R LTI A 135: 1124 2017) 1
hirhd CBERS AR GE
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TRy R RS R N & i 5 LHE S B (Tomato yellow leaf curl
virus, TYLCV)iE & 2 T hli s (L EE5 559% (Tomato Yellow Leaf Curl Disease, TYLCD) > i&
AR 2 AR RS T - EEEMIITYLCD A B DA K/ N A B ZE L)
HEHEENTYLCD Z Ui e 58 » AR 4L i fE 2 B ME L H A MHTYLCD » #55% i
AR BEH KRR - AbT7E HEE R EFE SN EE R H iE s bR E 2 240
FhlAE - 20155 BN ~ FMEEFRNISIEME - WH aER- R e O A IR
B EFRETYLCV » EITREEGURTEIRE - FrA SRR HE & 14K E T RER dig
TP #EDNA > Hor 1 Ll 25 Al b A8 A A 1% 28 KA FE s e B RAEREE K
ERGRBIET » XA Tyl R Ty3Him AN 2 i 2 HUn Rt - RAGRHE &
HHTTYLCD B i 2 EESR AN -

RASEEA : 0 - PUW BT - Bl bR - s biEiER

H 5

Z i (Solanum esculentum Mill) S5 R H & B EE K H®RM > R R EZEIRZEET
% o B RIBI T BB B A B i LR (Tomato yellow leaf curl
virus, TYLCV)FT5[5% > &FHt = b5 B % 35 5% (Tomato yellow leaf curl disease, TYLCD)&x & &
B 5 BB R O BN B 1 3 A AR S R 100% AT 4B TR 4k -

F i E LG EE R BN 1930 AL LTI T - 1964F LY #RE—R EXATERSE -
TYLCD BT A L 2ttt RF R BB ER E 2 — > % 7L 5 (I8 R 7 itk 1% 1 P
IR > LR B R B S B R AR ZE Y H AR 1998FE E E & IbwE®
AR E A MR ER S 82 - B EnE LR ER 2RI E R &S5
W > TYLCVRE—IREGEE 24 - & — BN ERFaET 2 N RN/ NE » F0E KR
Fuis e BN - GEAHE SR RHE > —RBEMEREZETYLCVZ W13 » 4 &BLHK
sl - ik BN ERE R - B RG/) BRI EE - EREEY > R
B AR/ NE R HERAF Y 2 =& -

ITEbT RS T B G B P R S RIS S A 5 0908 5 -
MTEbT T B P R S B SE S
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B fE i i 2 51 - W fEPETYLCDZ A R07 20 RIMPURE il 2 5 R g R s &
ZHIRAZE - LevyfllLapidot (2008)f5 F Wi fe [ p fe LA L & i vn Al > o3 Al e e 14 ~ 28 ~
45K DA EE Ny dx B RE - BTN MR (B R B B R e 0 S B - (H BN RR DU ME AR - HRTE %
WAMHTYLCV B AEF R » 53 B By Solanum pimpinllifolim ~ Solanum chilense ~ Solanum
cheesmaniae ~ Solanum peruvianum8iSolanum habrochaites (16,15, PLEFHY 1960 (X 12 HA RN BE
MHHESTTYLCV Z B B > 19884 LI A & Hi it L F 55— E B TYLCV 2 % ifi i 3 &
FE-TY20 > ‘TY20' %A Z Hifm £ ER 5 7Y Solanum peruvianum (accession PI 126935) > Hifi 14
T E R AR RS > TY20°fE RV TYLCVIR - MR S A 08 - B ] A 2 B s EE
zRE™ .

EENIVTERRE—RHEMELEERENEAHE  REER T4 NEY a4
By Tomato leaf curl Taiwan virus (TLCTWV) @ o $ZH18[(2003 )38 &5 52 28 22 8 g & F & i s &
HIFE AR B 2 W e B B e ERE HhEREEBRE IR ERN L 2WE - =
B UL B AR A 20074 3 4 22 F ot & RN B A BV R A B EA A JITLCTW VA R (Ty2)
M A iE > HIR R EATYLCDRE > &85 & E§ 55 2 B (Polymerase chain reaction, PCR)A#
RS T HE A= e BE 2R BN B (Tomato yellow leaf curl Thailand virus, TYLCTHV)E A Z
B> HABRTLCTWVZ #8357 - 2@ M M TYLCTHV 2 i pd ¥ 40l RIS E i HE
B REEMEREnSE » RRSHEMSEHATABZAETEZENEE -

KWse 2 HAY R E B GITYLCTHVE )1 2 & hi fm il - 7S H i HA A A SR 35 8 & e i
TYLCTHV - EfTHEFEHUR R E - EfBERRIE BEF FMPITYLCDE Ak} - [E] 5 i 28
FHHPITYLCDE & 2 #E1T -

MRERTTE
— REB MR

(—)FEIA Rl R ot B it B

K F% T 68 FH R A R Ry 2015 - 1 B A S e B2 2 53ME 2 BT TYLCDE ) 2 % i dm A8 (R
—) WR2015F9 F 2 12 H #E ni i — SRR 98 o0 1T M RH B - A ADRHE R Y 3
Nk o PRomitt E=SR (RS R GARASDEIEGLIL - LR SR ER/RNE - ¥
— 1% B E N — R 2 (50063) B AR FI(35% ol R MKy 7)) AR /& 4 B 14 SE AR - fE % 1
&5 - WA R AR EOR = N - PR BRI S 2R S AHPH-3649 % - 5 e i ]
Sy A Fs201599 H 8H K 201549 H25H -
(SR FE R

A FEE F 2 SREE R dik (Bemisia tabaci) E HH 50 g7 i 55 4 F2 i 2 B-typeE Bl /N i EL 15 {i
RN 5 SO i o W A SR EE - RN R o 2SR TE M & - BB Y BLS SRR 2 AR AT
B #E (25~26C)
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Table 1. Tomato germplasm collected from Taiwan and abroad in 2015
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Number Entry Seed source Type

1 SV4224TH Seminis Co. F1, beef tomato, red color

2 Sylviana Enza zaden Co. F1, beef tomato, red color

3 10K Takii seed Co. F1, beef tomato, red color

4 TMBS582 Syngenta Co. F1, beef tomato, red color

5 TMBG688 Syngenta Co. F1, beef tomato, red color

6 US440 india US Agriseeds Co. F1, beef tomato, red color

7 Akash Ganga Camson seeds Co. F1, beef tomato, red color

8 4212 Aida Evergrowseed Co. OP,beef tomato, red color

9 928 Bucolic Seeds Co. F1, beef tomato, red color

10 9748 Bucolic Seeds Co. F1, beef tomato, red color

11 9742 Bucolic Seeds Co. F1, beef tomato, red color

12 922 Bucolic Seeds Co. F1, beef tomato, red color

13 Rui Cheng 25 Bucolic Seeds Co. F1, cherry tomato (medium size), red color
14 Hualian-Yasu No.21 TSIPS. COA. F1, cherry tomato, orange color
15 TSS-Yasu No.22 TSIPS. COA. F1, cherry tomato, orange color
16 Bonus 4 SUNTECH SEED Co.|F1, beef tomato, red color

17 Danew SUNTECH SEED Co.|F1, beef tomato, red color

18 V20111 Hosheng Co. F1, beef tomato, red color

19 TMB304 Hosheng Co. F1, beef tomato, red color
20 V90-48 Tezier Co. F1, beef tomato, red color
21 Red overlord Hosheng Co. F1, beef tomato, red color
22 V20117 Hosheng Co. F1, beef tomato, red color
23 V20104 Hosheng Co. F1, plum type tomato, pink color
24 ANATH FA-189 Hazera genetics F1, beef tomato, red color
25 A-11-99 Moralburg Co. F1, beef tomato, red color
26 A-11-97 Moralburg Co. F1, beef tomato, red color
27 9102 Hohuan Co. F1, beef tomato, red color
28 TMB-97 Hosheng Co. F1,cherry tomato, red color
29 A-11-98 Moralburg Co. F1, beef tomato, red color
30 AG-09 Puli F1, beef tomato, red color
31 Xiantao Liang-De Co. F1, beef tomato, red color
32 325-Moralburg Moralburg Co. F1, beef tomato, red color
33 324-Moralburg Moralburg Co. F1, beef tomato, red color
34 323-Moralburg Moralburg Co. F1, beef tomato, red color
35 TA-2777G-1 AVRDC OP, cherry tomato, orange color
36 B1 (Trapezlysa) Bulgaria OP, beef tomato, red color
37 B3 (Ideal) Bulgaria OP, beef tomato, red color
38 B4 (Naslada) Bulgaria F1, beef tomato, red color
39 B5 (Pink magic) Bulgaria OP, beef tomato, pink color
40 B12 (Faworyt) Bulgaria OP, beef tomato, pink color
41 B13 (Homestead) Bulgaria OP, beef tomato, red color
42 B14 (Hardy) Bulgaria F1, beef tomato, red color
43 B15 (Belmonte) Bulgaria OP, beef tomato, red color
44 B16 (Palava) Bulgaria F1, beef tomato, red color
45 B17 (Prekos) Bulgaria F1, plum type tomato, red color
46 B18 (Kalina) Bulgaria F1, beef tomato, red color
47 B19 (Reyana) Bulgaria F1, beef tomato, red color
48 B20 (Rila) Bulgaria F1, beef tomato, red color
49 T-10426 TDAIS breeding line, cherry tomato, red color
50 S-22 Monarch Agri Genetics OP, beef tomato, red color

51 Thilina CIC seeds OP, beef tomato, red color

52 NS 524 Nadale seed Co. OP, beef tomato, red color

53 T™B147 Syngenta Co. F1, beef tomato, red color
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AHH T A 6 2 9 B 5 B i e AL ¥6 BE R B 55 1 (Tomato  yellow leaf curl Thailand
virus, TYLCTHV) "9 {4 EEERR H4 s B4 b 1% > DISHE R B4R 2 TYLTHVEYR 2
A ANT22 R 55 SR EEHD S B A FF W B A PH-3 64 = )
— - mEEEak
DIfB 11218 ~ 3~4 7 AEEZ & n e el Biskt o KIEMRE R iR HHPH-3648 = A
EITIRIEN S E B ARG - WME 96 Yot 122 7 & 1 (W T 1,500 68 ) RFHE Ik | 2 SR BE 7 o
HETE o BB 2 MR B &om E N 0 EITERR KR EEE - R 12EE - BEE K
DURR L ANT22 By B 4H -
= RESMMIEH
(—) R EEEE
SRR B R MR T ~ 14~ 21 28 RFEEME MR B EREE » REEEDHE
AR 1~6R AR - 1 R R AVIERE S 25 A RBES L 5 35/ N N IR S L IE G e il
4REER RiEwLE - NEYE/N S SHEIMGEN - ERES S oRiFILAERE—) -

Score 1

Score 4 Score 6
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Fig. 1. The disease index of tomato plant infected by tomato yellow leaf curl virus -Thailand strain.

(—)JH FEDNAEH]
1/H#EDNAZHY : M 1.5 mLZ B 0E - BiRSGET AR ZE— R ENEER R (E1£490.9
cm) > HUBEA - ZEEUEEAN A 500 pL Dellaporta (100 mM Tris base, pH 8.0 ~ 8.5 mM
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Ethylene Diamine Tetraacetic Acid (EDTA) ~ 500 mM NaCl ~ 10 mM 2-mercaptoethanol) »
PAKontes”y &) HY i 27 B EERE BT BEAE 5 22 0% 5 A1 A33 uL220% sodium dodecyl sulfate
(SDS)EZEE 1% I ANIEES » PL65C nE 1077 ## - HIZ41% F 0 A 160 uL 5 M Potassium
acetate (KAC)ZE %1% » B A > LI13,500 gl 00105758 - 1 BB R RN A B0y B0
o BT SR T EECy > R NS00 L FUEIRE ABTAYEECVE o A 250 pl isopropanol
BEak  HEEO1078 o Z 1%/ R isopropanol ] Hf > F 1A 500 uL 80% ethanol »
HE L5788 0 HiELM% K ethanol B HY - 7R Z0R T HZME 1/NEF > [Hethanol58 1 #F - H2kR1%
IAS500 pL ddH,0 » 3 & F2-20°C 7k fE7E S @

2.5 & 38 $8 [ FE (polymerase chain reaction, PCR) @ BY5 pLZ DNAfE & » A 2.5 uL 10x
PCR reaction buffer (Invitrogen)~ 1.25 uL 50 mM MgCl, (Invitrogen) > 2 pL 10 mM dNTP ~
13.15 pL ddH,0E2Taq DNA polymerase (5 U/uL, Invitrogen) ~ Ll K& primer PAL1v1978 (10
uUM)EZPARI1c715 (10 pM)#0.5 pL » F]FHpMDI18-T Vector (Takara, Dalian, China)#1T
PCRJZJE - PCREZ E 30 cycles > LL94°C fifidenaturation 143 §% » LL55°C fi{annealing 247§ >
PA72°C i extention 247 §# -

3.8k ¢ HU5 uL PCREYHL1 uL loading buffer’& & » BN 1.2%FXBH F > LL100(REFE
BRIETTEE vk 2E /NS BB R B 0.5 pg/mL EtBri i H20~30774% - A E312 nm
ZEINE TEUHI R IEA o TYLCVZDNAA /NG F51.5 Kb ©

S FRET AT

a5 2 DA /N3 7 B (least significant difference, LSD)LL# S8 » 5 3 Bl o i [ 22
5%7KAEERE > BIMCREFEEZEER -

R

T RN B A S P AR S3TR AL B B ) 2 F At in il > Hrh A 4L FA45TE - A i 27 K
INBEFEF6TEFE ) EH PRI Tyl ~ Ty2 > Ty3 Ry SVUFER[E 2 Him AR R HEEGFE D) -
HEZEHMEFN2015F9H £ 12 A M 2 i > FIAHRED R EEM S LB EREHRT
WA T ~ 14~ 21 28R FAEE MR ERIAER - SGRERFEHFEETYLCTHVRTK »
75 2 S HE L P ANT 22975 U R B B S 22 2. 54 - sl d i o 1 6 2B Al b AR SRS AR B > 2 LB B A
e R R FE A Y 1~24R R > 16f 3 il St R AR FE 2 E 24k DA (18 =) s ##fETYLCTHV/% 14
K> HHREFEANT22 Z RS 44% > 5B i fl b S8 & Al i fE S R 3R 13(E &bl b
Tl L R BRI 1~24R T » 358 2 Al S A BUR B/ A 2~5 4R el (81 =) = 1 PCREL ffi A
R NTYLCTHVA %5 - 45 REUREUHR K PUR mE R ETYLCTHV% 14K B o] A0 52
F N2 35 3DNA (& Y) - SETYLCTHV&21K » B IR FEANT22 2 fEHE 2 w2 SR 64k
it e 1 {18 v A i (R R B 1O R 1BURE T 7 7 1~28 i » 1 68l S i BUR & 71 112 2~6
& l6oESERBIEE ES RS 2 Fodk - NEEZRE 21X > off & fE A (/5 08 5 5 (E
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F)- BERTYLCTHV (%287 » SUBR SHHE T | (BRI BT 718 S R /i 2 4R (B
)+ AR FGEAR eh 170 5 B S A e | LB BT ~ T TY LCTHVIE ) 2 3 6 0 -

£ BT 2 RERES

Table 2. The resistant gene combination in tomato germplasm

Number Entry Ty-2 Ty-1/3 Ty-5
1 SV4224TH - + -
2 Sylvian - + i}
4 TMBS582 - + -
5 TMB688 - + -
6 US440 india - - -
7 Akash Ganga + - +
9 928 - + -
10 9748 - + )
11 9743 - + -
12 922 - - +
13 Rui cheng 25 + - +
14 Hualian-Yasu No. 21 + - -
15 TSS-Yasu No. 22 + - -
19 TMB304 - + -

22 V20117 - + -

27 9102 - + -

30 AG-09 - + -

33 325-Moralburg - + -

52 NS 524 - - -

53 TMB147 - + -
&

BAFMBECERNALN 28 - HROBERZIRE  Z2EREPRRSEPRKELE
T BB AE o ERE M B EE R 2% (Tomato yellow leaf curl disease, TYLCD)2% 4 B & & &
MIBEEBRAKNEE > Bl & e b B ELREE 5 (Tomato yellow leaf curl Thailand virus,
TYLCTHV) B R ETYLCDR: X % 2 k" " « SR 78 2 H A% B 5 5 1 Hi il 5L #5550
B4 EMmERETUREEEA o & T BRI EEAM R BURME - RFTR 20154
~12H K FTRE Z BEMRHEE i B E T LB BADUR MR 2 - &SRR - BUR AR
PEFETYLCTHVIZ TR - BRIV AT 2254 » £ 21 R B2 LRI T 2 i s 2 64f » HEIFIE
HRER 2R BEELEH - iMGEERIELERZER » BEAEERIERESR  MHUHE S
T R P R 28 RN R R B HERIVAE IEE ZER - B EETEOIUR 5 ER
Pt EE N EEEHMEBET  HARGHPUREEFERBERTH - KKREF NI
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TYLCTHVHUIR & 1l A 72 e B 1T HUm MR TE - /D B T i AR o e ] R AR Z O % > IR 5 e
TAEHETT -

N
T

Disease severity index

ALRRARD II (B} I i i i II—[

Accession Number

B — ~ A 53 (iR R SR (e R ER TR 7 KW EERI

Fig. 2. The disease severity expression in 53 tomato germplasm after inoculation with Tomato yellow
leave curl Thailand virus (TYLCTHV) for 7 days.
*Bars represent standard error of the mean

AT 5 318 7 i e S S v AR B 0 A 1 L A S A A AR 1R 28 R S R B HoH9
(&l i A Tyl R Ty3PUmR B R G - WERE A Ty25um &R HER ST B A2 fim &
RIS R TR Z PR ERE EFE MR TYLCTHV Z i tE - R HEREH 211
iE EHimE S fEH R - “TMB 688’ ~ ‘Hualian-Yasu N0.21° ~ ‘NS 524’ ‘TMB 147 48 ##fi
TYLCTHV{&7 ~ 14 ~ 21 28K » MR B R EERE » H 1 TMB-688° i ‘TMB-147% A Tyl
Ty3MPiiEF: A » ‘Hualian-Yasu NO.21F A Ty2BiR AR > NS 524 R S 22412 TYLCD#i
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RN © Verlaan®E A JA20134E 45 H Ty 1 R Ty 356 R B S Ar FE N > Prasanna A A 20154 R4
HIRBPUR R 2 EEE M > TA B 2 Ty258E R K8 oy B8 2 Ty 3R Ry il i fy 38 @ it
TYLCD L fE > B 58 H B Y& S S f@sHkt %7 <SV4224TH’ ~ “Sylviana’ » ‘TMB 582°~ ‘TMB 304 ~
V201177 ~ 9102’ 52 ‘AG 09’ #FETYLCTHV % » B 7> 78 1) HHHE ik B v 2 2R [F 42 1 2
B AR HER 28K  TER & CE @ - THENFEAAPITYLCTHY Z HIHEEHE - B ARE
PR ERZHEETURREIINAREZE -

AW IR A FHPCREGHIB MM R BEFE TYLCTH VIS T F i 55 2 A 4t » DURE il 5 35 it o i S
JATYLCTHV Z it o &5 5 8 5 3118 25 A e fitk s MR A S R B A BEfE R 14K B v AL H
PCRAZHIH BE | A 3EDNA © Eybishtz %8 AFA20104FH5 H - BUA mmfE BEAYR 1% > Wik
HNERE T B2 UHASEEEEBRERE PURGETCERIRER  HANAVERER
o A RERR I ESR -

N
!

Disease severity index

N
1

Accession Number

B = - #h 53 (E i E I LI R HR 14 RZWEEERHE
Fig. 3. The disease severity expression in 53 tomato germplasm after inoculation with Tomato yellow
leave curl Thailand virus (TYLCTHV) for 14 days.
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*Bars represent standard error of the mean.

MDH12 3 435 6789 10111213141516 17 18 19202122 23

~

1.5Kb-
M 24 2526272829 30 3132 33343536 373839 404142 43 44 45 46 47 48
1.5Kb- U I B BB RN BN BB B
M4950515253541 2 3 4 56 7 8 9101112131415161718 19
1.5Kb' 1 e “or “o “ "o W ,l. “r o “ “ “a .

BV ~ Fpie il E s L T2 52 14 RIREEF POk 5 DNA £

Fig. 4. The virus DNA expression in 53 tomato germplasm leaves after inoculation with Tomato yellow
leave curl Thailand virus (TYLCTHV) for 14 days.
M: marker; D: disease plant for control; H: healthy plant for control; Number 1-53: 53 tomato
germplasms; Number 54: susceptible tomato ‘ANT22’ for control.

AT R BN BT e R SR TR A R 1% o B A 2R 2 BT VB T A A R [E] = 5
FrEETT M BADTIE o RAGREFI A A2 sl B P i 228 1 1 {18 B J0ms 78 00 2 b e IR AF Ry 3 i
TYLCDE R Z EEM L > BT SR ~ (B R H X RN R JURE N B S TE - I8t
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B E R R R 4H & BLESUR I [ ZAAH BT R AT > BIER PR B BB REZE MR
EALE AT - AR EIRRER -

Disease severity index
S~
T

ALRI i i i ]

Accession Number

7~ #hh 53 (E iR I LI R 21 RZWEERHE

Fig. 5. The disease severity expression of 53 tomato germplasm after inoculation with Tomato yellow
leave curl Thailand virus (TYLCTHV) for 21 days.
*Bars represent standard error of the mean
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Fig. 6. The disease severity expression in 53 tomato germplasm after inoculation with Tomato yellow

P

leave curl Thailand virus (TYLCTHYV) for 28 days.
*Bars represent standard error of the mean.
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Screening Tomato Germplasm Resistant to
Tomato Yellow Leaf Curl Disease (TYLCD)'

Yu-Heng Lin® and Jui-Shin Chang’

ABSTRACT

Tomato is one of the important vegetables in Taiwan. However, the Tomato yellow
leaf curl disease (TYLCD) caused by Tomato yellow leaf curl virus (TYLCV) often
significantly reduce the yield and quality of tomato cultured in Taiwan. This research
aimed to breeding the native red tomato variety that can resistant to tomato yellow leaf
curl virus in Taiwan. There are 53 tomato cultivars that was collected from our country
and abroad in 2015. There are 11 tomato lines showing no symptoms development after
infected TYLCTHV by whitefly at 28 Days after inoculation. Tomato cultivars with 7y
and 7y3 gene showed high resistant ability. The virus was detected in all test plant even
the plants have not any symptom development. These 11 lines can be used as materials for

tomato heat tolerance and TYLCD resistant breeding program in the future.

Key words: tomato, disease resistant breeding, Tomato yellow leaf curl virus
(TYLCV), Tomato yellow leaf curl disease (TYLCD)
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