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Development of Tomato Lines with Tomato Yellow Leaf Curl Virus Resistance Genes

Sun—Young Lee”, Chul—Geon An", Jae—Uk An", Bo—Kyung Park”, and Hee—Dae Kim"”

*Gyeongnam Agricultural Research and Extension Services, Jinju, Korea

ABSTRACT the

Solanaceae is a typical vegetable most highly grown and consumed worldwide. Since

Tomato(Solanum lycopersicum L.) which belongs to family

the Tomato Genome Sequencing Project was completed in 2012, commercial seed

company has developed genome—based selection in the breeding system. There are

important marketable fruit yield, disease resistance and fruit quality in

Disease resistance 1is one of the most essential traits in breeding

TYLCV(Tomato Yellow Leaf Curl Virus) causes especially major damage
production. This study was carried out to investigate the characteristics

resources and develop homozygous parental lines with TYLCV resistant

F1 hybrid.
lines and
to tomato
of genetic

gene. We

selected eighteen lines carrying ¢y and ¢y3 resistance gene and one line carrying tyZ2
by screening 126 genetic resources. F5 generation of nineteen selected lines were
produced by continuous self—pollination. Two lines (19—157, 19—158) of ¢yl gene
and one line (19—163) of ¢y2 gene were selected for potential parental lines. Two
backcross lines (19—203,
19—-157, 19—158, and 19—163 and were developed using marker—assisted selection

19—204) possessing ty! and ty2 were generated from

for enhancing the resistance of TYLCV. These resistant lines would be wuseful

materials for multi—resistance breeding program in the future.

Key word : tomato, tomato yellow leaf curl virus, resistance gene, variety
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1. 9475%

EnlEE A AaE A AAFoR AyrEFnt Au)EFe] Wol 20101 443%F haol A
2018 476%F ha® AujA o] F7betdar, kS 20109 19 53317 EolA 2018
19 82255 Eo g F7M8Iit) $-Evets 2017dS 7o 2 Auid A Qyakeke] 17k
2 TEEHAAT 715 AR AAHUA SRR FEE] fXH AL v 2012 ErpEl)
FAA o] gkuE F NSRS ALA A= o] E V|NEo R g SFA|~Flo] FHE o] {3
AFS FrjH o GEsta JrH(HFEE 5, 2019; Jung YJ et al., 2016). T A= ZE
ANEZRZAETL AP AA EntE FF] ks v &S 71kl o, 90% ol/do]l =4t
EF e EnES gy duk g3Ee 30% W FFEolth. FAF EnlE EF] A &F
ol ] Fofuet EntE ik AR ¢S T EvES
FE] Jite] FolEu sl oldl vhdd xS st

3
542 B SHATS AL-FARDA o FAE FAsA FU

o

[

2 AP AdsanEd Ak 2404 20179 R E 337 el on g
A& Sldl AT ARESS Ldete] FaA9 12685 FHSIAT 7+ F44
)

WA AA"S sl 2047 S 53 & CTAB(cetyltrimethyl ammonium bromide) ¥ <
H

i)
L

o

o
2
fus

DNA+ Nanodrop spectrophotometer(Nanodrop
Technologies, USA)E ¥%EE =A3dle] 10ngul™t & 3Asteo] 31 19 A3JA #dA 2zt
wAE &85t PCR= (Peter hanson et al, 2016). DNA AI&2 1~29%
agarose AolA H7|FES T Qo] AFAI FEAS wEsAY. HHEAE T

TYLCV(S}stldddvtol e ) A& FHA7) olgdd AHdS 14 o= Adtstar =%, 5

>
Og{ﬁ_l‘
er_tl
32
v}

el A= EAAE ol&ate] FHANA Adreto] AdIAS AFsgint. EvtEs sl
dRvteld s AJAY FES Aol i 2 F FAAE AL SlE AES
e 94 ol ] AR VR ASe BERoR sl 2 fAAE T A

E4o] 5
Q= AT FROE ol AwAe AT AR BEe] it w2 ARY AAE
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F 1 EvE A ad 2R R

. Resistance Restriction ) » o
Disease primer sequence(5—3’)
gene tagged enzyme

TAATCCGTCGTTACCTCTCCTT
CGGATGACTTCAATAGCAATGA
Tomato yellow TGGCTCATCCTGAAGCTGATAGCGC

tyl Taql

leaf curl virus ty2 B AGTGTACATCCTTGCCATTGACT
- ~ GGTAGTGGAAATGATGCTGCTC
Y GCTCTGCCTATTGTCCCATATATAACC
10 a1 CGAAGAGGCTGTCAGATGCT
Fusarium wilt GCTAGCTTGGGAATTTAATCCA
usarium wi 19 sirp CTGATACGGATGGCCTTTTT
m AATGCACTAGCAAACTTGACTGA
Bactorial . - sl TCTGATTTTAATTCGCAAGAAGAA
acterial spec o n CAACATTGGTCGGCTTACCT
o TCCATTCATTCTCGAACACATC
Spotted wilt virus S5 GCTCTTGTTTTGGGTAATCAGC
Verticillium wilt Ve ~ GTTCTGAATAGCAAAACAACT
ferum Wi ACGTAGTTATTTAGTGTTAAG
Tomate mosaic vir Prom ] GAGTTCTTCCGTTCAAATCCTAAGCTTGAGAAG
omato mosalc virus omy CTACTACACTCACGTTGCTGTGATGCAC
. GAATTTGTTGATCTTCTTCCCCT
I
Alternaria stem canker Asc Mnl CCCAGTTTTCTTCCCTCCTC
Root knot o » ~ TGGAAAAATGTTGAATTTCTTTTG
oot Knot nematode rex GCATACTATATGGCTTGTTTACCC
s ~ ACCCTTCTCAACATGACAAAGAAAGA
Leaf mold CCAGTCCTTGCATGCATTAGAACTT
(Fulvia fulva) Cro ~ TGTGGTGGTGAAGATCAAGTGA
TTTCCGATGTAAAAGAAGGCATA
Lute blisht o ~ TGATTCAAAAATTGGCAGTAGG
die DUg P TTAATGCAATAGGCAAATCATTG
Fusarium crown 73 Mbo 1 CAGCTGAAAGATGTCACCCA
root rot o TGATCATTTACAAGGCGGCA
3 @34_ wul _T/_zl
Evbgeld S8 71U 2 inbred AES HAS] 9 ABEES T 126%)
FAAAL FANAL. FHE Ao Fapolugutolel s, vdel sl s, QFFolH,
NESW, 9 5 14T ATY DA BAAT BEol] 2aeNE A3 2), AF
Fold T CF9= FAAY B Adds yelwlon stsfeldddvlolg] o] AqaAdS Hol=
Ade 10%, 99 AP 10F, WA Evtelel s AFA L 23FI Utk ), FH
Putolelzel ta) AGHL wolt fAAAE BPG FH FHol AU EvE 9
T SN WHAARET oly AS B A EA T FIAIE TS Ak 7]Fo]
otk FAAAES] B 558 A AdelA] 2 AA(E 3) ofxest A FHE
Z94e1 CAL J, Milele F1, TENGERU, TENGERU 97, RIO grande® F321338¢ =
AAdEo] HWEl Z4e] 54.3cm ~ 106.3cm® F}Th FF2 114.6g ~ 311.0g, ==

o
3.9°Brix ~ 6.4°Brix® FAA 27} A tro 52 ol
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3 HAAAES) A% L B 54
5 54 (G3) 3 5
A =4 99 9% 95 A4 %F  du 44 9w
(cm) (em) (em) () () (»  (m)  (m)  CBriv

g E 121.7 440 46.7 19.5 14.8 301.7 73.4 85.9 5.8
THAEE 123.5 41.0 49.0 19.0 12.2 155.6 58.7 70.1 6.4
gy~ 1177 38.2 41.5 18.0 11.2 265.0 72.4 80.1 4.8
| 2] v} 101.7 40.7 41,5 17.0 12.5 221.0 67.5 77.4 4.1
TY P115 109.7 41.7 42.2 18.5 12.5 158.5 63.8 65.1 5.1
TY 153 107.7 37.2 35.8 19.5 9.7 189.2 64.8 74.1 4.7

F1S T172 139.0 38.6 42.0 19.0 10.8 173.0  58.7 71.1 5.1
Ave 127 101.7 415 40.2 17.0 11.7 214.3  64.3 79.2 4.2

Al31L100 131.7 415 42.2 19.0 10.4 202.3 63.5 73.6 5.4
TPK-10 99.6 43.1 44.6 15.0 10.7 232.0 68.2 74.3 4.4
Z—CC 109.3 42.3 41.0 18.6 11.1 232.2  64.0 74.1 4.7
IR =R 143.6 45.0 42.6 16.6 11.3 248.3 674 79.7 4.1
Alal 101 130.0 34.6 355 18.0 11.8 142.3  61.0 64.6 4.3
Alal 102 151.1 38.8 38.3 19.6 10.9 158.0 61.2 66.7 4.6
Alal 103 130.6 43.1 44.6 18.0 9.9 202.5 728 67.9 4.3
Alal 110 128.1 43.5 425 173 11.0 117.0  56.7 61.4 5.1
Alal 111 133.5 43.3 42.3 16.0 10.1 268.0  64.3 82.3 5.5
Alal 112 139.3 395 36.8 17.3 10.1 1255 55.2 60.7 4.9
Alal 113 140.1 43.3 43.3 16.6 10.3 178.0  64.1 69.5 4.9
FIR= 131.0 45.8 32.6 17.0 12.7 196.0  62.2 72.9 5.2
E27. 34756 95.3 39.1 42.0 17.0 9.7 311.0 73.2 80.1 4.9
CAL J 54.3 50.3 59.0 11.3 13.4 1285  66.8 59.9 5.5
Milele F1 106.3 53.7 53.7 16.7 11.1 114.6  58.7 55.1 5.3
TENGERU 556.3 59.0 56.0 13.7 12.9 158.3  58.8 67.4 5.2

TENGERU 97 72.0 52.7 50.3 12.3 12.6 119.8 464 48.8 3.9
RIO Grande 96.3 51.7 56.7 14.3 11.0 120.5  66.0 57.5 5.0

FARY 126 = EuvtEstsiolddulole] 2o 7HEAQl 10728 st LA 19F0
s A AS AgeRa MAEZ S 24 A3 % 49 29 (29 1).

¥ 4. F3AIH ZA AlF< U

ok

Al AR 731].

o] = o)
TYLCV A& A&
tyl ty?2 F1 F2 F3
R S 15. 22, 100 22-1 & 13/4% 22-1(1.35.11) = 467%
- 12-2(1. 3), 13-3(3, 5) =
— = E I} l} y [e)
R S 25 12-2 5 571% S
1 03 5 287% 03-6 5 2675  O376(LZ28), 04=5(D
H S 12, 13 26—6 5 64% -
B 18-2(1.3.5.7.8,11), 18—7(2.4.10)
S H 18 18-2, 17 ; 8, 10, 18 8(1231467.10). 18—10(27910,11)
18-11(1.2.4.6.9.12)
S 18-2(10.12), 18—7(1,3.5.11)
18-8(5). 18—10(3.10)
S 23.79. 93 262 = 13A|= -
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S HR
Swmm—- LT h ewSYss@swe o s

S R H
- T e twe

18-2 18-7 18-8
Tyl Ty2

a9 1. F3A R AA S TYLCV AdA EAnAS o83 PCR 23}

F5~F6A A S Faden kg Ao ddye m-FRow Zgetux
g #5498 ARl FeAOZIAA TR 19-8 5 6452 TYLCV WWA
tyl AE FAAE 7HAL Qo HFo] o A g3t Hojlom FAbd (A
100)e A4 Adte AE 19-163% TYLCV WA w2 §31A5 7HA A AR AAd57}
SN=E AP ORE A Havk glodet AAEHIYTHE 5).

3 5. Wil Ak AlFe] WA A5

AL 3% wa B4 R 425 gyFA wm o W8T

°° (g) (mm) (m) (°Brix) (71  (ecm) (ZFF/H) fp7 g2
19-8 195.0 726  71.8 5.6 3 0.7 L(F5)/R R S
19-157 1950 726  71.8 5.6 3 0.7 L(F6)/R R S
19-158 213.7  69.2  82.0 4.3 4 0.7 L(F6)/R R S
19-160 204.8 595  78.1 5.3 5 0.7 L(F6)/R R S
19-161 107.3 525 625 5.2 2 0.8 L(F6)/R R S
19-163 226.9 655  79.2 5.9 8 0.6 L(F6)/R S R
19-167 167.2 655  70.2 54 2~3 0.8 L(F6)/R R S
19-168 279.1  59.0 837 6.3 5~6 0.8 L(F3)/R S S
19-31 42.3  44.2 422 8.6 2 0.5 M(F5)/Y S S
19-196 442 423 436 7.0 2 0.6  M(F5)/R S S
19-141 154 295  29.8  10.0 2 0.5 S(F4)/YR S S
19-80 15.3 277  31.0 7.8 2 0.3 S(F4)/R S S
19-177 39.5 505 385 5.6 2 0.6 SI(F3)/R R S
19-191 20.0 381  29.1 8.3 2 0.4 SI(F2)/R S S
“tyl, ty2: TYLCV, R : A&A, S: 754, H: sH=

Evtegsiugtiolss A3y Byt Fdo| S5 AT AW A o7 FAA
TrEddE A 19-1577 19-158 AleS EEOR il ty2 FHAE 7F 19-163<
$Eo@ sto] olwulE sto] BOF ARAET §431000 AuAS Bgste] ugAS
ARSATHE 6). o AAFE tha RAHE Aot ol AFAR)0lL
2e AADY 2A%2 Adsidn., Awa Age Aewn ouge Asqom
Aol mike] FAe fARUA TR 2 APY FAARF FYD F A=S 3ol
FF v ABne] wizFS B BINEY FEL SAGaA @t
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T 6. FHY B rold s AR olwgt AT WA a5

B gw B 9E JA% guw) g —NBET
AT @ ) (m B O (emy  MEE T

19-203 217.4 62.6 76.1 5.9 3~7 0.9 19-157 x 19-163 R H

19—-204 221.3 64.0 78.9 6.1 5~9 0.5 9-1578x 19—-163 R H
" tyl, ty2 : TYLCV, R : A8A, S 4544, H : dEH=

4, AL
B oAPde EntE gsloluaulely s 434 ARS f4stust Fdsigon, o Ade
eokaly okt P
bR 126%9 WA AA A, FFoW F CFIE FAA4Y B AFHS
debdlon gatoduteleize] APYL HolE AU 19F, Y APYL 197,
A o) Zufol gl A~ A AL 23F 0L
. fAAd F ookzelvh 159 CAL J 5 5%& Faa4gel 3:olga gL
U2 495 Hlg] &e Hole
o fAA9 F ErhEgstlndtel el A(TYLCY) A4S 1958 AFoR Hisol

F5~F6AIt74A] Ap7dtate] 14813

ot EnpEgsiolurglutol el A
AR, 1AES ty2 AFAE FHAAE 7HAL AA S,

ohotyl A FAAe $HEHAAS Ad 245 (19-157, 19-158)S Awakiar, ty2
FAAE 7H 1A% (19-163)S ZHzF B-FE o2 MuksolS,

vh, A 3o ® ougts AASY tylé} ty2 AAE FHAAE TP A=
(19-203, 19-204)S 4%@22 ikl }Oﬂour AAF7E Bkt ofuy
&Aoo 2 A st 3

O_u
)
ol
oy
—
oo
)
5 o
° o
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<

—
2
ot
oX,
Jo
=
2
il
N
o
B
K

ot
=
o
i
il
Oi@
m‘;"
K3
SO
3

5. A&Ed

Je Min Lee, C.—S. O., Inhwa Yeam, 2015, Molecular Markers for Selecting Diverse
Disease Resistances in Tomato Breeding Programs, Plant Breed. Biotech., 3(4):
308—322.

Peter Hansona, Shu—Fen Lua, Jaw—Fen Wanga, Wallace Chena, Lawrence
Kenyona,Chee—Wee Tana,1, Kwee Lian Teeb, Ya—Ying Wanga, Yun—Che Hsua,
Roland Schafleitnera, Dolores Ledesmaa, Ray—Yu Yang, 2016, Conventional and
molecular marker—assisted selection andpyramiding of genes for multiple disease
resistance in tomato, Scientia Horticulturae 201: 346—354.

Samuel F. Huttonl, J. W. S., and David J. Schuste, 2012, Recessive Resistance to
Tomato yellow leaf curl virus from the Tomato Cultivar Tyking Is Located in the
Same Region as Ty—5 on Chromosome 4, HORTSCIENCE 47(3):324-327.

Huei—Mei Chen, C.—Y. L., Miho Yoshida, Peter Hanson and 1Roland Schafleitner, 2015,
Multiplex PCR for Detection of Tomato Yellow Leaf Curl Disease and Root—Knot

Nematode Resistance Genes in Tomato (Solanum lycopersicum L.), International

- 196 -



Journal of Plant Breeding and Genetics 9(2): 44—56.

Asd, AR, AF3, AHAE, @71, olaF, A¥d, =94, Adar, ADE, 2019,
MABCE o] &3 EvtE 459 AYUE ATHA, delnsr|«A 37(6) 744 ~755.
Jung YJ, Nou IS, Cho YG, Kim MK, Kim HT, Kang KK, 2016, Identification of an SNP

variation of elite tomato (Solanum lycopersicum L.) lines using genome

resequencing analysis, Horticulture, Environment, and Biotechnology 57: 173~181.

6. 474 #A4
ERSpER=
A%-2A e | &% | AT (AW F9RT
D g ke ] 9 R 94T | F9ATA 049 $849 O | O | O
AEE H 2532 | 24973 | $AATA 257D | Sz O | O
FEAFA| AADT | BPATFA M| S | O | O
FEATA| QAT | FYDTA| AR | FARA) 0
FEATR| AeART} | BPATH 2| ARAE| O | O | O
FEAT A [ BPAATIH B YA TH| AN Y| AAAE
FEATA| AAATH | BPATH QA | FBAE| | O | O
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