - 851.

Wang Ao-xue, Meng Fan-juan, Xu Xiang-yang, Wang Yong. 2007. Development of molecular markers linked to Cladosporium fulvum resistant gene
Cf-6 in tomato by RAPD and SSR methods. HortScience, 42 (1): 11 - 15.

Wei H, XuY P, Xu G, CaoJ S, Cai X Z. 2007. Comparative transcript profiling by cDNA-AFLP reveals similar patterns of Avr4/Cf-4 and Avr9/Cf-9
dependent defence gene expression. Molecular Plant Pathology, 8 (4): 515 - 527.

Wulff B B H, Chakrabarti A, Jones D A. 2009. Recognitional specificity and evolution in the tomato-Cladosporium fulvum pathosystem. Molecular
Plant-Microbe Interactions, 22: 1191 - 1202.

Yan L, Chen J, Zhang C, Ma Z. 2008. Molecular characterization of benzimidazole - resistant isolates of Cladosporium fulvum. FEMS Microbiology
Letters, 278 (2): 242 - 248.

Zhou Guo-zhi, Ye Qing-jing, Yang Yue-jian, Wang Rong-ging, Ruan Mei-ying. 2008. Simultaneous identification of multigenes with resistance to
root-knot nematode and tomato leaf mold by PCR reaction in tomato. Journal of Zhejiang University: Agriculture & Life Science, 34 (2):
163 - 168. (in Chinese)
JHERG, MAFE M, ERTE, BrIei 2008, A PCR BORFEIN KL A SRS £ LR (Mi-1) RTnt-22idE A (Cf-9) . #i
TLREZAR: ol 5 AR IR, 34 (2): 163 - 168.



