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(Variety Development of Large & Mini Tomato for
China Market)

Sk =438}

o
2
4
P>

Ay
.
1>
i
iz



%L

ZAES BIUXNE A|E

Ay

ny EvtE E#F5

‘T FEd g %

o] HuAME
Yt

—

0

9 4

2015 4

‘mo

~NH

0
R

|
=

B

2AE A7/19Y  ErhEAY IS A

AR

"

—_—

[md

ﬂ.ﬂ
o
o,
o

2l

=l
zK
P

N

B/



a o

o

= T8 U3 2 vy BEnE S50

1-0‘[
°l

st @A Hg Sujstn, AFF S22 FIFHIEY 25T, FTH
B 2SR ol dFHRE FFHEE
5 3FF, FEAMAAL 6FFS 4RI, 77 Hel EvtE F
127HE, S @A Addd 209HE, sW BEvtE $2 3 399 @A
BARAND dAEgs EntE B o] 8ATMAS)S FF WIAHFRI W] WA
= 31, mpA o] g mFH(marker-assisted backcross, MAB)SE S 913 EWtE A
& ASE AN, EvtE YAGE Aat SAATYLCV, 99, 37, o528 S) A
g X 3% 5sEd 1S AAs ol Hudn 442
EntE W4 A 1422 o] g3t WZks|A MAS % oF 20,0008 A9, EvE MABE SSR
ok 5L SNP v AE R, 98 A, SR ALA, 34 AEg A 35 A

T sklen, SCl =& 431 AA¢ Ssed 11d& 2438t

(@a]

=

. A7Ee] 54 51 284

FI3ME: AERFER 200-250g A= ZAA{R it st MG, 54, WHdel ¢
Fi hybrid A#FF< S48, "UERIER 20-30g Axol spdge] & Hiu g&7t
o, AFA, $44, WA $53% F hybrid AFFS S48t 23 dwsiy, toFd
A EntE FHALe R SFAE SR §44 1AF inbred lineg ¥HEo] A
¢ FULE EntE FE854 ARE &5t Uth
T AA Hue EvE FAAZOR, o] F AN 45, sEA, 8349 A
Auje] A& F Ae FIMTo 2HE FdoH, &
Ho] 2 ~(TYLCV), AS(N) ol WA FF o 7 =7 vl$ Eoh
EAAMND: 7]E T F8 EvtE lﬁt‘é 7
EshgA T84S 93 MAS T2 1388 Y95y, YA AESAHL 93 duF 58
< F3kstr] 91e vl o] 8o aF(marker-assisted backcross, MAB)& EUWlE AlE A
AANEE MEstH, 7|Edd FASAE EvtE BAFA 25+ EA0ATYLCY, H 3,

< o

Y
o

JZi o

A



A7FE, SFHAER S MEste Aon. FE&/FUdtAE EvtE FASAENA S

2 o7He A%elH, 71E JiIdd mrlEe &85t RIZIAS MAS =2
e AAZ R AdITE e GE&2F 02 5 AEFIINE] Thssteh WHEA MASSL T

5 = 5283 @ 7 = oA ugdrEe] Y A
83 Fdo =Yo] v 8o E I 5 Q) AN
S ErfEdA = MABE A3 o] FojxA o e Aot =3t 7|E Jidd WA nf
71 olefell A kel 7Rk TYLCV, 9%, 279218, AVF18 A4 Ads A4}

7] At el s a7 T

-

EEE LTS E

ASHA © 0 Erke fAAR%e] £ SAEYOE A2 $FLAE Hustl
selad 2 ASHEAR BEHPOH, F1E TAAT AR FAAE =UstaA
Backcross WO 54 34 WA AATS FEHAL. $AT £4 AL HF
800 A%, VUEUE 7000 AEES tid RE AAFAGNZA, fEAR 2A, 99,
A7, SPEE, Ay DR BEL FAGE, B2, BN, AN, FE, % A=, A,
A3}, FFUE B, WPl U A BHoE gHoz AT & U w8 ngw

inbred lineg WEJTH WHA HAo=Z 3319 =nlo] 8 A(TYLCV tomato yellow leaf cur
virus), ErtER Lol Fnlo]2] ~(ToMV tomato mosaic virus), ErFERFYA]EL-1HFo] 2] 2~(TSWV

tomato spotted wilt virus), A%(N nematode), A&+ (F fusarium), §H4l1z= (Ve verticillium,

T TAMARZ AASA At ow, FFHWLS leaf spot), AR W(BS bacterial
spot) & EAAYFAE HALS &Adt. AT Fr hybrid 2% AAsIH
TP 1A Adsion, Al 3o el s7HSAE S Fot HITALH
FZE 3ttt

A 24 F-A: 7)1 &l NEste] SHE Q= E YA EAA 14F< ol &35t F3#
ZIHEEAGASAT L)Y WA AFTSHHAES 3 MASE F 12975 A Adstdth =
HelolA w8 EvtE ofF W JdYE AT tig SSR A tdAd A 9 SolCAP
Tomato SNP array #2412 &3 v}7o]&o nF(marker-assisted backcross, MAB) &&ol €&
7Rk A AEE FREAT. AnFErANTS &l 7S FAAA = HEH SSR v
2 AMHEE v} Aslar, SolCAP SNP array chipg o] &3te] 509 U A% §H4A
Ao BFAE BAEAT. 7€ EvlE WAYAE EAvAEA TYLCV AA(Ty-1 Ty-3 vt
AE ol &ste I FFHIIE FHsIAoH, At miARA 9 AZFAY (Pr-3), SFH=E
B A (Fr), A (Simybl2) wRAA 23 wAAE s A WA 2SS
el WEAE FAAd 8HS SRty FAAAE A4 F wAAHREA ] 83 F23 RIL
BTG-S Ao, Hexdd 2D dAA o physically anchored ¥ PCR wlAE o] -&35}¢]



n}#A-E 83 association EA3FYGT 712 AFTEF FrlHo g EnE Al AR H

1% Slmyb-12 F3AE HE2=2 FRAAA=ZA S &3] CAPS rlAAMEZS 725t ch
V. 743

al
=
EME FAAYES o8 Aqoziy AAIYER {F2F, 7Y, dAVE = dAF, T3

N
=)
T

f

>

>
&
fru
o]

ink color, red color, orange color, yellow color, brown color, I}3¥=
AT, 173, 83dd, 948 & T8, Aol et dAAFAE] AR,
CARE, o, BbE, A1y Sl A EnE #2%4

ks :
4682 FRste] Hrista BYsAdsAY AsA LAZ 2T

2. 9% parent lineEe $A4 A
NAERE $FAF 4 Al 24 =2 =
o] $3ta, AZE, AESH, AFHH T HyAdel Ae 256415 SA AAEs
ASRBOZ A7 Zstal HSo] gty ARA, 5ol ¢
o)y, ZRARY, 99 S Aol J
G2 ol ARE-SF AT
NUERE $FA5 4 At BASHSR el wgo] 2 5 Aol AHsie 4
HA 7ol lom, EntErAto] FHlolel 2, AESH, WAl 5
AEL &4 Adsgon, RASAHOR AV Zsla G5t ow, 3¢ Enola s,
AFFoly, ZHAEW T WA So| A& 2574%F

g2l &8skt

N o Hdr

3. AlA&A 84 Backcross
AZAA x WHAD, (ZFZA x WA, (IF=A x WHEA) 5 pink th3} 4715, red of
F 3725, vy 7189 AxASA x=3e FAStal, backcrossingl® FAAE 3 Al

BC4F3 @A o] A &A1& ST

4. AR AANE
271 (F2~FD) SRS ME Altddoer 34 w3t 43 A=< =H5H
258704 o FAE Wkt

ol

5. F1 hybrid 2% AEAE o 7/HEFAE
A2Apd o] ARErtE 382, PUEME Bx3< 2dste] AErE 162, VUE



stlaL, 3abd sl that 29=3, vy 30=¢S 2Hdske] i 18, v

e A
U 19232 Austach AddEd] g3t 423, vy 29232 A4ste] o3 31=, 1)
U 2z3e dwsigon, sadse tix 4623, mY 23%F FolA o 31=d, 1Y
0232 AL bestE A%E 2FEL FAUFADL DAL

A8 2ge FESRL HYov, RERE CTynlebE  CTYEZE'  CEx
£, vUERE CTYHeE B’ S FEnsEde sgen, o  cEx
' CEAY CTYHSE & EFHEESS GERIAUL. =W gnERE
‘mhebEQS CTYSh) | WUERRE CTYAge’ CHUATY’  CHETY’ 5o ¥

TAARNAILE st BE BvjsAY SAE Foll 3

7. A2AF-HA A4

7h BvtE ojuzhg EAwkA N

B dAT3E np7 ol 4o mwf(Marker-assisted backcross, MAB)S 53 U4 EnlE AFFS
]:15]

ol o3 7x ARE A7) H& FFHAG. TYLCV, AEs9H, Fy, A7FFHdd W
Z]

B

o,
o
o

393 AT 1053 ool Ant ¢ dAFAE A
A7 TYLCV WA A3 EAvA #4& 3390 MABE 9% 3&5X

(background selection)& v}A/NES ZE %2 SOL Genomics Networkoll FA|

of
rC
ot
s
(X
)
of
S
o\
2
Jo o
)

(i,
ft
=)
fm
Jo
=
>
N

S(reference map)EHE A Ao #53 EXF 108/H(GMA & HF 97)) SSR mAZS &
Ak, F 303709 B3 wAE JIvte g Fo3l, 85I A FAVAE 2HEAT 1
A, FAE Zhe] A Mol 0.33~0.8022 AFL /M =2 FAE #0.800= UERE AL
Jare AgAdl ‘10BA333" <F 10BA424° ©o]%la, VM @ FAE 340.33)S YERH A
AESY9 U] okF L3708(Solanum pimpinelliforium

‘10BA424° °]dth. FALE #hE& o] &3l UPGMA ®A3t A3}, fAE 0585 7€ UF
Ae o IR F(clusten o2 EFEFA=T, i 5L HAS Ad T4 A3 F4
2 A7 7 olEd 5 AR ARE ol &3 SAAANA AYH AFL Aol
gt A EF(dendrogramE 71F082 FHF Agrt AUXA E
T 35X FHA A8 SSR vA S FHIL ThsdE o wu) 2HFAZ x I EZDS TYLCV
WHAdel A9 ‘TYR1I® x ‘RPL1I’, Ha®e 79 “10BA333" === “10BA424° X
‘RPL2’ , &7}FFH el A% ‘KNUI2® x ‘AVI107-4° ZE=+= ‘RPL2’ 2 3% HIUT A&
Ao A YA Fox1Ql ‘L3708 & ofAFoEA BE IEI ATEH F138 At

o

]9 Hlow, FHg 2§ FAE Frol 0410 ATt 45702 TrEA SSR viAZPAEEH

rlo
il



‘L3708 x ‘AV107-4° 2 H#HITh

ZT 2679 SKEUE AR 2279 WEEWE AFS o]&ste] SolCAP Tomato SNP
array (lumina Inc., San Diego, CA, USA) 418 F33t9tt. £4& T3 F 487 ASE 3t
6,6527] SNP7} &l= At o]59 FARA XA
e & F AT =3 F 3257 EvtE A% [487)
27770 SOICAP AAY (109 €48, 27 W2, 141 7}&8)]°) g SNP-array 23= 7|wto &
g PCA 4 A¥, U &8-S SolCAP Fxxtde] k<83 fARE 21FeE REHAe
W, 3 WEEES A9 SolCAPY Alsa ttd Aol7l dee & stk 487 =ul
3 A% 7r 6,589 SNPY] PIC value X = 1270 A A 4ol plottingstsdth. PIC valueZl &
SNP d+5 Aug& nAZAY F&=7F 5o & + o, plotdl]l e FAAG SXE
v #3te] MABo| &7l SNP MEE J3ol whe} Assie] AMEE & Qi

4o
=
¥
iy
N
oj
S
=
o
Hx
o
Do
DN
o,
m-[o
H

U, BAuAE o] 83 EnlE TYLCV AdA FZF H7}
B AFE 99 A A ENE FESES UFeE EvE Fdddbuto]y s
(TYLCV) A3 EAvtA #4374 23 ge4d4e &3 4

3T
h=1
< s 407 sAES EAvA 5 BEAA 23, w2 Ao V)9 F

O~ ==
T
EFNAE B Ty~ Ty-da 44 ABubAZL o] @AFOIY oM, WHEL 0% 33%2
- SFRT T AFAHCE BVE 5 FF T4 FET2 181-333%% YHES HioH, vt
A= oot AFHL AUs o2 E/8 28 EFAME Ty-Mamoru’ )

‘TC30882° 7} Ty-1 37k wiA @] ol@ oA e, A EANM= 44 0.0%} 67.8%=
G- AREE QT CTC32957° £ HIRT 4 FFAAM= A wiFrE AHA Fkon, IT¥E
& 33%~20.0% oItk Uw=zA 22 FFEL BT Ty-I8 Ty-3 T Ty-3a #3A vpA o)
olFAY =Ex TN eH, *HNS12860544° (40%)7} *80087" (30%), ‘TC
30882” (67.8%)E AQlstiie Wz vre W E0.0~3.3%)< EATh Addo]l F7HA &
3 FF % ‘TOP119Y’ & wiAd, ¥HE =T AFdolnen, ‘TT346” 3 ‘TOP1184’ &
A, EHE BT oA miA R I B EC] dASHA Av FFol Wl AR

AR R2e] 8 FB MASS PR thA-FAAT AXH M AASHAAT, FA

HE

A "oA A Fo} Fug FF FAARE AYAYAT, =
W, 27%E FFEL 53

283 1Fd TYLCV AR FF §4& fdlAs sl Hls) 2 At =



o EntE 9 AHPJA EARA

o H(late blight)e EwlE(Solanum lycopersocumol| X921l AW o|m
Phytophthora infestansMont.) de Baryel] <Js] WAETE o] AFdA= LB A Fd=t
Ph-3& 3v=® Pinfestans weTFE AHEsted B{rE st LB AYAE Al
L3708(S. pimpinellifolium= 1B 754 AlE<d AVI107-4(S.lycopersicum) ] nvl Z2FHE dozl F6
HeE o] &ste] ph-3 Al 7HAl A#E TG 3283 TG591 miAE o] &3t P49
A S s 4 23, Ph-39 FdAFet s BTl e AdAE 1 =2
wAol &<l HAu. Ph-3 FRAS] YAE detstr] fall TG328, TGHI1 w7 ol & AlA =

|
ofd

o] ¥

i
Ml
©

off
o

7V EA8= S pimpinellifolium draft-genome sequence?] ultracontig SL2.4ch095 #4413l T
w443 o] contig el TG328% TG591 77k Aol vl 7o d&Ko = viEd As4do
coiled-cail leucine-rich repeat(CC-NBS-LRR) class @7]A4go] WAEHAQ o™, ph-39] 2 F3
ZHe] ATl A ph-3a, ph-3b, ph-3c 28|31 ph-3deZ HH)E FZFHQt}h ©o]F Ph-3 FHF
A2 AFxE A A LB-AFAH FHAAZ ¥ FCC-NBS-LRR  classe]  Rpi-vntl 19+
Rpi-vntl.3 3R} =& AA29 S HAFUY, ph-3ce} ph-3de= Rpi-vntl 19+
Rpi-vntl.3 oA 71 =2 @id AlA 2~ FEA00%-< HolH, vkl ph-3a ¢ ph-3be=
0%2] F&de HAFIAT ols 7449 A& ph-3 #1AE 837] 93l SCAR w7 set2
MEetR o, o] & o] &3t A L3708 F thkdt A EvlE AlSd tis) uhA
BAE AT B A4 dE SCAR wHAE o] &dt EvtE A W ZF Ph-3 4F 3
A5 TR F oe Brk ol LB A WY fFAke] a3F ) Addko] shsdtt
ot BEvtE R AAE EAnkA A
EuntBo|Ax ZTRAZHE Fusarium oxysporum f. sp. radicis-lycopersici (FORL)el| 2] wFAY
EYA =#olgoltt. FORL A& A 9ol &d ¢4 FdAFA F
o =HHAY. Ty o] FAAe BEF FHH AA= s HIHAAA FUT. B AT
oNME, Fri o AT SAE FAA I EZHSE Tirte] e A vAEH
FORL-resistant inbred AV107-4 (S. lycopersicum) x susceptible L3708 (S. pimpinellifolium) ol A
frefe F2 @& ol &3t ZAsth F2 o] Hedd A3 AVI7-49 Fh=olA EeH
FORL &g T that AL ojd AFHa o nle} o] A9 FAA o3 x4
< ¢ g AT FAA 9] 3.6 MbollA 72 Mb Atolo] HAA FHAAREE F 79 SCAR
<} 11709 CAPS vlbAE-E Tomato-EXPEN 2000 map3} SolCAP SNP-array chip #4Z234E 7]
Hko 2 73ttt o] wpAES 345709 F2 7RAlol HAS A3, 51 Mb ~ 46.4 Mbe] wj$- 4



S Y AABI= wAEC] ARE FRAAY el FF5HSE wg FEA AdE
dl, ol& Frio] GAA Azxdo] ZAstA He d9o= ¢ X paracentromeric @ Holl EAE
T ASS GAET AEE AFuAE o] 83te] 60719 FORL AdA =& 74
FES ol g3t HASAT 1 A3 ~6 Mboll $1X13 CAPSHIA = £ E 3 92%2

S Yyepdt oF 5 Mb ¢} 25 Mb ol = 5 7He] CAPS flanking marker= 60%2] %+

, ol wel Frio]l AAHA 9¥ 9] short arm 4e] o] 20 Mb xFAWe| EA) sk

=

2
%0
%2
fr

rJ

i

ox
o

e

rlr
N
O

0

Hir

1
AV

KeN
-

b

nh EntE A Zapuir] iRk

2 AY B3 o] Ao yu U9 naringenin chalcone (NGC
A&te] opr| =, o] w} EwlES] @A o] Afo] wh7iA)
A7t NGC 42 A 199 Y Ao A4 SIMYBIZ o ot Z2d =, met
A SIMYBE 71¥ko 2 7)== DNA markers EvlE 3aA (4A0)e] marker- assisted
selection (MAS)oll F-&3HA ]88 + Atk FAA 7|6k vpAES WEetr] fste] A2 <
promoter 4 9& 23t e 4.9kbe] SIMYBIZ RAASE B FA(YY) AEQ ‘FCR’ ##
B3 F2(yy) AlEQ  ‘FCP’ oA sequencing 3t} o] & SIMYB12 o -f&7ke] 714
& Hla A3 ‘FCR’ 3 ‘FCP’ Abole] @714 <E ®Wole UeuAl ettt SIMYBI29F 4
A4 A#H single nucleotide polymorphisms (SNPs)E 27] 9]3}e] SolCAP Tomato SNP array
< o] g3l ‘FCR’ # ‘FCP’ = genotyping 3t1o™, SIMYBIZ®}: 7V 7 7ko] AHd 479
SNP (solcap_snp_sl_456,531,13762,38123)2Z 58] CAPS markers (CAPS-456, 531, 13762, and
38123)& 7Ndatitt. 71dE CAPS marker & ‘FCR’ X ‘FCP’ oA fFa#lE F.& ©]&35
mapping® Az, #u Mo FAAFY)S A=A 91X CAPS-13762 (0 cM) - 456(11.09 cM)
- Y (15.71 cM) - 38123 (17.82cM) - 531 (30.86 cM) o] SIMYB12¢] DNA sequences= &3 &
o2 CAPS-4563 CAPS-38123¢] &3t F-Eo A3t A& & 4 AT F 647019
SoICAP EnlE fFxzdel ois) EnlE 33 A3} solcap_snp_sl_456 3} 38123 Alo]of £ %] gk
708 SNPE 43 A3, o] 5 SNPE°] #3834 4 EolZ B4 AU vs & F
Adew, meps A AEgor §F8T F Age & F AV

i 53 A FF 4S99 MAS A9

WK
i
i
ol
>
(0]
ftl
f
o
b
hu



VI. 943 2 A3EE AE
L EvtE 33 /MY
2 AFHAR §33 EvlE FFELS F7o FEZ B ol FYdE B3Oz
FUHNARZE &8 & Uk WAEE ‘¥psp ‘E2E’ | WUERE ‘TYZZE' ‘B2
HHTY' T2 A A% #u7t S718 Ao o33t ok =3 o]  ‘TYwmie}
2 F}fo| dsty dxte ZE Fanz, ‘EXE’ £ #HFo| uj$ FUsu HZA

o] 43 TYLCVHRA dEdia EvtE=R Bygsty on, dFgEEnER ‘TYAgh’
HEETY' |, d3WLEERE ‘TYH|E Oy ATY' F% JWol Basta lof, =
EntE 2] FAdAdE A 71@4% Aoz ZIgsta Utk §4H elite lineE2 A3
A BEUE AEFZE SAste o {85 2d Aol

2. EvtE &EztubA AE
2 A7 "Ed 43 TYLCV A4 5 7€ gid ui¥A e MASE Adgezm

A Fawe] BRUAY FESA 7@ olth o]dF MAS AUS Fa FrwA
tTY-REtE 5 OUd AEFS 29, 5SS B8 & AT7E B A Awd 9
9 o2Rolzy AFHT A A0E nASS WA N KESA MAS 213 A o] ¥

|5 ATk TYLCVSE A 3A v ol did AEE= 9] SCI =&l Aol Lyt user

ﬂ
it
ofo
_\,L
of
_o|£
JH“
é
oK
_o|£
2
o
=
r
iz
o
N
ok
N
oSt
ox
=)
X
rlr
:
2
(i
Sl
m
kl
o
offt
>
2

m
3&

QJOW] A2 AP E FREG £33 NLd JuFgALRMAB) 1A F FEL S WHol
(high PIC value)d Heol= HAAE SNP vlAMEE F$ Fludimee} 22 through-put
genotypinge] 7bs3+ platformell #-&& 79, §F 20| AHA L&AV w0 &
T Atk

Aagg Aoz B AFdA Md ZHAEY nAE EEd §F AEAEEA 3A
A AR JlsoldS Fsa o, =4 SCI A'd(Genome)ol] Farstsich =3 & <
TolA e BEAnAEL 7|EoldS 53 GSP Y FAAd G BEntE F5 Jjuits vl
STEA 9 mA Anj2= Aol A= F8F F RS AL Agoltt. F§ FUt
83 FRoEE /dd 2R AR vpAE 7RteE AP fHAE &
= :rL7P A& o g o] RolX ok &t, AFER ol9] FUi= Jidd A B npA 9

b aAAde] s A FHASImyb12)e] GG HnEA e SR 6 FS
A L] o] JhEsttH &FrEC] BAAY) HEA FEFS SAsed W A

(

rl
2
O
ofr F.&
=
N L
Yo af AL

:{o

o,

.
s
o



SUMMARY

[. Title

Variety Development of Large & Mini Tomato for China Market

[I. Research Goal and Achievements

Tomato(Lecopersicon esculentum 1..) is the most important fruit vegetable in the world,
major goal of this study was breeding and developing big tomato and mini tomato vareity
adaptable in Shandong Province, Hebei Province, Liaoning Province in China under protected
cultivation. the quantitative goal of this project was established on variety protection
application 2 varieties, variety protection registration 2 varieties and variety production and
sales declaration 4 varieties. the achievements on this goal have been completed variety
protection application 5 varieties, variety protection registration 3 varieties, variety production
and sales declaration 6 varieties, and exported tomato seeds of 120,000 USD, done actual local
production and sales of 200,000 USD in China, and achieved tomato seed sales in domestic of
300 million KRW within this study period.

The goal of molecular marker development was supporting disease resistance tomato
cultivar breeding program of private seed company(Pl) by using marker-assisted selection
(MAS), developing markers for selecting tomato genome background for marker-assisted
backcross, MAB) breeding, and developing new disease resistance markers [Late blight (LB),
Powdery mildew (PM), Fusarium club root rot (FCRR) and etc.], In addition, from the project,
publication of three research papers and a patent application was aimed. The actual
achievements was supporting about 20,000 sample points of MAS for the private seed
company using 14 disease resistance markers, developing SSR and SNP marker sets available
for tomato MAB program, developing new LB and FCRR resistance markers and a fruit color

marker, and publishing 4 SCI research papers and 1 patent application.

. Aims and Needs for Research Development

Tomato variety development: breed big tomato F; hybrid variety with 200-250g good fruit
setting on the clusters, keeping storage and transportation, TYLCV, Nemarode Cladosporium

etc. disease resistance, mini tomato F; hybrid variety with 20-30g size, good clusters growing,
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high brix content, cracking tolerance, multi-disease resistance, supply and sales tomato seeds,
also acquisition of diverse tomato genetic resources and the selected, developed and fixed
elite inbred lines are constant using for new tomato variety breeding for domestic and foreign
market.

China tomato seed market is the biggest in the world, this project focused on core market
adaptable protect cultivation in Shandong Province, Hebei Province, Liaoning Province,
especially needed to uniform fruit setting, good store ability and shipping quality with tomato
TYLCV(tomato yellow leaf curl virus), Nematode, Cladosporium disease resistance.

Molecular marker development: support disease resistance tomato cultivar breeding program
of private seed company(Pl) by using marker-assisted selection (MAS), develop markers for
selecting tomato genome background for marker-assisted backcross, MAB) breeding, and
develop new disease resistance markers [Late blight (LB), Powdery mildew (PM), Fusarium
club root rot (FCRR) and etc.], In tomato breeding for export and domestic use, multi-disease
resistance is essentially required trait, and systematical support for MAS program of seed
companies using existing molecular markers can enable efficient development of new tomato
cultivars. In addition to MAS for disease resistance, establishment of marker-assisted backcross
(MAB) and its practical use can facilitate introgression of useful traits from related wild
species. However, MAB has not been carried out in domestic tomato breeding programs. For
MAS, development of new markers for TYLCV, LB, FCRR, or PM is also required in addition

to the markers currently avaliable.

IV. Contents and Range of Research Development

The 1% detail study : collected and evaluated diverse tomato genetic resources for using
segregating breeding and recombination matter, created new lines as present lines
accumulated with new gene by backcross method, prime inbred line breeding selection is to
made to use parent line from big tomato about 800 materials, mini tomato about 700
materials which were evaluated and analysed all the horticultural characteristics(cotyledon
color, seedling growth, plant vigor, leaves shape, internode, clusters developing, fruit setting
etc.) and fruit quality characteristics (fruit shape, fruit size, fruit color, shoulder color, sugar
content, taste, firmness, storage, crack, fruit uniformity etc.), disease resistance was tested
and selected by molecular marker on TYLCV(tomato yellow leaf curl virus), ToMV(tomato

mosaic virus), TSWV(tomato spotted wilt virus), N(nematode), F(fusarium), Ve(verticillium),
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Fr(fusariium radicis), Cf(cladosporium fulvum), Ph(phytophthora) etc. and leaf spot, bacterial
spot etc. were checked in the field tolerance. the crossed F; hybrid combinations between
fixed lines tested and selected by hybrid selection trial, final selections through actual
farmer’ field trial were registered for commercial variety.

The 2" detail study : we provided MAS of apploximately 20,000 sample points for PI
(Tomato Life Science Research Center) of this project using 14 disease resistance molecular
markers. By evaluating SSR marker and SolCAP Tomato SNP array on diverse wild-type and
elite tomato inbred lines collected from overseas and Korea, a set of SSR and SNP markers
for MAB were developed. For developing MAB markers, SSRs located on each chromosome
were seleceted based on a publicly available tomato genetic map, and about 50 germplasm
lines were evaluated for polymorphism using SolCAP SNP array. Markers for resistance to LB
and FCRR, and for fruit color were newly developed in this study. For this purpse, 8 inbreds
with disease resistances were collected, F2 and RIL populations were developed for genetic
linkge map construction, and marker-phenotype association was assessed via disease
evaluation and PCR of physically anchored molecular markers. In addition to original goals,
CAPS marker set for selecting fruit color gene, Slmyb-12, was developed by linkage map

construction.

V. Results of Research Development

<The 1st detail study>

1. Collection and evaluation of tomato useful genetic resources

Collected and evaluated 46 tomato genetic resources which are determinate type,
indeterminate type by growth habit, big size, medium size, mini size by fruit weight, pink,
red, orange, yellow, brown by color, oblate, deep oblate, round, oval by fruit shape etc. good
storage and cracking tolerance genetic resources, TYLCV, Cladosporium, Fusarium radicis,
Leaf spot, Phytophthora, Powdry mildew, Bacterial wilt resistant tomato genetics, these
materials were evaluated and selected from the segregating population or used for

recombination matter.

2. Elite parent lines breeding and selection

Big tomato elite line breeding selection: bred and selected 256 inbred lines as female with
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short internode, good fruit setting, storage, fruit uniformity, color, multi disease resistant, 243
inbred lines as male with vigorous plant, firm fruit, good storage and shipping quality, multi
disease resistant.

Mini tomato elite line breeding selection: bred and selected 277 inbred lines as female with
good cluster developing, shining skin color, cracking tolerance, multi disease resistant. 257
inbred lines as male with vigorous plant, high brix, multi disease resiant, and fixed inbred

lines were used for F; hybrid combination crossing.

3. New material creation backcross
Improved to BC4F3 stage by backcross method that was accumulated new gene in pink big
4 group, red big 3 group, mini 6 group from (storage x disease resistant), (high quality x

disease resistant), (high sugar content x disease resistant) combinations.

4. Generation advancement
Obtained 258 individual seeds by generation advancement trial after F2~F5 segregating

materials selected and discarded recessive phenotype.

5. F; hybrids selection and farmers’ field trial

In the 2" year, selected big tomato 16 combinations out of 38 hybrids, mini tomato 17
combinations out of 38 hybrids, in the 3™ year, selected big tomato 18 combinations out of 29
hybrids, mini tomato 19 combinations out of 30 hybrids, in the 4" year, selected big tomato
31 combinations out of 44 hybrids, mini tomato 22 combinations out of 29 hybrids, in the 5
year, big tomato 31 combinations out of 46 hybrids, mini tomato 20 combinations out of 23

hybrids. the best selections were tested at actual farmers’ field trial.

6. Variety registration and commercialization

Final selected hybrids were registered that variety protection application on big tomato
‘TY Marathon”  ‘TY Forte”  ‘Toast’ , mini tomato ‘TY Miracle’ ‘Tom Jerry’ and
‘Toast>  ‘Tom Jerry’  ‘TY Miracle’ were completed variety protection registration, also
have been submitted variety production and sales declaration on big tomato ‘Bach’
‘Marathon Alpha’ ‘TY Matna’ , mini tomato ‘TY Crown’ ‘Daniel TY’ ‘Bravo

TY’ , all the varieties are on sales or large scale trial currently.
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<The 2nd detail study>
1. Development of molecular markers for marker-assisted backcross (MAB)

This study was conducted to achieve basal information for the development of tomato
cultivars with disease resistances through marker-assisted backcross (MAB). Ten inbred lines
with TYLCV, late blight, bacterial wilt, or powdery mildew resistance and four adapted inbred
lines with superior horticultural traits were collected, which can be useful as the donor
parents and recurrent parents in MAB, respectively. Inbred lines collected were evaluated by
molecular markers and bioassay for confirming their disease resistances. To develop DNA
markers for selecting recurrent parent genome (background selection) in MAB, a total of 108
SSR(simple sequence repeat) primer sets (nine per chromosome at average) were selected
from tomato reference genetic maps posted in SOL Genomics Network. Genetic similarity and
relationships among the inbred lines were assessed using a total of 303 polymorphic SSR
markers. Similarity coefficient ranged from 0.33 to 0.80; the highest similarity coefficient
(0.80) was found between bacterial wilt-resistant donor lines ‘10BA333° and ‘10BA424° ,
and the lowest (0.33) between a late blight resistant-wild species L3708(S. pimpinelliforium L.)
and ‘10BA424° . UPGMA analysis grouped the inbred lines into three clusters based on the
similarity coefficient 0.58. Most of the donor lines of the same resistance were closely related,
indicating the possibility that these lines were developed using a common resistance source.
Parent combinations (donor parent x recurrent parent) showing appropriate levels of genetic
distance and SSR marker polymorphism for MAB were selected based on the dendrogram.
These combinations included ‘TYR1’ x ‘RPL1’ for TYLCV, ‘10BA333" or ‘10BA424’
x ‘RPL2’ for bacterial wilt, and °‘KNU12” x ‘AV107-4° or ‘RPL2’ for powdery
mildew. For late blight, the wild species resistant line ‘L3708’ was distantly related to all
recurrent parental lines, and a suitable parent combination for MAB was ‘L3708° x

‘AV107-4° , which showed similarity coefficient of 0.41 and 45 polymorphic SSR markers.

Recently, a high-density single nucleotide polymorphism (SNP) array was developed based
on genome-wide SNPs in tomato. In this study, we genotyped a collection of 48 Korean elite
varieties (26 fresh market and 22 cherry) using 7,720 SNPs on the array. Of 6,652

polymorphic SNPs (86.1 %) in the entire collection, there were 6,589 SNPs with < 10% missing
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data. The number of polymorphic SNPs in the fresh market and cherry sub-groups were
4,733 (61.3%) and 6,087 (78.8%), respectively. In order to examine genetic differentiation
between sub-populations, the SNP genotypes of the Korean germplasm were analyzed along
with the previously reported SNP data of the 277 SolCAP varieties (109 fresh market, 27
cherry, and 141 processing). Principal component analysis (PCA) revealed that two
sub-populations in the Korean germplasm were genetically differentiated from three SolCAP
sub-populations. Also, the Korean fresh market varieties represented a distinct sub-population
relative to the cherry varieties. The genetic differentiation between these five sub-populations
were confirmed using two statistics, pairwise Fi and Nei’ s standard genetic distance. In
addition, we validated a further division within the cherry varieties using the UPGMA method.
Genetic diversity within each sub-population was estimated based on allelic richness and
expected heterozygosity. The fresh market and cherry sub-populations in the Korean
germplasm showed similar levels of genetic diversity relative to the corresponding SolCAP
sub-populations, respectively. Visualization of polymorphic information content (PIC) across 12
chromosomes revealed regions of the genome that separated the fresh market varieties from
the cherry varieties in the Korean germplasm. These results suggest that diversifying selection
for market niches and environment adaptation has led to genetic differentiation and allelic

variation between sub-populations.

2. Evaluation of TYLCV-resistance tomato germplasm using molecular markers

This study was conducted to evaluate imported tomato F; cultivars as breeding materials for
the resistance to Zomato yellow leaf curl virus (TYLCV) by molecular markers and bioassay.
From marker genotyping and disease evaluation of 40 F; cultivars, two cultivars declared as
TYLCV-resistance carried heterozygous marker genotype for the TYLCV resistance genes
Ty-1 and 7y-3a and showed low disease rates of 0% and 3.3%. Four of 5 F; cultivars
declared as intermediate resistance showed marker genotype for susceptibility and disease
rates ranged 18.1~33.3%. Among 28 cultivars declared as possessing the resistance,
‘Ty-Mamoru’ and  ‘TC30882° showed heterozygous marker genotype for 7y-/, but
conflicting disease rates of 0.0% and 67.8%, respectively. Four cultivars including

‘TC32957° were susceptible in  marker genotype and showed disease rates ranged
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3.3%~20.0%. Remaining 22 cultivars were heterozygous or homozygous for 7y-1, 7y-3, or
Ty-3a, and showed relatively low disease rates (0.0~3.3%) except for ‘HNS12860544° (40%),
‘80087° (30%), and °‘TC30882" (67.8%). Of 3 cultivars with unknown information for the
resistance, ‘TOP1199° was resistant, while ‘TT346° and ‘TOP1184° were susceptible
for both marker genotype and disease rate. For the cultivars showing inconsistency in marker
genotype and disease rate, 8 additional markers franking the genomic region of the 7y-1/
were tested, but no evidence for genetic recombination between the marker and the 7y-I/
was found. Characterization of horticultural traits of the F; cultivars with TYLCV-resistance
indicated that European large-sized fruit cultivars were higher in yield and similar in sugar
contents and solid-acid ratio compared to a control cultivar preferred in domestic market,
although hardness remained to be a problem. On the other hand, cherry tomato cultivars
showed lower vyield and brix, but longer internode compared to a control cultivar, indicating
that breeding for TYLCV-resistance using these cultivars will require more efforts and time

compared to large-sized.

3. Development of molecular markers for tomato late blight resistance

Late blight (LB) is a devastating disease in tomato (Solanum lycopersicum), which is caused
by the oomycete Phytophthora infestans (Mont.) de Bary. In this study, the LB-resistance
gene Ph-3 was evaluated using a pathogenic isolate of P infestans from Korea. Molecular
mapping of the TG328 and TG5H91 regions, which are tightly linked to the Ph-3 locus, was
performed using Fs families derived by crossing the LB-resistant accession “L3708” (S.
pimpinellifolium) with the LB-susceptible accession “AV107-4" (S. Iycopersicum). The map
indicated that the PhA-3 locus also conferred high resistance to the Korean isolate of £~
imfestans. 'To identify the putative PhA-3 gene, the ultracontig SL2.4ch09 of the S
pimpinellifolium draft-genome sequence, which contained the TG328 and TG591 clone
sequences, was investigated. Four tandemly duplicated putative PA-3 homologs (designated as
Ph-3a, Ph-3b, Ph-3c, and Ph-3d in this study) belonging to the coiled-coil nucleotide-binding
site leucine-rich repeat (CC-NBS-LRR) class of pathogen resistance genes were identified in a
flanking region of TG328 and TG591. TG591 sequences and partial sequences of Ph-3c¢ and

Ph-3d were tandemly repeated. Protein sequences of FPh-3 homologs showed high sequence
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homology with Rpr-vntl.1 and Rpi-vntl.3, the CC-NBS-LRR LB-resistance genes in potato.
Ph-3c and Ph-3d showed the highest protein sequence homology (80%) to Rpr-vntl.l and
Rpi-vntl.3, whereas Ph-3a and Ph-3b showed 70% homology to these genes. A set of
sequence characterized amplified region (SCAR) markers that could distinguish each copy of
the Ph-3 gene homolog were developed, and allelic compositions of the PFPh-3 locus were
compared between “L3708” and a variety of LB-susceptible tomato accessions. These SCAR
markers proved useful, not only for studying the organization of the Ph-3 homologs in an

individual tomato plant, but also for selection of the LB-resistance allele

4. Development of molecular markers for tomato fusarium crown root rot resistance

Fusarium crown root rot is a severe fungal disease caused by Fusarium oxysporum f. sp.
radicis-lycopersici (FORL) in tomato. Resistance to FORL is conferred by single dominant locus
Frl on chromosome 9, but its precise genomic location is not clearly determined. In this study,
detailed location of Fr/ was assessed by using a set of molecular markers physically anchored
on Chr. 9 and F2 and RIL population derived from FORL-resistant inbred AV107-4 (S
lycopersicum) x susceptible L3708 (S. pimpinellifolium). Bioassay of the two populations with a
FORL strain isolated from Korea resulted in single dominant heritance of the resistance as
previously reported. Two SCAR and 11 CAPS markers encompassing from 3.6 Mb to 72 Mb of
Chr. 9 were developed from Tomato-EXPEN 2000 map and SolCAP SNP-array chip analysis.
These markers were genotyped on 126 RILs and 345 F2 plants, and markers locating at a 5.1
Mb ~ 46.4 Mb interval were tightly linked to the Fr/ indicating that Fr/ is present on a
pericentromeric region of suppressed chromosomal recombination. The marker set was tested
on 60 FORL-resistance or susceptibility commercial cultivars and a CAPS marker located on
~6 Mb showed the highest match (92%) with the phenotype. Two markers flanking the CAPS
at ~5> Mb and ~25 Mb showed decreased match ratio of 60% and 80%, respectively, indicating
that Fr/ is possibly located at this 20 Mb genomic interval on the short arm of Chr. 9.

5. Development of molecular markers for tomato fruit color
Yellow or transparent fruit peel color is caused by the accumulation or lack of naringenin

chalcone (NG, C) in fruit peel and determines the red or pink appearance of tomato fruit,
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respectively. NGC synthesis is regulated by the SIMYBIZ gene of the Y locus on chromosome
1, and DNA markers derived from SIMYB12 can be useful for marker-assisted selection (MAS)
of tomato fruit color. To develop a gene-based marker, a 4.9 kb of the SIMYBIZ gene
including a potential promoter region was sequenced from the red-fruited (YY) line ‘FCR’
and pink-fruited (yp) line ‘FCP’ . Sequence alignment of these SIMYBI1Z2 alleles revealed no
sequence variations between ‘FCR’ and ‘FCP’ . To identify SIMYBIZ-linked single
nucleotide polymorphisms (SNPs), ‘FCR’ and ‘FCP’ were genotyped using a SolCAP
Tomato SNP array and CAPS markers (CAPS-456, 531, 13762, and 38123) were developed
from the four SNPs (solcap_snp_sl_456, 531, 13762, and 38123) most closely flanking the
SIMYB1Z2. These CAPS markers were mapped using F, plants derived from ‘FCR’ X
‘FCP’ . The map positions of the fruit peel color locus (¥) were CAPS-13762 (0 cM) - 456
(11.09 cM) - Y (15.71 cM) - 38123 (17.82 cM) - 531 (30.86 cM), and the DNA sequence of
SIMYBI12 was physically anchored in the middle of #456 and #38123, indicating that fruit peel
color in domesticated tomato is controlled by SIMYBIZ A total of 64 SolCAP tomato
germplasms were evaluated for their fruit peel color and SNPs located between
solcap_snp_sl_456 and 38123. Seven SNPs that were detected in this interval were highly
conserved for pink-fruited accessions and specific to transparent fruit peel traits, as depicted

by a phenetic tree of 64 accessions based on the seven SNPs

6. Support for marker-assisted selection for breeding multiple disease resistance tomato
cultivars

This study was conducted to support of MAS for breeding multi-disease resistance tomato
cultivars and breeding lines of a private seed company(Pl: Tomato Life science Research
Center). A total of 14 different types of markers linked to diverse disease resistances
including TYLCV, Fusarium, ToMV and etc. were used for MAS. During the research years, a
total of 12,970 sample points were screened. As a result, MAS was greatly helpful for the
seed company in developing efficiently the disease resistance new commercial cultivars and

breeding lines.

VI. Research Achievement and Application of the Results

1. Tomato variety development
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Tomato new varieties bred and developed in this study could be not only export to China
but also supply to domestic market. big tomato ‘Bach’ ‘Toast’ , mini tomato ‘TY
Crown’ ‘Bravo TY’ will be expected to increasing sales in China, and some varieties are
supplying in domestic that ‘TY Marathon’ has firm fruit texture, cracking tolerance,

‘Toast’ has very uniform fruit shape, firm, TYLCV resistant red tomato and jujube type
cherry tomato ‘TY Crown’ ‘Bravo TY’ , round type ‘TY Miracle’ ‘Daniel TY’ etc. will
be contributed to substitution of importing tomato seeds. also elite inbred lines bred and

selected will be using for making new variety continuously.

2. Tomato molecular marker development

A representive outcome of this study was the contribution to developing new commercial
tomato cultivars of PI by supporting with MAS of multiple disease resistance. With MAS
assistance, PI could apply and register patent for newly developed cultiavrs. Importantly, the
newly developed markers for LB and FCRR are currently used for supporting MAS programs
of private seed companies, Information for TYLCV and LB resistance markers were published
in international SCI journals and provided freely to public users. The marker for FCRR
resistance was submitted for publication in  ‘Genome’ and patent was applied for
intellectual property protection. In addition, SNP markers for MAB with high level of
polymorphism (high PIC value) among the germplasm variation have great potential for their
practical utility when applied by high-thoughput genotyping platform such as Fluidime

As plans for utilization of outcomes of this study, the patented marker for FCRR is under
process for technology transfer to a Bioinformatics Analysis company (Seeders) and was
submitted for publication. Also, the markers information developed in this study will be
provided to GSP research group and Seed valley service group via technology tranfer. In the
future, further research on cloning th resistance gene for FCRR need to be continued, and in
case of fruit color marker, fruit color gene Slmyb-12 should be sequenced from diverse

breeding materials and compared for developing a gene-based co-dominant marker, which will

be useful for breeders to breed cultivars for red and pink fruit market.
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Table 1. Tomato cultivation acreage and production quantity in the world
(FAO Statistics 2013)
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Fruit Peel Color in A ey 3 press of 3} 3]
Domesticated Tomatoes e
(Solanum lycopersicumL.)
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o TAA A

MAB & EAv9A A
ik 54 BAAF Faug #gde
=9 14 AEZ MAB -
v SSR 273 o7 A= 2L el
=9l 48 A5 3 MAB -
@ SNP 243 oo e 2012 ©] %
MAS & Exul#A A%
ik 54 BAAR Faug Fgd%
©) SCAR 1 EntE 919 (Ph-3) 2013 ©] &
) CAPS/HRM 2 ErntE 25924 (Frl) 2014 ©] %
® CAPS 1 d=/34=A 34 2015 ©] &
O MAS #¢
Al 7] NA S uA S5 ARZAE
1A= 358 Ty-1 5 871 wF#AERY 2864
22 = 324 Ty-1 5 771 "wAEY 2268
A= 250 Ty-1 5 871 v}AERY 2000
AZPA = 318 Ty-1 5 870 vFAEY 1438
S5AA = 550 Ty-1 5 871 v}AEY 4400
Z=A 1800 147) v}A R 12,970
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A5, T Fa, g% ARollA 1 FeAoe] wle Aty & 4 ok

O mHErEE YEErtEe} tHErER aH™ WEErkE 45%, HAELE 55% AEs A=
T 9o, AMIEETS FWSAEFTC] oF B%, TUETO] 65% FAER AHFF] HlEo] o E =
2 Holrk

O =] ErkES] 43 F5542 1909t FE A4 §57]1€5 g2 Alktol ®2ol wxls)
o S 7P ThE 50 HlEo] HAF molA AL flon, 53] WEErES] A sUsd F
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F BETAAR IS 5 5
O FUE/FEE EvlE FF554L 2% MAS AYe 7143887 9sire 8 a7 =,
Nex, BAEA NS FAA FEFRo met eAes] Ao Baska, IANE
ol sfeloll A Hizt HAoy, I &8 JheA HEVF BT FAof AgFE o] €8
o EA ol the A7t 28l EHo WY EojoF o
O U4 IZAZAE &3 MASE T3l =+ B FFo A&ET fEe] ks,
A4 EvtE y¥Ad MASE 9% oo A 3

=, 7IHkAld o) minlE Qe I E8 =T Al

Table 2. The satus of tomato molecular marker development and application in domestic

2 2EHW | E4 R i WA A
gslolddutolg] Tomato yellow leaf curl virus Tyl,Ty2,Ty3Ty5

Hlolgix | ErfEXR o] FHfo]# 2 Tomato mosaic virus Tm2a
A= Tomato spotted wilt virus Swh

Ale3udrg Pseudomonas syringae Pto

Entg e Al 33 H Xanthomonas campestris Bs4
e Fusarium oxsporum Sp. Lycopersici 12,13

WIS A S5 Verticilium dahliae Ved

w3l Bl Fusarium radici Forl

Aoy Cladosporium fulvum Cf9




=L Phythopthora infestans Ph3

A% Bz Meloldogyne incognita. Mil

Al 2 A =9 ZeiE d%

ntE EF3/0E

O EVEE AAAY A2E 0, 43, Y8 F AATIAE ey &
Yo Aol U}, AL, 71NN E

< Ao, xEH o= vdads, ol xgd,
ntE SRR A58 0r FAE AAA EvtE FAAA

O 4, "I=9 FAELS FE FEred EVIE FFT& SA storm, I Apinkthavt v
UENE FZ/¢e nxsy, JA@nktAErES} PURSENE 55 37
=t AR o] At & 4 Ut

O ErlEs AR fEIREolU SAAAE I, & Aaztzol Hlel =20l §37]s] WEE
I 7R AEE 7R WA A BrlE f4) si5e] ¢hREAAL, 2012 5 Natureol &
EEo] FRA AR7F SN AT
O &Fol o EAFA T80l A F4=] Jom, =4 FAOE AA| v
71 /W71&3} High-throughput(HT)-MAS system &l 2-& 2= skt 12, SolCAP
(http://solcap.msu.edu/)-& 7FA3 2He FAAIE A83fshr] flst] ErtEe} ZAtol] 3Fsted SNP
T S35 283 v 2 48 tool® AT Folrh

O AA TS B4 719 AA AT4E 7L Jon sHgke] FEATE Fok 719S

THOE AT SF7Ie gEe] AT BEARAE o] 83 SF(Marker-assisted breeding;

MAB) 7|&< A=520r /ity AlFse 73] 7Idsta St
Table 3. Molecular marker for tomato breeding in the worldwide
(*Ref. Majid R. Foolad, 2007, Genome Mapping and Molecular Breeding of Tomato, International
Journal of Plant Genomics, p21-29)

Trait Source species Gene/QTL(Q) Reference

Bacterial canker L .peruvianum 3Q Seed companies
L .hirsutum Remz.0,Rems.1 [287]
Q
Bacterial speck L .pimpinellifolium Pto Seed companies,[447]
Bacterial spot L. esculentum Rx-3(Q) [447]
Bacterial wilt L .esculentum 2Q Seed companies
Blackmold L. cheesmanii FewQ [288]
Corky root rot L. peruvianum Py-1 Seed companies
Fusarium wilt L. pimpinellifolium [-2C,I-3 Seed companies, public
breeders

Jointless L. cheesmanii Seed companies
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. . Seed companies, public
Late blight L .pimpinellifolium Ph-3 breeders
L .hirsutum 40 [342]
Lycopene L. esculentum Ogc,cr Seed companies
Powdery mildew L .chilense,L.hirsutum | Lv,01-1,01-2 Seed companies
Ripening inhibitor L. cheesmanii rin Seed companies
Root-knot nematode L .peruvianum Mi Seed companies, public
breeders
. Seed companies,public
If L. /
Self pruning esculentum sp breeders
Soluble solids Not known Q Seed companies
Tomato spotted wild . .
Virus L. peruvianum Sw-5 Seed companies
T llow leaf curl . . .
VETSatO yellow feal cut Different species FewQ Seed companies
Tobacco mosaic virus L .peruvianum Tm-2a Seed companies
Verticillium wilt L esculentum Ve Seed companies, public
breeders

O EmtEs "z 1992\ op¥F3 vl wuj ol tigk RFLP mbA 7|9k 19 = &
A2 A7 ZAAAE 3 FF LA e (Polymerase Chain Reaction, PCR)ol| 7] %3+ T} k3t
A o] WYL o9 Bl AR EA&F7E0] NEEo b5

O 2009 wAIZE 9], 23lo]e FYu), UC-Davis, 2] 59 EvtES} A AFHNEL
AT GEAS BoFe BARAE @ /T 9 §82<9 MAS AA g2 &
3l SoICAP #A|(4d7F $3.75 M)E vwl= USDA NIFAZHEH 3t AFE 3 Fo

o

o .

O "]= SolICAP EntE ATEHE AMEFFTS dEste 709 448 53 Y 7ts8& &
=3 B 8o 2719 ofAES A, Next Generation SequencingINGS)e] RNA-Seq 7]&< 9|
g3t FE9 2.7-3.0 Gh(ERIE A AF =7] 0.9 Gbel 3u] o]/h)e] A FHAe] 47
A A(transcriptome) AR E FHIFPI o5 HEARIZ HPHoZE FEA31e 57,9967) 2
genome-wide SNPS =743}
o]21gk SNP& nlgro 2 7720719 SNPS FAld B4 & A+ ErtE Hx9 U
(high-throughput) A& £4] arrayZ llumina®2} ZAAFS FAse] A 2 A3
sdaom A AAdA £HE 50009F] SolCAP EvtE FAALES] 4423 24 4
DBE ?%8}21%.
q

O FAAAE B fAHA A71NYD JRE vgog Fo £FFDo] e MASE BAEA
o el FES AAH] BuHI Yom, 53 thFd WY BY BAEAZ} BE
CE 9} CBAE, T WA dAE obd T KFaA g glo] EA
840 AAH YA} 3.
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A3 E APNESY g ¥ Zot

<HIAMIS-2A >
A 1A fdAel #31 R 54 Bt

Ao BRof = ErtE {RANS SRV SR &85t diglen, 538 A%
go] ferehal FtA R Fom gIle|Sulole s, A, IREN, Aoy Sl Aol e
EntE fAALS ke vl 88 FoH, =, I 13, A% Fl= Sl ok ARE B
nE FARAS st A EH EARA BUEE 3 F 2 Addsid S ARE 288k
=4

2010-2011'd %0l T, o]=dtd, Y@= SAoA EvtE fdakd 205S Fstel S4HAS st
Rom, S T SHEANA AP Hite] Fa std A o] wlg- sk B3 A 2

e AR FFAo] & ABoldlon, Eud A iz Fgdo] ¢t vl 2
(Verticillium), Al&58(Fusarium) sl W8S AUl dok dellas #d o= 200g B=ol 23
2 57} wig- gste] A ARE ARSI o, el 63 TR BRAE ErtERA)

B

oj=zlelH 2, S8, HHIHIER Soll WAdel AUTh 3= AEgeo WA A=, 5736

= AE7} 953 24, BA4135 = orange colorol] 75g A EHEow ElFHo|n TYLCV(33SH
Znpolgn) WA AAIR, B4145 = WEEER brix 8.00] I¥E &AZ, B74245 = 2R F
HFom, BADZTE 70 61g A= BRE A= stk E# NEALSE 7Y 254
AR, EMER2SE 250g0] tiaE st A, 75430 -8 ST, ENERISE red
O3tz ErfERato|gulela 2, AF, ¥R WHAde AUW, EfIEG23+ red 252g =9 O
ol At LA® st QAR Briste] EeSd S AHSA /\Zﬂi 2839tk =3 s
+ bush typee] 3ol eI o2 AW (bacterial wilt) WHAZ, G235+ FEFAF 2ol =
3 ekt AuH AR, Rtk red color® TR 204g AEE F3lato]H ATYLCV) Wi+
AR F=oA T3] Brlstal A e sk Harvest= o] 2~2tdollA 38 FAAHLCZ red
colro|™ uf-g- Teketal Zpdo] Fom HAF AESH, "I Sl WA Alee=E, Camparis
3Bg A= HT7]|2 8-1037} SHshto zhajz]o] Fo|d AA=, Defnise red colorel] TYLCV R Ado]
AA Zp 7} wle- Fdskal A o] Hold A2 FRlste] e skt (Table 4).

Table 4. Tomato genetic resources collected and evaluated during 2010~2011 years
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sAAgy +hx  z2d By 7o BE BE L max sama
TRl Rl T A -0 [e] (g) =1 (;q;(o]_}\o) (Bl') [e o) T b B |
3
&4 2= &% aF 247 pink 1.4 5.2 Tm.F ; ;ié
w5 F% ¥ ;T 240 pink 16 54 TmVe aiié
Aell15 =3 53 T 205 pink 1.8 5.0 F.Ve A7
Fall6E T -3k Bl 178 red 1.8 4.8 TmFVe #ZAHY=
5 < , A FFolu
433 == 3k T 232 pink 1.2 5.5 Cf.Ve W A
[e3e]
. A E,
R76% = 73 B 183 pink L5 55 Tm.Ve xaowg
gg}l A0
57413% == 3 A 75 orange 1.0 5.7 Tm.Ve.Ty TYIHXJE;J
574145 T iy 43 22 red 1.0 8.0 Tm.Ve ny. 1g =
BH24% = 3k 1251 109 orange 1.2 5.6 Tm.F.Ve Q A x| A
_ _ o F o]
274255 T et el 61 orange 1.2 5.8 Tm.F.Ve.Cf A
[e3e]
EmgERls T3 Eis T 236 pink 1.5 5.6 Tm.N.F ZaA
3l
ENER2E  F% 0 F3d ay 250 pink 1.6 5.2 F.Ve.Cf X?Lj;é
=
EAEALE % F® 3T 247 red 1.8 50  TmN.Ve x?;é
EXNEBRIZE T T3tk B 252 red 2.0 4.8 Tm.F.Ve.Cf o=
A4
211
s FF #3290 78 red 1.8 45 BTy oS TYH
[e3e]
=T 213
ds FR 4% BY 82 red 16 45 BuTy o3 TV
[eRe]
R _ _ . A,
hItk T -3k T 204 pink 2.2 5.2 Tm.F.N.Ty TY U A
. I =
Harvest o]xgtd F3t I 182 red 2.2 5.3 Tm.F.N.Ve ’
A4
Campari JE®=  F3  A4F 35 red 1.5 8.2 Tm.F.Cf ol ¥
. o - ~ AR,
Defunis = -3 | 189 red 2.0 47 Tm.FN.Cf.Ty Ty A
A 204

* YA, Tm: ToMV, N: nematode, F: fusarium, Cf: cladosporium,
Ty: TYLCV, Ve: verticillium, Bw: Bacterial wilt

201298E 20137H4] ==, HEY SH oA A2 §449 11

]

e +31 Bksel Besd o

A =3 §4 242 FEHT Tiffany= JAERRER 208g A=, whdshd TYLCV(&3hte]d

),

AFFoH(C) AR sk oM, 02
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o3t Aot 3 TYLCV AR 8t on, 5485+ /3 17302 HFHHLS)
YHAR, HdlEe 196g A=l pink color® AAdo] =34, Mamirio= ZAI7}F 733kaL of7)j4o]
] X3t g ZAe ABCE A5 T4 8 eH, Annas 83g ATl AEFAFHY] AR
red colorell &®(Phytophthora)ol]l WHAIS XYar Ut} #EEFE T A5 532] she-2Anfol] &
o] A= = red HHZE EYSALAZE, FHEW-S round3ol] 2ol 213kal 185g A =0l wi-¢-
ok ﬁl%ii =/dstaal stalon, #EES rUErER 25g J=d BRI¥ey fdol A
o] &2 AFToE HtbllA FHsIH o, 54203, 574215+ yllow color FIUEMERZ &% brix
9-1002 =31 glo] 2 AAZ 3]st 4 ¥ recombination line $-/doll ARE-3IATHTable 5).

Table 5. Tomato genetic resources collected and evaluated during 2012~2013 years

LR E L S I S v L E U S
Tiffany T T3 HT 208 pink 2.5 5.0 Ty.Tm.F.Cf ty pink
EEIF302 T 3 AT 215 pink 2.5 5.3 Ty.Tm.F.Ve  pink # %4
27485 == gt T 193 pink 2.4 5.1 Tm.F.Ve.LS A7
AloFls o Els T 196 pink 2.4 4.8 Tm.F.Ve.LS A7
Mamirio =4 -3k AT 209 pink 2.2 5.3 Ty.Tm.F.Ve ty pink

Anna HEY 53 B 83 red 2.2 4.5 Tm.F.N.Ph A=,
733 Fl) o iy T 188 red 2.3 4.8 Ty. Tm.N.Ve ty red
P& I ol S 185 red 2.3 4.6 Ty.Tm.N.Ve ty red
£ o =k g B 25 red 1.8 7.8 TmF.Ve.Cf  g3A&A
BEA20% T T3 B 17 yellow 1.2 9.2 Tm.F.Ve 1gx vy
BA2s % 4% B9 15 yelow 12 9.2 Tm.F.Ve j;ﬁf
Al 114
* YA, Ty: TYLCV, Tm: ToMV, F: fusarium, Ve: verticillium, N: nematode
Cf: cladosporium, LS: leaf spot, Ph: phytophthora
133 01437 53, 299, V2, A5 SN EvkE f049 1582 FHstl 5497
S o154 9 A2 SEAT, WESSE pkAZ o) e BUsn BueH s

ol WHAR FAYsACH, F)IE, Ezfe AZE 242, ®RAHEE ATy Hdeaf
spot, stemphyllium) WX AA=Z, EEHS red colord] 3ol uniformst, ER+= 7 of
Ladsly, mAHEE TYLCVUH i‘ﬂ‘:ﬁl Oltt] Tyrade= %949 (Fusarium radicis) U= Al
olt, wEF], BA333, BA424, NMT & ar ¥ (bacterial wilt) WA 2 st en, o1 9
A, AFA, dEFY EntE /\ZH‘: T3 0}04 Hrbstal §F4LANE 283t (Table 6).

_34_



Table 6. Tomato genetic resources collected and evaluated during 2013~2014 years

FaAUR S04 23 sy O aa BE TS gy e
HMEST T=  F AT 184 pink 2.2 5.0 Ty.Tm.F.Ve.LS uniform fruit
FIIE F= 3 AT 206 pink 2.4 5.2 Tm.F.Ve.LS storability
L-E 22 T  F¥ T 178 pink 2.4 5.1 Tm.F.Ve.LS storability
RTE el -5t T 209 pink 2.0 5.5 Ty. Tm.N.Ve.LS Ty.LS
BEN z= B 3T 185 red 2.5 4.6 Ty.Tm.F.Ve uniform fruit

BX T= ¥ T 207 red 2.5 4.6 Tm.F.Ve firm
@Ef % % 1T 236  red 22 45  TmFNBw bac;?%a;]‘”ﬂt
R%E T= 5 T 203 red 2.3 4.8 Ty.Tm.N.Ve ty red
Tyrade  2#<Q0 F3 AT 230 pink 1.8 56  Ty.Tm.N.Ve.Fr Fru ¥ Al
S T= ¥ Hd 25  brown 1.2 7.8 Tm.F.N brown color
A5 T T3 EHY 20 rede+ngre 1.5 8.2 Tm.F.Ve stripe color
Purple z= F3 g 32 purple 15 6.7 Tm.F.Ve purple color
BA333  m= &% Bd 63  red 1.8 45  TmF.VeBw Bi‘iltf}ifl
BA424 H= 3 B 63 red 1.8 45  Ty.Tm.F.VeBw Ty.Bw-R

NMT A= gt Ed 80 red 2.0 4.3 Tm.F.N.Bw Bw-R

| 154

* s A, Ty: TYLCV, Tm: ToMV, F: fusarium, Ve: verticillium, N: nematode
Cf: cladosporium, LS: leaf spot, Bw: bacterial wilt, Fr:fusarium radicis

A2 A $F 2 ATHA
1 A4

BHE SA45A daE 8000 A%, vyE 7000 ASE 3 Aoz FHE7]2E
ZHFIA A RE FH L A HUsE FX(parent line)o.2 & & JEAE HHEAEL

_‘?‘_ [¢)
<3, 1SS AZ U,
- A 407 EFold FF3t 40-509 SESIH 2% HIEa-9-2m0] A2
- A FALE A, S/, AEE selfings Alzlew T97HA 23AR)
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- ARG

> =% T3y A3 (indeterminate type), 73H¥ 3 (determinate type)

> 7] A1shge] st 7] e ZAo] mEn =S wt Z:.Z}_.%,Z‘?LE’_}QE T
D> & AP AR FH), 170 =2 FH), 99, BYE, AEed¥

> 35 538 HHdF

D> A 2] e] Ak mpel B-SA(pink), T (red), yellow(’=gH4), orange(534Y), Z

A(brown) o2 U, rine 2ol x| k= rin gene
> oA ZAo] H7] A Ao o7 B2 base greend] A =of whz} LG(ight green),
G(green), DG(dark green), NG(no green)
> A5 AsA g3 BEE AEARE SAHYY, A A=e AR, 84 H

Aol U=

Y

F5: Brix BEARE SASHOH, Aot Ado] A

> UY®¥A: TYLCV(tomato yellow leaf curl virus 33}l @&nlo] 2 2), Tm(tomato mosaic
virus EvlE R o] Zulo] 2] ), N(nematode %), F(fusarium Al E-H),
Fr(fusarium radicis <+5¢%4%), Ve(verticillium ®F419]2%), Cf(cladosporium
fuvum 1F33o|"), Ph(phytophthora 9H) 5 EXufAZ AA3HH a1, LS(leaf
spot AFHYW)e TAAAES 3191, Bwbacterial wil)Es HEJHAHS 59
=2

> 71« 2=A), Az, 99, g4, s

. _
SH BAEA

Figure 2. Process of tomato inbred line developing

2. A743%
7 A E AR EE $FAT S48 Ad

A Line(ZASA) ez @tol Aol 3 ARA, ddd=rt i, A, du8e] s
WEAel e 67AF S SR, FAXT 8784, FoAlth 2074, FeAlth 12784, F7 A oh
I370A, TAAE TASES Adsgon, 1439 ASES =340 AHL3H (Table 7, Figure
3.

Table 7. Major characteristics of female inbred lines bred and selected in big tomato at 1% study year
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illls

AENE Ay 28 %7 @y o ma 8= U= g gy

@ AR (@) T
10L.1001 F4 3l = A 156 pink 1.8 6.0 Tm.F.Ve 8
1001002 F5 53k =z HT 210 pink 1.2 6.0 Tm.F.Ty.Ve 6
1001003 F5 §& = @7 29 pnk 12 60  TmFETy.Ve 7
10L1004 F5 s = T 178 pink 2.0 6.2 Tm.N.F.Ty..Ve 7
10L.1005 F6 3t = A 202 red 2.0 4.8 Tm.N.F 6
10L.1006 F6 23l = H 221 pink 1.5 6.0 F.Ve 6
10L.1007 F7 3k = T 225 pink 1.3 5.8 Tm.N.F.Cf.Ve 4
10L1008 F7 T3 = H 212 pink 1.3 5.6 Tm.N.F.Cf.Ve 5
10L.1009 F7 s = AT 218 red 1.0 5.2 Tm.N.F.Cf.Ve 4
10L.1010 Fn 3k Z I+ 220 pink 1.2 5.6 Ve 1
10L1011 Fn 73l = A 178 pink 1.0 5.5 Ve 1
10L1012 Fn 3k =z A 208 pink 14 5.6 F.Ve 2
10L1013 Fn 3k =z Tt 231 pink 1.6 5.6 Ve.Cf 1
10L.1014 Fn 23 = A 138 pink 1.8 5.4 F.Ve 1
10L1015 Fn 3} = a 156 pink 1.0 5.5 Tm.F.Cf 2
Al 67

* YA, Tm: ToMV, N: nematode, F: fusarium, Cf: cladosporium,
Ty: TYLCV, Ve: verticillium

B Line(FASA)0E A7 ZAsta #Fo] daste] A3, FFAo] 3, 9=H,
TYLCV ol iAol d= E5AIt) 10704, FeA o) 18704, F7AIt) 978A), F8AIth 2704, 1
AT SATE &4 Ao, 189 AlFEe =FAF o AHE-F (Table 8, Figure 3)

Tableb 8 . Major characteristics of male inbred lines bred and selected in big tomato at 1% study year
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A

ABHE AW 23 1 s Aa (S5 TR uwmar Aws

WA
10L.2001 F5 s % | 223 pink 2.2 5.8 Tm.N.F.Cf.Ve 5
10L.2002 F5 s = |+ 215 pink 2.2 5.6 Tm.N.F.Cf.Ve 5
10L.2003 F6 ¥ Fx T 203 pink 1.0 6.2 Tm.N.F.Ty 4
10L.2004 F6 s = |+ 200 pink 1.2 6.0 F.Ty 4
10L.2005 F6 3 zx |+ 166 pink 1.2 6.4 Tm.F. Ty 5
10L.2006 F6 73k = = 181 pink 1.5 6.3 Tm.N.F.Ty 5
10L.2007 F7 ¥ Tz a7 159 pink 1.0 6.3 Tm.N.Ty.Ve 4
10L.2008 F7 s = |+ 210 pink 1.3 6.4 Tm.N.F 3
10L.2009 F7 e Fx 3T 183 pink 1.3 6.2 Tm.N.F.Ty 2
1002010 F8 23k = HT 159 pink 1.7 6.4 Tm.F.Ty 2
1002011 Fn 3 T Bd 182 rin 1.6 4.7 Tm 1
1002012 Fn e Fx | 207 pink 1.2 6.0 F.Cf 2
10L2013 Fn L is = T 176 pink 2.0 2.9 F.Ve 1
A 23

* A, Tm: ToMV, N: nematode, F: fusarium, Cf: cladosporium,

Ty: TYLCV, Ve: verticillium

10L1002 10L1007 10L2007 10L2010

Figure 3. Pictures of big tomato inbred lines bred and selected at 1% study year

U AAPAE HUERE $FAF S4 A

- A Lineo = spte] o] m-g FUstal A4o] Argstm daAAggdel o, d5%
o] & WHAo]l 5 TTASS At o, F3 27704, F5 870A, F6 12714, F7 14704,
F8 6704, 1A8AE 10A5<S SAsdeH, IHATES Fi 234 AMEstaTh
(Table 9, Figue 4).

Table 9. Major characteristics of female inbred lines bred and selected in mini tomato at 1% year

_38_



iy

_ L - _ IF A= T=

AsHs Ad =3 %71 33 © I AHAA) (@) A ?}13—’2
10C3001 F3 T3 F=x Bl 22 pink 1.8 8.7 Tm.F.Cf 12
10C3002 F3 23 Tz dF 17 pink 1.6 8.9 Tm.F.Cf 15
10C3003 F5 3 F=x 43 23 red 2.0 8.2 Tm.N.F.Cf.Ty 8
10C3004 F6 -3t = B2 25 red 1.7 8.4 Tm.N.F.Ve 6
10C3005 F6 T3k =z B 23 red 1.3 8.5 Tm.N.F.Ve 6
10C3006 F7 is % 43 25 red 1.5 8.0 Tm.N.F.Cf 5
10C3007 F7 T3k = 43 15 red 1.7 8.2 Tm.N.F.Cf.Ty 2
10C3008 F7 gt = 43 15 red 1.7 8.2 Tm.N.F.Cf.Ty 3
10C3009 F7 is = 43 18 red 1.0 8.7 Tm.N.F.Ty 2
10C3010 F7 -3t = o4 13 pink 1.0 9.0 Tm.F.Cf. Ty 2
10C3011 F8 Eis = B 17 red 1.5 9.3 Tm.F 2
10C3012 F8 T3k =z 43 17 red 1.2 9.2 Tm.F.Ty 2
10C3013  F8 T3k = 43 17 red 1.2 9.2 Tm.F.Ty 2
10C3014 Fn is = 43 23 red 1.7 8.2 Tm.N.F.Cf 2
10C3015  Fn Eis = 49 20 red 15 8.3 Tm.F.Cf 2
10C3016 Fn is = 49 26 pink 1.2 8.7 Tm.F.Cf 1
10C3017  Fn 3 Tz 99 28 red 1.6 8.5 Tm.N.F.Cf 1
10C3018 Fn T3k = Bl 22 red 1.8 9.1 Tm.F.Ve 2
10C3019 Fn  ®3% Z Ebd 22 red 1.8 9.0 Tm.F.Ve 2
| 77

* YA, Tm: ToMV, N: nematode, F: fusarium, Cf: cladosporium,
Ty: TYLCV, Ve: verticillium

- Blinee 2 A7} Zsta G=7t 20, TYLCV W4 T WHAe] dxe 57452 A
drste], F3 27704, F4 9704, F5 3704, F7 4704, F8 8704, 23 A% 645 S SA42s)

o IAHAAFTES 2FA &83 (Table 10, Figure 4).

32

Table 10. Major characteristics of male inbred lines bred and selected in mini tomato at 1% year

_39_



iy

_ L N IF A T

AsHs Ad =28 <71 #AF © Iy A24) () WA 7151;/
10C4001 F3 T3 F= EHA 25 red 1.8 8.7 F 2
10C4002 F3  ®3 F=x= EHH 23 orange 1.4 9.0 F 3
10C4003 F3  F3g F=x= ©Ed 20 orange 14 8.8 F.Ve 2
10C4004 F3 Els = B2 17 yellow 1.5 8.7 Tm.F.Cf 3
10C4005 F3 iy = 49 17 red 2.0 8.4 Tm.N.F.Cf 3
10C4006 F3 73 T EHY 21 red 1.8 8.9 Tm.F.Cf 3
10C4007 F3 73 T2 EHY 15 pink 1.8 9.2 N.F.Ty.Ve 3
10C4008 F3 73 9 B 25 pink 1.7 8,7 F.Ve 3
10C4009 F3 T3t = 43 15 red 1.7 8.5 Tm.N.F.Cf 3
10C4010 F3 I S 28 red 1.5 7.8 Tm.N.F.Ve 2
10C4011 F4 T3t =%z EH 15 yellow 1.5 8.7 F 6
10C4012 F4  F3 F=x  ©EHH 23 orange 1.5 8.9 F.Ve 3
10C4013 F5 Els = 43 27 pink 1.2 8.5 Tm.F 3
10C4014 F7 73 Tz 93 12 orange 1.4 9.2 Tm.F.Ty 3
10C4015 F7 ls == E¥ 20 pink 14 9.5 F.Ve 1
10C4016 F8 ls =z 49 17 red 1.5 8.9 Tm.F 2
10C4017  F8 iy = 43 17 red 1.8 8.5 Tm.N.F.Cf 2
10C4018 F8 73 9 B 28 red 1.8 8.0 F.Ve 2
10C4019 F8 -3t = 49 22 red 1.2 8.9 Tm.F.Ty 2
10C4020 Fn %3 = 99 16 red 1.5 9.2 Tm.N.F.Cf 2
10C4021 Fn ]S = 43 18 red 1.7 9.2 Tm.N.F.Cf 2
10C4022 Fn T3 = b 15 pink 2.0 9.1 Tm.F 2

Al o7

* YA, Tm: ToMV, N: nematode, F: fusarium, Cf: cladosporium,
Ty: TYLCV, Ve: verticillium
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10C3010 10C3014 10C4009 10C4018
Figure 4. Pictures of mini tomato inbred lines bred and selected at 1% study year

o ARPEE. WAERE $FAS S48 AL

- A Line(BAsA)ez d3bo]l Fa Aol T AZA, ddLd=rt ¢, A
(N2 E).AF2el(CH Fol WAl A+ 61AFS AL SR o™, F4 670A, F5 6
WA, F6 970Al, F7 157140, F8 6704, AT 12415 &< ¢ 4 (Table 1D).

Tablel 11. Major characteristics of female inbred lines bred and selected in big tomato at 2™ year
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illls

AENE AW 23 %7 @y TS ma  BE 9E g ey
@ AR @) e
1111001 F4 53 Tz I 224 pink 1.6 6.0 F.VelLS 6
1111002 F5 s = al 159 pink 1.8 6.0 Tm.F.Ve 6
1111003 F6 s = T 178 pink 2.0 6.2 Ty. Tm.N.F.Ve 5
1111004 F6 s TZ HA 210 pink 1.2 6.0 Ty. Tm.F.Ve.LS 4
1111005 F6 3+ = HT 205 pink 1.2 6.0 Ty.F.Ve.LS 5
1111006 F7 3tk TZ Tt 221 pink 2.0 5.4 Ve.N.F.LS 3
1111007 F7 s = HT 220 pink 1.3 6.0 F.Ve.LS 5
1111008 F7 3l =z HA 234 red 1.7 5.1 Tm.N.F.Cf 3
111.1009 F7 23l = T 208 red 2.3 4.8 Tm.N.F 4
1111010 F8 e is = HT 210 red 15 5.2 Tm.N.F.Cf.Ve 2
1111011 F8 s = A 225 pink 1.5 5.8 Tm.N.F.Cf.Ve 2
1111012 F8 s = Ht 210 pink 15 5.6 Tm.N.F.Cf.Ve 2
1111013 Fn 3k = A 222 pink 1.0 5.6 Ve.LS 2
1111014 Fn 73l = T 176 pink 1.2 5.5 Ve.lLS 2
1111015 Fn 3tk == a 206 pink 1.8 5.6 F.Ve.LS 2
1111016 Fn 23t TZ A 230 pink 1.7 5.6 Ve.Cf.LS 2
1111017 Fn s = A 138 pink 2.0 5.4 F.Ve.LS 2
1111018 Fn e is Zdt Bl 182 rin 1.8 4.7 Tm.LS 2
1111019 Fn 73l = a 155 pink 14 5.5 Tm.F.Cf 2
Al 61

* WA, Ty: TYLCV, Tm: ToMV, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

- B Line(FAIFA) o2 2A7F st 3o] daste] AA4H FEA o] 38, 395
Hlo] 2] 2~(TYLCV). ¥HA 1 2 (Ve). A F-H (L) sl WAl A= S

™, F4 21784, F5 1070 A, F6 6784, F7 18704, F8 6714, 2 AASE 645 54
(Table 12).

Table 12. Major characteristics of male inbred lines bred and selected in big tomato at 2™ year
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A

AENE AW 28 &7 By C gy BE FE L ggage ey
@ ARD) @) T
1112001 F4 23l = A 209 pink 1.8 5.2 F.Ve 6
111.2002 F4 3t = H 127 red 2.3 5.0 Tm.N.F.Cf 5
111.2003 F4 3 =z A 230 red 2.0 4.8 F.Ve 5
1112004 F4 Ll =z T 188 pink 2.0 5.3 F.Ve 5
111.2005 F5 -3t zx A 136 red 2.3 4.8 Tm.N.F 5
111.2006 F5 e is =t T 130 red 2.4 4.7 Tm.N.F 5
111.2007 F6 3tk = H 220 pink 2.0 5.8 Tm.N.F.Cf.Ve 3
111.2008 F6 -3t = A 211 pink 2.0 5.6 Tm.N.F.Cf.Ve 3
1112009 F7 ®& 2= w7 203 pink 16 62  Ty.TmNF 3
111.2010 F7 -3t =z HT 167 pink 14 6.4 Ty. Tm.F.LS 3
1112011 F7 s = a 188 pink 1.7 6.3 Ty. Tm.N.F.LS 3
111.2012 F7 e is = aT 180 pink 2.2 5.6 Ty. Tm.F 3
1112013 F7 &% = ®F 208 pink 15 6.0 Ty.Tm.F 3
111.2014 F7 B3} = a 175 pink 2.2 5.8 Ty. Tm.F 3
111.2015 F8 -3t = HT 210 pink 1.7 6.4 Tm.N.F.LS 2
1112016 F8 ®& =z 1w+ 159 pink 15 63  Ty.TmN.Ve 2
111.2017 F8 e is =z A 182 pink 15 6.2 Ty. Tm.N.F 2
111.2018 Fn L3k = H 158 pink 15 6.4 Ty. Tm.F 2
111.2019 Fn 3t =% H 206 pink 1.8 6.0 F.CfLS 2
111.2020 Fn -3t = a 178 pink 2.2 5.5 F.Ve 2
A 67

* WA, Ty: TYLCV, Tm: ToMV, N: nematode, F: fusarium,

Cf: cladosporium, Ve: verticillium, LS: leaf spot

2t A2 = VUEDE 3AT S A

- A Linee 2 3pufo] rdo] wi-g- FUsta A4go] Amstm dAAFA o] e, ToMV.
Az . dF5Fo] Foll Aol A= 56AFS At on, F4 13704, F6 5700, F7 874
Al, F8 12744, 18AS 12A15< 54 Ao (Table 13)
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Table 13. Major characteristics of female inbred lines bred and selected in mini tomato at 2" year

A
ABUE AW 2¥ 4 sy o wa (SE TS g 735?
11C3001 F4 3 F=x B 22 pink 1.5 8.7 Tm.F.Cf 7
11C3002 F4 3 = 43 17 pink 1.5 8.9 Tm.F.Cf 6
11C3003 F6 3 FTx o3 23 red 2.0 8.2 Ty. Tm.N.F.Cf 5
11C3004 F7 i3 == E 25 red 1.8 8.4 Tm.N.F.Ve 4
11C3005 F7 Rl = Bt 23 red 1.5 8.5 Tm.N.F.Ve 4

11C3006 I8 3k = 43 15 red 1.8 8.2 Ty Tm.N.F.Cf 2
11C3007  F8 3k = o4 15 red 1.8 8.2 Ty. Tm.N.F.Cf 2
11C3008  F8 3k = 43 18 red 1.6 8.7 Ty. Tm.N.F 2
11C3009 I8 3t = 43 13 pink 1.5 9.0 Ty Tm.F.Cf 3
11C3010  F8 3k = 43 25 red 1.8 8.0 Tm.N.F.Cf 3
11C3011  F9 -3t == 43 20 red 1.5 9.2 Ty. Tm.F 2
11C3012 K9 3k = o4 20 red 1.5 9.2 Ty. Tm.F 2
11C3013  Fn 3k = 43 20 red 1.8 8.3 Tm.F.Cf 2
11C3014  Fn 3t = 43 25 pink 14 8.7 Tm.F.Cf 2
11C3015  Fn 3k zx Ebd 17 red 1.8 9.3 Tm.F.Ve 2
11C3016  Fn 3 % 43 23 red 1.9 8.2 Tm.N.F.Cf 2
11C3017  Fn 3 Fx 93 25 red 1.7 8.5 Tm.N.F.Cf 2
11C3018  Fn Eis x Bt 22 red 14 9.1 Tm.F 2
11C3019 Fn s x Bl 20 red 2.0 9.0 Tm.F 2

Al 96

* YA, Ty: TYLCV, Tm: ToMV, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

- B Line.® ZA7b A8tx Fxsh Tom, TYLCV.AZuAgzy =
64715 S Aatod, F4 29704, F5 15704, F6 270 A, F8 4714, 1 87A1% 1
Hrsle] TAAES 23AF AL T (Table 14).

Table 14. Major characteristics of male inbred lines bred and selected in mini tomato at 2" year
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_ L N S AR "H=
AsHs Ao =3 <7 #AF © A AR (3D R A ﬂl%i/
MA

11C4001 F4 3k =z Bl 25~30 pink 1.2 8.4 Tm.F.Cf 12
11C4002 F4 3 = EHH 25 red 1.2 8.7 F.Ve 2
11C4003  F4 2 Fx sl 23 orange 1.6 9.0 F.Ve 3
11C4004 F4  F3 F=x= ©EHH 20  orange 1.5 8.8 F.Ve 2
11C4005 F4 -3t = Bl 17 yellow 1.8 8.7 Tm.F.Cf 2
11C4006 F4 T3 FH 25 pink 1.8 8,7 F.Ve 3
11C4007 F4 T3 % 43 15 red 1.8 8.5 Tm.N.F.Cf 3
11C4008 F4 I S U 30 red 1.6 7.8 Tm.N.F.Ve 2
11C4009 F5 -3t % 49 17 red 2.0 8.4 Tm.N.F.Cf 2
11C4010 F5 73 F= B 21 red 1.7 8.9 Tm.N.F.Cf 3
11C4011 F5 I = = ] 15 pink 2.0 9.2 Ty.N.F.Ve 3
11C4012 F5 T3 =z EH 15 yellow 1.5 8.7 F 4
11C4013 F5  ®3 ZF=x= EHH 20  orange 1.5 8.9 F.Ve 3
11C4014 F6 is = 49 27 pink 1.0 8.5 Tm.F 2
11C4015 F8 7 Tz 93 12 orange 1.2 9.2 Ty. Tm.F.Ve 2
11C4016 F8 %3 = €3 20  pink 1.2 95  Ty.TmF.Ve 2
11C4017 Fn 3 FH B 28 red 1.8 8.0 F.Ve 2
11C4018  Fn is = 43 20 red 1.3 8.9 Ty. Tm.F 2
11C4019 Fn 3k =z 4 17 red 1.3 8.9 Tm.F 2
11C4020 Fn T3t = 43 17 red 1.6 8.5 Tm.N.F.Cf 2
11C4021 Fn is = 4 16 red 1.6 9.2 Tm.N.F.Ve.Cf 2
11C4022 Fn T3t = 43 18 red 1.5 9.2 Tm.N.F.Ve.Cf 2
11C4023 Fn is =z B 15 pink 2.0 9.1 Tm.F 2

Al 64

* 4%, MF: medium firm, F: firm, FF: very firm
** Q9¥A, Ty: TYLCV, Tm: ToMV, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

o ASAEE GAEVE S$FAT $4 AL
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- A7k A=A F14 <=3}

- A Line(RASAA) 0.2 H7to]
N). 91 =1 (F).LFF)(CH T
1670 A, F7 670 A, F8 671,
Zd o AR (Table 15).

Table 15. Major characteristics of female inbred lines bred and selected in big tomato at 39 year

! 1A} HA DAFAE upgrade® FAQt Ao AdbE,
3 i el F3 AR, Y5 e, A
g Adol e MASS 4 Adstsod, F5 4714, F6
q
o

)
ol
IHAE 28AF s 54 AEEAY, 1A= FL =%

rx
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AENE AW 2¥ &7 #HF LT s oA BES BS wgwae A8
12L1001  F5 %3 F=x= I+ 217 pink LG 1.7 6.0 F.veLS 4
1211002 F6  F3%F = 17 158  pink G 1.8 6.0 Tm.F.Ve 4
1211003 F6  F% = 37 182  pink NG 14 6.3 Ty.TmNF.VelS 4
12L1004 F6 %3 F 7 165 red NG 24 4.8 Ty Tm.F 4
12L1005 F6  F3 F% 7 168 red LG 24 4.8 Ty Tm.N.F 4
12L1006 F8 %3 F a9t 153 rin LG 2.5 5.2 Tm.F.Ve 3
12L1007 F7 %% % 17 186  pink DG 2.0 6.2 Ty. Tm.N.F.Ve 3
12L1008 F7  F3% F a7 223  pink G 2.2 6.3 Tm.N.F.Fr 3
12L1009 F8  F% F=x= # 214 pink G 1.6 6.0 Ty Tm.F.Ve.LS 2
121010  Fn  #3% FS=x= 5 220 pink NG 2.2 5.4 Ve.N.F.LS 3
12L1011  F8 %3 = W+ 218  pink LG 1.6 6.0 F.Ve.LS 3
1211012 F7  F%t % a7 196 pink NG 1.8 5.0 Tm.F.LS 3
12L1013  F8  ¥3 F=x A 233 red NG 2.0 5.1 Tm.N.F.Cf 3
1211014 F8 & & a7 207 red NG 24 4.8 TmN.F 3
12L1015 Fn %3 F #5210 red NG 1.9 5.2 Tm.N.F.Cf.Ve 2
1211016 Fn %% & W5 226 pink G 1.6 5.8 Tm.N.F.Cf.Ve 2
1211017  Fn %t % ¥ 211 pink G 1.6 5.6 Tm.N.F.Cf.Ve 2
1211018  Fn %t Z #5167 pink G 1.5 6.2 Tm.N.F.Ve.LS 2
1211019 Fn %% % 17 169  pink NG 1.5 5.3 Tm.F.Ve 2
1211020 Fn &% = 17 220 pink NG 1.8 5.6 Ve.LS 2
1211021  Fn  F% % a9+ 178  pink NG 1.8 5.5 Ve.LS 2
1211022  Fn % Sx 17 208 pink NG 2.0 5.6 F.Ve.LS 2
12L1023  Fn %3 % #5182  pink NG 2.0 5.3 Tm.F.Ve.LS 2
12L1024 Fn  #% F 7 230 pink NG 2.1 5.3 F.veLS 2
121025 Fn  ®3 F=x= 35 231  pink LG 1.8 5.6 Ve.Cf.LS 2
1211026 Fn 73 % a7 139 pink NG 2.2 5.4 F.veLS 2
12L1027  Fn %3 % B9 188 rin LG 1.8 4.7 Tm.LS

12L1028 Fn  F3% % a7 156  pink LG 18 9.5 Tm.F.Cf

Z

* o7l A, LG: light green, G: green, DG: dark green, NG: no green
** g9 A, Ty: TYLCV, Tm: Tomato Mosaic Virus, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot, Fr: fusarium radicis
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- B Line(FASE) o2 Z2A7F Astal 350] gdasto] ARY sEdo] ¢, 23}
D uko] 2 A(TYLCV). ¥HAl | =1 (Ve). A 7418 7
4 Ao AFATES Fi 23 A (Table 16).

Table 16. Major characteristics of male inbred lines bred and selected in big tomato at 3 year

ol
2L
O X
=
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A

ABNE AW 2y &0 aw a0 TS g A
AsT
121.2001 F5 3k = - 201 pink NG 1.7 5.2 F.Ve 4
121.2002 F5 s Ca HT 128 red NG 2.2 5.0 Tm.N.F.Cf 3
121.2003 F5 3t Fx= I 236 red NG 2.0 4.8 F.Ve 3
121.2004 F5 e Fx 3T 188 pink LG 1.7 2.3 F.Ve 3
122005 F6 &% = w7 137  pink NG 23 57 Ty.F 4
121.2006 F6 3 T IT 215 pink G 1.5 6.5 Ty.Tm.N.F.LS 4
121.2007 F6 3 TR T 156 red NG 2.2 9.9 Tm.F.N 2
1212008 F6 -3k % BTAS 158 red NG 2.2 4.8 Ty. Tm.N 2
1212009 F6 -3k Z - 136 red NG 2.4 4.8 Tm.N.F 4
121.2010 F6 3 T T 139 red NG 2.4 4.7 Tm.N.F 4
121.2011 F7 3t = HT 221 pink DG 2.4 5.8 Tm.N.F.Cf.Ve 3
121.2012 F7 T3k % HT 213 pink DG 2.2 5.6 Tm.N.F.Cf.Ve 3
121.2013 F7 -5 % HT 228 pink LG 2.0 6.0 TmFN.Ve.lLS 2
121.2014 F7 -3t % NTAY 169 pink DG 2.4 6.0 Tm.F.Ve 3
121.2015 F8 ik Fx AT 205 pink G 1.6 6.2 Ty.Tm.N.F 2
1202016 F8 =g = ®WTE 168 pink G 14 64  TyTmFLS 2
121.2017 F8 s = T 180 pink LG 1.7 6.3 Ty.Tm.N.F.LS 2
121.2018 Fn T3t = - 182 pink G 2.2 5.6 Ty.Tm.F 2
121.2019 F8 Sials =i |+ 205 pink G 1.6 6.0 Ty.Tm.F 2
121.2020 Fn s = - 178 pink DG 2.0 5.8 Ty.Tm.F 2
121.2021 Fn is Z AT 211 pink G 1.8 6.4 Tm.N.F.LS 2
121.2022 Fn 7 FF T 159 pink DG 15 6.3 Ty.Tm.N.Ve 2
121.2023 Fn ¥ Fx 3T 183 pink G 1.5 6.2 Ty.Tm.N.F 2
121.2024 Fn 3 F¥ T 176 rin NG 2.0 4.8 N.F.Ve 2
121.2025 Fn 3+ F=x= T 186 pink NG 1.7 5.4 Tm.N.LS 2
1212026 Fn Lals = HT 212 pink NG 1.7 2.6 Tm.F.N.Cf.LS 2
121.2027 Fn s = |+ 158 pink LG 14 6.4 Ty.Tm.F 2
121.2028 Fn I Tz AT 208 pink LG 14 6.0 F.CL.LS 2
121.2029 Fn T3t = - 170 pink NG 2.3 9.9 Tm.F.Ve 2
121.2030 Fn -3k = - 159 pink NG 2.3 9.9 Tm.F.Ve 1
Al 75

* o7 A, LG: light green, G: green, DG: dark green, NG: no green
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** A Ty: TYLCV, Tm: Tomato Mosaic Virus, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

i ABAEE MUERE $FAF $4 A%

- A Line(2A5A) o= shte] whdo] mj-¢- Fdsta o] At A FA o] o

™, ToMV.9]Z2H. 53] Fol HAde] e 53AI5S A SAstA e 189 287
59 wxsolstel F1 224 A3 (E 3).

- B Line(LA )08 2A7} 281 B=7} 2o, §59Td
Az (Vo). " FHELS) ol WEAdel A= BAl S =4
P 232430 43 (Table 17).

Table 17. Major characteristics of female inbred lines bred and selected in mini tomato at 3™ year
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A

_ - L AT ¥ A -
AZHS A =3 &7 #HF © A o 7 A AAA) (3D Ui g 77111]1—?/
o T

12€3001 F4  ®& Fx 9¥ 17 red G 15 85 Tm.NF 4
12C3002 F5 ®& %= g9 22 pink G 15 87 Tm.F.Cf 4
12C3003 F5 ¥& Fx 98 17 pink LG 17 89 Tm.F.Cf 4
12C3004 F6 ®& = g4 20 red LG 18 85  TmNF.Cf 4
12C3005 F7 %% Fz 98 23 red NG 20 82 TyTmNFCf 3
12€3006 F8 ¥3 = B9 15 red LG 18 85 Tm.F.Ve 2
12€3007 F8 ¥& = ©Y9 25 red LG 18 84 TmN.F 2
12C3008 F8  ¥& = B 23 red NG 15 85  TmNF.Ve 2
1263009 Fn  ¥& = 98 15 red NG 17 82 TyTmNFCf 2
12€3010 Fn  §% = 93 15 red NG 17 82 TyTmNFCf 2
12€3011 Fn  ®& = 98 18 red LG 14 87  TyTmNF 2
12€3012 Fn  ®& = 938 13 pink G 14 90  Ty.TmF.Cf 2
12C3013 Fn  ¥& % 98 25 red NG 18 80  TmNF.Cf 2
12C3014 Fn = F3% 48 20 red G 12 92  TyTmF.Ve 2
12€3015 Fn %% = 98 20 red G 12 92  TyTmF.Ve 2
12C3016 Fn  ®& & 98 20 red LG 16 83 Tm.F.Cf 2
12C3017 Fn  ®& % 9¥ 25 pink G 10 87 Tm.F.Cf 2
12€3018 Fn  ¥& = Y9 17 red LG 17 93 Tm.F.Ve 2
12C3019 Fn  ¥& % 98 23 red NG 20 82  TmNFCf 2
12C3020 Fn ¥& Fz 98 25 red LG 22 85  TmNF.Cf 2
12C3021 Fn  ®& = e 22 red LG 17 91 Tm.F.Ve 2
1263022 Fn & = g9 2 red LG 20 9.0 Tm.F.Ve 2

Al 53

* o7, LG: light green, G: green, DG: dark green, NG: no green
* WA, Ty: TYLCV, Tm: Tomato Mosaic Virus, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot
- B Line(F-Als4) o= A7} st B =rF £o1, e
A= Ve).JFHHWLS) T Aol e 8ATE 4 A

< =E8Qds 35 F1 =d2Hdol A& (Table 18).

Futo] 8 2(TYLCV). kA
sy

ow, 34H 4AS=

Table 18. Major characteristics of male inbred lines bred and selected in mini tomato at 3 year
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A

AguE AM =¥ w1 aw 0 s 1Y BEEE gy A<
o T
12C4001 F3  F3t = 43 28 red NG 2.0 7.8 Ty. Tm.N.F 4
12C4002  F3 3 Tz 43 17 red G 1.6 8.2 Tm.N.F 4
12C4003 F4 7 F= B 20 red G 1.8 9.0 Ty. Tm.F.Ve 5
12C4004 F4 7 = B 25 pink NG 1.8 8.0 F.Ve 4
12C4005 F5 T3k Z= B} 25~30 pink LG 1.3 8.4 Tm.F.Cf 5
12C4006  F5 3 F=  EHY 25 red LG 1.5 8.7 F.Ve 3
12C4007 F5 23 Tz EHY 23 orange LG 1.5 9.0 F.Ve 3
12C4008 F5 F3 F=x=  Ed 20 orange NG 1.4 8.8 F.Ve 3
12C4009 F5 -3k = Ebd 17 yellow LG 1.7 8.7 Tm.F.Cf 3
12C4010 F5 1] = 25 pink LG 1.7 8,7 F.Ve 3
12C4011 F5 ®% % 98 15 red LG 18 85  TmNF.Cf 3
12C4012  F5 T3 Fh 43 30 red LG 15 7.8 Tm.N.F.Ve 3
12C4013  F6 -3k = 43 17 red LG 2.0 8.4 Tm.N.F.Cf 3
12C4014 F6 73 = B 21 red NG 1.8 8.9 Tm.N.F.Cf 3
12C4015 F6 23 F=z OB 15 pink LG 2.1 9.2 Ty.N.F.Ve 3
12C4016  F6 is =% EHHY 15  vyellow LG 1.6 8.7 F.Ve 3
12C4017 F6  F3 F=Z  EL 20 orange LG 1.6 8.9 F.Ve 3
12C4018  F7 is % 43 27 pink G 1.2 8.5 Tm.F 2
12C4019 F9 F3& F=x o3 12 orange LG 1.4 9.2 Ty.Tm.F.Ve 2
12C4020 F9 Eis =% B3 20 pink LG 1.4 9.5 Ty. Tm.F.Ve 2
12C4021 Fn  H3  F% g 28 red LG 1.9 8.0 F.Ve 2
12C4022  Fn -3 = 43 20 red G 1.2 8.9 Ty. Tm.F 2
12C4023 Fn -3k = 43 17 red LG 1.7 8.9 Tm.F 2
12C4024 Fn =3 = 43 17 red NG 1.7 8.5 Tm.N.F.Cf 2
12C4025 Fn s =z 43 16 red NG 1.8 9.2 TmN.F.Ve.Cf 2
12C4026  Fn als = 43 18 red NG 1.8 9.2 Tm.N.F.Ve.Cf 2
12C4027 Fn =3 =z B 15 pink LG 2.0 9.1 Tm.F.Ve 2
Al 78

* oj7)| A, LG: light green, G: green, DG: dark green, NG: no green
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** A, Ty: TYLCV, Tm: Tomato Mosaic Virus, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

A AU S dAETE $FAT §4
- 9FZ(parent line) 2.2 AHEE &= Q)

& U DA At ARAADA F17 3 5 el
o] qgske AAlst AF ol A,

i

- d34F A Line(ZASA)S2 A3to] . Zynjgido] £ AXA, JHId=7F 53}
H, multi WHAQJ A S 30line, AR A= 35lineS A A3 (Table 19)
- 1A S EL F; hybrid &2 o A3

Table 19. Major characteristics of female inbred lines bred and selected in big tomato at 4" year

_53_



ol
b
oft
b

AEWE AW 23 471 B LT Ba oA BE BE g A%
1301001 F5 ®& = w# 195 pink NG 23 58 Tm.V.LS 3
13L1002  F6 %@ == w7 217 pnk LG 18 60 F2.V.LS 3
1301003 F7  ¥& = w# 158 pink G 22 60 Tm.F2.V 3
13L1004 F7  ®® = 3 18 pink NG 15 63 YRSIMNEE g
13L1005 F7 %@ % u7 165 red NG 24 48  Tyl3TmF2 3
13L1006 F7 ¥% Z@ wF 168 red LG 24 48  DELIIMN 3
13L1007 F8 F& = w7 19 pnk NG 26 50  TmF2ISPh 2
13L1008 F8 %3 % w7 18 pnk DG 22 62 TyLTmNF2V 2
13L1009 F8 ®& % 1T 223 pink G 20 63  TmNF2Fr 2
13L1010 F9 ®& Zx W|T 214 pnk G 17 60 TyLTmF2VIS 2
13L1011 F9 %@ = AT 218 pmk LG 17 60 F2.V.LS 2
13L1012 F9 %@ = w7 153 rn LG 25 52 TmFE2FrVLIS 2
13L1013 F9 %& =z #AF 231 red NG 20 51  TmNF2.Cf 3
13L1014 F9 =& = 17 209 red NG 24 48 Tm.N.F2 2
1301015 Fn  $3 %z T 223 pnk NG 20 54 N.F2VLS 2
13L1016 Fn  ®& = ®@F 215 red NG 17 52  TmNF2V.CE 2
13L1017 Fn %@ % AT 220 pnk G 15 58 TmNF2VISCE 2
13L1018 Fn %@ % AT 218 pnk G 17 56 TmNF2VISCE 2
13L1019 Fn ®& = AT 166 pnk G 15 62 TmNF2VIS 2
13L10200 Fn  ¥& = wF 169 pink NG 14 53  TmF2.VPh 2
13L1021 Fn &% = 317 221 pink NG 17 56 VLS 2
13L1022 Fn  ®& % 17 179 pnk NG 17 55 VLS 2
13L1023 Fn 9% %= wF 205 pnk NG 19 56 F2.VLS 2
13L1024 Fn Y& % #®T 187 pmk NG 20 53  TmF2VILS 2
13L1025 Fn &3 % 317 232 pmk NG 20 53 F2.V.LS 2
13L1026 Fn %3 %= 17 23 pnk LG 18 56 V.LS.Cf 2
13L1027 Fn  %& % 3uT 138 pmk NG 23 54 F2.V.LS 2
131028 Fn %@ % g9 180 rin LG 20 47 Tm.LS 2
13L1029 Fn ®& = 1¥ 159 pnk LG 17 55 Tm.F2.Cf 2
7 65

* o7 A, LG: light green, G: green, DG: dark green, NG: no green
** gy, Tyl,3: TYLCV, Tm: Tomato Mosaic Virus, F2: fusarium race2, N: nematode,
Cf: cladosporium, V: verticillium, LS: leaf spot. Ph: phytophthora
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- B Line(FAlSA)o.2 M7} st IHo] didste] AR 50 4381y, s
B ZHulo] H A(TYLCV). A ZHE). 9 2 (V). A FHHOLS) 5ol WAl = 1A
A% 24ine, AR A=A 50lineS A Adsk (Table 20).

o]
3

Table 20. Major characteristics of male inbred lines bred and selected in big tomato at 4" year
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B

ABUE AW =¥ &0 aw o aa T EETE S gage A
A%
13L2001 F5 ¥& = @m3F 194 pnk NG 21 55 Tylg'\féﬂ'N‘ 4
13L2002 F6 ¥& = w# 205 pink NG 18 52 F.Ve 3
13L2003 F6 %% = #AF 129 red NG 23 50  TmNFECf 3
13L2004 F6 % == 1+ 232 red NG 18 48 F.Ve 3
13L2005 F6 ®& == 1+ 180 pink LG 18 53 F.Ve 3
13L2006 F7 ®% = 33 139 pink NG 22 57 Ty;?;;rm' 3
13L2007 F7 % Zx 31T 214 pink G 15 65 Tylg"LTSm'N' 3
1312008 F7 %% % 33+ 150 red NG 20 55 Tm.N.F2 2
1312009 F7 %% = 313+ 15 red NG 22 48  Tyl3TmN 2
13L2010 F7 %% = 31¢ 137 red NG 24 48 TmN.F 3
13L2011 F7  ¥& =% 31T 137 red NG 24 47 TmN.F 3
1312012 F8 ®& % W+ 222  pink DG 23 58 TmNFEVeCf 3
13L2013 F8 ®& = w3 211 pink DG 22 56 TmNEVeCf 3
1312014 F8 ®¥ = W 220 pink LG 20 6.0 Tm\gf'sﬂ' 2
13L2015 F8 %% % 3m¢ 163 pink DG 24 6.0 Tm.F.Ve 3
1312016 F9 ®§ =z 1T 206 pnk G 18 62  TyLTmNF 2
1312017 F9 2@ = AT 167 pink G 15 64 TyLTmFLS 2
13L2018 F9 ¥& = ;3¢ 183  pink LG 18 6.3 Tyl'TLrg'N'F ' 2
13L2019 F9 & = W+ 208 pnk G 18 60  TyLTmF 2
1312020 Fn  ®& % 1w+ 180 pink G 22 56  TyLTmFFr 2
13L2021 Fn  ¥% % @7 172 pink DG 22 58 Tyéfg?]' F. 2
1312022 Fn ®& = | 215  pink G 18 64  TmNFLS 2
1312023 Fn %% == 33 157 opnk DG 16 63 TyLTmNVe 2
1312024 Fn  ®& =z 1T 183 pink G 16 62  TyLTmNF 2
1312025 Fn %% =% w3 170 rdn NG 21 48  NF.VePh 2
13L2026 Fn  #% Zx @7 18 pink NG 17 54 Tm.N.LS 2
13L2027 Fn  ®& = |y 157 pink LG 17 64 TyLTmFVe 2
13L2028 Fn  ¥& Zx @|T 205 pink LG 19 60 F.LS.Cf 2
1312029 Fn %% = 313 173 pink NG 22 55 TmFFrVePh 2
13L2030  Fn &3 = a7 159 pink NG 2.2 5.5 Tm.F.Fr.Ve.Ph 2

Al 74

« o] 7] 4 LG: light green, G green, DG: dark green, NG: no green
s WA Tyl,3: TYLCV, Tm: Tomato Mosaic Virus, F: fusarium race2, N: nematode,
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Cf: cladosporium, Ve: verticillium, LS: leaf spot. Ph: phytophthora

oh. MAAE WUENE $FAF S4 Ag
_ Y E A Line(BASA)OZ o] wrgo] e #FAstn AAle] Mulsln o nA A
o] glow, multi Aol e IFAS 28line, AhFHH 24lines SA4 A3t
(Table 21).
- AAASEL Flhybrid g2 ol AL-&3H

Table 21. Major characteristics of female inbred lines bred and selected in mini tomato at 4" year
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ills

AsHE An 28 %7 B8 TS B oar S ST e gy
4 @ . AR T
A5
13C3001 P4 =& == 9% 20 red LG 17 85 TmNEFrve 4
13C3002 5 =& zz 98 17 red G 15 85 TMN.F 3
13C3003  F6 %% =z ©9 22 pnk G 15 87  TmE.CEPh 3
13C3004 F6 =& =Z= A& 17 pnk LG 14 89 Tm.F.Cf 3
13C3005 7 =& = &9 20 red LG 18 85  TmNECS 3
1363006 F8 =& =z A8 23 red NG 20 82 Tylﬁg“'N' 2
13C3007 F9 =& = B9 15 red LG 18 85 Tm.F.Ve 2
13C3008 F9 =5 = w9 25 red LG 18 84 TM.N.F 2
13C3009 F9 =5 = e« 23 red NG 16 85 TM.N.F 2
13€3010 Fn =& = 98 15 red NG 17 82 Tylﬁ'gfm'N' 2
i} . Tyl,3.Tm.N.
e} ]_ (e} 0
13C3011 Fn = &% 9% 15 red NG 17 82 e 2
13C3012 Fn B x= 98 18 red LG 15 87 Tylg'LTSm'N' 2
133013 Fn =8 = 98 13 pnk G 14 9o  yL3TmFE 2
CfLS
13C3014 Fn =8 = 9% 25 red NG 18 80  TmNFECS 2
13C3015 Fn B3 0= 9% 20 red G 12 92  TylL3TmF 2
13C3016 Fn =& 0 0= 93 20 red G 12 92  Tyl3TmF 2
13C3017 Fn =& = 9% 20 red LG 17 83  TmPEVeCr 2
13C3018 Fn  ®&@ = 98 25 pink G 14 87  TmFEVeCf 2
13¢3019 Fn =3 = ©9 17 red LG 19 93 Tm.F.Ve 2
1363020 Fn =& % 98 23 red NG 21 g2  IMNEFL 2
Cf Ph
13C3021 Fn =& 2= 9% 25 red LG 20 85  TmNECE 2
13C3022 Fn  ®& = &9 22 red LG 16 91 Tm.F.Ve 2
13C3022 Fn =d 0= g9 20 red LG 21 9.0 Tm.E.Ve 2
A 52

« o] 7] A LG: light green, G green, DG: dark green, NG: no green
s A Tyl,3: TYLCV, Tm: Tomato Mosaic Virus, F: fusarium race2, N: nematode,
Cf: cladosporium, Ve: verticillium, LS: leaf spot. Fr: fusarium radicis, Ph: phytophthora

- B Line(FAS) o2 A7} st G =7F £om, st dnfo] 2] ~(TYLCV). /A

YHzu(V). ZHEAZ=HED, AdFFoH(Cf
HAE A% 62lines 4 Ad3 (Table 22).

A

L

olf
=2
R
of
oX,
o
30
rlr
=2
ol
)
i
’—l
==
=
o

__>|:'
=

Table 22. Major characteristics of male inbred lines bred and selected in mini tomato at 4" year
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A

_ . . IF A= = _
AsHE Ad =8 %7 HF © A o)A * AAA) (3 g A+ j]ilji/
o T

13C4001 F4 % = B9 25 red LG 1.8 80 TmNFVelS 4
13C4002 F4 ®3 % 98 28 red NG 20 7.8 Ty1’3§m'N' 4
13C4003 F4 %§ == 98 17 red G 16 8.2 Tm.N.F 4
13C4004 F5 ®3 == g9 2 red G 1.6 9.0 Tyé’%zm' 4
13C4005 F5 ®3 =z g9 25 pnk NG 18 8.0 F.VelS 4
13C4006 F6 ®§ = B9 25  pink LG 1.4 84  TmF.LS.Cf 4
13C4007 F6 #% Zz B9 25 red LG 1.4 8.7 F.Ve 3
13C4008 F6  F3 F=x= EY 23 orange LG 1.7 9.0 F.Ve 3
13C4009 F6 F3 F=x= EY 20 orange NG 15 8.8 F2.Ve 3
13C4010 F6 ®& = g9 17 yelow LG 15 8.7 Tm.F.Cf 3
13C4011 F6 ¥ ZF9 B 25 pink LG 1.8 8,7 F.Ve 3
13C4012 F6 ®3 & 9& 15 red LG 1.8 85 TmNFVeCf 3
13C4013 F6 ®& =9 98 30 red LG 17 78  TmNF.Ve 3
13C4014 F7  ®3 =% 98 17 red LG 20 84  TmNF.Cf 3
13C4015 F7  ®% % gY 21 red NG 16 89  TmN.FE.Cf 3
13C4016 F7 %% Zx ©9 15 pink LG 2.1 9.2 Tyéfi\é'_iﬁ/ ¢ 3
13C4017 F7  ®& =z g9 15 vyelow LG 15 8.7 F 3
13C4018 F7 %% %z ©B9 20 orange LG 1.3 8.9 F.Ve 3
13C4019 F8 ¥3 = 98 27 pnk G 1.2 8.5 Tm.F.Ve 2
13C4020 Fn 3 FTx A3 12 orange LG 1.2 9.2 Tylls,\z)/."gm. 2
13C4021 Fn  ¥% == ©% 20 pnk LG 1.2 9.5 Ty;’%/'zm' 2
13C4022 Fn  ®& 2% ©BY 28 red LG 22 8.0 Tm.F.Ve 2
13C4023 Fn  ®& = 98 20 red G 1.2 89  TyL3.TmF 2
13C4024 Fn  ®& = 98 17 red LG 15 8.9 Tm.F 2
13C4025 Fn %% = 98 17 red NG 18 85  TmNF.Cf 2
13C4026 Fn  ®3 = 98 16 red NG 16 9.2 TmNFVeCf 2
13C4027 Fn %% = 98 18 red NG 16 9.2 TmNFEVeCf 2
13C4028 Fn  ®% = g9 15 pnk LG 21 9.1  Tm.FFrPh 2

Al 80

* oj7| M, LG: light green, G: green, DG: dark green, NG: no green
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** A Ty: TYLCV, Tm: Tomato Mosaic Virus, N: nematode, F: fusarium race2,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

A 3 A& A=A SA Backcross

AEAA x WA, AZAAA x WHA, 19=A x WHA 5 AL&A 4 =T pink o3
471E, red big EVIE 31F, UUERE 618 A 71Ee 1A T TYLCV, =%
o] YHA, 1YxE S99 2xE HZH3E BackcrossE A Alste]l BC1 -> BC2 -> BC3 ->

BCAF371A] R ste] AA TS S48t (Table 23).

Table 23. Donor and recurrent lines used for backcrossing
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Doner

|

dotgt dde =4

7},

Combination Stage Target gene Remark
Recurrent
TJ63/DK56 BC4F3 TJ63 ty pink big
DK56 uniform fruit, Cf pink big
MOB/DK58 BC4F3 MOB earliness pink big
DK58 uniform fruit pink big
DK58/TKP BC4F3 DK58 uniform fruit pink big
TKP firmness pink big
TJ60/TKP BC4F3 TJ60 ty pink big
TKP firmness pink big
TJ60/GRD BC4F3 TJ60 ty pink big
GRD red, big red big
TJ60/MDS(rin) BC4F3 TJ60 ty, taste pink big
MDS(rin) firmness(rin) rin big
TJ60/MDS BC4F3 TJ60 ty, taste pink big
MDS big, firm red big
GT90/DC BC4F3 GT90 ty mini
DC cf, brix mini
CH15/GT90/CH15 BC4F3 GT90 ty, taste mini
CHI5 crack-tolerance mini
CHE/INT BC4F3 CHE firmness mini
INT high brix mini
CHE/MT90 BC4F3 CHE firmness mini
MT90 ty,cf mini
AM/GT91 BC4F3 AM crack-tolerance mini
GT91 ty, taste mini
PS/GT92 BC4F3 PS firmness mini
GT92 ty, taste mini
44 AMoAA

Ay

5 99 ¢ IF

A2 10¥ T,

A
b Ewes 19 - 29, A

net house
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- Allapd =ol F5 -> F6 21704, F3 -> F4 40784, F2 -> F3 837/ A& AR Ast] FAE w3
(Table 24, Figure 5).

Table 24. Individual plant number by generation advancement trial at 1% year

ABH AW 23 w1 Wy 7w (BETE gy S8
CN98  F6 =g % w3 185  pink 23 56  TmETy 4
CBSI5 F6 &% = ®@T 206 pink 15 60  TmETy 5
CNZ26 F6 s = il 172 pink 2.2 5.8 Tm.F.Ty 5
TRD F6 3k x aT 163 pink 2.0 5.8 N.F.Ty.Ve 7
GRD F6 -3k S 232 red 1.8 5.1 Tm.N.F.Cf 6
x](?rs) F6 R akls = L 215 red 2.4 5.2 Tm.N.F 8
(IE/E)S F6 3 < T 227 rin 2.5 4.6 Tm.N.F 7
0OD123 F4 3k Zx aT 187 pink 1.8 5.7 Tm.F.Ve 8
OD124 F4 T3t = T 180 pink 1.8 0.7 Tm.F.Ve 8
HAV137 F4 3k =z alT 138 red 2.3 4.8 Tm.N.F 12
HAV138 F4 3 FN o AT 135 red 2.3 4.7 Tm.N.F 12
GBS2 F3 s e 224 pink 1.5 6.0 F.Ve 15
GHB2 F3 3k = aT 209 pink 1.6 5.2 F.Ve 10
HZ09 F3 -3k = HT 127 red 1.8 5.0 Tm.N.F.Cf 12
DH F3 3+ Fx= T 233 red 1.2 4.8 F.Ve 10
DB F3 e Fx 3T 182 pink 1.2 5.3 F.Ve 8
MGC F3 -3k = B2 26 pink 1.0 8.4 Tm.F.Cf 28
Al 158

- A2xpd =0l F3 -> F4 10074 A1& Al st FA5 &+ (Table 25, Figured).

Table 25. Individual plant number by generation advancement trial at 2" year
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ABY AW 23 w1 sy 0w (BE0BS gy S8
MSC/CBS F4 %3 =z 33 212 pnk 18 65  Ty.Tm.EN.CfLS 5
SS5 F4 Eis x H4 186  pink 2.3 6.0 Ty. Tm.F.Ve 4
SSR F4 e is = a7 210 pink 1.7 6.3 Tm.F.N.Ve.LS 4
TFY F4 7 Fx T 197 pink 2.0 5.8 Ty. Tm.F.Ve 4
GR900 F4 3 FFx I 227  pink 1.6 6.5 Tm.F.N.Ve.LS 4
DGI F4 3k =z a7 205  pink 1.6 6.5 Ty. Tm.F.N.Ve.Cf 5
RAB F4 78 Fx a4 187 red 2.5 54 Ty. Tm.F.Ve.Cf 3
BT928 F4 3 Tz #HF 182 red 2.4 5.1 Ty. Tm.F.Ve.Cf 4
HZ23 F4 3t % a0 192 red 2.6 5.2 Ty. Tm.F.Ve.Cf 5
DFN F4 73 F I+ 210 red 2.5 4.6 Ty. Tm.F.N.Ve.Cf 5
JSB F4 ¥ Fx 17+ 203 red 2.5 4.8 Ty.Tm.F.N.Ve 4
BCN F4 T3 = a7 208 red 2.2 4.7 Ty. Tm.F.N.Ve 4
YTT F4 T = e 23 orange 16 8.2 F.Ve 8
ELT F4 iy = 43 17 red 1.8 8.0 Tm.F.N.Cf 4
LCI F4 3 Fx EHA 20 red 2.0 8.8 Tm.F.N.Cf 6
LCD F4 3k = B 20 red 2.0 8.7 Tm.F.N.Cf 5
PEI F4 3 Fx  EHA 22 pink 2.1 8.3 Tm.F.N.Cf 7
PED F4 3 == =Y 22 pink 2.0 8.3 Tm.N.F.Cf 4
VM/GT F4 3t = Bt 15 red 1.5 8.5 Ty. Tm.F.N.Ve 5
JK/GT F4 T3k B 20 red 1.5 8.5 Ty. Tm.F.N.Ve 6
PS/H58 F4 i = B 17 red 1.8 8.3 Tm.F.N.Ve.Cf 4

Al 100

* WA, Ty: TYLCV, Tm: ToMV, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot
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A AAE A=)
Figure 5. Generation advancement trial field in Thailand

A5 A WEedd 2 AR
1 A
FAAY, A2AK4, ASEA, F hybrid 5 2E SRS U@ e 2AnAZ AHa
o

om), 12 §E719] U& samplingstel FEIAZ WD Bifo] WEA FFE Sste] 342

Figure 6. Tomato leaves sampling for DNA marker test and confirmation

2. @A

- &4 linesol g multi WHAE BAAR AAste] Ao 439

- Entegsioldgutola 2 Tyl 1563, Ty3 1334, EvtERAto]Into]# 2~ Tm2a 3484, A% Mil
2127, 91z=Helo] 22 12 4047, 2R =Y Fr 297, vha91 29 Ve 2244, QlFdol¥ Cf9 1464,
AW Ph3 2879 A4 FaAE &elsta Adstgon, AFHELS)S EZAFAHSE ALs

- F, hybridsell that AAA7} Tyl 267, Ty3 232, EvfERAo] Into]# 2~ Tm2a 284, A3 Mil 180,
jzglo] 22 12 232, TE-9ZH Fr 15, ¥hal9 =9 Ve 199, 2ol Cf9 78, 9% Ph3 10, A&

=Y LS 97 =3l M iAol gl= it (Table 26, Figure 7).

Table 26. Number of lines and F; hybrids checked disease resistance by marker test
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s
T :H ;} Tyl Ty3 Tm2a  NMil)  Fd2) Fr Ve Cf9 Ph3 LS
1IXd= 27 21 52 27 57 - 29 24 - -
22 = 25 20 58 34 70 - 38 30 - -
Inbred .
i A= 31 27 85 50 88 - 44 34 - -
ine
d = 35 30 78 49 93 6 53 31 10 75
SR = 38 35 75 52 96 23 60 27 18 84
2A 156 133 348 212 404 29 224 146 28 159
Fy hybrid 267 232 284 180 232 15 199 78 10 97
ol 423 365 632 392 636 44 423 224 38 256

tyl

N(Mil)

e e e S
ERER i iet: attascisaii: (il ELELIEEE

Cf9 Fr Ph3

Figure 7. Molecular marker band on tomato disease resistant gene

_65_




A6 A F; 23 AEAG "9 F71AEAY

A2PA =5 ASAAE7A] = Aol 7t dFshe-2E duiste] By 23 ATA A

s7AEAE e AAshart

L A22d= Fr hybrid AEAE 3 s7HESAE
7}, A ErE F hybrid AEA1E
D A

- 9 20111016 A4} 2011.11.26 <<k 2012, 39 % ~ 49 &

- N@Fg 127 29HE, A Boteke

- 2} BEulEE 100-12080< g

- N@A: T AHE FHhT EhE B

- ANEE7) RmiE A3k 1380 646 0375

@) N34

- T dA s FEAY B B2, WAERE BFES FAEA AF A
I}, 29, 7], 39, 35, 3, A=x, g5, FFIdE, AL, A 5 =89
71ele] 16Z2ES 132 AAHSH o™, o] T BestZ BN174, BN180 Z3+S A dtstA ).

- BN174: 73t d g o2 Ao Zan|th7t Fdstar o] 7]2stH, TYLCV, ToMV,
As, AESH, AFHR o WAl dfen, A= 228 o§ dodt 3ol

- BN180: o] F3gAE oz £717F vfj$ w2y v oy, F&o] gdukdte] =4
do] ¢-8t™, TYLCV, ToMV, A5, AE5H, A7, dadold ol wgdoel 3l

Fd= AAES AL, Best 22¢2 AuA TS st w71 diA P S ST

Table 27. Evaluation data of big tomato F; hybrids in 2011-2012 year trial
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W =¥ 9 A y(f 4 (Xf ) ) o T; H8
6l,0m= ®g = w7 187 pink 22 45 8 3179 TyTmFLS O
162 . is =% I 185 pink 1.7 5.2 7 3,145 Ty. Tm.F.LS O
163 is = T 203 pink 2.0 5.0 8 3,451 Ty.Tm.F.N.LS (@)
164 3k = HT 210 pink 1.8 4.8 7 3,570  Ty.Tm.F.N.LS O
165 s Tz T 213 pink 2.2 5.2 8 3,621 Ty Tm.F.N.LS ©
166 s = HT 205 pink 1.7 5.5 7 3,485 Ty.Tm.F.N.LS O
167 s = T 195 pink 1.8 5.1 8 3,315 Ty.Tm.F.N.Cf (@)
68 ®® Z wF 203 pink 20 51 7 3451 TyTmEN O
169 e Tz HAS 210 pink 1.8 5.3 7 3,570  Ty.Tm.F.N.LS O
170 s =z a 197 pink 1.8 5.5 8 3,349 Ty.Tm.F.N.LS O
7 ®8 = WP 25 pink 15 50 7 2907 Ty.TmENLS O
172 s T 203 pink 1.5 5.2 7 3,451 Ty.Tm.F.N.LS O
173 s =z AT 207 pink 1.7 4.8 7 3,519  Ty.Tm.F.N.Cf O
174 s =% I 205 pink 2.2 5.6 8 3,485 Ty Tm.F.N.CfLS %
175 s =z BT 210 pink 1.5 5.3 7 3,570  Ty.Tm.F.N.LS O
176 23 =z #HF 207 pink 1.7 5.2 7 3,519 Ty Tm.FN.CfLS ©
177 s =z HIF 205 pink 1.7 5.5 7 3,485 Ty Tm.FN.CfLS O
178 s = HT 205 pink 1.7 5.2 7 3,485 Ty TmFN.CfLS O
179 3t =z T 208 pink 2.0 5.2 7 3,536 Ty.Tm.F.Cf.LS O
180 3k = T 203 pink 2.2 5.4 8 3,451 Ty.Tm.FN.CfLS
181 Fa Fz #HA 213 pink 1.8 5.2 7 3,621 Ty Tm.F.Cf.LS O
182 23l = A 202 pink 1.6 5.4 8 3,434 Ty.Tm.F.N.LS O
183 e is =z -t 197 pink 2.0 5.0 8 3,349 Ty.Tm.F.N.LS O
184 L is T HF 203 pink 1.8 4.8 6 3,451 Ty.Tm.F.Cf.LS O
185 s 9 #HF 208 pink 1.8 5.0 7 3,536 Ty. Tm.F.LS ©
186 3t = I 200 pink 2.4 4.8 7 3,400 Ty. Tm.F.LS O
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187 -3t = - 206 pink 2.0 5.2 8 3,502 Ty.Tm.F.LS O
188 7 Tz I 203 pink 2.2 5.0 9 3,451 Ty.Tm.F.N.LS ©
189 73 Tz AT 205 pink 1.8 5.2 8 3,485 Ty.Tm.F.N.LS O
190 3k = Tt 190 pink 1.5 5.2 8 3,230 Ty.Tm.F.LS O
191 T3t = T 197 pink 2.0 5.2 8 3,349 Ty.Tm.F.LS O
192 7 T HA 200 pink 1.7 5.2 7 3,400 Ty.Tm.F.N.LS O
193 7 T2 HA 208 pink 1.7 5.5 7 3,036  Ty.Tm.F.N.LS O
RedA)
220 3 I 3 210 red 2.3 4.3 8 3,570  Ty.Tm.F.N.Cf ©)
o F
221 s % T 204 red 2.0 4.5 8 3,468 Ty.Tm.F.N.Cf O
222 23 Tz 1T 214 red 2.4 4.5 9 3,638 Ty.Tm.F.N.Cf ©
223 -5 % AT 198 red 2.2 4.5 8 3,366 Ty. Tm.F.N O
224 7 Tz HA 208 red 2.0 4.2 8 3,536 Ty.Tm.F.N.Cf O
225 -5t = AT 205 red 2.0 4.2 7 3,485 Ty.Tm.F.N O
226 T3t = By 197 red 2.2 4.7 8 3,349 Ty.Tm.F.N O

* AU E, 9 excellent - 1 poor
** A, Ty: TYLCV, Tm: ToMV, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

9. ORE O %% ks 5
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Figure 8. Pictures of big tomato F; hybrids in 2011-2012 year trial

- F7MAEAE S A3 BN174= 20139 %0 ‘TY E=2H (Forte) & X H3IEYS 319 1L,
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BN180< ‘mbsH(Lff, Bach))'®2 F3AMAviAIE to], @A Tl Avj7E =i At

3—'. = ‘- WEIEN Saah’
=

‘!'Eﬂ- Fl aaws

HETE HTS ANNHEM D8 RERSC XOE
T HrERE A RIRDANE
RBETY Nem IIII Lt

2011-BN174 ‘TYXZH]’ 2011-BN180 ‘H}s}’ STHEXAE
Figure 9. Pictures of BN174 and BN180 advertisement post in China

U fYEME F 2% ASAY
D A&
- 3% 20111014 A4 20111126 578k 2012.3€ = ~ 4€
- NR@Fg 125 29bE, A Btk
- 2k EntEE 100-12081< A g
- NRAL T AHsAd BT BGE
- NEs7k PEM A3k 1385 445 4075
@) N2
- MUEWE 3B2FS FAst AP 2, 172¢S 13 Adsigleon, 1 5 Best®
AEA 345, EFd @A 354 =3to] A TS AR G ALY FEWEA SolA

=

o

T .

EhdA 354 =2 thHFd FTRiE(HTHR &)l wis 2Ajo] skl 3} o] smoothst
A, AZAP. FErt ke, tHlES TYLCV(SE sl 2 dnfol 2l )0 W43
= "kl 354= TYLCV WA =goz Adin

- ARERES ANEE ReH, M ¢ 222 AlnAdites st SoAde &

Table 28. Evaluation data of mini tomato F;, hybrids in 2011-2012 year trial

_71_



o,
b
oft
b
B
o
oX,

AUBN =9 w7 M g M g o @ R CR
(Eﬁfjé%) st = Eld 20 pink 1.3 8.0 2,520 Tm.F.Ve ©
321 -3k T 21 red 1.3 7.8 2,646 Ty. Tm.F.Ve.N O
322 -3k 5 R 18 red 1.0 8.0 2,268 Ty.Tm.F.Ve.N O
323 el = T 21 red 0.8 8.0 2,646 Ty. Tm.F.Ve.N O
324 s TZ b 18 red 1.2 8.2 2,268 Ty. Tm.F.Ve.N ©
325 s =% E©9e 20 orange 1.0 82 2520 TyTm.F.VeN O
326 -3k = 43 17 red 1.2 7.7 2,142 Ty.Tm.F.Ve.N.Cf O
327 3t 5 Et¢d 20 pink 1.5 8.0 2,520 Tm.F.Ve ©
328 s - 21 red 1.2 7.8 2,646 Tm.F.Ve.Cf O
329 T3k = b 20 pink 1.4 8.1 2,520  Ty.Tm.F.Ve.Cf O
330 T3 B T 22 red 1.0 8.2 2,772 Ty. Tm.F.Ve.N ©
331 T3t T T 18 red 1.4 7.8 2,268  Ty.Tm.F.Ve.Cf ©
332 iy Z 128 20 red 0.8 8.5 2,520 Ty. Tm.F.Ve.N O
333 &t = R 19 red 1.2 4.7 2,394  Ty.Tm.F.Ve.Cf O
334 -3 = Bl 22 red 0.8 8.5 2,772 Ty. Tm.F.Ve.N O
335 3t TZ Bl 20 red 1.0 8.2 2,520  Ty.Tm.F.Ve.Cf ©
336 Eis = N1 18 red 1.0 8.5 2,268 Ty.Tm.F.Ve.N O
337 &t Z Bt 20 red 1.2 8.3 2,520 Ty. Tm.F.Ve.N O
338 -3 = a7 23 red 1.2 8.3 2,898  Ty.Tm.F.Ve.Cf O
339 -3k = b 17 red 1.0 8.0 2,142  Ty.Tm.F.Ve.Cf O
340 -3 = 43 19 red 15 7.7 2,394  Ty.Tm.F.Ve.Cf ©
341 s = T 20 orange 1.0 78 2520 Ty.Tm.F.VeN O
342 23t Eld 23 red 0.9 8.4 2,898 Ty. Tm.F.Ve ©
343 -3k =z B 19 red 1.2 7.7 2,394  Ty.Tm.F.Ve.Cf O
344 -3k = a7 21 red 1.2 8.0 2,646 Ty.Tm.F.Ve.N.Cf @)
345 s FZ - 23 red 1.3 8.3 2,898 Ty Tm.F.VeN.Cf %
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346 53k = T 20 red 1.0 78 2,380 Ty.Tm.F.Ve.Cf O
347 53k Tx 43 17 red 0.8 78 2,023 Ty. Tm.F.Cf O
348 3k Tx et 20 red 0.8 82 2380 TyTm.F.Ve.Cf O
349 s == T 18 red 0.9 84 2,142 Ty.Tm.F.Ve O
350 R als =x T 18 red 1.0 85 2,142 Ty.Tm.F.Ve @)
351 3 = Bt 21 red 1.0 83 2,499 Ty.Tm.F.Ve ©
352 3 = et 20 red 1.3 8.5 2,380 Ty.Tm.F.Ve ©
353 Els == B 22 red 1.2 85 2618 Ty.TmF.VeN O
354 ERis = et 24 red 1.8 85 2,856 Ty TmF.VeNCf %
355 3k Tx T 23 red 1.8 80 2,727 TyTmFVeNCf O
356 53k % et 21 red 1.2 80 2499 TyTmFVeNCf O
357 ERis 3 Bt 21 red 1.0 82 2499 Ty TmF.VeN O
358 53k TX I 23 red 1.0 82 2,727 Ty.TmF.VeN O
* U4, Ty: TYLCV, Tm: ToMV, N: nematode, F: fusarium,
Cf: cladosporium, Ve: verticillium, LS: leaf spot
F47: O HE O %% k% $5

_73_



_74_



Figure 10. Pictures of mini tomato F; hybrids in 2011-2012 year trial

- BIAZAE S Ax 43 A BN345E= ‘TYwR|SMiracle)’ = w3}
st on, EFYE A BN354E= ‘EAE(Tom Jerry)” & WHsle] ZXRIZYS 3to, 23
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YA BN345_TYw| &} & EF 3 Al BN354_= ) 2]

Figure 11. ‘TY Miracle’ seed package in China and ‘Tom Jerry’ fruit shape compared to
Check variety.

5 A3AE = F 2% AIANF 9 s7HAFAE
7b. dHEDE F 2§ A9A Y
(D AE¥
A - T F) hybrid 28%, tHIEE 2%
o 2012 849 6%, 507 Edoldl Hul, A2 : 2012 9¥ 6Y
% 2012, 12€ ~ 2013. 4€¥
ANA - B¥3H-2(sunny green house), A A7] : 100cm x 35cm (2]ZA4))

AT - 125 29y, 23 BEvlEE 100-1200) A
NER L - T AHsA Fth HiE ERN
Nas7t &/ sk 187-0658-7698

e FFEA S B Egdo] Belg
OEEE!
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- BN 5038 FaAaaol 3 2(pink)th = ﬂiﬂl ?l FHESZ(F= local FF) Hoh 7|7} whE4 3
Hth7} =o] ZAlo] Ashy, ket dEube] E A(TY), ASSHE), AFYHAS) S Aol 9
= 2oz Mg

- BN 5212 #l=(redtl EvtER Z3pifo] v

$ %3, i} FYska veksie, Faelagu
VHATY), §2HE, 45N Sl g4l =

zsto g7 AdkEt

Table 29. Evaluation data of big tomato F; hybrids in 2012-2013 year trial

501(chulE) T3  Fw  wF 195 pink NG 23 48 8 Ty TmFLS  ©
502  ®¥ % WP 208 pink NG 23 50 8 TyTmFVe O
503  ¥3 Fzx  mF 200 pink NG 25 53 8  TyTmFVelS %
5046 % = mP 196 pink NG 25 52 8  TyTmNFLS O
505 9% Fzx WP 213 pink NG 20 52 7  TyTmFNLS O
506 9% Fx oF 209 opink NG 18 50 7  TyTmFNLS O
507 & F mT 205 pink NG 18 50 7  TyTmENLS O
508 ®¥ Fzx 1P 195 pink G 24 55 8 TyTmNFLS O
509 @ ®¥ Fzx 1P 207 pink G 18 53 8 TyImNFLS O
510 ®3 Fx #@FE 205 pink G 18 54 7 TyTmNFLSVe O
511 B3 % ®F 27 pnk G 20 52 7  TyTmENLS O
512 ®¥ Fx TP 205 pink G 20 52 8 TyTmFNLS ©O
513 2 ®& %  ®WF 220 red NG 17 50 7  TyTmENCE O
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514 23 sz T 204 red NG 2.0 4.8 8 Ty.Tm.N.F.Ve ©
515 T3k % a7 197 red NG 1.8 4.8 7 Ty.Tm.N.F.Ve O
516 T3k % g 212 red NG 1.8 5.0 8 Ty.Tm.N.F.Ve ©
517 Ry = ag- 205 red NG 1.8 5.0 7 Ty. Tm.F.N.Ve O
518 e F T 212 red NG 2.4 5.3 8 TyTmFNVeCf O
519 -5 = a7 215 red NG 2.4 5.0 8 Ty. Tm.F.N.Cf ©
520 T3k % a7 203 red NG 2.2 5.2 8 Ty. Tm.F.N.Cf ©
521 Ry = - 213 red NG 2.5 5.2 8 Ty. Tm.F.N.Ve *
522 2 =z 7 212 red NG 2.0 5.2 7 Ty.Tm.F.N.Ve O
523 728 = 3T+ 208 red G 1.9 5.0 7 Ty.Tm.F.N.Ve O
524 T ¥ a9 205 red LG 2.3 4.8 8 Ty. Tm.F.Cf ©)
525 2o =z a4 218 pink LG 1.7 5.6 8 Ty. Tm.F.N.LS ©
526 gt = a7 197 pink LG 2.4 5.2 8 Ty Tm.FN.CfLS O
527 frt x a7 197 pink LG 2.4 5.5 8 Ty Tm.FN.CILS ©
528 73 sz 7+ 213 red NG 2.2 5.0 7 Ty. Tm.F.N.Cf O
529 e Fx a4 215 red NG 2.2 5.0 8 Ty. Tm.F.N.Cf ©

@)

530(thvlF) 73

ofN
BN

aT 206 red NG 2.4 5.4 8 Ty. Tm.F.Cf.Ve

* o7 A, LG: light green, G: green, DG: dark green, NG: no green
** A% 9 Excellent- 1 poor
#** A Ty: TYLCV, Tm: Tomato Mosaic Virus, F: fusarium, N: nematode,
Cf: cladosporium, Ve: verticillium, LS: leaf spot
9 % W ¢+ O ¢4 O RS
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2 AL P 2
Figure 12. Pictures of big tomato F;, hybrids in 2012-2013 year trial

O s714d5A 4
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o} (Figure 13).
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Figure 13. Farmers’ field performance of big tomato hybrids in 2012-2013 year

Y. Y ErE F hybrid A%AE

(D A
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A o BsH-2(sunny green house), A41AZ : 100cm x 35cm (F=X]1E =)
N@Fr 0 125 28k, 23 EnfEE 100-1208) A<
N@&4 - T AEAd BXm HNE BN
NEs7F - ®hRE A3k 150-0656-9305
il

E
7] - F=dA s B Fo] A

2 NEZ2H

- 98 WL ErEZ BNA04, LFAZ BNAI3S 78 9

- BNA0A= ERd AR 25400, FAo] AReta G571, TYLCV, 912%, A% T WA
o] o} Aukslict

- BN4132 20g A59] dPAR 2yt #Yatar A4, 8, A, W
A E] et

- 22§ NS st FoAES §-

Table 30. Evaluation data of mini tomato F; hybrids in 2012-2013 year trial

e
Sl
)
o
i
>
ol
ol
ol
2
O

ok
oX
olr
2
o)
o
&
rok
N
o
o
fru

2012 BN 23 %7 3% ?if; ga 7A (ﬁ;) ?;:; ;g; A e

(ﬂj—ji) T3 = EHA 20 pink LG 1.8 8.3 8 Tm.F.N.Ve ©
401 73 Fx=  BHA 23 red LG 1.8 8.6 8 Ty. Tm.F.N.Ve ©
402 7 2 dd 21 red G 1.6 7.8 8 Ty.Tm.F.N.Ve @)
403 23 =z 1438 15 pink LG 1.8 8.2 8 Ty. Tm.F.N.Ve O
404 is = B 25 red G 2.0 8.7 8 Ty. Tm.F.N.Ve.Cf *
405 3 Tz 9¥ 17 red G 1.5 8.5 8 Ty.Tm.F.N.Ve @)
406 s = e 23 red LG 1.6 8.0 7 Ty.Tm.F.Ve.Cf O
407 73 Fx B 18 red LG 1.6 8.3 7 Ty. Tm.F.Ve.N.Cf O
408 73 Tz B 15 pink LG 1.8 8.0 8 Ty. Tm.F.Ve.N.Cf O
409 7 F 37y 21 red LG 14 7.8 7 Ty.Tm.F.Ve. O
410 73 = 48 17 red G 1.6 8.5 8 Ty.Tm.F.Ve O
411 =3 x= Bl 17 pink LG 1.8 8.3 8 Ty. Tm.F.N.Ve @)
412 73 2 27E 2 red LG 1.8 8.0 8 Ty. Tm.F.Ve.Cf ©
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413 e x99 17 red G 1.8 9.0 9 Ty.Tm.F.N.Ve *
414 7 F=2 B 18 red LG 1.6 8.2 8 Ty. Tm.F.N.Ve @)
415 T3k = Bt 15 red LG 1.2 8.5 7 Ty. Tm.F.N.Ve O
416 73 T B 15 red LG 1.5 8.5 8 Ty. Tm.F.Ve.Cf ©
417 s = 1231 17 red LG 1.8 8.0 7 Ty.Tm.F.N.Ve O
418 7 Fx B 15 red G 1.5 8.3 7 Ty.Tm.F.N.Ve O
419 73 FE g 22 red G 1.3 8.3 8 Ty. Tm.F.Ve.Cf ©)
420 3 T 93 17 red G 1.5 8.0 8 Ty. Tm.F.Ve.Cf O
421 3k = 43 17 red G 1.2 7.7 7 Ty.Tm.F.Ve O
422 T3k B 17 red LG 1.2 7.8 7 Ty.Tm.F.N.Ve O
423 3 Tz Ed 17 red LG 1.7 7.8 8 Ty.Tm.F.N.Ve ©
424 73 Iz B 15 red LG 1.3 8.0 7 Ty. Tm.F.Ve.Cf O
425 73 Fx  Ed 21 red LG 1.5 8.0 8 Ty. Tm.F.Ve.N.Cf ©
426 ¥ F  AEd 23 red G 1.8 8.1 8 Ty.Tm.F.Ve N.Cf ©)
427 7 F= B 20 red LG 1.8 8.5 8 Ty. Tm.F.Ve.Cf ©
428 T3t = e 20 red LG 1.6 7.8 7 Ty. Tm.F.Cf O
429 T3 FE AEd 24 red G 1.3 7.8 7 Ty. Tm.F.Ve.Cf O
430 3 T AEd 22 red LG 1.6 8.4 8 Ty. Tm.F.Ve.Cf ©

* o7 A, LG: light green, G: green, DG: dark green, NG: no green

** g d=E, 9 excellent - 1 poor

WA, Ty: TYLCV, Tm: Tomato Mosaic Virus, F: fusarium, N: nematode,
Cf: cladosporium, Ve: verticillium, LS: leaf spot

9. Kk WS 5 O 95 O BE
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Figure 14. Pictures of mini tomato F; hybrids in 2012-2013 year trial
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Figure 15. Performance of mini tomato at farmers’ field trial in 2012-2013 year
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Table 31. Evaluation data of big tomato F; hybrids in 2013-2014 year trial
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A=

D3 23 471 w3 jj’f sy V14 o437 K T; T L L
(ngl%) =g Zw mF 197 pink NG 24 48 8 3349 TylTmFEVelS O
202 B3 % ;T 205 pink NG 24 50 8 3485 TyLTmFVelS O
203 B3 % 3T 208 pink NG 20 52 7 353 TyLTmEVelS O
204 B3 =W w7 215 pink NG 24 50 8 365 TyLTmNELS ©
205 FI  F # 197 pink NG 25 52 8 3349 TyLTmNFEVelS O
206 B3 =z 3T 210 pink NG 22 50 8 3570 TyL3TmFVelS O
207 ®& % 31T 208 pink LG 22 48 8 353 TylL3TmFEVelS O
208 B3 =z 3T 202 pink LG 22 52 8 3434 TyL3TmNFEVelS O
209 2@ F 3;FE 20 pink NG 19 50 8 3400 TyL3TmNEVelS O
210 =3 % WF 212 pink NG 18 48 8 3,604 TyL3TmNFEVelS O
21 ®& = ;T 193 pink NG 23 50 8 3281 TylL,3TmNEVelS O
212 =3 % WT 204 pnk G 20 52 8 3468 TyLTmNFEVelS O
213 &% = WF 191 pink NG 25 48 8 3247 TyL3TmFEVelS ©
214 B3 =z 3T 213 pink NG 21 52 8 3621 TyL3TmNFEVelS O
215 =3 % 3T 208 pink LG 23 50 8 353 TyL3TmNFVelS O
216 =& ZF @WFE 217 pink LG 23 54 8 3689 Tyl’&CTme'g'F've ©
217 ®® ==z wWT 25 pink LG 20 52 8 3485 Tyl'Té?'féF've' O
218 ®¥ ZFz wF 28 pink LG 26 52 8 3536 Tyl’a\g“g'F'Fr' *
219 3 = WFE 195 pink LG 24 50 8 3315 Tyl’&gme‘g‘F've ©
220 §¥ = TF 204 pink NG 25 50 8 3468 Tyl’&VTerg'F'Fr' *
221  §% %z 31T 194 pink NG 22 47 7 3298 TylL3TmFVelS O
22 %% = ;T 19 pink NG 22 50 8 3332 TyLTmNFECfLS O
223 &3 = 3T 203 pink NG 20 52 8 3451 TyLTmNFECELS ©
224  §3 =z 3T 205 pink NG 23 52 8 3485 TylLTmFVelS ©
225 §% == w7 189 pink NG L9 50 8 3213 TyLTmNELS O
226 B3 % 3T 207 pink NG 19 48 7 3519 TyLTmFEVelS O
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227 2d %  ®W3E 200 pink NG 22 50 8 TyLTmEVelS  ©
228 mE  Fw mT 205 pink NG 24 50 8 Tyl.Tm.N.F.LS @)
229 o .

gz TE F 3T 18 pnk NG 24 48 8  TyLTmNFVelS O

* o]7] A, LG: light green, G: green, DG: dark green, NG: no green
A% 9 excellent - 1 poor
% A Tyl,3: TYLCV, Tm: Tomato Mosaic Virus, F: fusarium race2, N: nematode,
Fr: Fusarium radicis, Cf: cladosporium, Ve: verticillium, LS: leaf spot. Ph: phytophthora
F3 0 kMl ¢ O 95+ O BE
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Figure 16. Pictures of pink big tomato F1 hybrids in 2013-2014 year trial

- BN218& 37 Z=AES AA ‘mletE 3 (Marathon Alpha) & ZFZ A0S sl on 3}

/l(])l/}l— Toﬂ /\
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ol
ojZjAle glom o] ul$- gdsl, Tyl3. N. F2. Fr. V 5ol A4S AUz 9t
9&ta wekste, Tyl,3. N. F2. Fr. V. LS %9

O

- BN 235 Azro] & 7|7} wEw 3o} o) $-
YA AU ¢tk (Table 29).

Table 32. Evaluation data of red big tomato F; hybrids in 2013-2014 year trial
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A=

(qﬁo%) =g ZFw w3 215 red NG 25 48 8 365 TyL3TmNEVe O
231  ®& w13 212 red NG 25 50 8 3,604 Tyl’fj'gglr'N'F' ©
232 ¥§ % TP 205 red NG 23 52 8 3485 TYI’SJSLE'F'F‘ ©
233 2% Zuw 1T 217 red NG 23 50 8 3,689 Tyl’?"TinS‘N‘F'Fr' ©
234 B3 Zu 1T 204 red NG 20 47 7 3468 TyL3TmNEVe O
235 2% =z 17 208 red LG 24 52 8 353 Tyl’&\T/ri'gI'F'Fr' ©
236 29 %= 1T 24 red NG 24 48 8 3468 TyL3TmNEVe O
237  ®s % 31F 20 red NG 23 50 8 3400 TyL3TmNFEVelS O
238 2% = 17 28 red NG 20 50 8 353 TyL3TmNFEVelS O
239 2e 9 1F 212 red NG 19 48 8 3604 TyL3TmNFEVelS O
240 2% %9 1T 203 red NG 24 50 8 3451 TyL3TmNFEVelS O
241  ®3 Zu AT 212 red NG 22 48 7 3604 TyLTmNEVelS O
242 B9 F= WT 198 red NG 22 53 8 3366 TyL3TmEVelS O
243 2% Zuw 17 212 red NG 20 52 8 3604 TyLTmNFEVe O
244 B3 % 31F 210 red NG 24 50 8 3510 TyLTmNEVe O
245 2% = 317 217 red NG 24 52 8 3689 TyLTmNEVe O
@2;6& =g % w213 red NG 24 50 8 3621 TyLTmNEVe ©

* o}7) A, LG: light green, G: green, DG: dark green, NG: no green
I FA% 9 cellent - 1 poor
** A, TylL3: TYLCV, Tm: Tomato Mosaic Virus, F: fusarium race2, N: nematode,
Fr: Fusarium radicis, Cf: cladosporium, Ve: verticillium, LS: leaf spot. Ph: phytophthora
Bk We ¢4 O ¢4 O BE

of
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BN231 : tjH|F BN235 : tjH]F
Figure 17. Pictures of red big tomato F; hybrids in 2013-2014 year trial
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Y. fUETE F 23 A3
(D A
A - nUErLE F) Hybrid 29%%, tH&ES 2%
< 0 20139 7€ 30¢, 407 Edoldd M}
A2 20133 8€ 29, &3k 2013, 11€¥ ~ 2014. 3¥
A4 B¥3H-2(sunny green house)
A& AL - o]FE100cm x FF35cm (FA| 1EAH)
N@FS 125 208, 2y} EolREE 120-15008) 2

“

AR T AAEA BT e ST
NEE7F - tHEL A3k 1395 3686 621
Z1etde - = dA 7P 8 Hde] ddF

(2) AN3Aa3

- 23, AT 7], FHA, 95, AR, WHA T8 TRWItete] 2x3s AAstReH, 1 S
A bestZ 3049} 3108 A3

BN304= A7} Zstal spdbdo] £om Has 20g0= e A4fo] Aste] JH

o] U™ Tyl,3. Tm. N. F2. V. Cf ol WAk

BN3102 HEetdg o2 5o vdeta Fifgo] Eom 53] Fsjuto|2i~(Ty), HHPh WH

page Awest TARE B

Table 33. Evaluation data of mini tomato F; hbrids in 2013-2014 year trial
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=
J
e TEF AERL 201 pnk LG 22 78 8 2391 TylTmEVe O
302 ¥ F e 188 red LG 20 83 8 2237 TylTmFVe  ©
0 F@ Fx wed B5 red LG 20 80 8 220 DOYIMNE g
M wR FE WE 06 red G 22 83 8 2451 UTTRT
W F@ Fx AuY 200 red LG 18 85 8 2499 pITNE g
6 F@ Fx gud 23 red LG 14 82 8 2653 o DN o
o ¥@ 3 AnY 24 red LG 17 82 8 2865 o DN o
0 F@ Fx gud 107 red LG 17 80 8 23 0N g
09w F 4ud 26 red LG 18 80 8 288 Mo
310 ¥% Fx AeY 226 red LG 22 85 8 2689 Tyl’gg;“ﬁN'F o x
51 %3 % wed 170 red G 17 78 8 2023 Tyl3TmEVeCf O
512 ¢ %= A9¥ 187 red LG 18 80 7 2225 Tyl3TmNEVe O
3 ve 3 owsd 24 O 615 82 8 2e5 00N o
3 v 3 owsd 195 red LG 18 78 7 230 OoyIMNE g
35 v F 4B 00 red LG 15 78 8 230 opmN o
3 v Fx AR 26 red LG 20 80 7 250 pIMNE g
7 we = AR 189 red LG 17 85 8 2249 0T o
8 v@ =AY B85 red G 18 83 8 2200 0N g
9 F@ Fx v 178 red LG 18 80 8 2us 0N g
320 %3 % wed 203 red LG 15 78 8 2415 Tyl3TmFCf O
200 ®3 % wed 168 pnk LG 14 82 8 199 TyL3TmNF O
20 ®@ = A 179 red LG 18 80 8 2130 Tyl3TmNEVe O
323 w@ = A 202 red G 20 83 8 2403 TylL3TmNEVe O
524 ®@ Fz 9ed 184 red G 17 80 8 2189 TyL3TmNEVe O
325 B3 F= 93 192 bowmn G F 78 8 2284 Tyl3TmEVe O
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326 F3® = 9% 157 brown LG MF 7.8 1868 Tyl3TmFEVe O
327 RI Fz e 174 grree%“/ G F 80 2070  Tm.F.Ve ©
328 B = 9% 182 red LG F 78 2165  TmNF ©
329 w3 Fxz 98 186 red LG F 82 2213  TmF.Ve ©
330 F3 = wE 190 yelow LG MF 85 2261  TmF.Ve ©
(r;j]l%) 3 F=x= 93 205 orange G F 8.2 2,439 Tm.F.Ve ©

* o] 7| A, LG: light green, G: green, DG: dark green, NG: no green

** dd =, 9 Excellent - 1 poor

A, Tyl3: TYLCV, Tm: Tomato Mosaic Virus, F2: fusarium race2, N: nematode,

Cf: cladosporium, V: verticillium, LS: leaf spot. Ph: phytophthora

9 kWS 5 O ¢F O X%
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Figure 19. Pictures of mini tomato F; hybrids in 2013-2014 year trial
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7. ASAE = F 2 AEANE 2 SN E
7. AFENE F 23 AdA 3
(D) A2y
34 PInkth#CHL KR 2828 divls
Redt|ZHAATHR) 18%3 tv]F 2%
02014 7€ 4, 4075 EFlold] Hah, A2 2013 8¢ 28Y
0 2014. 11€ ~ 2015. 3¢
. BY¥3H$-2~(sunny green house), A21AZ : Z100cm x F3E35cm (2= Hl)
125 29bE 2 BErtEE 100-1208) 2 €
s AbsA BT HEE BEN
- B&H/x Ask 187-0658-7698
D Fm AR TR A o] A

> 4y &
LU e [ L A 1 ruZ: do oy

>~
fooff o N
N

N> > >
B

O

(2) N@AH
- 23, Az 7], AR, IHAE, AE, WA 55 TEH7Is pinkti A 1923, reddh 7
Al 13x3s AT
- fﬂﬂﬂ]iﬂri 602, 626°] Bestz A49s}$3 0™, BN602+= 215g H =l base greeno] 13l A= 24%
st Fsputoly 2, AF, NS, ZRHEN, dFFoH, AFHY Sl BE WHAESA
1431 ATk BN626 F3HdE o2 Aol g A= 252 gdsty AHFY=r) vlg- £om 4
e xgo= Atk

Table 34. Evaluation data of pink big tomato F; hybtrids in 2014-2015 year trial
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AN A= GE P o

2014 BN =¥ <71 #9 @ A s (ARA) by 2YE @ U R A
(qft(,)]l%) ®g % WP 207 pnk NG 24 48 8 3519 TyL3TmFEVelS O
602 FI 3 7 215 pink G 22 60 8 3655 Tyl'S'T?f'IE'SF VeFr o
603 =g % wF 208 pnk NG 18 52 7 353 TylTmEVelS O
604 =g =w P 205 pnk NG 20 50 8 3485 TyLTmNFELS O
605 ®a& % w3 207 pink NG 22 50 8 3519 TmNFEVelS O
606 ®& ZF=x w3+ 215 pink NG 22 50 8 3655 TylLTmEVelS O
607 =g =W uF 212 pink LG 19 52 8 3604 TmNFEVeFr.CfLS O
608 ®a == uF 20 pink LG 18 60 8 3400 TyLTmENVelS O
609 ®& = w222 pink LG 20 55 7 3774 TyLTmNFLS O
610 =3 o WE 225 pink NG 20 47 8 3825 Tm'N'fé\fﬁF et o
611 =% % wF 190 pink NG 22 52 8 3230 Tyl3TmFEVelS O
612 ®& =9 wP 222 pink LG 18 58 8 3774 Tyl'Tm'LI\é'F'VG'Fr ©
613 &% = wF 18 pnk NG 18 55 8 3111 Tyl3TmFVelS O
614 §3 =z WP 190 pnk LG 20 52 8 3230 TyL3TmELS ©
615 ®a& % w3+ 25 pink NG 23 52 8 3485  TmNFEVelS O
616 =g % wF 208 pnk NG 22 50 8 353 TmNFEVelS O
617 ®& == W+ 25 pink LG 16 52 8 3485 TmNFEVeCflS O
618 ®& 2z w3 220 pnk LG 18 50 8 3,740 Tyl’SJ;“LEI'F'F“ ©
619 =g =w w224 pink NG L5 48 7 3808 Tyl’&Ti“S‘N‘F'Cf' O
620 =g =w W 220 pink NG 17 50 8 3740 TyL3TmELS O
621 =g Zx WT 200 pnk LG 18 56 9 3,400 Tyl’?"Tm'LFS'V‘e'Fr'Cf' ©
622 =g % 3T 228 pink LG 20 53 8 3876 Tyl'?"Tmlf}\]]'F Vels o
623 =g % uF 212 pink NG 22 50 8 3604 Tyl3TmFVelS O
624 §3% = WF 28 pink NG 22 55 8 353 TylL3TmFVelS O
625 g% = W 193 pink NG 17 50 8 3281 Tyl3FvVelS O
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626 % == 3T 207 pink NG 25 53 9 3519 TyL3TmNFEVelS %
627 =% = 3T+ 213 pink LG 22 56 8 3621 Tyl'g'Tmé‘ve'Fr‘Cf ©)
628 =g = 33 215 pink DG 22 60 8 3655 Tyl'g'ng‘F'Ve‘Fr' ©
629 ®a Zw W 230 pink NG 22 56 8 3910 TmNEVelS = ©
f’ﬁﬁf 25 % 3P 227 pink NG 24 48 8 389 Tyl3TmNFELS O

* o}7) A, LG: light green, G: green, DG: dark green, NG: no green
** dAdx, 9 excellent - 1 poor
A, TylL3: TYLCV, Tm: Tomato Mosaic Virus, F: fusarium race2, N: nematode,
Fr: Fusarium radicis, Cf: cladosporium, V: verticillium, LS: leaf spot. Ph: phytophthora
B ok dl$ 5+ O ¢+ O RS

ofy
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Figure 21. Pictures of pink big tomato F; hybrids in 2014-2015 year trial

- HEUBE 634 L7 ozl AE 26, BE 5001, AA4LE 9= wl$
uniform st &F3putole] 2, HF, AFHW Fol WAl o Adgdot, 53] i red
O EvtE FF2 LSHFHW) Agdo] gle vs) AEx3 BN63de AFHW o A4
o] flof st & 4 <t} (Table 35, Figure 22).

ol
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Table 35. Evaluation data of red big tomato F; hybrids in 2014-2015 trial

2014 s I oA A G=  FHFr  FFF

BN =0 FAE o T ) o 29E @ AR
(qu]l%_) s 9 #HFE 220 red NG 2.5 4.5 9 3,740 Tyl.3. Tm.N.F ©
632 s = w212 red NG 2.2 5.0 9 3,604 Tyl.3.Tm.N.F ©
633 ®d % 1T 28 red NG 20 48 7 3876  TyL3TmF O
634 3 = 1T 208 red NG 26 50 9 3536 TyL3TmNFEVelS %
635 3tk = ol 223 red NG 2.4 4.8 8 3,791 Tyl.3.Tm.N.F.Ve (@)
636 3 v 1 235 red NG 2.0 5.2 8 3,995 Tyl.3.Tm.F O
637 w3 W w7 28 red NG 24 50 8 3876 TyL3TMNECE O
638 md % w7 24 red LG 24 58 8 3808 TyL3TmNF O
639 3t = - 213 red NG 2.2 5.2 9 3,621 Tyl.3.Tm.N.F.LS (@)
640 2 =w 35+ 227 red NG 2.5 4.7 8 3,859 Tyl.3.Tm.F ©
611 ®d % 1T 216 red NG 25 56 9 3672 Tyl3TmFVelS O
612 md & AT 218 red NG 23 49 8 3706 Tyl3TmNEVe O
643 73 =9 " 230 red NG 2.2 5.1 8 3,910 TyL3. Tm.N.F.Ve ©
614 w3 % 1w 25 red LG 24 56 8 3825 Tyl3TmNFVe O
615 w3 % 17 28 red LG 25 54 8 3876 Tyl3TmNFVe O
646 T3 W 1T 212 red NG 19 50 8 3604 TyL3TmEVelS O
647 3 =z HFE 220 red NG 2.3 5.2 8 3,740 Tyl.3. Tm.F.Ve.LS O
618 md & AT 226 red NG 22 48 8 3812 TyL3TmNF O
649 23 9 o 228 red NG 2.2 4.8 8 3,876 Tyl, 3. Tm.N.F ©
e, F® B® IF 20 red NG 26 50 9 370 TyLATANEVe O
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Figure 22. Pictures of red big tomato F; hybrids in 2014-2015 year trial

O &7HdsA 4

- A BN602= Hztol gl Aol Fanth7h ddstal, ozfde] ete F=rt 6.0
= AuzE Holum, Ty TmFFrLV.CILS o Wdem ‘Tyshy 2 FFA4U4RE shof
HE§ SAYTS st gl
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d3EnE F| 23418 A BN626 : thH]lZ BN634 : tjH|=
Figure 23. Evaluation of big tomato F, hybrids and selected combinations compared to
Check.

. MU ERLE F1 23 AN
D AN
3 23%% tHlF 25
aF 2014\ 7€ 49, 407 Edlolol Hal, A2 2013 84 28Y
% 2014. 11€ ~ 2015. 3€¥
AA - BYESH-2(sunny green house),  A41AE : Z100cm x F7k35cm ()= HH)
N@Fg - 125 298, 239 ErfEE 100-1208) A&
NEZ4AE T AEA BXm e ERA
N&s7F T2/ A3k 187-0658-7698
ZIete] - T AA w7 A3 2ol BeEet

2 N@g4d+

- U ERE F; 2% A3AFE A3 BN655= red color HEFAE 0 223g Axo] o] F
Fol §lar 7L light greenol|] AX=7) 2002 Tdsty dshujlo] 2 2(tyl.3), EnfEREXA}0]
Fulo]H 2(Tm), AFMN), AESHE), LFFol(ChH S UHAS 7IAE 2oz AdE
t}. BN6612 pink color, ¥}5 22g9] FEFLPo|H, A= 222 wl¢ sy, G = brix 8.72
gto] Fom, slutolg s, AFFoly, dH ol WHAS 717 2Fo 2 MAdstid, 53
ZFao & pink color PIUENIEY} FEFo|BE FZF BN661S FirT S Ax EZ3E 7}
Aol w¢ o & 5 Utk (Table 36, Figure 24).

_IR

Table 36. Evaluation data of mini tomato F; hybrids in 2014-2015 year trial
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D9 w9 L am I A= TIE A IR oy
(qu]l%) =& %  gYd 202 pnk LG 18 82 8 2403 Tyl3TmF = ©
652 =3 % Bd 224 red LG 16 85 8 2665 TyL3TmF  ©
653 =3 =z g9 177 red LG 16 87 8 2106 Tyl’&ngF'Cf' ©
654 w3 == Aty 212 red LG 18 85 8 252 Tyl3TmNF O
655 w3 == Ay 230 red LG 20 85 8 2737 TyL3TmNFECf %
656 w3 == werd 158 red LG 18 80 8 1880 Ty1’3'Tm'§f Ve o
657 =3 % werd 177 orange LG 17 87 8 2106 Tyl3TmFVe O
658 e = AEY 222 orange LG 17 88 8 2641 Tyl’?"Tm'E'VeP ©,
659 =3 =z Ferd 204 red LG 18 82 8 2427 Tyl3TmF O
660 =3 % Aerd 208 red LG 15 78 8 2475 TmNFEVe O
661 =3 = e 225 pnk LG 22 87 8 2677 Tyl'g'T”éypive' *
662 =3 = At 231 red LG 18 82 8 2748 TyL3TmNFEVe O
663 =3 =u et 189 red LG 15 78 8 2249 TylL3TmF O
664 = Fx 9¥ 172 red LG 17 80 8 2046 Tyl'S'Tm'gf'F Ve o
665 23 T2 98 176 orange LG 15 8.8 8 2,094 Tyl3TmFVe ©
666 w3 = wery 150 red LG 12 82 7 1785 TmN.F ®
667 w3 = wery 184 red LG 14 85 8 218 TyL3TmNFVe O
668 T3 Sv ek 231 orange LG 1.8 8.2 8 2,748 Tyl.3TmNFPh ©O
669 =3 =w ety 207 red LG 18 80 7 2463 TyL3TmNF O
670 =3 % Aery 188 orange LG 17 85 8 2237 Tyl3TmNF ©
671 =3 = A9 221 red LG 20 82 8 2629 Tyl3TmFVe O
672 =3 = d¥ 157 red G 14 90 9 1868 TyL3TmNFVe O
673 =3 = werY 172 red LG 17 85 8 2046 Tyl3TmFVe O
674 =3 =z d¥ 186 red LG 15 88 9 2213 Tyl3TmNF O
@G];S%) mg % A 203 pnk LG 20 84 8 2415 TylL3TmNF ©
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vl F : BN661
Figure 24. Pictures of mini tomato F; hybrids in 2014-2015 year trial

Figure 25. Farmers’ field trial of mini tomato in 2014-2015 year

AT A AFFTA R AT

O A48 235} FEHE 550 UF UAE, 924 ATAZ, BoE FAE Aaksiel

SN FAY BFg EAE AT (Table 37, Figure 26).
Table 37. List of foundation seed multiplication and hybrid seed production each year

T T AdF354
229 = 4 hybrids 8 lines
IAE = 6 hybrids 12 lines
7= 8 hybrids 16 lines
St = 10 hybrids 20 lines

Al 28 hybrids 56 lines
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T EEA 1 -&-alu w Hf 3 A

Figure 26. Foundation seed increasing management, artificial pollination and inspection of
crossing.
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A-fgd s & 2L

o =X
<H|2 M| F 2>
A1 A rtAol A uFMAB S #3 vHE3 Als AdE oA S

1 A7 2 53

=7 mAE Aud SFeE E8E 0 Sled,  oldd  EAmpAo| &
(Marker—assisted backcross, MAB)< 34 T 259 54 2 fHAE 717 3o
(donor parent)& 3 FAS Ad 35 Z(recurrent parent)¥} wFste] TEIA = Fl1&
Al ] 5X qgHE gt oA e Fdo st 54 fAAE 7 AAE Adshe
WG4 A E o] gk R o]
MAB+ A #9319 54 F1x5 Awsl= 3993 53142 A (foreground selection)}

35 AA As(genome)s AWst= 35X AR A (background selection)®
e, o 72 A ol SPPAL] A AdnbAE o] &sk= Wi, 3 &

Aol 7} GaA M @55 REF wAES olgdl olwit Aol

O:

g

(Herzog and Frisch, 2011).

|

TAA o7 o] Folxl g o R
Auk sk 4= Qo oldE [FHAY el ATBAA(linkage drag)S H A3 g 4 g9lom, oJuwFt
A 353 Ase] 3EEe] 2 JAE FH7| agdom AuFgoryn SFAS o
W ollg %Y, ¥ 5 A A3 4 dtk(Collard and Mackill, 2008; Hospital,

2001; Servin and Hospital 2002).

EntES] A9 WEAS vES B F89d FAAEe] ofdFeA dHI 317V
of(Foolad, 2007) MABE #&s3te] ol
(introgression)@ + Sl §FHAo] 279t @34 MABE flaiA= woixla 3
o A Aol 1F FEskH F wHiIF @S KHole A gRU eAAdow I
Q3tth vlE FulelA EwtES UgAd W Fo FF AdubAd it Hi(Park et al,
2010a; Park et al., 2010b)&= ©]FoA] 3L 31O
2 mpA e gt A= vl mlH]sk Aol

Simple sequence repeats (SSRs) T+ microsatellitess= tiHFE 2-4bpe ©d A7) Hb
HOZ o]Folxl DNA 47IM L= DNA HA 4 Fol TdaL s Aoy =%

gt wake] A¥E EFF Lo JRAREe] vEAde] XY SSR v PCRE 7o R

g
=
5>
o
2
niek
ofo
i
¥
30,
rlr
ot
I
P
X

tr
i
o

o,

AAG 3 chel 3R A9 (multi-allelic nature), 3-%74 A3 22 43 vpARAA A 9o
A&etal Blgo] A-ste] AESFY FA4 Aol ol olg¥ 1 Urk(He et al., 2003;
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Hwang et al., 2011; Levinson and Gutman, 1987). &3] EnlE 2 7§ SSR w}AHZE o|F
o IYUE FHAAAEEC] FAIH Qo] HA Almel 53] £xF SSR mpA 9 A gl
ggo] w5 &olsttt.

B AFods Y EntE WA A% MAB ¢3S 93 7E2AE FHS ZEE A
9 1EA EvtE A FAAde gRe gre gk Al AEE SSR mHA R

o B ErtE FAARE A8 #45 F5ke], MAB A&
5] 5.
1

[-‘N
>
dﬁ
=2
=

gepelddntolgf A Huy, A7EY, 9o g AR dEd AF(FAAR FH)
1087 &3, T3, Uz ul Auje] A3t ¢4 o3 AFE SN $51) 4388 74
3} tH(Table 1). DNA F&2 93] EvlE 9 1-2gS 1.5mL microcentrifuge tube®]| steel

0
1

beads®} 600ul. DNA extraction bufferE Y1l TissueLyser(QIAGEN, Netherlands)E ©]-&
sto] ek ths 65CelAl 453 F<F WESAIFT 1 v 7.5M ammonium acetate £
200uLE FH7FsE & 4TCeof 203 WESAIZD §, 14,240XgolA 1023F 472 stk 45
BS A2 1.5mL tubeo] 71 % glycogen solution(bmgmlL-1) €< 5ulL%} isopropanol
600pLE H7F & 2 &35tstal o]l& 14,240Xg oA 1023F 472 A7l & H AS5dAS
W23 DNA pellet& 70% Et-OH £ 300uLz A #&t3ith. Pellets ¢33 AxAZ F
0.1M Tris €< 200uLel €& A|FHTF. =3 DNA+= Nano-drop 1000(Thermo Scientific,
USA) 233 EAZ A=A < ol

7t g TR AT o ow el 470
=9 WS At FEolA olFolth EvtE Y A A
HAA o] oF2HE st Juy WASL341(Ralstonia solanacearum race 1) (Jeong
et al.,, 2007)& CPG broth A wjx]oA 37T, 180rpmO.Z 18A17F A& wjeksted 0.30.D.
FEE AT ) EntE fFHS 29 4~5vf @A) A& e 4mLA #Fske] 10714
HE % 16h-light(126pmol'm-2-s-1)/8h-dark cycle 28+2TC =719
growth chambero|A WHS FE33t. TH T FA=Lee et al.(2011)2] W of ubzf 4
T 5 274l Qo ANeEw T FelE

37t EH o] A+ (Erysiphe cichoracearum)< &7 24, Fxx49 AL 2010

—
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2
EulE AESeyel A4 20100 7he FEAFUad Fasgor], § st 1

3t KA2 +5(Phytophthora infestans)?] XA M (105sporangia/ml)S 13CoA] 2.54]
7

k. TYLCV WA
TYLCV WA Avk(Fodx FAx Adh)& $8Fe] Park et al.(2010)¢] v}A primer X
9} PCR x4 w2} FxvkA A

M
B

o
=
N
o
o

2t g SSR whA s

7FA] 2} AR glo] E] w| o] 2~ (SOL Genomics Network, SGN;
http://www.solgenomics.net)oll /0¥ 37019 ErE FAXAZ(EXPEN 2000, LXCHM
2007, EXPIMP 2008) A x.of wet, 7 A HE °F 10cM HA o= H 94, T 10874
9] SSR wAE A#ete] PCR primer set= AR 6, 11, 129 A A5 FA]€
SSR w7 o] FHor 747y 5, 5, 3709 wirlE Adedivh. AdbE EE SSR whrle] gt
SSR primer 1714, SSR motif, FAAAEAFS] A Fel gt AAs PR = SGNoA
gl & 4 Qi

SSR A #HAS 9% PCR €49 FAL 20ng? genomic DNA, 10X PCR buffer,
10mM dNTPs, 50uM forward, reverse primer, Taq DNA polymerase(5UuL-1)0.2n
1(Solgent,Koera)E& &3tslo] o] €3} th. PCR conditions 95Co|A 5% ZF wkeA]7]a1, 9
4T 15%, 60CA 1 cycle Pttt 0.5C2 £57F WolX == 3024 A&sta 72T o
A 183ZF 10 cycle B¢ e 94TolA 15%, 55TColA 30%, 72T oA 1#3F 35

cycles HEESH & 72Co|A 3& 7F ¥Hg3k Tk A7 52 2.5% agarose gel(Certified TM
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Molecular Biology, Bio—Red, USA)S AFE-3Fo] 120VelA oF 2413t &<t =335} th. PCR
A 52 Ethidium Bromide® stain A|Z1 & UV light® &<213}%i ).

nl, SSR whA o3 9 {FAdA 24
DNA A =225 A 5FE PCR ME=E 7 FHA2(SSR primer set)el] ofst 5
A2 allele)® 7FFE3bar, o)

HAeAxte] f5o wek ‘17 =& ‘0'SF 9 genotyping 3 F,
data matrix® 25t 2+ SSR vFA(primer  set)®]  Polymorphic  Information
Content(PIC) #2 t=3 22 o= AEsAtHBotstein et al, 1980). PICi= S743)
SSR "9 A S-S YEhE A EZAN i= SSR vl olal j= vA Y tEA wEl e«
Foln n& jo] & u|sitt. fAdA BAS e AlE A AlFEAS Nei-Li(Nei
and Li, 1979) W2& we} 2a/(n-d)9 o2 AEHde, as 12 3719 F84299
olal dE ‘0'e® #7¥ FAAY Folr nd WA FAAL Y Frolvh. Al%E -+ (Clustering)

¥} AFF(dendrogram) w42 #F874 AG#ES VIxE 7R A EH (Unweighte

m:10

pair—group method on arithmetic averaging, UPGMA) (Sokal and Michener, 1958)< ©]
g3ty sttt e 248 NTSYS-pe version 2.02k software (Rohlf, 2002)E AF&-3}

of st

nh, o] w8 SNP whA 7%

T 26719 ¢¥=EvtE AlFd 22709 WEEviE A%S o]k SolCAP Tomato SNP
array (Illumina Inc., San Diego, CA, USA) w+A41& T3 (AT dAE A=), FAAE &
Ao 7 A% 250 ng DNAS 5%3F3 Infinium ¥4 @ T2 33 7|Rko s BA3549
O 1 SNP calling= GenomeStudio version 1.7.4 (Illumina Inc., San Diego, CA, USA)S A}&-3}31
. AEZE 88 g A2 27771 SolCAP #EFS yate] SFES & FRHAT F
g4 SNPE Asta o] & 7|Hko 2 A3} principal component analysis (PCA)<
4871 = % Foll thdk PCA unweighted pair group mean algorithm (UPGMA)E

A A =k Esk o] AlgSel thdl SNPE PIC valueEs AAbste] thgido]l =2

7). ErbE fA49 )
AWFL A% WPY EvHE 10 AFH nED 4 AFEC] el ARAYH BAAS B

4
™
g
)
~



3 UEAde gt Table 1). AEAY A7, Fudel dis] Aoz g5z = A
% BWRI'S =3 5 EA41%< ‘Hawaii-7996", ‘10BA333’, ‘10BA424’ o] A$ RE

Sl HHEHA ool Ao ® FlF Gt 24 ] FE7] 2 AR
A7 A elA s KNU9' 9 ‘KNU12' =58 x2t9] o] s =] ¢rop st v o]
HAEH AT AEsdyel oj = L3708 oA M= 3% ofste] st U o] gels Al
(Kim, 2012). %3 nlo]g] A £AHFE Aoa= TYLCVS th3t yAdor d8x nx &
JAE ‘GC2711'% =ul A% ‘TYRI'Z ‘TYR2'®] thall HEQ 571 WA BFoa s
ol AR ¢kol AFst AgAdo] FAHEUTE. A A mARY AelAE ‘GC271T,

!

‘TYR1’, ‘TYR2" 25 Ty-1 AgA

[e)
&
tomEbA, " ASE WA oRTE V1= AR dAFES Fl sglen, Aut §F
7z

L. SSR ®HA S PCR 2l G4 o134

ENlE Ao w53 9x3 F 1087] SSR "FA(SSR primer set)S o] &3lo] 147) En}
E A% PCR AAY vA 9IJFES w48 tHFig.1). 92(85.2%)712] primer setell A
PCR Z%o] AFHog o|Fojgon, 1 F 73(67.6%)NZHE AT 7+ tpdAo] B2H
o} 7} SSR FRAAS] & H dg]FAA = 3.29M2A F BF @ dygHA4 5 303
MEew, o] F 216.9%)7M= A Aol gllen, 282(93.0%)71= w3t
SSR ®w}A 9] PIC & Hit 0.39%, SSR360 w}A7F 0.84% 71 =9kom SSR74, SSR76,
SSR105, SSR136, SSR162, SSR276, SSR304, SSR326, SSR593, SSRB18031,
SSRB105694 7} E5F 0.12% 7P Wk, a4 8 w59 Ed v3dES = o, 69
A 9] 57 SSR vlAE©C] 0.53% 7F =9k 51 GAAS] 57 SSR wlAE©] 0.25% 7}
% SSktH(Table 2).
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Table 1. List of 14 tomato inbred lines collected in this study and their resistances to different diseases.

Inbred line” Source” Trait* Disease phenotyping” TYLCV marker genotyping”
TYLCV BW PM LB TY1 TY2 TY3
GC2711 Uw M, IM R - - - R S S
TYRI1 TLSRC S, I R - - - R S S
TYR2 TLSRC ML, I R - - - R S S
Hawaii-7996 NIHHS S, D - R - - S S S
BWRI1 TLSRC M, D - R - - S S S
10BA333 NIHHS M, IM - R - - S R S
10BA424 NIHHS M, IM - R - - S R S
KNU9 KWNU M, I - - R - S S S
KNU12 KWNU M, 1 - - R - S S S
L3708 NIHHS S, I - - - R S S S
RPL1* TLSRC L, I S S S S S S S
RPL2* TLSRC S, D S S S S S S S
RPL3* TLSRC M, I S S S S S S S
AV107-4* NIHHS L, I S S S S S S S

“Adapted inbred lines that are useful as recurrent parents in backcross breeding are indicated by *.

YUW, University of Wisconsin-Madison, TLSRC, Tomato Life Science & Research Center; NIHHS, National Institute of Horticulture and Herbal
Science; KWNU, Kangrung-Wonju National University.

*M, medium; S, small; L, large; ML, medium-large sized fruit; I, indeterminate, D, determinate; IM, intermediate growth.

“TYLCV, Tomato Yellow Leaf Curl Virus; BW, Bacterial wilt; PM, Powdery mildew; LB, Late blight; R, resistance; S, susceptibility; -, disease assay
was not conducted in this study. "TY1, TY2, and TY3, marker for theTYLCV -resistant gene 7y-1,7y-2,andTy-3,respectively.
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Fig. 1. Agarose gel image showing PCR products amplified by tomato SSR markers (SSR237,
SSR115, and SSR450) that were polymorphic among 14 tomato lines used in this study. From the

right to left, each lane corresponds to the DNA samples listed in Table 1. M, size standard marker.

Table 2. Evaluation of SSR makers for background selection in marker-assisted backcross and the

number of markers per each chromosome that are polymorphic among 14 tomato lines tested.

Chromosome No. of SSR markers
Tested Amplified Polymorphic
1 21 16 11
2 10 10 7
3 9 9 9
4 10 10 7
5 7 5
6 5 5
7 4 4
8 6 4
9 10 6 5
10 14 11 8
11 5 5 5
12 3 3

Total 108 92(85.2%) 73(67.6%)
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StrE A FAx F A E gekde nnd 2L wolglon, o] AMSH SSR mHA
C #9 #E=Z F5F F Atk & ATl AFEH 14709 AleS 92709 SSR =t
Hrd 2k allele) 579} 0.39¢] H3t PIC #ho] #FEO

o, 7Fg =2 PIC - 0.84, A% 30%2 PIC #9 Hd 0.74% %2 tgdES Ve
At He et al.(2003)¢ w=w 19719 EvtE FH245 65719 SSR wiA=Z HA4s 4
7 ARG Bt 2.0 g SAR, Hat 0.379 PIC gte]l #EES A, »A LEta019
o] 57019 HFHAZ 0.679 M =2 PIC #< YeERISTE T3, Benor et al.(2008)2]
Bae] ostd 29709 e 10719 FaAgs EntE FAx9E 357) SSR rHAR
A9 A3, 24 FARS 7 H 4370 A 0.318 PIC gho] ##H S, WA
AWO037347°4 0.60Z 7H¢ #& PIC gto] #&H T vhE e viVHAR EvtE &5

wE e, A, G, AR T 22 PR o dded 545 Fu 5= 4
73

oL
rot

s17) el f42 wFel gl wkstch AW B AT AgH e
wuk ohel, tjEgolut opyH el Tt ErkE fAAAOR ool AT v
w3 ¥ ekt g,

o

t}. SSR wiAl &gt {F14

T 3037 HHFAAE oz 147 AFt FABAE B A, fAREgS] A W
A& 0.33~0.802.% A M w2 FAFERH0.80) WERA A el AdA
‘10BA333’9} ‘10BA424’°191a1, 7H¢ v FAE ¢0(0.33)= WERd 212 AlE5odel Wil
Al oFAlE L3708(Solanum pimpinelliforium L.)¥ o]l A4l ‘10BA424° 0]t} &
AME e o]€3tel UPGMA 4% A3, FAME 0585 7522 UFrdS w 3709 +
(cluster)©. 2 &F5 3 th(Fig. 2).

AWMA H(Cluster 1) TYLCV A AF(GC2711, ‘“TYRL, TYR2)EY A A%
‘RPLI'C.E FA A=, o5 gAY ARE ol &F SAAFNA AAd ATd
7VedE BolEth ‘GC2711'% ‘TYR2'+= BF TYLCVel A dola #3 3 S Fe
2 0799 =2 FAIRE YERE ¥, TYRD'S WL EVE AlFoZA ‘GC2711°, 'TYR2' &
Zb 7+ 0.65, 0.639 FAIER o] 3 ZA@AC QST EvtE AlFS fAdAE A A7)
o} o] glom(Park et al, 2010), ¥ A7 ZA¢ d#F<Q! ‘RPLIS ‘TYR2'E Ty-1

Ao R, 29FQl RPL2'= “TYRI'E s =® 3o ojuztst u w4 7|
U A guE EvlEel e EnE §Ao] 5dteEl Rolxth AW nfA S o] &3t

[e)
Fu

011]

(e T

P
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Fig. 2. A dendrogram showing the genetic relationship among 14 tomato cultivars and related

species as revealed by 108 tomato SSR markers

& & o], £3FQ TYRI'S FIWOR thaEel RPLLS ojw) drk 323 §74

ks 21 mbA FRIF G5 goleteet AR AAl Table 304 Hojx| o], 1774
SSR primer setellA] o5 F A& ©-E4d v BREHA=H, 1H GAA| A 4H M
A7MA = olu] Z A F 37] o]4F2] background selection "FA7F RS, EF G AA]

of el F7bAQ) mp o] o] Folzitk| PCR 7]uke] SSR whA Sl MAB7 7hsdlel e

THA F(Cluster 2)2 F /M9 A= TAHNEH, a1y 7+

TE ol FUTh el disiA A3l ‘10BA333’H ‘10BA424'= T EYUF
AL FHAFFOE 2> FAEN0.80) B oH, S U
EQl BWRI'E o5 7MgAl Al -9l s A3 dolata defx Fehyi
@ SHF AEd ‘RPL3 Y A ol Fuw A As=d 2> FAEFH0.70-0.76)=
Hof(Fig. 2) 3EFOE AMSE A 7|3 Aduit FFo] 7FestElet o= AR, MABE
s A viA FR T o] mmE w2 SFAEQl RPLY
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T RPL2'F o wu] Aol & MAB 8% 7|dg & S Zolt

w3k, ATEH AFgAolw vl EAES KNU9 S KNU12'7F 28 Cluster 2014 &
AetA At o] FAHoE w9 FAFSHO0.67) AoE AZtET, o]F 2JAVRDC £4]
319 ‘AV107-4'¢} 23%FQ ‘RPL2'7} o] clusterelA 714 2o ¢34

el e AFYE Bole oMBFoEA B A w14 AZTE wie

AEQ AEA

t}. ‘1.3708'&
1

o} wEbA] ‘L3708'F FoiXlo®E &t AunFelr =2 &89 MABE 7d & ¢
A, 3 AZ FARE ko] 0.4191 ‘L3708'% ‘AV107-4" 3k thE A0 SSR WA 4570 A
x]o](Table 4), ol& 35X FHz AdviAzZ &&3vhd ol AEIt MAB7F F23] 7F
satel et o dE.
o]} o] {FHA FAbLel 7Nk AT EA4S B WA ASE 1 44 54 4
FBaA By bEskdnh dvbd oz FAs Wl AFAES AW At vl = f

AL BEEGEE, ol o F ATl BAT FFANG YR RE

= BoEr &3 AlTFE Fd MAB
]_

Table 3. List of SSR markers that are useful for background selection in marker-assisted backcross
(MAB) with a cross combination of ‘TYR1’ and ‘RPL1’.

Marker SGN ID Genetic Map Chromosome Position(cM)
TMS45 SGN-M11431  Tomato-LXCHM 2007 1 12.6
SSR266 SGN-M939 Tomato-EXPIMP 2008 1 41
SSR65 SGN-M738 Tomato-LXCHM 2007 1 61.2
SSR32 SGN-M705 Tomato-EXPIMP 2008 2 58
SSR50 SGN-M723 Tomato-EXPEN 2000 2 70.5
SSR331 SGN-M1004 Tomato-EXPEN 2000 2 78
SSR22 SGN-M695 Tomato-LXCHM 2007 3 26.8
SSR111 SGN-M784 Tomato-EXPIMP 2008 3 70
SSR22 SGN-M695 Tomato-EXPEN 2000 3 99
SSR43 SGN-M716 Tomato-EXPIMP 2008 4 15
SSR306 SGN-M979 Tomato-EXPIMP 2008 4 48
SSR450 SGN-M1123 Tomato-EXPEN 2000 4 54.5
SSR115 SGN-M788 Tomato-EXPIMP 2008 5 12
SSR128 SGN-M801 Tomato-EXPIMP 2008 6 37
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SSR318
SSR360
SSR46

SGN-M991
SGN-M1033
SGN-M719

Tomato-EXPIMP 2008
Tomato-EXPEN 2000
Tomato-EXPEN 2000

10
10
11

31
39
40

Table 4. List of SSR markers that are useful for background selection in marker-assisted backcross
(MAB) with a cross combination of ‘AV107-4> and ‘L3708".

Marker SGN ID Genetic map Chromosome Position (cM)
SSR92 SGN-M765 Tomato-EXPEN 2000 1 0
TMS45 SGN-M11431 Tomato-LXCHM 2007 1 12.6
SSR192 SGN-M865 Tomato-EXPIMP 2008 1 41
SSR105 SGN-M778 Tomato-EXPIMP 2008 1 51
SSR75 SGN-M748 Tomato-EXPEN 2000 1 53.5
SSR65 SGN-M738 Tomato-LXCHM 2007 1 61.2
SSR316 SGN-M989 Tomato-EXPIMP 2008 1 66
SSR134 SGN-M807 Tomato-EXPIMP 2008 1 75
SSR295 SGN-M968 Tomato-EXPIMP 2008 2 28
SSR96 SGN-M769 Tomato-EXPIMP 2008 2 39
SSR356 SGN-M1029 Tomato-EXPEN 2000 2 44
SSR605 SGN-M1278 Tomato-EXPEN 2000 2 48.5
SSR32 SGN-M705 Tomato-EXPIMP 2008 2 58
SSR331 SGN-M1004 Tomato-EXPEN 2000 2 78
SSR22 GN-M695 Tomato-LXCHM 2007 3 0
SSR231 SGN-M904 Tomato-EXPEN 2000 3 754
SSR22 SGN-M695 Tomato-EXPEN 2000 3 99
SSR14 SGN-M687 Tomato-EXPEN 2000 3 162.5
SSR300 SGN-M973 Tomato-EXPEN 2000 3 166
SSR593 SGN-M1266 Tomato-LXCHM 2007 4 13.9
SSR43 SGN-M716 Tomato-EXPIMP 2008 4 15
SSR325 SGN-M998 Tomato-EXPEN 2000 5 18.5
SSR602 SGN-M1275 Tomato-EXPEN 2000 5 27
SSR162 SGN-M835 Tomato-EXPIMP 2008 5 99
SSRB18031 SGN-M9615 Tomato-EXPEN 2000 5 119
SSR128 SGN-M801 Tomato-EXPIMP 2008 6 37
SSR326 SGN-M999 Tomato-EXPEN 2000 6 39
SSR350 SGN-M1023 Tomato-LXCHM 2007 6 55.8
SSR276 SGN-M949 Tomato-EXPEN 2000 7 18
SSR45 SGN-M718 Tomato-EXPEN 2000 7 60
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SNP¢]

=g

T+ Table 58 #r}

e geks] Pelge

PN
¢ T

AR} (Fig. 3). &

32571

SSR344 SGN-M1017 Tomato-EXPIMP 2008 8 0
SSR327 SGN-M1000 Tomato-EXPIMP 2008 8 20
SSR335 SGN-M1008 Tomato-EXPEN 2000 8 49.7
SSR38 SGN-M711 Tomato-EXPEN 2000 8 55
SSRB105694 SGN-M9638 Tomato-EXPEN 2000 8 87
SSR73 SGN-M746 Tomato-EXPEN 2000 9 32
SSRB102358 SGN-M9654 Tomato-EXPEN 2000 10 0
SSR34 SGN-M707 Tomato-EXPIMP 2008 10 13
SSR318 SGN-M991 Tomato-EXPIMP 2008 10 31
SSR218 SGN-M891 Tomato-EXPEN 2000 10 33.7
SSR360 SGN-M1033 Tomato-EXPEN 2000 10 39
SSR74 SGN-M747 Tomato-EXPEN 2000 10 74
SSR223 SGN-M896 Tomato-EXPEN 2000 10 75
SSR136 SGN-M809 Tomato-EXPEN 2000 11 11
SSR8&0 SGN-M753 Tomato-EXPIMP 2008 11 14
th SNP 7]8b 5324 thefd 2 FA v
SNP array w2 53l T 487) Ale & 3t 6,6527] SNP7F &l Slch, 44 o g2l

o5 SNPE o] &3 FAd¥A 443 2zt vl eRSle) Foll wt
EvtE AS [487) =
22 W) 27770 SolCAP A (109 €8, 27 W&, 141 7Fa8)lel g

TR AE 277

SNP-array A¥& 7|9t = 3 PCA 4 A3 (Fig. 4), PC13 PC27} 242t 21%%}F 8% &

HolE A

getdnt. PCA A3 = ¢8558 SolCAP +
wEdoy, S weEvtEe] 7
4878 =W =5 AT
(Fig. 5). PIC value’7} <&
plotell teEbd A A=
AHEE = lTh

7+ 6,589 SNP2] PIC value
SNP U5 o
1 3te] MABO| &%
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Table 5. Distribution of polymorphic SNPs in all 48 Korean varieties and two sub-populations.
Chromosome assignment for each marker was based on physical position relative to the tomato

genome sequence v SL2.40 (The Tomato Genome Consortium, 2012).

All  combined
Fresh  market (n=26) Cherry  (n=22)

Chr (n=48)

SNP No. % SNP No. % SNP No. %

1 453 6.8 255 5.4 425 7.0
2 694 10.4 418 8.8 640 10.5
3 551 8.3 312 6.6 512 8.4
4 792 11.9 676 14.3 679 11.2
5 717 10.8 579 12.2 650 10.7
6 690 10.4 586 12.4 627 10.3
7 383 5.8 194 4.1 379 6.2
8 334 5.0 235 5.0 299 4.9
9 409 6.1 277 5.9 378 6.2
10 347 5.2 156 3.3 323 5.3
11 883 13.3 752 15.9 836 13.7
12 351 53 266 5.6 291 4.8
Unknown 48 0.7 27.0 0.6 48 0.8
Total 6652 100.0 4733 100.0 6087 100.0

Figure 3. UPGMA dendrogramof 48 Korean tomato breeding lines using the NTSYS software and
7,146 genome-wide SNP markers
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Figure 4. Principal component analysis (PCA) of 325 tomato varieties (48 Korean inbredsand 277
SolCAPinbreds) using 7,146 genome-wide SNP markers in the SolCAParray. The PCA was
conducted using all data (A) and data for only the 48 Korean varieties (B). 26 Korean fresh market
are indicated A (red); 22 Korean cherry, O(blue); 109 SolCAPfresh market, [(violet); 27
SolCAPcherry, &(gold); 141 SolCAPprocessing, [=(green).

Figure 5. Visualization of polymorphic information content (PIC) values for 6,542 genome-wide SNP
markers in three groups of the Koran germplasm(26 fresh market, 22 cherry, and all of 48
varieties). The PIC values across 12 chromosomes (CHR-1 to CHR-12) are shown as dots in the

Circosplots (Krywinskiet al. 2009).
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A 2 A EokE RHALY volza ARH AR L 5544 27}
Lo A7e3 3 55

#HZ FUeM = EvtE AR s7MAS T4 F2o Qo] Hiu Qe Skl Edbto]
2]~ (Tomato yellow leaf curl virus, TYLCV)S AZAdo] thF+¥ 1 v}t TYLCV: EHi7)
Fol(Bemisia tabaci Genn.)E "I/lFCo 2 AdEw, 20089 BH &
Qa1 &l A, A, AR, AT S5 107 Aol g
Hol W EH= Zlow RuHy glo] ¥IsE Hast & F s Auad Vlsoly AdA

FE AW Besteh SR, TYLCV AZHS 7B 3 5 A%e 944 9: 3

by
ry
=2
rlr
o,
i
_\‘\i_,
)

fo

>

>,

golul, Ag4oleti BH 2R fAFFO] AwHo] FrrelA AWML YA, o5 FF
o A G gdel@del Ulg AwAl Wb o] FojX X Fahi Ytk

dA7bA v EvpES TYLCV ARZAY FdAz= ofF S, chilense AE<
‘LA1969’, ‘LA1932’, ‘LA2779¢l4 Ty-1(Hoogstraten s, 2005; Ji &, 2007a), Ty-3,
Ty-3a(Ji ¥} Scott, 2006; Ji &, 2007b)e] Zz} R ¥ o™, S, habrochaites 7§
‘B6013’°4 Ty-2(Garcia &, 2007), S. chilense A% ‘LA1932" Ji &., 2009)A
Ty-4Ui &, 2009), S. peruvianum ‘TY172 AlE°l4 Ty-5(Anbinder &, 2009) S°| H i
Hovk A FAA7E EASE A E=e Ty-12 6W, Ty-2¥ 119, Ty-4& 34,
Ty-5+ 4 Ao, Ty-3¥ Ty-3at 6WAMA L] sdg A2 o] EAst= thy 44
b2 HuE QY H2 FAAALE EA40 W= Ty-13 Ty-3°] w9 FHsHAl $1A18h

FUd AR Oy FAAY 7FeAdo]l Atk (Verlaan 5, 2011). o]+ FAAL-E& o] &3t

A AT D FF Aol s o]FojAaL =, Ty-13 Ty-3 F#8A4E AYe i

2 AT EE ‘Ge9, ‘Gel7l, ‘Gel73, ‘Ge2711° o] "= (University of
Wisconsin-Madison)¥} ¥}e] @2k University of San Carlos)ollA] 7| &Eom Ty-25 AU
= IAAEFEOSZEZ+= ‘CLN2498E’, ‘CLN24980°, ‘CNL2545A’, ‘CLN2545B’, ‘CLN2679A’,
‘PT4922A" Fo] ofAJola] &7l AFA(AVRDCO) oA 7 vl Q) F835 SAE &3
o]Folx 1 Qo] TYLCV A= Ad v FHA FFE0] el Aldsa glew, 53]
UM E TYLCV Aol 2 FF527F 5 vk

QTL 24 W FAxAF o] & Fd4 A=DAFE &3l TYLCV FAA=E2 QA 9
2 4@ 27 EAESo] L3 e, Ty-12 mvl# ‘Ty-seminis’ (Hoogstranten =, 2005),

Ty-2% v} ‘TO302', Ty-3%} Ty-3a+x vl ‘P6-25"7F 7futwo] AFEE 1 glow, 2o

r
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+ Verlaan F(201D°] AUFAAALE e &3 O A&t Ty-13 Ty-3(Es=
Ty-3a) 82 AMAY AXE gsln old wirRYg AFAE FHAAe] oS AT
Cleaved amplified polymorphic sequence(CAPS) vlAES H 3 th Park (2010)%52
TYLCV A FAxe} Add wAES ol &ate] thafst TYLCV AZE =9dAls 2 =4
FAAAES FAAEA ds BrE skdlew, Kim  $(2011)  FAFEA o] &4
(Marker-assisted selection, MAS)& &3l TYLCV A FHdAHTy-1, Ty-2, Ty-3, 3a)
£ 9] AA(gene pyramiding)S A =3 #F 9t}

2 ATl A= slelel A AEEe] AldEIL e TYLCV A FlE$ el el 22314
oF x4 WedAd s 4 FF0] Ade ATE A% (genotype)H WA g 4

74 o w10 ARH FEL udow 484 54 BAS Fd TYLCV ATA
% 5

2. d3AE 4L Uy
7 AEA R

TYLCV A4 H71E 98] ugAdolets B8 ASE 34 FX7 177 8 5% 4=
43E, 283 oA R g fiuF 2FFS EFT F 40 FFol A HSAtHTable
D. =3k, TYLCV AZAY A8 497 HAAdS AT 2FEA52A AT A
‘Ge9'(Ty-1, Ty-3 EF), ‘Gel71(Ty-3a Ef), ‘Ge2711'(Ty-1, Ty-3 X)), 2183 A3
d F1#F9 ‘FAVI-9'0] A& ¥ Qlow(Table 2), oIHA thhF AEFoz ‘TTCO4'E A

sheivt.

Y. TYLCV HF

AEsd7lEd 24 Yol 20109 2€ SEE AES 50% EdE AMEsY e g
Zh F5 8 1094 gFeiion & 9l 5~797]el dFAH S ol&ste] 2010d 4€ FF3 7
2] 10cmE 73l 16cm 9 w2k ZAFHAE 32cm)tleh. g2 A@Te] eaE Fol
7] 91t A7Nel widele 28 o] g8te] 3R C® shglon, A T Fu]E FH(1400/1Y,
10000/15, 4 1540g AAMZHE 2600g/1,0000)2 A xsto] FA#4 &3t

TYLCV AZFE Ji 520097 HAHs o w gsigion &4 ox nyda, £
TYLCVE REAZ guj7bFo]E wkagt 2 000wk ® & 33 Walebedth. 12k 3320109
59 209> TYLCVel ¥ /A 2~3F5 F-sto] nldateAulel AA & Hi 5% o2
g 7EFol & WAkete] A frAbSE FEe e fE itk 2xH2010d 549, 25

)
jus}
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Genomic DNA < Park 5(2010)8] WHS o]&3sto] FE7] X3y

A vAH 128 02 SCAR w7l
b Ty-3 E+ Ty-3a)E

A e #5974

“Ty-seminis

e
rlo

E%9°] TYLCV
‘P6-25'(AH 4
B2

Ty-1), ‘TO302' (A& FHd=}F: Ty-2),
T8 gt (Park 5, 2010) (Table. 2). v}AH FAxE 3} xdH o] UX|5
T FAA-A A2 TS ARS8 2xA o2 870 CAPS mhA(Verlaan 5,
7t FE I EHES BEd il rbFo] WAL 42
H &S5 ZAMS

2011DE ol &3t 33kt Table 3).
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Table 1. Results of bioassay and molecular marker evaluation for the TYLC- resistance of diverse F, tomato cultivars.

EN Cultivar Company Information” Test result
Marker  genotype®
Incidence”
Ty-1 Ty-2 Ty-3 or 3a

1 TT 229 Hazera M 18.1 S S S

2 TT 239 Hazera H 0 H S H-a
3 TT 240 Hazera H 33 H S H-a
4 TT 420 Hazera M 20 S S S

5 TT 424 Hazera M 233 S S S

6 TT 404 Hazera M 333 S S S

7 TT 443 Hazera M 3.3 H S H
8 TT 346 Hazera N 60 S S S

9 AGN T9 Hazera P 0 H S H-a
10 IN T53 Hazera P 0 R S H-a
11 EXP 9161 Top seeds P 33 H S H-a
12 EXP 9173 Top seeds P 0 H S H-a
13 TOP 1199 Top seeds N 0 H S H-a
14 EXP 8893 Top seeds P 7 H S H-a
15 EXP 9337 Top seeds P 0 H S H-a
16 Bacus Seminis P 9.5 R S H-a
17 2860544 Seminis P 40 H S H-a
18 Tyrade Synzenta P R S H-a
19 Ty-Mamoru Synzenta P H S S



20 Dafhnis Synzenta P 0 H S H
21 Daylos Synzenta P 33 H S H
22 RAFITO F; De ruiter seeds N 533 S S S
23 EXP 8731 Top seeds P 33 H S H
24 Top 1184 Top seeds N 86.7 S S S
25 80087 Enza zaden P 30 H S H-a
26 80122 Enza zaden P 33 H S H-a
27 80129 Enza zaden P 6.7 H S H-a
28 80138 Enza zaden P 0 H S H-a
29 80151 Enza zaden P 0 H S H-a
30 TC 30882 Synzenta P 67.8 H S S
31 TC 31583 Synzenta P 0 R S H-a
32 TC 32347 Synzenta P 0 R S R-a
33 TC 32857 Synzenta P 0 H S H-a
34 TC 32957 Synzenta P 33 S S S
35 TC 32961 Synzenta P 13.3 S S S
36 TC 33018 Synzenta P 20 S S S
37 TC 33069 Synzenta P 6.7 S S S
38 TC 33086 Synzenta P 0 H S H-a
39 TC 33089 Synzenta P 0 R S R-a
40 Redyoyo Gonong N 23.3 S S S

M, Midium resistance; H, High resistance; P, resistance position; N, None TYLCV resistance.
YDisease incidence was calculated based on the ratio of plants with TYLCV disease symptom in the total number of plants.



*S, Susceptibility (#/#y); H, Heterozygosity (7Ty/ty); R, Resistance (7)/Ty); H-a, Heterozygosity of Ty-3a
(Ty-3a/ty-3a); R-a, Resistance of Ty-3a (Ty-3a/Ty-3a)

Table 2. TYLCV- resistant genes and their origins, chromosomal locations, and primer sequences for
SCAR markers .

Gene Accessio  Species Regions Chromosome
Ty-1 LA1969  S. chilense South America, Europe 6
Ty-2  B6013 S. habrochaites Israel, Taiwan 11
Ty-3  LA1932  S. chilense South America, Europe 6
Ty-3a  LA2779  S. chilense South America, Europe 6
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s} “TC30882'7F Ty-1 §4A wAE olFHFor AUAR, S EAAE 2424 0.0%%
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L}, Flanking marker® o] 83 wx &4
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ZH7F dowks 7heAdS 2E i Sl tH(Table 3, Fig. 2). B F1#FEE°] Ty-1, &
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Table 3. Genotype evaluation of markers mapped in the genomic region of chromosome 9 that covers genomic region carrying the loci of TYLCV
resistance gene 7y-/ and Ty-3.

Marker” Distance” Cultivar

(Mbp) GC9 Gel71 TCC04 FAVI-9 EN8  ENI6 EN17 EN25
DSI (%) 60 9.5 40 30

‘TG97 2600 b a  a  ab a b ab  ab

M-M067G18 29.10 ac bed bed abcd bed abed abcd abcd
T1563 29.25 bed ab ab abced ab abed abcd abcd
MSc01216-6* 29.55
M-MO026P 18* 29.80
M-H302A23 30.00 ade bc bc bc bc abc abc abc
T0774* 30.00
M-M082G10* 30.20
MSc05732-3 30.55 a a a a a ab ab ab
MSc05732-4 30.60 be a a abc a abc abc abc
cLEG-31-16 30.90 b a c be c ac ac ac
MSc05732-14* 31.20
PG3* 31.55
MSc05732-18%* 31.57
PG9 31.65 ac ac b ab b bd bd bd
C2_At3gl1210 31.72 ab ab cd abed cd abed abed abed
M-MOOSH10* 31.75 cd bd a abced a abed abcd abcd

“Markers used in the genotyping of all 40 cultivars (Table2) were indicated by bolded letters. MSc05732-4 and MSc05732-14 are the franking markers
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of Ty-1(Verlaanetal.,2011). M-H302A23 and cLEG-31-16 are the franking markers of Ty-3 (Huttonetal.,2010). *The genotype of these markers were not
tested in this study.

¥ Distances were approximately calculated based on the schematic physical maps reported in Verlaan et al (2011).

Table 4. Characterization of horticultural traits of TYLCV-resistant F, cultivars selected by molecular markers and bioassay.

EN?  Cultivar Leaf Leaf length Leaf range Internode No. of fruit Fruit Yield” Longitude  Brix Acidity  Solid-acid
position (cm) (cm) Length (cm) per plant Weight (g) (g) (2) (°Bx) (%) ratio™
2 TT 239 SO 47.1 52.1 7.1 21.8 89.3 1946.7 1,116 4 0.29 13.9
3 TT 240 Open 48.1 433 7.9 11.8 163.3 1926.9 1,070 3.9 0.36 11.1
7 TT 443 Semi open  43.2 45.9 9.1 10.9 110.6 1205.5 1,153 4.7 0.44 10.8
9 AGN T9 Open 47.6 53.7 8.7 16.1 195.7 3150.8 1,021 4 0.38 10.5
10 JN T53 Open 39.3 353 8.6 20.5 127 2603.5 1,008 3.6 0.26 14
11 EXP 9161  Open 51.8 46.3 8.6 11.5 217.3 2499.0 1,010 3.5 0.33 10.6
12 EXP 9173  Open 55.8 49.6 10.1 10.6 213.1 2258.9 1,313 3.9 0.41 9.8
13 TOP 1199  Semi open 46.4 44 8.4 11.3 169.3 1913.1 981 3.7 0.39 9.4
15 EXP 9337  Semi open 48.2 48.9 7.3 13.4 211.3 2831.4 1,230 35 0.28 12.7
18 Tyrade Semi open  50.1 53 7 14.8 170.9 25293 947 3.8 0.27 13.9
19 Ty-Mamoru Semi open  48.4 432 6.1 12.6 160.2 2018.5 764 4.2 0.44 9.6
20 Dafhnis Semi open  46.1 43 6.4 14.6 166.9 2436.7 1,055 4.2 0.34 12.4
21 Daylos Semi open 45.4 47 7.6 13.7 156 2137.2 1,291 4.3 0.35 12.5



22 Rafito F, Semi open 474 46.3 8.2 14.4 167.5 2412.0 761 4 0.36 11

23 EXP 8731  Open 43.8 40.1 9 56 16.5 924.0 937 4.9 0.45 11

26 80122 Stand erect 36.2 373 6.4 56.8 15 852.0 1,096 4.5 0.35 13

28 80138 Stand erect 39.6 35.9 6.7 67.5 14.4 972.0 1,103 4.5 0.36 12.6
29 80151 Semi open  42.9 38.7 6.3 55.1 15.8 870.6 1,053 4.6 0.42 11.1
31 TC 31583  Semi open 32 25 10.2 99.2 11.9 1180.5 1,403 4.9 0.36 13.6
32 TC 32347  Semi open  38.3 38 7.5 594 15.2 902.9 1,360 4.9 0.32 15.5
33 TC 32857  Semi open  33.1 31.2 7.6 55.3 14.3 790.8 1,513 4.7 0.39 12.3
34 TC 32957  Semi open 40.3 42.1 6.9 60.8 18.2 1106.6 1,162 4.4 0.45 9.9
38 TC 33086  Semi open 40 41.3 7.6 48.1 24 1154.4 1,281 4 0.42 9.6
39 TC 33089  Stand erect 38.3 37.9 7.6 53.1 17.4 923.9 1,508 4.7 0.35 133
40 Redyoyo Stand erect 45.2 40.4 6 89.3 13.4 1196.6 913 5.2 0.39 13.3

’EN, entry number. EN 2~22 are general fruit type cultivars. EN 23~40 are cherry type cultivars. Control cultivars for each tomato type are indicated
by bolded latters.
"Yield was calculated by multiplying no. of fruit per plant and fruit weight.

* Solid-acid ratio was calculated by dividing the value of brix with acidity.
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Figure 1. Analysis for possible genetic recombination between markers and TYLCV-resistance genes. Agarose gel image of 8 cleaved amplified

polymorphic sequence (CAPS) markers tested on various TYLCV-resistant or susceptible tomato accessions. The name of each CAPS markers are
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located at the bottom of gel pictures. TG97 and cLEG-31-16 are the name of clones from which
marker ‘Ty-seminis’ for 7y-/ and ‘P6-25" for Ty-3(3a) were derived, respectively. Eachlane from 1
to 8 corresponds to the tomato accession ‘Gc9’, ‘Gel71°, ‘TCC04’, ‘FAVI-9’, ‘TT346’(ENS)
‘Bacus’(EN16) ‘HNS12860544°(EN17), and ‘80087°(EN25), respectively. DNA fragments produced
were scored in alphabet order from the largest band (Table3). DNA fragments specific to

TYLCV-resistance gene are indicated by arrows. M,100-bp size marker.
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of digh A&HAQ Frkel Ak, Tela 7] FRE BEAvAS 8% MASE SERH ol 53

Aoz Agsithd, TYLCV AFAY Evte U AFFHAo] 27| 7Meshg]e 7] diste}.

L A7 9 &5

EntE 92 gomycete Phytophthora infestans (Mont.) de Bary®ell &3] &dojym A zk
g AAA S 2dsta vk T4 I 7], Al SEAY] F3ERke] Yehd
(Fry et al.,, 1992). 9 AAIA AA dojyr Fol s 2hF
3lt}t (Zhang and Kim, 2007; Chen et al., 2008; Miranda et al. 2010; Park et al., 2010;
Geven et al., 2011; Kim 2012). s}A]5F 93 2] whAl= w9 o]y, ©]+= P. infestans.it
T A Wolrk veketar HEkA EAske], & #lo]~(race)”t + mating type (Al,
A2) 78] AAM A o A&How PAHY] wjFolt} (Zhang and Kim, 2007; Chen et
al., 2008; Klarfeld et al.,, 2009). 2Ast= WAL TF+= 7] AFEEH= AdAQd
metalaxyl fungicidedp W& AU A, ol Ao 4zl FFo BE dol= 9
So] Bu¥Ent gltl (Chunwongse et al., 2002; Knapova and Gisi, 2002; Miranda et al.,
2010).

EntEolds v dlolie]  AIAJ]  FAAECl  LHEX B Sled, olsd
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ot
llo
>
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24

gene—for—gene reaction mannerY race non-specific resistance® Hol:= Ao E HIHg]
o}, oA 719 non-allelic 3FAY race-specific single gene®! Ph-1 oA Ph-57}4 H.31Y
=, ol oFAF<l Solanum pimpinellifolium®] FAALSZFE FHH AT, FL-3F
A1 Ph-1+ P. infestans tomato race 0 (TO)el A3FA-E& Holw, S. pimpinellifolium
West Virginia 106258 7|3t o™ (Gallegly and Marvel, 1955), chromosome 79
map¥® v} Stk (Peirce, 1971). Ph-2 T3 TO] ¥ AFAHE Holr Tlelx= T& AIA4

< Ho|l=d), S. pimpinellifolium West Virginia 700914 7] €938} 9™ (Turkensteen,

1973), chromosome 10 (Moreau et al., 1998)e <A 3}3itt. A, o]E FHAEL of
Alol =719 P. infestans w3 dFol= FTw3F AT S Holx Folal WHAdol Aot 54

TFo M= Aol FUX = ZAo=Z H1 HAY (Chunwongse et al., 2002). ®wkd S,
pimpinellifolium accession “L3708” (Asian Vegetable Research and Development Center

[AVRDC], 1998)ol4 Fefst GdF 54 222l Ph-3 (Black et al., 1996) ©]& o}A]
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O

F a7l AFAdS Holm, chromosome 9Wel| EAst= Ao®E Hil ok T E A4H
ol = “L37087¢] Ph-3 ©| £ 3t 7] o]A42] LB resistance gene ©] <A sttfal sk 0
o o] 425 Ph-4 2 W3 v} tH(Kim and Mutschler, 2005; Chen et al., 2008).

H] = Ph-3 ¢} =u| P. infestans 7%+ A2 AHGLE ob4 gRlx A kA9t Ph-3
= Ad “L3708" &3 AZA A7 2 4 e, ol = 4 dF7F A2 mating
type #7HAE dHA o], Ao F27F bdsty] wZolth(Kim, 2012). sHAIRE 3 9] ol A
+ Ph-3 7} A8 5ol g3 FuUx v glow, EntE fFHAde] A4S @l Ph-5 gene
o] S. pimpinellifolium accession “PSLP153”ZF¥ ¥& % v} Qlth(Nowicki, et al., 2012).
#H, o] A+ chromosome 1 (Nowicki, et al., 2012)° mapping®] =%t} ©}Fst LB

gol o F& A7) AFgA S Ho]: non-specific gene T3 H ¥ vl Qlth T3 E wWHolo

R

x2

25%5 StA3F= % QTLo| S. pennellii 8 chromosome 694 A%t} (Smart et al.,
2007). Tt FEPAY SANARAES Rols T o9 SRAI fHAECl S
pimpinellifolium accession “L3707" |4 2= 3t} (Irzhansky and Cohen, 2006). kA,
olglgt QTLH #olA Eol2] faxtzel st A4+ LB AdAY FE54e 8l w5 EF
Holzt & 4 Qi

LB A&7d FAdxtel 245 Exvr= A3 JHAl A 91g MAS #rt o
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et o]y
2= 2] map-based cloningell #-&3&HA A2 & vk LB A QTLy dde 2 7l
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H(Brouwer and St. Clair, 2004). FAAA%E &S F3sl RFLP marker, TG5919]
“L37087¢] Ph-3 o 9 mHFF wWole T14%E A= o HuHglow

[

(Chunwongse et al., 2002), ¢] TG591 w}A+= cleaved amplified polymorphic sequence
(CAPS) vlA=Z fits o] SFagoA] MASY &8= 3 Qlt}t (Francis et al., 2012).

2 Aol =l LB el 9lo] “L370879] Ph-3 f+4#te] #3114 9F& Lo} B
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LB-A3A AE“L3708”(S. pimpinellifolium)¥@} LB-7F4d A% “AV107-47 (S
lycopersicum) 3+ F2 H&S o5 2yskel (NIHHS)C. 2 HE Fofntol A3o AME-3}3iT}.
o] F2 Huo2HE A/t4A4S B3l F 112 F6 RIL AS kgl 24914 2008~2011
Qb AT e dejd Ay A= Ad EviE 10 Al 83 7§k SCAR
nl7 o] Hrlol| &gttt Total genomic DNA AMZS Hwang et al.(2012)2] e whe}
o EHolMFE A8

. RIL A8 89 H4

RIL o] LB A3E A4S AsdFudu 24 2011d 12490l 3Lty e
A4S 2 RIL vk 10 78 ZRA1A 3 wiRo® o] Fojxit. WAHTE s &+ T P
infestans isolate “KA2” & V-8 juice-rye agar medium 2olA 22°Col A
e 5 ml & FRFel FA3e] hemocytometers ©]g3dte] FE
sporangia/mlZ 1]} 2L, WAao] (13°C) 2.5 h F<F HAFATG} 4-5 S A7)
Bl #AFHE(spraying)allth. HEH F+HE 20°C & - -
95% °] ARl AR 39 F 7 A=UiA ®ukes ##FE 5 AT (disease
severity index, DSDE 0°lA 47p#] F-oiatitt (0=HA3=, 1= 94 1-5%°l4 g, 2=
WA 5-25%04 B, 3=91A 26-50%°14 T, 4=917 51-75%°14 L), T E
(disease severity rating, DSR)<> Kim (2012)°] X1
&2 RIL & 30709 HSMAZFE A B« DSR #= &l SEHU 2™, DSRO

<10%, 11-40%, 12813l >41%%Y 4% 2t 2t Astd, =AY, AFd o= 1313

32

ok TG591, TG328 kA 9k LB-AZ 7 Y

TG5917 TG328 cloneZFEl A|ZHe CAPS w79 917144, PCR Zetolw], Algasi 4
X Francis et al. (2012)2FH A30th ol& + CAPS w79 24L& v =45 54
F3 3+ th. PCR amplifications in a total volume of 20 ml, containing 20 ng of genomic
DNA, 0.3 mM each forward and reverse primer, 1X PCR buffer, 0.2 mM dNTPS, and
0.6 U of Tag polymerase (SolGent, Daejeon, Korea). The PCR conditions were as
follows: 1 cycle of 5 min at 95°C, 10 cycles of 15 s at 95°C, 30 s at 60°C (in
decreasing steps of 0.5°C/cycle for cycles 2-10), 30 s at 72°C, and 1 min at 72°C,
followed by 35 cycles of 15 s at 95°C, 30 s at 55°C, and 1 min at 72°C. PCR AA =
©]  BstNIZ Neil Algtas A= AZ3]AHNEB, Ipswich, USA)S] wiyFdel wtel 42433
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=2 Tris—acetate EDTA (TAE)7} d71¥ 2.5% o722 A4S E& 1205294

AlZF &b 8%t T ethidium bromide staining & UV light 3fellA &2 313t}

oo
=)
r>~1
_
o

2}, Ph-3 FE A2 &4

TG3283% TG591 RFLP clone® DNA 7] ¥S SOL genomics network (SGN;
http://solgenomics.net/)ll 4] ‘marker search engine'& ©¢]-&3}o] B3I ol& A7]|A
495 AY+= S, pimpinellifolium draft genome sequence® ultracontig (SL2.4ch09)&
SGN Tomato Genome website®] genome browserE ©]-83+9] BLASTN search’| S %
3 skt Ultracontig 4¢] + w7 A4S &<l § Ph-3 $HE x9ato] 75 F43
9] protein-coding sequences (CDS)& gene prediction tools &3l <l 3kt DNASL
ofbul A M E7F alignment?t 7] EHo]l T ClustalW softwares ©]-&3ko] 433513

=

ph. Ph=3 f21AF 7|0k ExpebA 7k

o

Putative Ph-3 gene homologs 495 ClustalW softwareZS ©]g3o] BvlwEA3

.homolog 7t In/del ®HolE F3FAA ZF homolog AES 73t PCR Zto|HE A& sk

3. d7dx% & &
7h Bdy ot

T ) BRES ¥3Ete] F 112 RILY =4 P. infestans isolate “KA27¢] thdt Bz 7314
T34 (Fig. 1), A =& “L3708"% 744 F& “AV107-47¢ DSR 7+zt
48.9%% 0.1 o]i= “L37087¢] LBel Wl £ £Fo AFAHS HAS & 5 U
DSR 0.7-100%% #z¥3lom, 61 RILe] A4, 11 RILo] F=A43A, 41 RILo] 74
© 2 vepti(Table 1).

. LB-A 39 Any

Figure 1. Late blight (LB) disease severity rating for F¢ families (recombinant inbred line, RIL) derived from
a cross between the LB-resistant accession “L3708” (Solanum pimpinellifolium) and the LB-susceptible
accession “AV107-4” (Solanum lycopersicum). The image shows the disease reaction of 10 plants of RILs 123
to 138, “L3708,” and “AV107-4” in the second replication. Ten seeds were sown for each line. Several

LB-affected plants with severe disease symptoms are indicated by arrows. The phenotyping results are shown

in Table 1.
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RIL 123 - 138 AVIOT-4 LIS

71% Aol Ph-3o] A3 d#® Aoz Ru® TG328 and TG591 CAPS vHAE
112 RILel dis] A8tz 7 A¥E RIL #7374 Axse vu #4890t (Table 1).
“L3708”¢] ¢lo] TG328 PCR FE=17]= 260/240 bp ©1o™ TG591& 160 bpgl #bd,
“AV107-4°l 1ol TG328 PCR F% 7]+ 500 bp, TG591> 150 bpz #ZE 3t} oI A
RILolIA 5 vwlA 7} o] & (heterozygous) ©1EH o] o]E RILe|] F6 AlthollA <¢+d3] <=7
2 IRHA ¢ olF FAAAVE BEH1 S-S HolFdrh ti%o] 3 RILS TG328¢
s oldoldA TG591dp thaide AITA = Axpgo] #EEo F+
utAZE crossing overZt dolas & F AT wHA-EHEY P AHEA S Fal Ph-3

YA
ARk F el AR AZHE AUL S L 5 QAT

o4
H
Ir
N
M
<>
oX,
offt
oft
=
N
Jo
2,

th. Ph-3 FAA91 9] 254
Table 1. Late blight (LB) disease severity rating (DSR) and DNA marker genotyping of F6 families
derived from the LB-resistant accession ‘L3708 (S.pimpinellifolium) x LB-susceptible accession

‘AV107-4°(S.lycopersicum).

Line Disease severity rating(%)* Phenbdtype Marker genotype®
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Repl Rep2 Rep3 Mean T@2 Tas9 SCAR-Ph3-1 SCAR-Ph3-3
AV107-4 33.50 95.30 18.00 48.90 S S S S S
L3708 2.00 430 0.00 2.10 R R R R R
1 54.00 73.50 94.30 73.90 S S S S S
3 95.50 93.80 100.00 96.40 S S S S S
6 2.80 2.00 8.80 4.50 R R R R R
7 3.50 1.80 230 2.50 R R R R R
8 1.80 7.50 30.80 13.40 MR S S S S
9 3.30 7.80 43.00 18.00 MR S S S S
10 23.00 58.80 89.30 57.00 S S S S S
11 1.30 4.50 2.80 2.90 R R R R R
13 0.00 3.30 430 2.50 R R R R R
14 0.00 430 3.80 2.70 R R R R R
15 69.00 93.50 100.00 87.50 S S S S S
17 2.00 2.80 1.50 2.10 R R R R R
18 2.30 2.50 1.50 2.10 R R R R R
19 92.80 100.00 100.00 97.60 S S S S S
20 94.00 100.00 100.00 98.00 S S S S S
21 1.80 2.30 2.80 2.30 R R R R R
22 2.30 2.50 1.50 2.10 R R R R R
24 6.50 6.80 100.00 37.80 MR S S S S
25 3.80 3.50 0.30 2.50 R R R R R
26 2.00 1.80 2.00 1.90 R R R R R
27 2.30 11.40 2.00 5.20 R H H H H
31 2.80 3.80 5.30 4.00 R R R R R
33 3.80 2.00 430 3.40 R R R R R
34 0.00 0.00 2.00 0.70 R R R R R
34 0.00 0.00 2.00 0.70 R R R R R
35 49.50 55.80 30.50 45.30 S S S S S
36 92.80 73.00 100.00 88.60 S S S S S
37 2.50 2.30 24.30 9.70 R H H H H
38 1.80 0.30 2.30 1.50 R H H H H
40 2.50 2.50 8.00 430 R R R R R
42 96.80 96.50 76.30 89.90 S S S S S
43 0.00 12.00 7.00 6.30 R R R R R
44 0.00 1.00 15.50 5.50 R R R R R
45 0.00 430 0.00 1.40 R R R R R
46 48.30 34.50 84.00 55.60 S S S S S
49 93.30 100.00 100.00 97.80 S S S S S

- 139 -



50
51
52
53
54
55
57
58
59
60
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
84
85
89
90
91
92
93
94

83.50
16.50
91.00
2.30
2.50
14.30
93.50
100.00
2.00
100.00
0.00
43.50
1.80
0.00
1.00
1.30
93.30
26.50
39.80
73.30
100.00
100.00
95.80
44.00
90.80
2.80
2.00
1.30
1.30
10.00
96.30
81.30
96.50
1.30
66.30
1.30
100.00
3.50
3.50

94.00
0.00
92.80
3.00
3.80
58.80
84.50
96.30
4.50
96.30
0.00
5.50
3.80
430
3.50
430
94.80
19.30
93.80
74.50
100.00
100.00
78.00
47.00
95.30
2.30
19.30
42.30
430
3.30
95.00
75.30
100.00
58.50
67.50
2.30
78.80
7.30
7.30

85.50
2.00
82.00
4.50
1.50
98.80
94.80
96.30
2.00
100.00
3.50
79.50
2.50
1.50
1.50
14.80
90.00
26.00
19.50
21.00
90.80
100.00
72.30
69.50
59.00
3.30
54.80
79.30
0.00
4.80
100.00
56.00
100.00
25.80
98.50
2.00
92.50
7.30
3.00

87.70
6.20
88.60
3.30
2.60
57.30
90.90
97.50
2.80
98.80
1.20
42.80
2.70
1.90
2.00
6.80
92.70
23.90
51.00
56.30
96.90
100.00
82.00
53.50
81.70
2.80
25.40
41.00
1.90
6.00
97.10
70.90
98.80
28.50
77.40
1.90
90.40
6.00
4.60

v ®x ® T 0 yn X n yn n ™ T N JI A

£ £ £

A A n mB »n
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95

96

97

98

99

100
101
102
103
105
106
107
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
126
127
129
131
132
133
134
135
136
137
138

4.00
8.80
1.00
1.50
1.30
61.80
100.00
74.00
92.50
4.00
2.00
2.30
39.50
0.00
5.80
1.30
0.50
1.00
0.00
1.00
1.00
1.30
100.00
1.30
92.00
22.80
6.80
5.50
5.30
0.00
0.00
0.00
0.00
6.30
100.00
4.80
72.00
25.00

3.00
1.50
11.80
2.50
4.80
17.30
100.00
89.50
100.00
1.00
5.80
14.00
33.30
100.00
37.00
1.50
2.00
2.50
8.30
430
2.00
5.80
94.80
3.30
73.00
3.30
3.30
9.30
5.00
4.50
3.30
4.50
1.00
430
100.00
4.00
95.50
22.80

2.50
3.80
0.00
9.50
3.30
96.30
100.00
48.00
91.30
0.00
1.80
4.50
4.00
100.00
51.00
3.80
1.80
13.30
3.80
2.30
24.30
0.00
63.80
3.80
85.00
40.00
2.50
10.00
77.80
25.30
3.30
4.80
3.30
0.80
100.00
0.00
94.30
49.50

3.20
4.70
430
4.50
3.10
58.50
100.00
70.50
94.60
1.70
3.20
6.90
25.60
66.70
31.30
2.20
1.40
5.60
4.00
2.50
9.10
2.40
86.20
2.80
83.30
22.00
4.20
8.30
29.40
9.90
2.20
3.10
1.40
3.80
100.00
2.90
87.30
32.40
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* The disease severity rating (DSR) was calculated using the formula described by Kim (2012). Rep,
Replication.

PR, Resistance; MR, Moderately resistance; S, Susceptibilty.

‘R, presence of PCR band specific to the resistance allele [approximate band size of 260/240 bp for TG328,

160 bp for TG591(band k in Fig. 5), 368/380 bp for SCAR-Ph3-1 (band a / b in Fig. 4 and 5), 358/370 bp
for SCAR-Ph3-3 (band g / h in Fig. 4 and 5)]; S, presence of PCR band specific to the susceptibility allele
[approximate band size of 500 bp for TG328, 150bp for TG591 (band j in Fig. 5), 330bp for SCAR-Ph3-1
(band ¢ in Fig. 4 and 5), 650bp for SCAR-Ph3-3 (band I in Fig4 and 5)]; H, presence of all PCR bands
specific to the resistance and susceptibility allele.
S. pimpinellifolium draft-genome sequence BLASTE %3] TG328 and TG591 clone?]
forward®} reverse genomic sequencesE Y1 o5 M IS alignment 3 Th BLASTN
search® %3l chromosome 99| ultracontig, SL2.4ch0914 %€ F clone® A4-& &}
&t} Ultracontigd] WA @71 LS FAFste] TG328¢ TGH919) &3t 99 Ph-3 T X
A "W gF Vs FAE EAE GRlskdn. TG328 sequencet chromosome 99
6709447~66710212 bpell EAS O, TGE91= F /M2 ddel vats] FhHEo e
g o]5 8 A Y99 sequence homology® ZF 7+ 92.26% and 98.97% wi-¢- =9komn, %
= Z+ZF chromosome 99 66783126~66784185 bp, 66794012~66795071 bpdp <A sFA
CHFig. 2). TG5919 PCR primer sequencest ©]%5 3% % (duplicated regions)el] 2+ X
EEo] o, F FH oA TLst 2718 PCR e Al &8s AC®E o4
= At

Gene predictions Z3] 10702 complete CDS7} ultracontig SL2.4ch09 < SIuol]l &3t

= 94 F AL ©] F 47] CDS7} coiled-coil nucleotide-binding site leucine-rich repeat

—

(CC-NBS-LRR) class®] ¥ A@4d eIk 470 CDSO| M Zoli= 2541004 2762
bplo™ M4d 7F %2 homology’} #2 =t} (Appendix 1). B3 o]& CDS+ 66762154
oA 66795103 bp W9 FAUellA A&HHOoE FHE O QUUTH £ AFelA ZF F5 &
AAE Ph-3a, Ph-3b, Ph-3c, Ph-3d= WH&AtHFig. 2). ol FAx @My Md&
Pairwise comparisondt A3 f-AFd(similarity)®] 77.0%°14 95.0%9°H, 7} =2 HA
d = 95%% Ph-3c$ Ph-3delx #2 =t (Appendix 2). Ph-3 & &id MA& 7]509]
A FAAEH alignd A3, =2 AYE FAMI©] Rpi-vntl.1¥ Rpi-vntl.3 +AA= 4 E
#EE A=Y, o5 FHAE AAIA CC-NBS-LRR LB-A34 fdx42 g b gt}
(Appendix 2). @2 A4 alignmentZHE Ph-3c® Ph-3d 7} Rpi-vntl.19} Rpi—-vntl.3¢°]

-

r do

O

o
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2}, Ph-3 fd%+ 7|9k SCAR whA 7%

7} Ph-3 gene homolog® ¥ 4 SQli= SCAR vHAES 78t ti(Table 2). Ph-3
gene homolog %} single nucleotide polymorphisms (SNPs)Z} insertion/deletions (In/Dels)
Aol ol A5 multiple sequence alignment® #4181 th 1370 SNP$} In/Del &9l o]
gaEon o] A e F2 In/Del(> 8 bp) = EASZ A7fe] PCR primer pair
(SCAR-Ph3-1, SCAR-Ph3-2, and SCAR-Ph3-3)& tjzl¢l 3t} o] & primerg® Zg°
% o]gslo] PCR SFAM=2S 2719 Aole] wel 2t homologEs T&E + ULEF st
(Fig. 3). ©]& primer M43 “L3708"WH 22} Ph-3 gene homologZHFE A%+ PCR
2Bl A7]e]l gk AR+ Table 20 YeERth. PCRY A71%9% $, 7 homologs
homolog-specific banding pattern< &3 7% <t Ph-3aZ%FH+= 291, 358, 368 bp W
=7}, Ph-3bEZ4%H+= 300, 358, and 368 bp W=7} Al 719 primer set= ©] g3l SEFH
t}(Table 2, Fig. 4).

LB-Z+A<l “AV107-4"E SCAR ®ARE HAsH A3, 2z} mpAZFE “L3708"#9] v
Aol #ZEAHFig. 4). 53] SCAR-Ph3-19F SCAR-Ph3-3°] %lof, “L3708” W Ph-3
homolog® ZHE oAEH= PCR FFo] “AVI07-4"9H = #ZHA gkl WhHo
“L3708"] £o]89l @ PCR W= (Fig. 49 a, b, g, and h in ) F "FAZRE SZ F
T} SCAR-Ph3-2¢ loiri= “AV107-4"Z ¥ Ph-3ast A2 FLs =7]9 ©d PCR
= (Fig. 49 f) 7} 2% ukd Ph-3b, Ph-3c, ¥+ Ph-3dinel Eo]#del =719 W=
“AV107-47e A = A okt (Table 2). ©]5 SCAR vlAE ©o]€3 PCR profiling-
“AV107-4" 7} Aolx 3k 7 o]A2] Ph-3 gene homologE AYil 919 ™ o]& homologe

< DNA Mg oA “L3708” ¢ homologsd} Aoldhs RSt}

32

=
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Table 2. PCR primers for SCAR markers specific to the Ph-3homologgenesandexpectedsizeofthePCRproducts

Marker ID Primer sequence (5'-3') Expected PCR product size (bp)
Forward Reverse Ph-3a Ph-3b Ph-3c Ph-3d
SCAR-Ph3-1 TGATTCAAAAATTGGCAGTAGG TTAATGCAATAGGCAAATCATTG 368 368 380 380
SCAR-Ph3-2 CTTCTTTCACACCGAGCACA AATTGCAGATAGCGTAAGCAAC 291 300 300 300
GCTCTGAAGCTCATATTTTWKTAT TTTTCAATTTAGGCATACTSACA
SCAR-Ph3-3 358 358 370 358
CA TC
Ph-Je on.la
< £ -« =
TG328_F TGi28 R Ph-1a P 3 16591 R TGS91 PO 15591 RO 16591 KD
~ D w— > N — —

. 5 . - - b B ik by
e S K" at o g 7 ey | B
_-.J} & e " Pl e - -'t."-‘:?‘” A Past W AT

L= L= = P - - o

Figure 2. A schematic representation of the ultracontig of Solanum pimpinellifolium genomic sequence showing the locations of the TG328
and TG591 clones and Ph-3 gene homologs (Ph-3a,Ph-3b,Ph-3c, and Ph-3d). Forward and reverse sequences of each clone are marked as
F and R, respectively. The 2 homologous regions of TG591 are indicated as (D and (2. The start and stop points of the clones and Ph-3

homolog genes are shown as the number of base-pairs(bp) below the line. The first and second copies of the TG591 sequence were
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contained in Ph-3c¢ and Ph-3d, respectively.

Table 2. The PCR primers for SCAR markers specific to the PhA-53 homolog genes and
expected size of PCR products.

Marker ID Primer sequence (5'-3") Expected PCR product size(bp)
Ph-3a Ph-3b Ph-3c Ph-3d
SCAR-Ph3-1 (F)TGATTCAAAAATTGGCAGTAGG 368 368 380 380

(RITTAATGCAATAGGCAAATCATTG

SCAR-Ph3-2 (F)CTTCTTTCACACCGAGCACA 291 300 300 300

(RIAATTGCAGATAGCGTAAGCAAC

SCAR-Ph3-3 (F) GCTCTGAAGCTCATATTTTWKTATCA 358 358 370 358

(RTTTTCAATTTAGGCATACTSACATC

ol &2 718 upA L] MAS 84 A=

T 294 SCAR "FA(SCAR-Ph3-1% SCAR-Ph3-3)E 112 RILe| HAE st ow, 71
A5 TGH91 wihA AA Aot v w48k tH(Table 1). SCAR wFA et TGH917F st
FAE AR 7 FREAE, ol £ WE FAwelA Ph-3 homolog 1F F34 Az o] A

h-3 homologs? A&EA T+ZE vkt BEntE fRAxLS £
3 A tHFig. 5). LB-#74dQl 87 EvE AlES SCAR vHAR HAS3s A3 BF
“AV107-47¢} sdst A At
SCAR wHA A A¥ “L3708"% BlAEd oif-ie] 7574 a4 1k Ph-3 FEFA2
of thall tEAde]l ¥ = o= °o]% SCAR w7 &°|Ph-3
&5t &84 + des BoFA sHARE Ph-3 F+8A7F LBell F#4]Q A& AL

= M2 a7 e 4 9lo P E Ph-4,

ot skes ARSI P

o
f

32

93, Ph-3 S-AAE A3 Ty &=
Ph-5, =% durable QTL¥ Z<& 4 44129 pyramiding®] LB-A3A ZZE SAo| o
L=
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Fig.

2.

CLUSTAL 2.1 multiple sequence alignment

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a

ATGGCTGATATTCTTCTTACAGCAGTCATCAATAAATCTGTTGAAATAGCTGCAAATCTA
ATGGCTGATATTCTTCTTACAGCAGTCATCAATAAATCTGTTGAAATAGCTGCAAATCTA
ATGGGAGAAATTGTTCTTTCTGCAGTTATCAGTAAAGCAACAGAGGCAGCCGGAAATCTA
ATGGGAGAAATTGTTCTTTCTGCAGTTATCAGTAAAGCAACAGAGGCAGCCGGAAATCTA

* Kk Kk Kk kK kkk kkhkkkk k kkhkkhkkk kkhkkk kkkk K * x kKK k kkkkkkk

CTCGTGCAAGAAGGTACGCGTTTATATTGGTTGAAGGAGGACATCGATTGGCTCCAAAGA
CTCGTGCAAGAAGGTACGCGTTTATATTGGTTGAAGGAGGACATCGATTGGCTCCAAAGA
CTCGTTGAGAAATGGTCAAACTTGACTTCATTAGAAGAGAGCATGAATTGGCTCAAAACA
CTCATTGAGAAATGGTCAAACTTGAATTCATTAGAAGAGAGCATGAATTGGCTCAAAACA
kkk ok ok Kk Kk K * % Kk Kk ok kkk  kkk  kkkkkkkk Kkk K
TG591

GAAATGAAACACATTCGATCATATGTAGACGATGCAAAGGCAAAGGAAGTTGGAGGTGAT
GAAATGAAACACATTCGATCATATGTAGACGATGCAAAGGCAAAGGAAGTTGGAGGTGAT
GAAATGTTGCTAATTCAGTCTTACATTATTGATGCAAGAACCAAATTAACTCAAGGAGAT
GAAATGTTGCTAATTCAGTCTTACATTATTGATGCAAGAACCAAATTAACTCAAGGACAT

* Kk Kk Kk Kk Kk * * Kk Kk Kk * Kk kK * * Kk kkkkk * k% * * * % % * %

TCAAGGGTCAAAAACCTATTAGAAGATATTCAACAACTGGCAGGTGATGTGGAGGATCTA
TCAAGGGTCAAAAACCTATTAGAAGATATTCAACAACTGGCAGGTGATGTGGAGGATCTA
TCAACGGTCAAAAACTTGATCAAATATATTGAACAACTTGCGGATGATGCAAACGACATC
TCAACGGTCAAAAACTTGATCAAATATATTGAACAACTTGCGGATGATGCAAACGACATC

KAk Kk KAk kkkkkk*k K * Kk KAkAkkk khkkhkkhkkhkkk Kk k kkkk*k * k% *

TTAGATGAGTTCCTTCCAAAAATTCAACAATCCAATAAGT--TCATTTGTTGCCTTAAGA
TTAGATGAGTTCCTTCCAAAAATTCAACAATCCAATAAGT--TCATTTGTTGCCTTAAGA
TTAGATGAATTCCTTCCCAAAATTGAACG--CAAAGGAACAATTGGTTGTCGCGTTAGTA
TTAGATGAATTCCTTCCCAAAATTGAACG--CAAAGGAACCATTGGTTGTCGCGTTAGTA

khkkkhkhkhkkhkkx hhkkkhkkhkxk *kkkkhx *k*x * kK * * *khkxkk Kk Kkkk *

CTGTTTATTTTGCGAATAAGTTTGCTATGGAGATTGAGAAGATAAAAAGAAGAGTTGCTG
CTGTTTATTTTGCGAATAAGTTTGCTATGGAGATTGAGAAGATAAAAAGAAGAGTTGCTG
ATGTTTCTTCTGCCAACAAGTTTGTCGCGGAGATTGAAAAGATAAAACGAAGAGTTGCTG
ATGTTTCTTCTGCCAACAAGTTTGTCGCGGAGATTGAAAAGATAAAACGAAGAGTTGCTG

Xk kkk kk kkhkk Ak khkkkkkKk Ahkhkhkhkhkhkkk k*hkkhkkhkkhkkhkkhkkk hhkkhkkhkkhkkhkhkhkhkhk*k

ATATTGACCGTGTAAGGACAACTTACAACATCACAGATACAAGTAACAATAATGAT---—
ATATTGACCGTGTAAGGACAACTTACAACATCACAGATACAAGTAACAATAATGAT-——-
AGATTGATGGTTTGAGAACAACTTATGGCATCACTGATACAAGTAACAATAACAATCAAC
AGATTGATCGTTTGAGAACAACTTATGGCATCACTGATACAAGTAACAATAACAATCAAC

Kk okokokokok  kok ok kK Kok ok ok ok ok ok ok Kok kokkk Kkkhkhkhkkrk XA Ak Ak kkk kK
——GATTGCATTCCAATGGACCGGAGAAGACGATTCCTTCATGCTTATGATGAAACAGAGG

—--GATTGCATTCCAATGGACCGGAGAAGACGATTCCTTCATGCTTATGATGAAACAGAGG
ATGACTACATTCCGTGGGACCAGAGAGGAGTATTCCTTCATGCT---GATGAAACAGAGG
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detected

ultracontig SL2.4ch09 of S.pimpinellifolium draft genome sequence.
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Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

ATGACTACATTCCGTTGGACCAGAGAGGATTATTCCTTCATGCT---GATGAAACAGAGG

R I i Kk KkKkKk KKKk K%k R R R Ik kI b ik i

TCATCGGTTTGGATCATGACTTCAACAAGCTCCAACACAAATTGCTTCTTCAAGATTTGC
TCATCGGTTTGGATCATGACTTCAACAAGCTCCAACACAAATTGCTTCTTCAAGATTTGC
TCGTCGGTTTGGATGATGACTTCAATAAGCTACAAGCCAAATTAATTGATCATCATTTGC
TCGTCGGTTTGGATGATGACTTCAATAAGCTACAAGCCAAATTAATTGATCATCATTTGC

Kk KAk KAAAKAKAAAKA, *khkkhkhkhkhkhkhk k, AhAkhAkhkkx **k% * Kk Kk Kk Kk Kk * K * Kk Kk * ok ok Kk ok ok

CTTATGGAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACTACTCTTGCCAAGA
CTTATGGAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACTACTCTTGCCAAGA
CTTATAAAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACTACTCTTGCCAAGA
CTTATGGAGTTGTTTCAATAGTTGGCATGCCCGGTTTGGGAAAAACAACTCTTGCCAAGA

* Kk Kk Kk Kk Kh A Ak hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhk ,khkkkhkkhkkhkkhkkkkkxxx

AACTTTATAGGCACGTCCGTCATCAATTTGAATGTTCTGGATTGGTCTATGTCTCGCAGC
AACTTTATAGGCACGTCCGTCATCAATTTGAATGTTCTGGATTGGTCTATGTCTCGCAGC
AACTTTATAGGCACGTCCGTGATCAATTTGAATGTTCTGGATTGCTCTATGTTTCGCAGC
AACTTTATAGGCACGTCCGTGATCAATTTGAATGTTCTGGATTGGTCTATGTTTCGCAGC

KAAKAAKAKA AKX AKX AKX KAKAKAKAKAKAKX AAKAAAKAAAAKAA A AKX A A A A A A A A K *Ahk Ak hd, *khkkkkkk

AGCCAAGGGCGGGAGAAATCTTGCTTAACATAGCCAAACAAGTTGGACTGACGGAAGAAG
AGCCAAGGGCGGGAGAAATCTTGCTTAACATAGCCAAACAAGTTGGACTGACGGAAGAAG
AGCCAAGGGCGGGAGAAATCTTGCTTAAGATAGCCAAACAGGTTGGACTGACGGAAGAAG
AGCCAAGGGCGGGAGAAATCTTGCTTAAGATAGCCAAACAGGTTGGACTGACGGAAGAAG

KAXKKKXKAKAKAKAKAKA KA A AKX KAKAAKAKAKAKAKAKAKAKAAKXN AAAAAKAAAAAKN dA A A A A A A A A A A A A A A A A,k

AAAGGAAAGAGAACTTGGAACACAACCTAAGATCACTCTTGAAAATAAAAAGGTACGTTA
AAAGGAAAGAGAACTTGGAACACAACCTAAGATCACTCTTGAAAATAAAAAGGTACGTTA
AAAGGAAAGAGAACTTGGAAGACAACCTAAGATCACTCTTGAAAAGAAAAAGGTATGTTA
AAAGGAAAGAGAACTTGGAAGACAACTTACGATCACTCTTGAAAAGAAAAAGGTATGTTA

KA A A A A A KA A AN A Ak AhA A hkd kk khkhkhkhkhkhkhkhkhkhkhkhkhkk *AhkhrkhAkhrkhkhrhxx *k*x%

TCCTTTTAGATGACATTTGGGATGTTGAAATTTGGGATGATCTAAAACTTGTCCTTCCTG
TCCTTTTAGATGACATTTGGGATGTTGAAATTTGGGATGATCTAAAACTCGTCCTTCCTG
TCCTCTTAGATGACATTTGGAAAGTTCAAATTTGGGATGATCTCAAACTTGTCCTTCCTG
TCCTCTTAGATGACATTTGGAAAGTTCAAATTTGGGATGATCTCAAACTTGTCCTTCCAG

KAKK AAAAAAAAAAAAKAAKX K, *Ah*k AAAAAAKAAAAAA A A KK Ak k** *khkkhkkkkx %

AATCTGATTCAAAAATTGGCAGTAGGATAATTATGACCTCTCGAAATAGTAATGTAGGCA
AATCTGATTCAAAAATTGGCAGTAGGATAATTATAACCTCTCGAAATAGTAATGTAGGCA
AATGTGATTCAAAAATTGGCAGTAGGATAATTATTACTTCTCGAAATAATGATGTAGGCA
AATGTGATTCAAAAATTGGCAGTAGGATAATTATTACTTCTCGAAATAATGATGTAGGCA
hokok kokkkkkkk kXA Ak kkkkkkkkhkhkkkxxkkk *k Khkkkkkkkk K kokokkkkkkx
TG591R
GATACATAGGAGGGGATTTCTCAATCCACGAGTTGCAACCTCTAGACTCAGAGAACAGTT
GATACATAGGAGGGGATTTCTCAATCCACGTGTTGCAACCTCTAGATTCGGAGAACAGTT
GATACATAGGAGGGGATTCCTCGCTCCACGAGTTGCAACCCTTTGACTCAGAGAAGAGTT
GATACATAGGAGGGGATTCCTCGCTCCACGAGTTGCAACCCTTAGACTCAGAGAAGAGTT

R R R R R R R R R R R R Ak kkkk KAk kkkkkk * Kk kk kkkkk Kk kk
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Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a

TTGAACTCTTTACCAAGAAAATCTGTAATTTTGTAAATGATAATTGGGCCAATACTTCAC
TTGAACTCTTTACCAAGAAAATCTGTAATTTTGTTGATGATAATTGGGCCAATACTTCAC

ATGAACTCTTTACCAAGAAAATCTTTATTTTTG---ATAATAATCA-———————— TTCAG
TTGAACTCTTTACCAAGAAAATCTTTATTTTTG---ATAATAATCA-———————— TTCAG
Jok ok ok ok ok ok kkkkk ok ok ok ok ok ok ok ok ok ok kok ok ok ok ok Kok ok ok ok ok * %k *

CAGACTTGGTAAATATTGGTAGATGTATAGTTGAGAGATGTGGAGGTATACCGCTAGCTA
CAGACTTGGTAAATATTGGTAGATGTATAGTTGAGAGATGTGGAGGTATACCGCTAGCGA
TTGACTTGGTAGATATTGGTAAAAGTATAGTTAAGAGATGTGGTAGTATACCATTAGCCA
TTGACTTGGTAGATATTGGTAAAACTATAGTTAGGAGATGTGGTGGTATACCATTAGCCA

kA Ak Ak Ak Ak KAk Kk khkkkkkkkkx * *kkkkk Kk * kK Kk k kK kKk * Kk kkkkk * kKK Kk

TTGTGGTGACTGCAGGTATGTTAAGGGCAAGAGGAAGAACAGAACATGCATGGAACAGAG
TTGTGGTGACTGCAGGTATGTTAAGGGCAAGAGGAAGAACAGAACATGCATGGAACAGAG
TTGTTGTGACAGCAGGCGTGTTAAGGGCAAGAGAAAGAACGGAACATGCATGGAACAAAG
TTGTTGTGACAGCAGGCGTGTTAAGGGCAAGAGAAAGAACGGAACATGCATGGAACAGAG

*kkkk kkkkk Kkkhkkkk KAAAA A A A A A A A A A K Ak dhd d, ok hkhkhkhkhkhkhkhkhkhkhkkkk *x%x

TACTTGAGAGTATGACTCACAAAATTCAAGAGGGATGTGCTAAGGTATTGGCTTTGAGTT
TACTTGACAGTATGACTCATAAAATTCAAGAGGGATGTGCTAAGGTATTGGCTTTGAGTT
TACTTGAGAGTATGGGCCATAGAGTTGAAGATGGATGTGCTAAGGTGTTGGCTTTGAGTT
TACTTGAGAGTATGGGCCGTAGAGTTGAAGATGCATGTGCTAAGGTATTGGCTTTGAGTT

KAKKKKAKK Kk k k)% * K kK kk Kk KkKk kK KAAKAAAAAAAAAK, khkhkhkhkhkhkhkkkk kK

ACAATGATTTGCCTATTGCATTAAGGCCATGTTTCTTGTATTTTGGCCTTTTCCCCGAGG
ACAATGATTTGCCTATTGCATTAAGGCCATGTTTCTTGTACTTTGGCCTTTTCCCCGAGG
ACAATGATTTGCCTATTGCATTAAGGCCATGTTTCTTGTACTTTGGCCTTTTCCCCAAGG
ACAATGATTTGCCTATTGCATTAAGGCCATGTTTCTTGTACTTTGGCCTTTTCCCCGAGG

KA Ak Ak Ak hkhkkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkk Ahkrkrkhkhkhkhkhkhkhkhkhkhxx k%%

ACCATGAAATTCGTGCTTTTGATTTGATAAATATGTGGATTGCTGAGAAGCTCATAGTTG
ACTATGAAATTCGTGCTTTTGATTTGATAAATATGTGGATTGCTGAGAAGCTCATAGTTG
ACCATGAAATTCGTGCTTTTGATTTGATAAATATGTGGATTGCTGAGAAGCTCATAGTTG
ACCATGAAATTCGTGCTTTTGATTTAATAAATATGTGGATTGCTGAGAAGCTCATAGTTG

KKk KA KA A A A A A A A A A A A A A A A A, Ak hk kA Ak Ak kA Ak kA kA kA Ak Ak Ak Ak k kK%

TAAATAGTAGTAATACGCGAGAGGCTGAAAGTAAGGCGGAGGATTTCCTAAATGATTTGG
TAAATAGTGGTAATACGCGAGAGGCTGAAAGTAAGGCGGAGGATTTCCTAAATGATTTGG
TAAATAGTGGTAATACGCGAGAGGCTGAAAGTAAGGCGGAGGATTTCCTAAATGATTTGG
TAAATAGTGGTAATACGCGAGAGGCTGAAAGTAAGGCGGAGGATTTCCTAAATGATTTGG

KAXKKKAKAKAKX A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A A AR AR KRR KA XK KK

TTTCTAGAAACTTGATCCAAGTTGCCAAAAGGAGATATGATGGAAGAATTTCAACTTGTC
TTTCTAGAAACTTGATCCAAGTTGCCAAAAGGAGATATGATGGAAGAATTTCAACTTGTC
TTTCTAGAAACTTGATCCAAGTTGCCAAAAGGAGATATGATGGAAGAATTTCAACTTGTC
TTTCTAGAAACTTGATCCAAGCTGCCAAAAGGAGATATGATGGAAGAATTTCAACTTGTC

Kok Kk ok ok kK kR Kk ko ko ko k ok sk ok ok ok ok ok ok ok ok kK kK ok ok ok ko ok ok ok ok ok kR R K K R Rk ok kK K
GCATACATGACTTGTTACATAGTTTGTGTGTGGAGTTGGGCAAGGAAAGTAACTTCTTTC

GCATACATGACTTGTTACATAGTTTGTGTGTGGAGTTGGGCAAGGAAAGTAACTTCTTTC
GCATACATGACTTGTTACATAGTTTGTGTGTAGAGTTGGGCAAGGAAAGTAACTTCTTTC
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Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

GCATACATGACTTGTTACATAGTTTGTGTGTGGAGTTGGGCAAGGAAAGTAACTTCTTTC

RR R Rk b kb bk Ik b b b b b b b b b I b I b b b S b b S b b b b b b b b b b b b b b b b b b b b b b b i

ACACCGAGCACAATGCATTTGGTGATCCCGGCAATGTTTCTAGGGTGCGAAGGATTACAT
ACACCGAGCACAATGCATTTGGTGATCCCGGCAATGTTTCTAGGGTGCGAAGGATTACAT
ACACCGAGGACAATGCATTTGGTGATCCCGGCAATGTTTCTCTGGTGCGAAGGATTACAT
ACACCGAGCACAATGCATTTGGTGATCCCGGCAATGTTTCTAGGGTGCGAAGGATTACAT

KAKKKKKAAKX KA KKK AAKAAAAA A A AR AR AR A AR A AR A A A KKK khkkkkhkkhkkhkkhkkhkkhkkhkkhkkhkk k)%

TCTACTCTAATATTAATGCCATGAATGATTTCTTCCGTTCAAATCCTAAGCCTAAGAAAC
TCTACTCTAATATTAATGCCATGAATGATTTCTTCCGTTCAAATCCTAAGCCTAAGAAAC
TCTACTCTGATATTAATGCCATGAATAAGTTCTTCCGTTCAAATCCTAATCCTAAGAAAC
TCTACTCTGATATTAATGCCATGAATGAGTTCTTCCGTTCAAATCCTAATCCTAAGAAAC

KAKA KA KA, AA A A A A A A A A A A A A A * *k kkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkkk *rrdrrrrkkxx

TTCGTGCACTTTTCTGTTTTATAAATGATACTTGCCTATTTTCTCAACTGGCTCGTCATG
TTCGTGCACTTTTCTGTTTTATAAATGATACTTGCCTATTTTCTCAACTGGCTCGTCATG
TTCGTGCACTTTTCTGTTTTATAGATGATACTTGCCTATTTTCTCAACTGGCTCGTCATG
TTCGTGCACTTTTCTGTTTTGTACATAATAGGTGCCTATTTTTTGAACTGGCTCGTCATG

KAAXKAKAAKAKAA AKX AKX AKX KA KA KA KX Kk **% ***% AKhkkkkkkkkk K, hkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkhk*

ACTTCAAATTATTGCAAGTGTTGGTTGTAGTCATAGCTTATGATTATTTTTTAAGTTACA
ACTTCAAATTATTGCAAGTGTTGGTTGTAGTCATAGCTTATGATTATTTTTTAAGTTACA

ACTTCAAATTATTGCAAGTGTTGGTTGTAGTCATAGCTAATGATTATT-—-—-—-—-———— CCA
ACTTTAAATTATTGCAAGTGTTGGTTGTAGTCATACCTTATGATCATTTATTTAGACCCA
hkkk kkkkkkkkkkkkkkkkhkkhkkhkkhkkhkkhkkhkkx *k *khkkkk *k* **

TAGGAATCCCAAAAACGTTTGGGAAGACGAGTTGCTTACGCTATCTGCAATTGGAGGGGC
TAGGAATCCCAAAAACGTTTGGGAAGACGAGTTGCTTACGCTATCTGCAATTGGAGGGGC
TGGAAATCCCAAACACGTTTGGGAAGACGAGTTGCTTACGCTATCTGCAATTTGAGGGGC
TGGTTATCCCAAACACGTTTGGGAAGAAGAGTTGCTTACGCTATCTGCAATTGGAGGGGC

*  * KAA KA KA A K, AAAAA A A A A A A A K Ak kA Ak Ak kA kA kA A A A A A dk kkkkkkk

ATATGTATGGGGAACTGCCAAATAGTATGGTCAAACATATGCAGACCCTAAATATTGAAA
ATATGTATGGGGAACTGCCAAATAGTATGGTCAAACATATGCAGACCCTAAATATTGAAA
AAATGCGTGGGAAATTGCCAAATAGTATGGTCAAACATGTGCAGACCATAAATATTGAAA
ATATGTATGGGAAACTGGCAAACAGTATGGTCAAACATATGCAGACCCTAAATATTGAAA

* kKK KAKKK KKk K*k KAAKAKN AAAAKAKAAAKAAAAAAK A Ak k Ak h d, *hhkhkhkhkhkhkkkkkk

ATAGCTGGGCAATACTTCCTACTGGTGTTTGGGAGTCTACACAATTGAGACATCTTCGTT
ATAGCTGGGCAATACTTCCTACTGGTGTTTGGGAGTCTACACAATTGAGACATCTTCGTT
ATAGCTCGACTTACCTTCCTACTGGTGTTTGGGAGTCTAAACAATTGAGACATCTTCGTT
ATAGCTTCACTGAACTTCCTACTGGTGTTTGGGAGTCTAAACAATTGAGACATCTTCGTT

K kKKK K * khkkhkhkhkkhkrhkhkhkkhkrhkhkhkkhkrhkhkhkhkhkhdx hhkkkhkhkhkdhkhkhkhkrhkhkhkkhxkkxkx

GTAAAGGTAATTTACAAGAATCTAACTGTTGCTTTTCTATAAGCCGAAACATTTGCTCAT
GTAAAGGTAATTTACAAGAATCTAACTGTTGCTTTTCTATAAGCCGAAACATTTGCTCAT
ATAAAGGTGGTTTTGAAGCATCTAACTGTTGCTTTTCTATAAGCCGAAAAATTTACTCAT
ATAATGGTACTTTTCAAGCATCTAACTGTTGCTTTTCAATAAGCCGAAAAATTTACTCAT

* Kk k k kK * k% KNhkk khkkhkkhkkhkkhkkhkkhkkhkkhkkhkhkkhkkhkhkkhkkhk hhkhkhkhkhkhkhkkhkhkh *hkkkx *kk*x%
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Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a
Ph-3b

Ph-3c
Ph-3d
Ph-3a

TGCCTCCTACTAATCTACAAACTTTGATGTGTGTGGATGATAAGTTTGTTGAACCGAGAT
TGCCTCCTACTAATCTACAAACTTTGATGTGTGTGGATGATAAGTTTGTTGAACCGAGAT
TGCCTCCTAATAATATACAAACTTTGATGTGTGTGGATGATAAGTTTGTTGAACCGAGAT
TGCCTCCTAATAATATACAATCTTTGATGTATGTGGATGATAATTTTGTTGAACTGAGAT

KAXKAKKKAKAKAAKXN AAAKk KAKhAK K K, AAXKXKAKAKAKAKXN AAXAAAAAAAKAAK *AAK AKX AAA A, *hkkkk

TATTTCACCGGTTGATCAACTTAAGAAAACTGGGTATATGGAGAGTATCTGATTCTACCA
TATTTCACCGGTTGATCAACTTAAGAAAACTGGGTATATGGAGAGTATCTGATTCTACCA
TATTTCACCGGTTGATCAACTTAAGAAAACTGGGTATATGGAGTGTATCAGATTCTACCG
TATTTCACCGGTTTATCAACTTAAGAAAACTGGGTATATGGAGTGTATCAGATTCTACCG

KA A A KA A K, A A A A A A A A A A A A A A A A A A A A A A A Ak Ak d Ak hkhkk khkkkkkkkk

TTCAGATATTATCAACGTTGCCAAAAGAGTTGGAAGCTCTGAAGCTCATATTTTTGTATC
TTCAGATATTATCAACGTTGCCAAAAGAGTTGGAGGCTCTGAAGCTCATATTTTTGTATC
TTCAGATATTATCAACATTGCCAAAAGAGTTGGAGGCTCTGAAGCTCATATTTTATTATC
TTCAGATATTATCAACATTGCCAAAAGAGTTGGAGGCTCTGAAGCTCATATTTTATTATC

KAAKAKAKA KA A AN AN KN A, AAAAAA A A AR AR AR A A, ko hkk kA kA hkkk ok ok k% * Kk Kk Kk

AATCGAGTGAGCAAATAAACTTGTCACCCTTTCCAAATATTGTTAAGTTGTATTTGTCTT
AATCGAGTGAGCAAATAAACTTGTCACCCTTTCCAAATATTGTTAAGTTGCATTTGAAT -
AATCGAGTGAGCAACTAAACTTGTCGTCCTGTTCATATATTGTTAAGTTGCATTTGAGA-
AACCGAGTGAGCAAATAAACTTGTCGTCCTATCCATATATTGTTAAGTTGCATTTGAAT -

KKk KAk AAAKAA kA AKAKk KAk A A A A XA KK KAk k kk KAAKAAAAAAAAAAAK K,k k)%

CGGAAGTTTGCGGTACAGTATTGCCTTCGAACTGTGAAGCATTCCCTCCAAATCTTGCCA

-GGAAG----CGA-—-—-———-—- GCATTTGAACTCTGAAACGTTCCCTCCAAATCTTGTCA
-GGAAG----CGT-—---—-———- GCGTTTGAACTCTGAATCATTCCCTCCAAATCTCATCA
-GGAAG----TGT-—---——--—- GCGTTTGAAATCTGAATCATTCCCTCCAAATCTCGTCA
* Kk Kk Kk Kk * *k Ak kkk k KAk kk k kkkkkkkkkkkkkk * *

AGCTTACTCTTGTTTAC-TTGATGGTAGAAGGCCATGCAGTGTCAACGCTTAAGAAATTG
AGCTTACTCTTAGCTGCATTGA-GGTAGAAGGTCATTTAGTAGCATTGCTTAAGAAATTG
AGCTTACTCTTTGCTACATTGA-TGTAGAGGGTCATTTAGTGGCATTGCTTAAGAAATTG
AGCTTACTCTTCGCAACATTGA-GGTAGAGGGTCATTTAGTGGCATTGCTTAAGAAATTG

KKKk KKKk Kk Kk Kk * Kk Kk kK *kkkkk k) Kkkk * k% * % R R Rk

CCCAAATTAAAGATGCTTAAAATGATTTCCTGCAGCCATATGGAAGAAAAGATGGATCTC
CCCAAATTAAGAATACTTAAAATGATTTACTGCCAACATAAGGAAGAAAAGATGGATCTC
TCCAAATTAAGAATACTTAAAATGATTCGGTGCAAACATAAGGAAGAAAAGATGGATCTC
CCCAAATTAAGAATACTTAAAATGATTTACTGCCAACATAAGGAAGAAAAGATGGATCTC

KKK KKK KKK Kk kkkkkhkkhkkhkkhkkhkhk*k * Kk Kk KAKK AAKAAAAAAXAAAXA XA AKX K KK

TCTGGTGGT---GATAGCTTTCTGCAACTTGAAATTTTGCATATTCAAAAACCAATCGGG
TCTGGTGATAATGATAGCTTTCTGCAACTTGAAGTTCTGCATATTCAAAAACCATTCGGG
TGTGGTGATGGTGATAGCTTTCCGCAACTTGAAGTTCTTCATATTCAAGAACCATCCGGG
TCTGGTGATAATGATAGCTTTCTGCAACTTGAAGTTCTGCATATTCAAGAACCATCCGGG

K, ok okokokok K Kok kkhkhkhkhhk XAAAA Ak kkk Kkk Kk kkkkkkkhkk *hkkx  Khkkx
TTGTCTGAAGTAGCGTGCACAGATGATGTCAGTATGCCTAAATTGAAAAAGCTATTACTT

TTATCTGAAGTAGAGTGCACAGATGATGTGAGTATGCCTAAATTGAAAAAGTTATTACTG
TTGTCTGAAGTAGAGTGCATGGATGATGTGAGTATGCCTAAATTGAAAAAGCTATTACT -
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2014
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2074
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2152
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2134
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2367
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Ph-3b TTGTCTGAAGTAGAGTGCACAGATGATGTGAGTATGCCTAAATTGAAAAAGCTATTACTT 2487

Kk Ak kAkAkkAkhkkk K*khk kKK KAKAKAKAKA KK hhk A A A A A A A A A A A A KKK K Kk kkk kK

Ph-3c AT--AAAAATACCTTATTCCAACCTTAGGCTCTCGAAACGTCTTGCAAAGCTTA-————— 2560
Ph-3d A----AACATACCAAGTTC-AACATTAGGCTCTCGGAACGTCTTACAAAGCTGA-————- 2545
Ph-3a --—GAAACGTACCAAGTTC-AACATTAGGCTCTCGGAACATGTTACAAAGCTGATGATCA 2533
Ph-3b ATAGAAACA-ACTAATTCC-AACCTTAGGCTCTCGAAACGTCTTGCARAGCTGA-————- 2539
Kk Ak ok ok Ak A RKKAKKKAK KAK K Kk KRKKAKK K
Ph-3c GAGTATGAAAATCTCAATGCATCAACAGGTTAGTTTGCTACCTTAATTATTTACAATTTT 2620
Ph-3d GAGTATGA= === == = == = = = o = o 2553
Ph-3a AT AT A = —— == == —— = = oo 2541
Ph-3b GAGTATGA- === == = == = = = = 2547

* Kk Kk k ok kK

Ph-3c CTCTCAATAAGCAAATTTTTTTAATTAATGAACTAAATCATTTTATGTCTAATAAATTGC 2680
Ph-3d = oo
Ph-3a ~ = mmmmmm oo
Ph-3b = oo

Ph-3c AGATGCATTTTAGAATGATTCAAGTCTTTGCTGGAGACCATGA 2723
Ph-3d  mmmmm oo
Ph-3a = —---mmmmmmmm oo
Ph-3b = mmmmmmmmmm oo

Fig. 3. Protein sequence alignment of the Ph-53 gene homologs in tomato and the

Kpi-vntl.1 and Kpi-vntl.3 gene in potato.

CLUSTAL 2.1 multiple sequence alignment

Ph-3C oo MADILLTAVINKS 13
Ph-3d =~ mm e MADTLLTAVINKS 13
Ph-3a  mm e MGETVLSAVISKA 13
Ph-3b s MGEIVLSAVISKA 13
Rpi-vntl.1l MNYCVYKTWAVDS ——===—====—==~ YFPFLILTFRKKKFNEKLKEMAETT.LTAVINKS 46
Rpi-vntl.3 MNYCVYKTWAVDSNTKANSTSFLSSFSYFPFLILTFRKKKFNEKLKEMAETLLTAVINKS 60

K ek ek ekkk K.

Ph-3c VEIAANLLVQEGTRLYWLKEDIDWLQREMKHIRSYVDDAKAKEVGGDSRVKNLLEDIQQL 73
Ph-3d VEIAANLLVQEGTRLYWLKEDIDWLOREMKHIRSYVDDAKAKEVGGDSRVKNLLEDIQQL 73
Ph-3a TEAAGNLLVEKWSNLTSLEESMNWLKTEMLLIQSYIIDARTKLTQGDSTVKNLIKYIEQL 73
Ph-3b TEAAGNLLIEKWSNLNSLEESMNWLKTEMLLIQSYIIDARTKLTQGHSTVKNLIKYIEQL 73
Rpi-vntl.1l IEIAGNVLFQEGTRLYWLKEDIDWLQREMRHIRSYVDNAKAKEVGGDSRVKNLLKDIQQL106
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Rpi-vntl.3

Ph-3c
Ph-3d
Ph-3a
Ph-3b
Rpi-vntl.1l
Rpi-vntl.3

Ph-3c
Ph-3d
Ph-3a
Ph-3b
Rpi-vntl.1
Rpi-vntl.3

Ph-3c
Ph-3d
Ph-3a
Ph-3b
Rpi-vntl.1
Rpi-vntl.3

Ph-3c
Ph-3d
Ph-3a
Ph-3b
Rpi-vntl.1
Rpi-vntl.3

Ph-3c
Ph-3d
Ph-3a
Ph-3b
Rpi-vntl.1l
Rpi-vntl.3

Ph-3c
Ph-3d
Ph-3a
Ph-3b
Rpi-vntl.1
Rpi-vntl.3

IEIAGNVLFQEGTRLYWLKEDIDWLOREMRHIRSYVDNAKAKEVGGDSRVKNLLKDIQQL120

* kK kek e e K K ek e ekk e KK Koo KKk .

skaak |k ok kokkkas kokok
AGDVEDLLDEFLPKIQQSNKFICCLKTVYFANKFAMEIEKIKRRVADIDRVRTTYNITDT
AGDVEDLLDEFLPKIQQSNKFICCLKTVYFANKFAMEIEKIKRRVADIDRVRTTYNITDT
ADDANDILDEFLPKIERKGTIGCRVSNVSSANKFVAEIEKIKRRVAEIDGLRTTYGITDT
ADDANDILDEFLPKIERKGTIGCRVSNVSSANKFVAEIEKIKRRVAEIDRLRTTYGITDT
AGDVEDLLDEFLPKIQQOSNKFICCLKTVSFADEFAMEIEKIKRRVADIDRVRTTYSITDT

AGDVEDLLDEFLPKIQQOSNKFICCLKTVSFADEFAMEIEKIKRRVADIDRVRTTYSITDT

*_*__*:********-- e k. * *::*‘ **********:** :****.****

SNNND--DCIPMDRRRRFLHAYDETEVIGLDHDENKLOHKLLLODLPYGVVSIVGMPGLG
SNNND--DCIPMDRRRRFLHAYDETEVIGLDHDEFNKLQHKLLLODLPYGVVSIVGMPGLG
SNNNNQHDYIPWDQRGVFLHA-DETEVVGLDDDENKLQAKLIDHHLPYKVVSIVGMPGLG
SNNNNQHDYIPLDQRGLFLHA-DETEVVGLDDDENKLQAKLIDHHLPYGVVSIVGMPGLG

133
133
133
133
166
180

191
191
192
192

SNNND--DCIPLDRRRLFLHA-DETEVIGLEDDFNTLQAKLLDHDLPYGVVSIVGMPGLG223
SNNND--DCIPLDRRRLFLHA-DETEVIGLEDDFNTLQAKLLDHDLPYGVVSIVGMPGLG237

****: * kK *:* * kKK *****:**:‘***‘** **: :.*** LR S

KTTLAKKLYRHVRHQFECSGLVYVSQQPRAGEILLNIAKQVGLTEEERKENLEHNLRSLL
KTTLAKKLYRHVRHQFECSGLVYVSQQPRAGEILLNIAKQVGLTEEERKENLEHNLRSLL
KTTLAKKLYRHVRDQFECSGLLYVSQQPRAGEILLKIAKQVGLTEEERKENLEDNLRSLL
KTTLAKKLYRHVRDQFECSGLVYVSQQPRAGEILLKIAKQVGLTEEERKENLEDNLRSLL
KTTLAKKLYRHVCHQFECSGLVYVSQQPRAGEILHDIAKQVGLTEEERKENLENNLRSLL
KTTLAKKLYRHVCHQFECSGLVYVSQQPRAGEILHDIAKQVGLTEEERKENLENNLRSLL

LR S ‘*******:************ .*****************‘*‘k‘k*‘k*

KIKRYVILLDDIWDVEIWDDLKLVLPESDSKIGSRIIMTSRNSNVGRYIGGDFSIHELQP
KIKRYVILLDDIWDVEIWDDLKLVLPESDSKIGSRIIITSRNSNVGRYIGGDFSIHVLQP
KRKRYVILLDDIWKVQIWDDLKLVLPECDSKIGSRIIITSRNNDVGRYIGGDSSLHELQP
KRKRYVILLDDIWKVQIWDDLKLVLPECDSKIGSRIIITSRNNDVGRYIGGDSSLHELQP
KIKRYVILLDDIWDVEIWDDLKLVLPECDSKIGSRIIITSRNSNVGRYIGGDFSIHVLQP
KIKRYVILLDDIWDVEIWDDLKLVLPECDSKIGSRIIITSRNSNVGRYIGGDFSIHVLQP

K KA AAAAAAAAK K e AAKAAAAAAA KK AA A A A Ak e kA Kk e kA KA KKk k ke k kkk

LDSENSFELFTKKICNEVNDNWANTSPDLVNIGRCIVERCGGIPLAIVVTAGMLRARGRT
LDSENSFELFTKKICNEVDDNWANTSPDLVNIGRCIVERCGGIPLAIVVTAGMLRARGRT
FDSEKSYELFTKKIFIFDN----NHSVDLVDIGKSIVKRCGSIPLAIVVTAGVLRARERT
LDSEKSFELFTKKIFIFDN----NHSVDLVDIGKTIVRRCGGIPLAIVVTAGVLRARERT
LDSEKSFELFTKKIFNEVNDNWANASPDLVNIGRCIVERCGGIPLAIVVTAGMLRARGRT
LDSEKSFELFTKKIFNEFVNDNWANASPDLVNIGRCIVERCGGIPLAIVVTAGMLRARGRT

e kKK ok e KX KKK KK * . Kk ok kkkekke Ak AAkk AAAAAAAAA Ko kA KAk K%

EHAWNRVLESMTHKIQEGCAKVLALSYNDLPIALRPCFLYFGLFPEDHEIRAFDLINMWI
EHAWNRVLDSMTHKIQEGCAKVLALSYNDLPIALRPCFLYFGLFPEDYEIRAFDLINMWI
EHAWNKVLESMGHRVEDGCAKVLALSYNDLPIALRPCFLYFGLFPKDHEIRAFDLINMWI
EHAWNRVLESMGRRVEDACAKVLALSYNDLPIALRPCFLYFGLFPEDHEIRAFDLINMWI
EHAWNRVLESMAHKIQDGCGKVLALSYNDLPIALRPCFLYFGLYPEDHEIRAFDLTNMWI
EHAWNRVLESMAHKIQDGCGKVLALSYNDLPIALRPCFLYFGLYPEDHEIRAFDLTNMWI

KAKKAK o Ak o kK o 0 o oo K A A A A A A A A A A A A A A A A AR A A A AR e ke ke kAKX A KA Ak Kk k kK
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251
251
252
252
283
297

311
311
312
312
343
357

371
371
368
368
403
417

431
431
428
428
463
4717



Ph-3c AEKLIVVNSSNTREAESKAEDFLNDLVSRNLIQVAKRRYDGRISTCRIHDLLHSLCVELG 491

Ph-3d AEKLIVVNSGNTREAESKAEDFLNDLVSRNLIQVAKRRYDGRISTCRIHDLLHSLCVELG 491
Ph-3a AEKLIVVNSGNTREAESKAEDFLNDLVSRNLIQVAKRRYDGRISTCRIHDLLHSLCVELG 488
Ph-3b AEKLIVVNSGNTREAESKAEDFLNDLVSRNLIQAAKRRYDGRISTCRIHDLLHSLCVELG 488
Rpi-vntl.1l AEKLIVVNTGNGREAESLADDVLNDLVSRNLIQVAKRTYDGRISSCRIHDLLHSLCVDLA 523
Rpi-vntl.3 AEKLIVVNTGNGREAESLADDVLNDLVSRNLIQVAKRTYDGRISSCRIHDLLHSLCVDLA 537

KAKKAKAKAA K e K KAAKAAKk K ok K Ak kA A A A, K k), *hhhhkoehkhhhhhhhhkhkhk ok

Ph-3c KESNFFHTEHNAFGDPGNVSRVRRITFYSNINAMNDEFFRSNPKPKKLRALFCFINDTCLE 551
Ph-3d KESNFFHTEHNAFGDPGNVSRVRRITFYSNINAMNDEFFRSNPKPKKLRALFCFINDTCLE 551
Ph-3a KESNFFHTEDNAFGDPGNVSLVRRITFYSDINAMNKFFRSNPNPKKLRALFCFIDDTCLFE 548
Ph-3b KESNFFHTEHNAFGDPGNVSRVRRITFYSDINAMNEFFRSNPNPKKLRALFCFVHNRCLE 548
Rpi-vntl.1l KESNFFHTEHNAFGDPSNVARVRRITFYSDDNAMNEFFHLNPKPMKLRSLFCFTKDRCIF 583
Rpi-vntl.3 KESNFFHTEHYAFGDPSNVARVRRITFYSDDNAMNEFFHLNPKPMKLRSLFCFTKDRCIF 597
KKK KKK KKK | kKRKok K kK Kk A kokkkok s kkkok koks kk ok kkkgkkkE . kK
Ph-3c SQLARHDFKLLQVLVVVIAYDYFLSYIGIPKTFGKTSCLRYLQLEGHMYGELPNSMVKH- 610
Ph-3d SQLARHDFKLLQVLVVVIAYDYFLSYIGIPKTFGKTSCLRYLQLEGHMYGELPNSMVKH- 610
Ph-3a SQLARHDFKLLQVLVVVIANDY---SMEIPNTFGKTSCLRYLQFEGOMRGKLPNSMVKH- 604
Ph-3b FELARHDFKLLQVLVVVIPYDHLFRPMVIPNTFGKKSCLRYLQLEGHMYGKLANSMVKH- 607
Rpi-vntl.1l SOQMAHLNFKLLQVLVVVMSQKG-YQHVTFPKKIGNMSCLRYVRLEGAIRVKLPNSIVKLK 642
Rpi-vntl.3 SQOMAHLNFKLLQVLVVVMSQKG-YQHVTFPKKIGNMSCLRYVRLEGAIRVKLPNSIVKLK 656
ke kKKK KKAKKA L ik ik kkkkk s aakk o ok Kk kK
Ph-3c ~MOTLNIENSWAILPTGVWESTQLRHLRCKGNLQESNCCFSISRNICSLPPTNLQTLMCV 669
Ph-3d ~MOTLNIENSWAILPTGVWESTQLRHLRCKGNLQESNCCFSISRNICSLPPTNLQTLMCV 669
Ph-3a ~VQTINIENSSTYLPTGVWESKQLRHLRYKGGFEASNCCFSISRKIYSLPPNNIQTLMCV 663
Ph-3b ~MQTLNIENSFTELPTGVWESKQLRHLRYNGTFQASNCCFSISRKIYSLPPNNIQSLMYV 666
Rpi-vntl.1l CLETLDIFHSSSKLPFGVWESKILRHLCYT---EECYCVSFASPFCRIMPPNNLQTLMWV 699
Rpi-vntl.3 CLETLDIFHSSSKLPFGVWESKILRHLCYT---EECYCVSFASPFCRIMPPNNLQTLMWV 713
cakak ok o kk kkKKK | KKKE P * kK Kak e kx K
Ph-3c DDKFVEPRLFHRLINLRKLGIWRVSDSTIQILSTL---PKELEALKLIFLYQSSEQINLS 726
Ph-3d DDKFVEPRLFHRLINLRKLGIWRVSDSTIQILSTL---PKELEALKLIFLYQSSEQINLS 726
Ph-3a DDKFVEPRLFHRLINLRKLGIWSVSDSTVQILSTL---PKELEALKLIFYYQSSEQLNLS 720
Ph-3b DDNFVELRLFHREFINLRKLGIWSVSDSTVQILSTL---PKELEALKLIFYYQPSEQINLS 723
Rpi-vntl.1 DDKFCEPRLLHRLINLRTLCIMDVSGSTIKILSALSPVPRALEVLKLRFFKNTSEQINLS 759
Rpi-vntl.3 DDKFCEPRLLHRLINLRTLCIMDVSGSTIKILSALSPVPKALEVLKLRFFKNTSEQINLS 773
KKk ok kkeokkokkkKk Kk K Kk kkssokkKko Kk Ko kK kKkk k. kkk s okkK
Ph-3c PFPNIVKLYLSSEVCGTVLPSNCEAFPPNLAKLTLVYLMVEGHAVSTLKKLPKLKMLKMI 786
Ph-3d PFPNIVKLHLNGSEH---—-- LNSETFPPNLVKLTLSCIEVEGHLVALLKKLPKLRILKMI 781
Ph-3a SCSYIVKLHLRGSVR--—---— LNSESFPPNLIKLTLCYIDVEGHLVALLKKLSKLRILKMI 775
Ph-3b SYPYIVKLHLNGSVR-——---— LKSESFPPNLVKLTLRNIEVEGHLVALLKKLPKLRILKMI 778
Rpi-vntl.1 SHPNIVELGLVGFSA---MLLNIEAFPPNLVKLNLVGLMVDGHLLAVLKKLPKLRILILL 816
Rpi-vntl.3 SHPNIVELGLVGFSA---MLLNIEAFPPNLVKLNLVGLMVDGHLLAVLKKLPKLRILILL 830
Kk ok Kk Lok akkKkK Kk K p kikKk sa kkkk Kk ok
Ph-3c SCSHMEEKMDLSG-GDSFLQLEILHIQKPIGLSEVACTDDVSMPKLKKLLLIKIPYSN-- 843
Ph-3d YCQHKEEKMDLSGDNDSFLQLEVLHIQKPFGLSEVECTDDVSMPKLKKLLLKHTKFN--- 838
Ph-3a RCKHKEEKMDLCGDGDSFPQLEVLHIQEPSGLSEVECMDDVSMPKLKKLLLKR-TKEFN-—- 832
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Ph-3b YCQHKEEKMDLSGDNDSFLQLEVLHIQEPSGLSEVECTDDVSMPKLKKLLLIETTNSN-- 836

Rpi-vntl.1 WCRHDAEKMDLSG--DSFPQLEVLYIEDAQGLSEVTCMDDMSMPKLKKLFLVQGPNISPI 874
Rpi-vntl.3 WCRHDAEKMDLSG--DSFPQLEVLYIEDAQGLSEVTCMDDMSMPKLKKLEFLVQGPNISPI 888
Kok kKkok Kk kkok kkk ek ke | kkAkk Kk Kk s kkkxkkxKk .k
Ph-3c -LRLSKRLAKLRV---—- 855
Ph-3d -~IRLSERLTKLRV---- 850
Ph-3a ~IRLSEHVTKLMIRI-- 846
Ph-3b ~LRLSKRLAKLRV---- 848

Fig. 4. Agarose gel image showing PCR banding patterns of the Ph-3 specific SCAR
markers and polymorphisms between ‘L3708 (right) and ‘AV107-4"(left).
Lanel,100-bp size marker. The size o fPCR bands for ‘L3708 produced by each

SCAR marker match to the expected size demonstrated in Table 3.

200bp

SCAR-Ph3-3 SCAR-Ph3-2 SCAR-Ph3-1
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Fig. 5. DNA sequence alignment of the ZPA-3 gene homologsdetectedfromthe ultracontig

SL2.4ch09 of S pimpinellifolium draft genome

primer

sequence. The forward

regions for the Ph-3 gene homolog-specific SCAR markers

and
(Table

indicated by open boxes. Skipped DNA sequences were indicated by dotted lines.
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] TACTTATEATATITATTIAGSI 1100

AEEE BRARERAR AR RTERRR R AR R RS B R B L)

e
e
i
g

W B AFEEEEES FRSEEREEREEEE SARRHESEEER R R R AERRAE S

0 0 0 0 5 0 0 0 B

- 1585 -

reverse

1

are



Fig. 6. LB-resistance marker genotyping for 10 tomato accessions that are resistant to

various diseases and possibly susceptible to LB. The name of the accessions from

left:  AV107-4, L3708, TY172, Ty-R(mini), Ty-R(middle), BW-R,
10-BA-4-24, KNU1Z, PM-S, BW-5, Ty-S. Al

10-BA-3-33,
accessions showed marker genotype

for susceptibility, except for 10-BA-3-33 and Ty-S. For these two accessions,

bioassay for LB-resistance need to be evaluated.

SCAR-Ph3-1 SCAR-Ph3-2

SCAR-Ph3-3

A 448 EntE IRAERH AL EAUA A

EnteE Z2HE g FW (Fusarium crown root rot, FCRR)2 Fusarium oxysporum f. sp.

radicis-lycopersici(FORL)®ll &3l WH3t= EFY dEdH oz, A Eo] yAs

Sol S 0] % BAS YA Bk @FS vEdte] AAHoR WYt 9

o FORLY A E 7R = FAAF Fri 9H AAA 9 long arm FFof $1x gt &4y

=

A Qlth. Fazio et al.(1999) RAPD v}AHE o]&3t FAx A =2 S F3l Frizt 7H7tko] ¢
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Aats mAE A, o]E w7 Eo] UBC655-UBC116-UBC194-Frl 22 $lAdt= 2&
BTk 2 Aol e Fridt 7h7te]l f1Ask= RAPDRFA ] 3% A7IA D& FFetste] tomato
reference genome°l|A $XE ol & Tomato EXPEN-2000 map’teld FdAo = 7}
7ko] fIASkE WA EE AEete] o] & e ®EA Frio] FAaxF(locus)E Kk FdetA #HE
skarat sFeith.

2. d7AE 2L Oy
7h AE AR

FE2pukA 2 FORL-A8A 7+ 544 o3 (genetic linkage or association)S FAFH] 4
al, FORL AgA A= AV107-4(S. lycopersicum)¥ 7544 AlE<el L3708(S.
pimpinellifolium)& ©]-€3to F2fwte At FIANE wer] fls) AV107-45 52
O %, L3708& FHOo® JA¥FEstL ool FI/RAIE A7 #4AA FeAdE 21483
w ool F2yws o]&ste] FORL AdA Fdatzklocus)?l Frie] XE &olhdr] 9
anolzw AA W ulF AR AAS et}

T3 BEvtE AYEFEL hybridol % vkA9 FORL-AZA 72+ d3& 243817 98 17709 Fl
hybrid #FF <& FA3|ALlA FRato] F2 Hwer sl sdst o=z Wy 4 27
o FAAE HAS FdsAY. FULE 42709 FFol el = FxF3|AA FAE 59

P

2 AR (AT 29 55, 4548 13 F5)E olgstd 2AaA 14 9 ddEd S A

AV107-49} L3708 (Fig. 1)& o|g3slod A 345709 F2/lAIe 170 55 (59
SR A goter] 8, B AF @ HE SAS v e 8
e AsdTstue] 24doA Faslnh
Hdd AFES 98l FORL 5 KACC 40031& b= w|A¥&E 23 (Korean Agriculture
culture collection, KACC)el A Al g xro} PDARIA A 25T A 54 -5<F wjekst &, 1 3k
T AFE potato dextrose brotholl %7 25TCoA 745t 3 A4 AE7]oA 150rpmo.Z &
Attt A ES 332 A5H AXE olgd YA, ¥ dede FHFE 4
o]

Figure 1. Bioassay of two parental lines for the resistance to FCRR. '‘AV107-4' shows no internal

browning, whereas ‘L3708 shows severe internal browning and extending from the tap root into the
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lower stem.

FORL-resistance FORL-susceptibility

V107-4

L3708
copersicum s pfmpmeﬂ?faﬁum

#F EE 1 x 107conidia/mLE B33tk EvtE Fx= do$ AEZ AYZ 96 hole
plug trayel A7AA ZAolA 25£5TIA 3573 A= Gt o] 72} FH= 2o F5 Al
Ast7] f8 FAE &, By £2 @2 FORL 1 x 107conidia/mLEA}
AAEt] AFHAT. AFE AEAs 249 16emA 3] skl wAA

%, 26485CE FAS 45 § 72 AEAQ HEs dvtEe 2R dux dHe &
o 4w AJro wel ofgfel o] FORL ¥ = (Disease severity index, DSDE QoA 37}

O= 8g 2 =7 T 249 gls, 1= d%g T 24w oksiA 2, 2= A A5 e
A ok AlZbe i A g, 3= ditelolA Eoke] HE v £7] F9lol A4 A7
g A

7 F270A18] FORL A&7 ofF+= DSI gh& ol&stsion, 09 > #3743, 1~39 %

A ow FasiT

flo

t}. Frl 913 RAPD v+ #4]

FORL A3Al Sdakel Frizte] dxto] B 1% random amplified polymorphic DNA
(RAPD) "}AES PCRE o3 HFs AEAsel H7istqlvh. UBC#194, UBC#116,
UBC#655 RAPD primer 9714 ¥9S Fazio®d =&FoA o]£3t9] PCR mixturex 40ng2
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genomic DNA, 1.25uM¢] primer, 1X PCR buffer, 0.2mM dNTPs ¢ 0.6 U ¢ Taq
polymerase(Solgent, Daejeon, Korea)E AFE3lo] % 20ul®, PCR conditione 94°Cel A
30% 13], 92°CelAl 20%, 36°CelA 50%, 72°ColAl 2#E 453, 72°CollA 7% 13 &
4°CollA] 10 F8skAH. A7195> 1.56% Tris—acetate EDTA (TAE) agarose gel®lA
160V 1A17F =383t 3 Ethidium bromide(Et-br)® stainingste] UVZE #WE=E 3Qls3i T}

Ul AZAY FE S DNAE o] 8% PCR A3 Frist 7H7ke- UBC#194004 HaL
¥ AZA DNA Zdo] #FwA okl whell, UBC#L16°14 AZA W=rb gl H
UBC#1169] Z3%¥ DNA H¥g o7tz Aea AHF3ste] Expin TM  Gel SV
(GeneAllBiotechnology,Seoul,Korea)E ©]&3slo] A3+ ¥ dye-termination method & ©]
L3 Ax"oa AlEAY T ekt 94 7] 4 Y9-& Basic Local Alignment Search Tool
(BLAST)S  ©]£€3}o Tomato reference genome (http://solgenomics.net/, ITAG2.3
release) 7JellAl UBC1169] &% & stetsiitt.

o, A -REY A3 FA S s AT

UBC#1162] Tomato reference genome’d &84 Y x& 7]HFS.E Tomato EXPEN-2000
map (http://solgenomics.net/) oA ©]& EZZ3d= 40 cM ~55 cM FHANA wiAE Atkst
Aok FA4, =8 o® UBCLI63 ddd o] vzl FollA, AV107-49F L3708 PCR
& T OIS Hole T/l SSR AL PCR TF F Adasrs AHEste] gidds w
olx= A7l RFLP wtAE g1kl o v (Table 1), 7709 SSR v} SSR70 and SSR237
247} map Aelld 42 cM, 50.37 cMel 91AskH, AlZfe] RFLP wh7A= T1212,
Clet-2-D4, and CD3 & Z+Z} map oA 48cM, 50cM, 52.1cMeoll 9] % 8} t}.

AutEl mpAE9 PCRE genomic DNA 20ng, ZF forward 8 reverse primer 0.3M, 1X

it

PCR buffer, 0.2mM dNTPs ¢} 2] Taq polymerase 0.6 U (Solgent, Daejeon, Korea)s &
20ulE mix 8to], vh&# e PCR o= Fasiqlvk: 95°CelA 52 13], 94°CellA 30
%, AT(annealing temperature, Table 1.)o4 30%, 72°CelA 15& 353], 72°ColA 7+ 1
3] F 4°Celld 10+. PCR % SSRu}A & 7% PCR THAt=+ 1.5% Tris-acetate EDTA
(TAE) agarose geloll4 160 VZ 1A17F +83%F & Ethidium bromide(Et-br)® staining3d}o]
UV light stellA &lsilen], RFLPPIAES] 7%, PCR T3 S thekdt Aleh a4 (NEB,
Ipswich, Suffolk, England)& ©]-&3}o] A 2]st & 2.5% Tris—acetate EDTA (TAE) agarose

gel & A7|AE5 0] AL Folsn)
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ol Wil F7HA EAAE JNEEte] o AWt Frigl locusE cl=3h] fAEiA
AV107-49F 1.37082] genomic DNAZE SNP Genetics Inc. (Seoul, Korea)el SolCAP
Tomato SNP array 2] Infinium platform(Illumina Inc., San Diego, CA, USA) 4L 2] F
ste] ZNAF SNPE 243 2 ZF SolCAP SNP+=9] annotation A RE.+i= SGN database®]]
A thEEEste] ol gaklth. 9w M) 5Mb~ 72Mbel = F 870¢] SNPE CAPS
designer software (http://solgenomics.net/)E ©]€3}4] Cleaved Amplified Polymorphic
Sequence(CAPS) vlAZ  H3eAtH(Table 1). =334 XA 27018 SNP
(solcap_snp_sl_100431, 53169)= cLET-2-D4 %} SSR237A}o] o, 271 2] SNP
(solcap_snp_sl_100181, 100461)+= SSR2373} CD3A}o] e, 47) 9]
SNP(solcap_snp_sl_43011, 46840, 58307, 63662) = CD3<} 99 A ] Bk Apo]e] 9
Attt PCR %, Astas, A7195S, 9l RELPutAA AFE-st Wi 2} FAskA F3st

At

7h A=A ABEAE S npA S

o]d Fazio et al. (19999 Hio w2 Frl §8x= 9H A9 long armel
mapping ¥l RAPDv}AE3 UBC655-UBC116-UBC194-Frl %% s UBC194+:
Friz} 5.1 cMo2 7HgA A3tso] Qith 2 Adex= AV107-49 L3708 Atolel| ol& w}
ALY vdAdS B2 Ay, UBC1163 UBC655 EzfolwolMgt thgy PCR W=7} oz
o] Frid} Bt} 243 UBC1169 PCR WME=%E cloningste] 7|4 4S o5kt &4 s
7149 S blastdle] reference genome(ITAG 2.4) A2 Y= selst Ax}, o] 400 bp &
T AVAEe EAoRE 9 AAAe] ¢F 45 Mb, F¥ A 2= Tomato EXPEN-2000
map “JellA 50cMell YIAEHA Tt UBC116 AL @71 do] YA Zoz 55 o
AMA Aw gl 40 cM~ 55 cMellA AV107-49F L3708 2+ thdAel F7H9 SSRvlA
(SSR70, SSR237)%} 4170 &) CAPSwFA(PNU-T1212, -D4, -CD3)E 7|&sle] F25wke] nj7
FAAE S HASAT (Table 1). =3 woh A Frie] JAE A5 93|
3.6Mb~72Mbell AZ 871 SolCAP SNP(solcap_snp_sl_100431, 53169, 100181, 100461,
43011, 46840, 58307, 63662)F ol&3te] CAPSvA(PNU-100431, 53169, 100181,
100461, 43011, 46840, 58307, 63662)5 #1&tsto] F2xiwkel F7F 7 slvt (Table 1.
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Table 1. Molecular markers anchored for chromosome 9 of Solanum Ilycopersicum L. that were used for association with Fusariun crown root

rot-resistance locus Frl in this study.

Marker ) ) Tm
Marker Location Primer  sequence (5'-3")

. Enzyme  Product size®
type

Reference  genome genetic map (AV107-4/L3708)

(bp)° (cM)*

SSR70 SSR 3626502-3629252 42 F:TTTAGGGTGTCTGTGGGTCCC ™D - 120 / 104
R:GGAGTGCGCAGAGGATAGAG

PNU-T1212 RFLP 5090038-5092652 48 F:GGAGGAGTTAAGTGCATGGC D  Mspl 2014(1100/1200)
R:GTGACCATCGGATCCTTTGC

PNU-D4 RFLP 6097378-6097754 50 CAGCTGAAAGATGTCACCCA 54 Mbol 938 (465/387)
TGATCATTTACAAGGCGGCA

PNU-100431 CAPS 25170985-25173931 - GATCACTAGTCGTCCTGGTCAA 54  Hpyl8SIUI 513 (340/292)
TTCACGATGGTCTTTATTCGT

PNU-53169 CAPS 28023613-28029028 - AGAGACGGTACATGCTTTGACA 54 Alul 408 (167/103)
GTTCATTTGCATGGCTTCCT

SSR237 SSR 46426906-46426925 50.4 GTGGTAACGGCAAAGGGACT ™D - 161 / 191
CTTATGGCCTTAGCAGCCAG

PNU-100181 CAPS 48783965-48806510 - TGACCAAGTTGTGAGCAAGG 55  Apol 662 (405/291)
GCTTCACTTGGTGCTGGTTT

PNU-100461 CAPS 56943553-56948073 - AAGCGTCGACCTGATGTTGT 60  Tagal 603 (470/603)
ATGAAATGGGACCAAATGGA

PNU-CD3 RFLP 63108341-63111046 521 CGAGTGGTGCAGTTGAGAAG 56 Mspl 2042 (1170/2042)
CGCTCCTTCAAATCTTCCGG



PNU-43011

PNU-46840

PNU-58307

PNU-63662

CAPS

CAPS

CAPS

CAPS

64520600-64528534

67134247-67142334

68877546-68881816

72029006-72032743

GATGGATATCCCGCTCAAGA
GGCTTAGGCCCTGGTTAGTC
GGAGTGGATAATGTTGCCTGT
TTGCAAGAAGATTGCTGCTC
TTTGCAAATGTCCAAACACAA
TACCTCAACCCGAATTGGTC
TTCCATCTCCCAAAAAGACG
AAGGACTGCCCCTAGTGGTT

53

55

53

53

Alul

Alul

Rsal

Apol

702 (240/145)

893 (680/396)

764 (501/764)

866 (866,647)

*SSR, simple sequence repeat; RFLP, restriction fragment length polymorphism; CAPS, cleaved amplified polymorphic sequene.

°Physical locations of the primer sequences on the reference genome sequence ITAG2.4 (http://solgenomics.net/).

“Locations on the Tomato EXPEN-2000 map (http://solgenomics.net/); -, unkown

“Tm, PCR annealing temperatures; TD, touchdown PCR

‘PCR fragment sizes specific to A107-4 and L3708 were presented in parenthesis with slash.
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b F2R el A mpA-A g At

AV107-49} 137082 wuistel BAE & 345709 F2/HAIS 9 FORL o (KACC 40031)
of tigt A AR5 Fetstar 9 G| o] EASHE 1371 whA ] tidt FHAF S v
Frie] 37 Ix& F433ith FORL &84 A4 A3, AV107-4+= H+ DSIZF 0.2%
=2 A FFS B v L3708 2.38% ¥ A YERITFig. 1. olF FERE
o gk F2yelA = 255708 AT A DSIKL), 90712 ZHAI7E 473 (DSIK=1)2.%
AgA A A5A AL EgE)7E 3:11(x2=0.29, P <0.05)% wel FORL A&A =t
7F G A fFHskeE AS Felssinh

F2 AAIES F438 242 13712 v#(Tomato EXPEN-2000 map”|HFo. & 2709 SSR
ntA 9} 3719] CAPSWHA, AV107-49F L3708 3F SNPE 7|Wko 2 8701 CAPS vlA)E o] &
sto]l =3 E ). Tomato reference genome? 9 AAA 3.62Mb(Tomato EXPEN-2000
o] 42cM)ell $1A8k= SSR70 = Atz ow e 89.5%9 wA-AdA &S B
. o5 5.09Mbe9} 6.09Mb(48.0cM#50.0cM)ell  1x3k= PNU-T12129 -D4+= z+z)
93.2%, 93.0%%8 =< wHA-AZY dAES HIh ts 25.17Mbel  HAEE
PNU-100431 92.7%% dx&o] A ed, SrEAE 22 559 dX&092.7%)°] 2t
7} 28.02Mb, 46.42Mb, 48.78Mb, 56.94Mb (3.62Mb~56.94Mb)e| 9 X3l= PNU-53169,
SSR237(50.37c¢M), PNU-100181, CAPS-100461°14 #ZE At} (Fig. 2). o83 WL o
ool A wiA-AFY  AXEo] FAH= AFS o] Fodo] {FHA  AxF(genetic

recombination or crossing-over)®] =52 A Ho] AAMAN =84 ALl HoHAE

i

¢

T
o

AA Ag7t FA %= pericentromeric regiono] ESHHETR= S oFA]BTHSIm et al.,
2012). 3HATF o]& wAEY S YYd  63.10Mb, 64.52Mb, 67.13Mb, 68.87Mb,
72.02Mb(63.10Mb~72.02Mb)°ll $1*]8F= PNU-CD3, -43011, -46840, -58307, C-63662
nAES @I AXEo] 90.8%°14 60.8%F =xA 07 Yol AL & S glon,
ol wtAZ} Al long arm®] telomere®l 7d7ko] SIA &5 npA S} AJA FAAE Alo]

ol wAke] WEvF AxpA o w sojve A A sttk(Fig. 2).

o A FEOIA v -REE duwA
FORL A&/ FHAR1 Fri AA4A4 wap RIE7F Aty = A3 15 (Linkage block) W+
Figure 2. Genetic and physical location of 14 markers used for studying association with the

FORL-resistance. Despite of large physical distance between D4 and SSR237, genetic distance is
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only 0.4 cM, indicating severely suppressed crossing-over in this region. Previously reported possible
location of Frl/ and linked RADP was marked by blue dotted box and yellow dot, respectively. In
this study, T1212 and D4 showed the highest match with resistance(R-match%)(pink dotted

box),which implies F7/ is located on a pericentromeric region of short armof Chr.9.

Pseudochr, @ (ITAG 2.4 SLO)

Wb

Marker M R match{®s)
SSRT0 36 89.5
PMNU-T1212 5.1 3.0
A PNU-D4 6.1 92.8
-
'
i
o ] —— PNU-100431 25.2 52.8
WNPEN _ PMNU-53169 220 928
Tomate EXPEN - 2000 _ "
Marker o S
SSR 70 420 —
&
T1212 48.0
- SSR237 46.2 92.8
cLET-2-D4 500 © ) PNU-100181 43.8 8218
SSR237 50.37 £
cD3 52.1 PNU-100461 56.9 928
' . ' UBCl1s ~57.8

— PNU-CD3 63.1 90.7
PMNU-43011 &45 299

- PNU-46840 671 0.9
PNU-58307 688 745
PNU-63662 T20 60.9

of $1xata 7] wWEel] FROoE AL FeywelA sl Jde wAS TIAA o Y
locus & 2 21 ofg]er, weba] vekst EvtE A9EF Aol Frid) viAEe o
AL AAe BuA sk B Ao 1709 AAFFl et 2392y ¥ead

gt on. 177019 AEE AEA F 14/0= AFAADSI=0), 3= o|HA(DSH>=1)2
Lreb Fabs ALl A FAISE EEE PR} dAsglon, F2 HukelA A e U
S ®<el 5709 mA(T1212, PNU-D4, PNU-100431, PNU-53169, SSR237)& ©|

oo AL ok

o

i
=R

iy
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1o

FAAE S 2AEY] vlwEdth FrR, A Al F AR Z1EF 29709 AE, 1370
i FEAAE 9 58 mAR AAsHlT (Fig. 3).
olg} o]l 60/ FEATMY FEA, 4370 AZA)el tiste] 9 FAAe oF
41Mb(5.09Mb~ 46.42Mb)ell  Ax F3x3h= PNU-T1212, PNU-D4, PNU-100431,
PNU-53169, SSR237 wtA 9] FdAR S A3k A3}, Feydelxe] Aisl b= 243
I 7w dAES B Ti2127F A 5004 100%, A3E FFlA 46.51%2
S$o IA&S UeY (Table 2, Fig. 4). Wbl PNU-D4 vFAY A, kA F5NA
83%, AT FFANA 95%] M e AXNES AFT F e, o] A= 53] FAb
3]AFe] FORL A4 #F §F37 5, T12129 PNU-D4Alo] 499 47 Axgo] v
Al dojutths g SAlgtth. PNU-D4 mF# &H4-°] PNU-100431, PNU-53169, SSR237
A SN E A E] Y AaEE S BT (Table 2) whebA] ook
et A9 F2 HeelAret wpA-Frl 2t B} 5 wal=7E 1o AAg Fri€] locus
£ F53h= Aol 7Fsstslth

F7HAe® PNU-D4 CAPS wmAE diZFAHE Asst 4ol 7Fss v Bl
High-resolution melting (HRM) E}F] 9] vlAZ ASAFHTE PNU-D4 wlAeo] 2ol&] L3708%}
AV107-42%E PCR T% % 2HE9 7IAL9S 248 A3 Mbol Agtas AAH-9o &
AA7 D] (SNP)E 1kl o, o] SNPE EfFle® HRM vFAE tAF1&tAd ) (Table
4). 7IE¥E HRM mtAE o] &3te] s9ntolee] 2R APA 2 54 A% 50 3=
B8 A3 588 JR e HRM v 3+ 100% L3S gels 4= gt (Fig. 3, Fig. 4).

B Ao AyE Frl §447F 71€0] BRud A 99 long armol] £A3817] Hub=
AAA wa7t AA A = short arm® pericentromeric region®| £AS HolFEth E
Aol JiE PNU-D4E F2 Jod} AAFESTS oz 3 fdAoA 272 AT
Ao g =2 AR S HolgoEA FF INAXY AYY FF S4S Y8 npAol A

YF(marker—assisted selection, MAS)el wj-¢- g8 o2 &85 = QS 7oz 7|gdr},

1o

ok

rd'
G
N

Table 3. Genotyping of 60 commercial hybrid cultivars by molecular markers anchored for

chromosome 9 of Solanum lycopersicum L. that were used to study association with Fusariun crown
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root rot-resistance locus Frl. Cultivars that were bioassayed and disease resistance were validated

were asterisk. Phenotype information of all other cultivars were based on the description by seed

providers.
) ) Pheno
Cultivar Seed Provider Marker Genotype
type
PNU-TI212 PNU-D4  PNU-100431 PNU-53169 SSR237
609737 2517098 2802361
5090038 46426906
5 3

Alexander

PPS R S H H H H
Deluxe
All Round Nongwoobio R R R R R R
AS6* Daeyoun R S R R R R
AST* Daeyoun R S R R R R
ASD-152%* Daeyoun R S H R R R
ASD-312* Daeyoun R S H H H H
B Blocking* Koregon R H H R R R
Barkus R S H H H H
BetaAlexander PPS R S H H H H
Block* Daeyoun R S H R R R
Doctor Q Nongwoobio R R R R R R
DOTAERANG DIA  Koregon R S H H H H
Dotaerang .

Takii R S H H H H
Gourmet
Dotaerang

Koregon R S H H H H
Master
Dotaerang

Koregon R S H H H H
Season
Fighting Takii R S H R R R
Ganbarune 11* Daeyoun R S H H H H
Greenguard* Daeyoun R R R R R R
Greensaver* Daeyoun R R R R R R
Harmony R R R R R R
High Power* Daeyoun R R H R R R
Kyupirang Nongwoobio R S H H H H

Sakata
Magnet R H R R R R

Korea
MB* R H H R R H
Prime

PPS R S H H H H
Alexander
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Rafito

Rex AD*
Shincheonggang
SPECIAL
Spider

Spike 23*
Suhosin

Super 334
Super

sun road

Superprime
SUPPORT

Tosama*
TY Altorang
Ultra

Zuiken

Koregon

Daeyoun
PPS

Sakata

Korea
PPS
Sakata

Korea

Nongwoobio
PPS
Sakata

Korea

A~ ® 2 ® ® ®RR®” AR I AIF
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A T T ®AR @&nm @m T R®RAAIZTIZTAIT

T

T A T T A &m @m T ®®RA AR ITARRA

T A T T©m ® T @©m T ®® ™A DTODARE

~ ©m »v @D @om® ™ ™I RAA

™ ® T »

Ace Ggul
Biolight
Charming
Dream 900*

Galuxy
House

Doterang
Kary

Koko

Marune TY*
Maskara
Olkeepper*
Sinhunggwang
Super Ace
Super
Doterang
Tenten

Tiara

Umgi

Daeyoun

Daeyoun

PPS

v rn» n» 1 Y1 . ¥1v Y11 M N N Y wn

w2
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=

92

H
H

Figure 3. Sequence alignment of the PCR fragment amplified by PNU-D4 primers from AV107-4
and L3708. Single nucleotide polymorphisms (SNP) were presented in blue, and a causal SNP for

RFLP and HRM was marked by green rectangle.
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Table 4.
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IR G e PRI R DT DG T VE 10 i N W, U VD T TN C e | R G ] P TG g R i Y

!.II. 1 150 HLo i i1 150 b ] e o 30 el e m.
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List of primers and a probe used for sequencing RFLP marker PNU-D4 and development

of high-resolution melting (HRM) marker.

Name

Sequence  (5'-3") Remarks

forward  primer for

PNU-D4-F CAGCTGAAAGATGTCACCCA

sequencing
reverse  primer for

PNU-D4-R TGATCATTTACAAGGCGGCA

sequencing

J3-D4-aF1 TCTTCGATATGATTTTCGGTATACTCCCATAAATCT forward primer for HRM
J3-D4-aR1 AATTAACTGGACCAATACCGGAGTCATTTGGCA reverse  primer for HRM
J3-D4-pF1 GTTCCTTGACAGATCAATTGTGTCA probe for HRM

Figure. 4. (A) F1 hybrid cultivars were evaluated for FORL-resistance. In this Figure 12 cultivars

were tested and 10 cultivars were resistance, while 2 (#11 and 12) were susceptible. (B) Marker
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PNU-T1212 and PNU-D4 were tested on these cultivars and PNU-D4 (CAPS) genotype was
perfectly matched with the disease response, while PNU-T1212 showed 50% match. The result
indicated that a high level of genetic recombination occurred between these markers in this
population, and possibly, PNU-D4 is more closely linked to Frl. (C) PNU-D4 was converted to
High Resolution Meting(HRM) maker and tested on 55 breeding lines resistant or susceptible to
FORL. A perfect match between PNU-D4 HRM marker genotype and FORL-resistance was

observed.

A o ASFARL %K 11

L MW sk I

LU
i a i L i
w0
— Gunrmplhin (G0 —— Fsatenl|lA) — i s
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A5Ad EnE f4 Adg BxiurA A

Lo A7z % =4

EvtE AL 9@y 4wl A wat, MAaAY] ks s 7HA CdE2HEH a3 S534
< Stpoltt. 53] FH2M EvtES #54 EviES A9 A ow A=V oEdH, £9
W AMFE =AM H2M ErtETE 17| Wb 234 EntEs ofrotola] HEHT
(Ballester etal.,2010). #<4 EvlEel #3M4 EwnlgEo] zlo]i= 3 FAo|r uH]FHT}
Naringenin chalcone(NGCO)= H2M EntE yyo] 7p8 wWo] &2)3t= flavonoiddl MARE
A, ol Adxste sk FEHIEC FAEHS H9NS =A wh=tH(Hunt and Baker,
1980). Whde] EEZA ErlElx =g Mol NGC7F AfEHo F43 #yE 7
(Lindstrom, 1925). 24 EvEE op/|sh= AT @Y A+ [Rick and
Butler, 1956), 1¥1 Aol AT B 15 o3t} Ballester etal.(2010)= 1H 4 A<
AAsE SIMYB12 d27F #3]¢] NGCE 35s& xdske= A2 Virus-induced gene
silencing(VIGS)Z &135} o, H24 EulE<Ql Moneyberg(S.lycopersicum), &84 Ew}t
EQl LA1480(S.chmielewski)®] 84 471 L& wlwstol W9 indels 238kt &
Aol = Bad indel®] o FE Sdl F02-4Ql FCR¥ FCPolA #Qlstuzt &43lom, 3}

WAL BT Yt BAVAZ AR A §F} 9 BES FoluA vk

Ul EvEAA(S.lycopersicum) ol Al 3] A F-4 242 mappinge 913 H24 EnRESQ]
FCR¥} 34 EvtEQl FCPE o]&3to] F2yw= whE3lth. FCR
o7 dyFiEste] A Fl1& A7 F4ske] FeAItE vt=qlew, 2k /iAl=S] 294 &
A9 mA §FAAES AT B3 g AdelA e mtA-FA e AdE AuRY] 98,
64702 SOLCAP germplasm 2| array % SNP 7332 SOLCAP database °lA] &K &}
vz A P vl ekl
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—z
gus

CR¥} FCPE ol&sto] AAdst 272712 F270141¢k 64719 SOLCAP {3zt w34 3
Fsl7] 93, 54 T 45-509%" A% EnfEE £t EnfEe] #IE HA

Agk 5, 95 9 Fololl & AS sl F7F =l A9 YESA
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EntE | yellow), FH3 A$ T(EEA EuE transparent) @ XA 3T}

o SIMYB124+314F 718F SCAR% A

H2M EwlECl Moneyberg(S.lycopersicum)2} #-52 EwlESl [LA1480(S.chmielewski)
o WiE SIMYB12 #%xF2] FHA intronell 923 35bp2 indel, AW A exonol %3
g 72bpe] indels WA+E FAAAA Flstr] fsA SCAR#A AT FHA
intron®] indels =RIst7] 9slA Hi¥ wAG628F/iI909R)E o] §stal, AWAl exon?]
indelS &<13}7] &l Sol Genome Network(SGN, http://solgenomics.net/)ol4 SIMYB12
) Moneyberg, LA1480 AN EE Ao
alignment(http://multalin.toulouse.inra.fr/multalin/) 39
primer3(http://bioinfo.ut.ee/primer3-0.4.0/)2Z =Zgto]m = A Z3E9tt. PCRE  genomic
DNA 20ng, Z+ forward ¢} reverse primer 0.3M, 1X PCR buffer, 0.2mM dNTPs <} 9
Tag polymerase 0.6 U (Solgent, Daejeon, Korea)E & 20ul® mix 3}o], th23 72
PCR o= F3alqlch: 95°CeoA 5 13], 94°CellA] 30%, AT(annealing temperature,
Table 1.)°14 30%, 72°CelA 1#& 353], 72°ColAl 7% 13] ¥ 4°CelA 10%. PCR ¥
PCR 53ZAHES 1.5% Tris—acetate EDTA (TAE) agarose gelol4 160 VZ 1A|7F 4=3)3t

% Ethidium bromide(Et-br)® stainingdlil UV light stellA thEA S gelstglch

2t SIMYB12-d4} 2249
FCR¥} FCPY genomic DNAZ o]&3&] SIMYB12 ##A%+e A7 dL gofgtogn F 1
BE 7 97149 HolE Fa, FHx 76k mpAE Jpdstazt SIMYB12(3Kb)E Z sl
5 e T 409 Zgolw(Table 1)7F Az dek. $12] PCR =77 719

4.5kb ]
TS YA A & FEF DNA AHES ExpinTM Gel SV(GeneAll Biotechnology,

o 1

ftlo
of\

=

Seoul, Korea)E ©]83ll agarose gelollA] %3t § ©]& pGEM-T-Easy Vector(Promega,
Madison, WI, USA)2} Hit-DH5a competent cell(RBC, Bangiao, Taiwan) & ©]|&3}9]
cloning3d}3itt. Plasmid DNA+Y GeneAll Plasmid kit (GeneAll Biotechnology, Seoul,
Korea)E o] &3] 4% 3, inset DNAE Genotech (Daejeon, Korea)oll4 dye—termination

methodZ Al FA & At
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Table 1. List of PCR primers used for genotyping of the genes linked to fruit peel trait and cloning of SIMYBI2geneintomato(S.lycopersicum).

Product Allele size (bp)”

Primer ) i Marker ]
Primer sequence (5° — 3°) s i z e Enzyme Marker location®
ID FCR FCP type”
(bp)
vi6oSF CACAATAATTTGGTGCTCCGATCTA
i
AC
vonoR ATATTAAATTTATCACACGAACAAC 336 - 336 336 SCAR Intron 2 of SIMYBI2
i
AGC
3F GCAGAACATTTATCAGGTAGAACAG
ex3-
A 316 - 316 316 SCAR Exon 3 of SIMYBI2
ex3-R CCTCTATAGGTCCTGCCCAAG
clol-F TGGAACTCTCATCTAAGTCGAAA 1985
clol-R )
clo2-F AGGCTCTTGGAGGTCGTTAC 963
clo2-R  CACACGAACAACAGCTGAGA )
clo3-F GGTGCCCGATCTAACAACAC 957
clo3-R  TGTCACAACTCACAACTAACACA )
clo4-F TTTTGATTAATGAATGGGCAAA
I04-R TCTGGACCTAGACTAAAAAGAAACA 1257 -
clo4-
A
clo5-F CCAACGTTACCATGGGAATTA 1089
clo5-R  GGTGGGAATGAGCTTCTCAA )
13762-F  GTTGGTTTGCAGGAACAGGT
555 Mnll 555 207/348 CAPS 67,855,513( #13762)

13762-R  AGGCCAGAAGCCAGTAGTCA



456-F GAATGGATCTTCAGTGCCT

183 Mnll 119/64 183 CAPS 71,090,567(#456)
456-R CCTGTTTTCTGAGTAACATTCTCG
38123-F TCCTGTAGTGCAGCACTACCACCT

178 Mnll 178 124/54 CAPS 71,476,848(#38123)
38123-R  CCAATCTTGGTGGACAGAGTT
531-F CTCTTGTTCCAGCAATGCAA

851 Pyull 266/585 851 CAPS 73,023,201(#531)

531-R TGCTTCTTTCTGTTCACTTTATTTCA

“Inbred lines for yellow peel (‘FCR’) and transparent peel (‘FCP’) fruit used for developing a segregating population of F,.

YSCAR, Sequence characterized amplified region; CAPS, Cleaved amplified polymorphic sequence. SCAR markers were developed from in/del of
SIMYBI12 and the CAPS markers were developed from SNPs of four genes linked to SIMYBI2.

*Marker locations of CAPS were represented with the genomic locations of SNPs on chromosome 1 and their SolCAP array SNP ID in parenthesis.

“The primers to check insertion in second intron are from Ballester et al. (2010).
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Figure 1. The fruit and peel color of the tomato inbred lines (Solanum lycopersicum L.) ‘FCR’ (A)
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and ‘FCP’ (B). ‘FCR’ shows red fruit color with a yellowish peel, while ‘FCP’ shows pink fruit

color with a transparent peel.

o] A 9] Ao A (Ballester etal.,2010), Moneyberg(S.lycopersicum), LA1480
(S.chmielewski)©] #}3] 4 zto]5 op7|grta o€ SIMYB12 Wi¥-¢] indele] F¥A intron
7 AA exonoll A HAEHQTH 2 AT = =melAl FEsh vEAGERA intron®] indel
= AAs7] e AWA =9 indels AAGSH7] Sl AT vAE o] &st] HilE
DA e WolE =yl Aol M glstarat shivk. 1 A, FCR¥}F FCPolAM Hangl ®lol&
S = %loH, o] gene-based PIAE Wst] & SIMYB12 342 5'-UTR %

2 700bpe} 3'-UTR H=Z 800bpE ¥ 8Fsl= full-gene sequencing= ZF3Yslo] 7z A7 H
= sl e (F 4.5kbp) o et HAVIAE HEES AFL 5 %o ol Adato etal.
o] A7 (Adato etal., 20098+ LA ETHFig. 2). o= A FUe] £F ASKFCR, FCP,
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031

th. SolCAP SNPsE o] &3 #9A f-dxte] fax A =%
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platform”2] 7,720712] SNPs (Sim etal.,2012) % FCR¥Z} FCPol4 tdAS w: 1,63170
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2] 117§ SNPE AW3t & Astar AdAF-Ho A sl= 4712 SNPE CAPSwA=ZE A 3gts}
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it
Figure 2. A schematic presentation of the structure of the Slmybi2 gene and SCAR marker used
for allele discrimination. Nucleotide sequences of the 5’ and 3> UTR and introns were represented
by dotted lines and solid lines, respectively. Two indel regions in intron2 and exon3 were marked
as triangles, and primers for amplification of each insertion or deletion were represented by their
names and arrows. ‘FCR’, red fruit; ‘FCP’, pink fruit; ‘MB’, Moneyberg (Solanum lycopersicum L.),
red fruit; LA1480 (Solanum chmielewskii), pink fruit.
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E Aol A7gssit.
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Figure 3. Agarose gel image showing marker genotype for four CAPS markers (13762, 456, 38123
and 531) for the F, population of a cross between ‘FCR’ and ‘FCP’. Refer to Tables 1 and 2 for

information regarding each SCAR and CAPS marker. M; 100 bp size marker, R; ‘FCR’; P, ‘FCP’.

13762

3gla3

531

2}, 6471 SolCAP EntE {fAxdE o] &8t a4
F2 Adold 3 AP FHdFo] =4 dAT CAPS-456, 38123(40ch01:
71090567..71476848) WH-o £ A3t genomic block® 77§ SNP(solcap_snp_sl_456, 457,
38096, 25922, 38116, 38119, 38123)°l thalAl, 62712 SolCAP AlE # FHe FRE]
F 43S SolCAP Tomato Infinium SNP annotation Table(http://solcap.msu.edu/)ol A FFar
shelth. 1 A¥ 234 SolCAP EvES] 77] SNPs setell A2 @A7]Ado] uj-9- BEAF O ="
FAE G Ag AstHTable 2). F 64712 Aol §324 thkdS AHr7] flaA 7
7 SNP set®] FH38S olg3te] AlesE 29 A7, T 8/ w54 EntE F 6719 &
A BulE AFEo]l S o]Fo HHA aFo® =AY, tE 279 £33 EviE
S & F UtFig 5). olEst A ¥ FA dYP{FARGI T E
o §A7 7ol FEsl o, SIMYB1292F 913 genomic blocko] o] ¥ o] T 3}
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Figure 4. A genetic linkage map composed of four cleaved amplified polymorphic sequence (CAPS)
markers (Table 1) and locus for tomato fruit peel color. The map was constructed using JoinMap
version 4 with an LOD value of 3.0. The CAPS-13762, 456, 38123 and 531 markers are derived

from SNP marker information for each SolCAP.

000 13762 67.8 Mb SolCAP SNP #13796

1109

1571
17.82
SolCAP SNP 2456
SIMVYEIR2
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3086 531 ———— 730Mb SolCAP SNP 8531
|
|
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Figure 5. A phenetic tree showing the genetic relationships among eight pink-fruited (colorless peel,
designated by dot) and 54 red-fruited (yellow peel) SolCAP tomato accessions, and ‘FCR’ and
‘FCP’, as revealed by seven SNPs in a SIMYBI2-harboring genomic region of chromosome 1. The

name of each accession can be found in Table S2 based on its entry number.
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=2 B3 EvtE yAd Fdx AE8 A0 14F5S ol &
sle] S = Ut (Table 1, Figl). % 7713 597 12,9707 A ES] th3 MASE X U3k
thTable 2). A7Z23 FHAT7IHS] & EFNEAE AFF 2 AlsS Mdsted =%

Table 1. List of molecular markers used for supporting MAS for breeding multi-disease resistance

tomato cultivars and lines

__

S20r8Y Alternaria stem canker  Alternaria alternata CAPS
AE8Y Fusarium wilt Fusarium oxsporum lycopersici.race 2 4 CAPS
Fusarium oxsporum bycopersici-race 3 PE] CAPS
YaHoy Leaf mold Cladesporium fulvum (Fulvia fulva) ore SCAR
e Verticilium wilt Verticilium dahlise-race 1 Ve CAPS
Huj2xio|3 dioj2j= ToMv Tomato mosaic virus Tim-2{a) CAPS
UEMSE'Y vjol2y= TSWV Tomato Spotted Wilt Virus Swb SCAR
EnESayEguoEs  TYLOY Tomato Yellow Leaf Curl Virus Ty-1 CAPS
T2 SCAR
Ty-3 SCAR
Hduay Bacterial speck Pseudomonas syringae pv. lomato. Fio CAPS
HZEES S Bactevial spot Xanthomonas campestris pv. vesicatoria 854 CAPS
S48y Corky root rol pyrenochaeta lycopersici -1 CAPS
HoESY Late blight Phytopthora infestans Ph-3 SCAR
(mFopHs =Y Root knot nematode Meloidogyne incognita Ai-1 CAPS
Table 2. Number of test points for MAS supported during the research years
2 A oA FF AZME &
1IAd= 358 Ty-1 & 87§ v}AHEY 2864
229 = 324 Ty-1 5 770 vtAEY 2268
A= 250 Ty-1 5 870 v}AEY 2000
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A2PA = 318 Ty-1 & 871 vlAEY 1438
SAPd = 550 Ty-1 5 870 PAER 4400
A 1800 1470 w# Ebd 12,970

Table 1. Molecular markers used in this study and exampled cultivars developed. A, TYLCV; B,
ToMV; C, I-2 (fusarium)
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