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SUMMARY
CELTEY
[. Title

Variety Breeding with Multi-disease Resistance for Import Substitution in Tomato

II. Research Goal and Achievements

The object of this project is to Tomato(Lecopersicon esculentum 1.) new variety
breeding and development adaptable in domestic environment, distribute seeds to
farmers profit increasing and stabilization of tomato seed market, also advancement
of nation competitiveness. the quantitative goal of this project was established on
variety protection application 3 varieties and variety production and sales declaration
2 varieties. the achievements have been completed variety protection submission 5
varieties, variety protection registration 1 variety, variety production and sales
declaration 5 varieties, and achieved tomato seed sales in domestic of 500 million

KRW within this study period.

I. Aims and Needs for Research Development

Domestic cultivation area of tomato is 6,344 ha in 2012, and it is very important in farm
household income and agricultural product supply among domestic fruit and vegetables.
Domestic tomato cultivation is dominated by 55-60% big size fruit tomatoes and 40-45%
cherry tomatoes. Big size fruit tomatoes are classified into pink type and red type, of which
90% are pink type and 10% red type. Domestic tomato seed market size is about 17 billion
won in 2012, domestic cultivated varieties account for 30% and foreign imported paper
accounts for 70%. Therefore, in this study, we aimed to increase the cultivation rate of
domestic cultivated cultivars that are excellent in cultivation safety, environmentally friendly
cultivation and tomato consumption, and cultivating cultivars capable of responding to new
consumption culture. Pink big size tomato F1 hybrids have been developed with good
fruit setting and enlargement, strong to window fruit, abnormal fruit physiological
injury, good keeping quality and taste, TYLCV, ToMV, Fusarium, Nemarode,
Cladosporium, Leaf spot etc. multi disease resistance, Red big size F1 hybrids have
been bred with strong plant vigor, uniform fruit setting, good storage and
transportation, firm fruit flex, multi resistance adaptable in soil culture and
hydroponic culture. Mostly tomato cultivation is conducted under protected houses
in successive cropping, various disease of Fusarium, Fusarium radicis, Namatode,

Cladopsporium, Yell Leaf Curl Virus etc. appear, also grow long period cycle under
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low temperature, hot temperature, so that we need multi disease resistance and good

environmental adaptable variety.

IV. Contents and Range of Research Development

The 1% detail study : collected and evaluated diverse tomato genetic resources for
using segregating breeding and recombination matters, created new lines as present
lines accumulated with new gene by backcross method, prime inbred line breeding
and selection was performed about 800 materials which were evaluated and analysed
all the growth 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 vyellow leaf curl virus),
ToMV(tomato mosaic virus), TSWV(tomato spotted wilt virus), N(nematode),
F(fusarium), V(verticillium), Fr(fusariium  radicis), Cf(cladosporium  fulvum),
Ph(phytophthora) etc. and leaf spot, bacterial spot were checked in the field
tolerance. the crossed F; hybrid combinations between fixed lines were tested and
selected through hybrid selection trial, final selections from actual farmer'field trial
have been registered as commercial variety.
The 2™ detail study : In the SNP analysis, many DNA markers were obtained by
resequencing DNA extracted from the red and pink type big size fruit tomato inbred
lines. These markers were used to generate genetic maps between each lines and
were used to identify genomic crossing rates of offspring groups. The GBS system
was set up by the Cornell method and used to improve breeding efficiency. Gene
pyramiding was optimized by mutual crossing of strains containing major traits for

the integration of resistant genes in the offspring.

V. Results of Research Development

Chapter 1 Variety Breeding with Multi-disease Resistance for Import Substitution in

Tomato
1. Collection and evaluation of tomato wuseful genetic resources; Collected and
evaluated 152 tomato genetic resources which are determinate type, indeterminate

type by growth habit, big size, medium size, mini size by fruit weight, pink, red,
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orange, yellow, brown by color, oblate, deep oblate, round, oval by fruit shape, good
storage and cracking tolerance genetic resources, and 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 materials.

2. Elite parent line breeding and selection: Female line breeding and selection: bred
and selected 42 lines in 1% year, 41 lines in 2™ year, 67 lines in 3™ year, 56 lines in
4 year with short internode, good flower developing, fruit setting, uniformity,
storage, color, and Tomato Mosaic Virus, Nematode, Fusarium, Leaf spot resistance.
Male line breeding and selection: bred and selected 44 lines in 1% year, 42 lines in
2" year, 60 lines in 3™ year, 48 lines in 4™ year with strong plant vigor, firm fruit
flex, storage and transportation, Tomato Yellow Leaf Curl Virus, Cladosporium,
Fusarium radicis, Phytophthora resistance. fixed inbred lines were used for F; hybrid

combination crossing.

3. New material creation backcross; New materials improved to BC4F3, BC3F2 stage
by backcross that were accumulated new gene in (pink x pink) 1 group, (red x pink)

5 group, (red x mini) 1 group, (pink x brown) lgroup recombinations.

4. F; hybrids selection trial; In the 1* year selected pink 14 combinations out of 20
hybrids, the nd year selected pink 5 combinations, red 5 combinations out of 62
hybrids, in the 3™ year selected pink 5 combinations, red 4 combinations out of 56
hybrids, in the 4™ year selected pink 5 combinations, red 5 combinations out of 53

hybrids. the best selections have been tested at actual farmers'field trial.

5. Variety registration and commercialization; Final selected hybrids were registered
that pink tomato ‘GS Pink’ ‘Super Star’ ‘Mammoth TY', black tomato ‘Black Eagle’
red tomato 'Charlestone TY were submitted to variety protection, also have been
submitted variety production and sales declaration on ‘TY Megaton’ ‘King Stone’
‘Toscana’ ‘Blue Stone’ ‘Red Strong’, all the varieties are on sales or large scale trial

currently.
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Chapter 2. Development Rapid Advancement of Generations for Breeding Efficiency

Promotion for breeding Material by Using SNP Technology in Tomato

1. The characteristics of the traits from the cultivation / propagation of the elite
lines were investigated. The results showed that the root length was strong, the
seedlings were uniform, the flesh was hard and the storage was excellent. Very good

complex tolerance pink base and tomato breeding material were used as materials.

2. For DNA extraction, purification, QC, and sequencing, four tomato inbred lines for SNP
search were DNA extracted from 24-day-old seedlings of rin type 1, pink type 2 and red type.
The purity of DNA was verified by using QC and sequencing was performed with Illusion and
[llumina / Hiseq 2000 DNA sequencing system.

3. Genom-Wide SNP was analyzed using Illumina's Hiseq 2000, and consensus sequence was
created by alignment with reference genome through sequence pre-processing to trim raw data
for shot read according to quality. After detection of the primary SNP (or Indel), a SNP matrix
was created between the samples using the SEEDERS in-house script, and the SNP candidates
were selected through validation. The number of readings between child lines was 40,383,428 ~
43,406,156, which was 10.33 ~ 11.11 times that of the reference genome. As a result of
trimming the raw data of four children lines according to quality, it was 8.40 ~ 9.10 times of
the reference genome and 79.25 ~ 84.7% of raw data. The SNPs of the reference genome and
the child line were 144,992 ~ 558,526. K1 and K2 were 607962, and K3 and K4 were 213,782 in
the polymorphic SNP. Create a list of unions with the SNP position as a candidate, and create
a matrix. At this time, the empty region is filled again from the consensus sequence of the
sample. Based on the same position in the created matrix, polymorphic SNPs were selected

among the comparative samples.

4. The SNPs of the reference genome and the offspring were 144,992 ~ 558,526, and the
polymorphic SNPs were 607962 for K1 and K2, and 213,782 for K3 and K4. A comparison of
SNPs between comparative samples is made by creating a list of unions and a matrix, with the
total SNP position obtained by comparing each sample with a standard genome as a candidate.

At this time, the empty region is filled again from the consensus sequence of the sample.
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Based on the same position in the created matrix, polymorphic SNPs were selected among the
comparative samples. Among the polymorphic SNPs, 91% of K1-K2, 83% of K3-K4, and 9,17%
of genic were found in the intergenic regions. Genic was again divided into intron, CDS, and
UTR by 6, 3, 0% in K1-K2 and 11, 5 and 1% in K3-K4, respectively.

5. The distribution of polymorphic-SNPs between K1 and K2 on chromosomes is distributed in
all 12 chromosomes of the polymorphic SNP distribution between K1 and K2 in child line.
Especially, there are many polymorphic SNPs on chromosome 5. Polymorphic SNP distribution
in the K3-K4 strain was also distributed in all 12 chromosomes, especially polymorphic SNPs
on chromosome 9 and 11. In addition, genome-wide In / Del analysis of each strain showed

27136 ~ 44462 levels. The polymorphic in / del of K1-K2 was 30,641 and the K3-K4 was 11,045.

6. Based on the results of the genome-wide analysis for HRM (High Resolution Melting) primer
design, the HRM primer set was designed with HRM primer set of 186,800 between K1 and K2,

and 70,596 sets among K3-K4. We constructed a genomic map using SNP information.

7. SNPs of four varieties of tomatoes were used to select available SNPs for each
crossbreeding combination. There were 6 possible total crossbreeding combinations, totaling
410,074 SNPs. Of these, 245,514 SNPs were able to design primers satisfying the conditions.
The SNPs available for each mating combination varied, with 60,865 SNPs selected for the K1 X
K2 combination, among which 40,691 SNPs were available for primer use. On the other hand,
the K3 X K4 combination showed the lowest number of 40,136 SNPs. There were 20,62 SNPs

with available primers.

8. When divided into physical lengths of each chromosome, they were divided into five equal
sizes per chromosome. The longest chromosome 1 of 12 chromosomes was about 90 Mb in
length and was divided into 5 18 Mb long sections. The shortest chromosome 6 of about 46 Mb
was divided into 5 9 Mb lengths. Three SNPs were selected for each mosaic by using SNPs
available for primer - mating combinations of four tomato varieties. The selected SNP markers
were about 120, totaling about 10 for each chromosome. The HRM primer was designed from

the database of these marker information.
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9. It is commonly known that crossbreeding in plant breeding consists of 25% of donor genes
in the BCIF1 generation and 75% of the repetitive progeny in the breeding method used when
introducing one or more traits into a good lineage. However, at the breeding site, the ratio is
somewhat different due to the superiority of genes and the recombination. Using these
differences, selection of individuals that do not contain many donor genes can contribute to a
shorter generation of breeding. Therefore, this study aims to increase the selection efficiency
in the BCIF1 generation by setting GBS (genotyping by sequencing) technology that has been
developed and used recently and using this technology in the field of breeding. After
generation of the GBS Next Generation Sequencing analytical material for the construction of
96 libraries of tomato BCI1F1 generations, the QC results were shown to be consistent with

Acrylamide-gel electrophoresis and QC profile results.

10. F1, which is obtained by crossing to a pink system which has a genotype of rin / rin and
has a good taste and has high initiality, high sugar content, and a size of 280-310 g, is a pink
system. Using this method, we crossed with pink P2 and selected as rin genotype from
foregrounding selection from BCI1F1 generation. GBS showed 3,886 homozygous SNPs per plant
and 810 heterozygous SNPs per background. The obtained homozygous and heterozygous SNP
markers were divided into 239 chromosomes, 93 chromosomes, 197 chromosomes, 197
chromosomes, 149 chromosomes, 233 chromosomes, 996 chromosomes, 996 chromosomes
There were 120 chromosomes, 12 chromosomes, 28 chromosomes, 169 chromosomes, and 245
chromosomes. Genomic composition of the pink tomatoes containing the rin gene in the BCIF1
generation and repeatedly cloned showed that 65-78% of them were in the majority. Among the
38, 45, 51, and 57 plants, the donor genome was 13%, 16%, 12%, and 12.5%, respectively, in
the BC1F1 population containing about 350-380 SNP markers with less than 15% of the rin /
appear. As a result of looking at the characteristics of BCIF1 plant fruit, it showed pink,
strong initial, hardness and various characteristics. The maturity of the selected plants was
similar to that of the parents. However, overfeeding was similar to that of donor, and other

traits were not significantly differentiated.

11. F1 and BCI1F1 were grown and GBS was applied by using the parent line of the parents,
the sugar content in the range of 5.5-6.0. The number of polymorphic SNP markers was 2492
homozygous SNPs and 396 heterozygous SNPs after GBS application in the BC1F1 generation in
which the red tomatoes were donor and the pink tomatoes were recurrently grown. The

obtained homozygous and heterozygous SNP markers were fractionated by chromosome,
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resulting in 196 chromosomes, 23 chromosomes 2, 42 chromosomes, 472 chromosomes, 116
chromosomes, 72 chromosomes, 287 chromosomes, 7 chromosomes There were 57
chromosomes, 38 chromosomes, 18 chromosomes, 84 chromosomes, and 130 chromosomes. In
the BCIF1 generation, the genomic composition of the red genetically modified pink tomatoes
containing the high quality gene related to red was 75-78%, and BCI1F1 with less than 15% of
the red P1 genome was 61, 90 plants, 11.5% and 14.5%, respectively. As a result of looking at
the characteristics of the plant BC1F1 plant fruit, it was pink, but it showed strong and various
characteristics. The maturity of the selected plants was similar to that of the parents. However,

overfeeding was similar to that of donor, and other traits were not significantly differentiated.

12. For the gene pyrimiding experiment, a hybrid of F1 x F1 crossing was carried out. In
order to develop a high-yielding tomato breeding material, Medson F1 and TY 250 F1 were
crossed, fruit weight (250g) were selected to F1, F2, F3, F4, F5 and F6 generation.

Chapter 3. Development of high-quality tomato breeding materials by analysis of genomics and

metabolites

1. Quantitative of water soluble vitamins (WSV) B1, B2, B3, B5, B6, B9 and C and
polyphenols such as Naringenin chalcone, Quercetin, Rutin, Kaempferol and Myricetin
and vitamin contents of 35 tomato breeding materials were analyzed. To determine
the content of water-soluble vitamins, analytical conditions were established by
reference to Journal of Chromatography A 179-188, Santos et al, 2012, Sequential
determination of fat-and-water-soluble vitamins in green leafy vegetables during
storage. Determination of Polyphenol Levels in Capsicum annuum L. cv. Chelsea
(yellow bell pepper) infected by anthracnose using liquid chromatography-tandem

mass spectrometry, SeMin Park et al, 2012, Food chemistry 981-985.

2. Thirty isolates were selected for resequnecing in 100 genotypes including native
species, cultivars and wild species. Among them, 23 strains were used except the
missing ones due to high temperature during the cultivation. F1 12 varieties were

added and used as a sample for quantitative analysis.
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3. By standard solution analysis, it was found that water-soluble vitamins and
polyphenols were detected by comparing the peaks derived from the resultant peaks
with the peaks obtained from the samples used in the present study (by substituting
the results of the two tested samples, To check the presence of the substance). In
this case, the water-soluble vitamin B2 and B9 did not show the same intensity of
peaks at the same time, and it was confirmed that other peaks were detected very
much. It was detected below the LOD value and contained in the tomato samples

used in this experiment.

4. Analyzes of tomato water - soluble vitamins and polyphenols showed that the
components were found to be above the LOD value in B2 and B9. Concentration (pg /
g) and standard deviation and relative standard deviation were obtained for 35 lines

of tomatoes, respectively.

5. In addition, it has been reported that ascorbic acid (Vitamin C) is contained in the
bovine colony according to Rebecca Stevens et al.,, 2007, Plant Physiology vol.143
1943-1953. Quantitative analysis data of 35 plant samples were classified into 0-60g,
60-150g, and 150g, respectively, based on the average data of each sample. In
addition, the classification was performed according to the color of the specimen,

with the focus on the difference in coloration between the samples.

6. According to the data processed according to the whiteness, C, B3, and B6 in the
case of water soluble vitamins showed the highest contents in Red, when they were
divided into Black, Orange, Pink, Red and Yellow. And B5 and Bl showed no
difference according to coloration. In all of the five polyphenols analyzed, the lowest
content was found in pink. Polyphenol content was higher in orange and red than in

yellow and red in the native breeder F1 12 varieties.

7. According to the data processed according to the size of the water soluble vitamin,
the difference according to the size was hard to see, but the sample No. 112 (LA0797)
showed high contents for the five water soluble vitamins. In addition, the content of
B6 was higher than that of B6, and the highest content of B6 was found in the flesh,

but the next highest fruit was in the bovine. Polyphenol did not show any significant
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difference in the 22 varieties of foreign native species, but it was higher in the

cherry tomato in domestic breeding company F1 12 varieties.
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E $%2 2790l AR 9 EntESES s TAslAb} A

I EohE EFF 84 ATL 300730 Aux gon], S5 EukE &Fo] By ol
gl Aol ok,

o] RFET Gl BEL
g EntE 8%716% ol WAst] T §F7PL HE FFY Hlge] @A HokAL 9
ov], B3] WEEME] 49 FUAY Aagol FAEs] T0%old ARt
EnfESEo] Folsta g Ff Z14e] Fhdeln EntEgFe] Y 2 A4 849
MASE FEol 716d 2 AFs|ue] Fok.

AT At 013 e AfloR nE GHA HES HE B 2

A8 FolH (93X A FEAYAL, scaffold®] 2ol 90% o]4Fe] genome coverage), =A|4]
1=

re
ol
>,
1o
.,
Al
2
N,
iR
o2
X
Ho
o,
ok
i
oN
o,
55
lo
=
gt
Ao
2
A

Kel
dAETTATFEe SAHCE 20039 RE ARE FAZRAIFAA HAaA Gl sl
= 1ASIY, EftE f34 2A40CH A dd)e 85 A

(http://solgenomics.net/genomes/Solanum_ lycopersicum/index.pl)
C. annuum Dempsey X Perennial®] RIL 12070412t < 2% =Z3F 1227049
resequencing 53, Bt 1X genome coverage® low—depth sequencing A A]
AN2AAAAE (RILs: Recombinant Inbred Lines)olgt HFAS 71 AlFS w5t
Dozl AAES AFScte] AHAATE | ol& AT EY Ads Ttk

Set 122 RIL ASC2HE genome-wide SNP A%t ; Bd SNPE 86792771,
A SNPE 71 AFS 102,1977H, o SNPE 7H AT 4,971,051708 &= o+ U

1) ol AlAxgFo] HEste] SNP A% 7)E0] AA BA Yk Aol B,

o AN A
Fr Afolof A HEHE SNPE 120 A9 RIL el d7IME sEollA AFohe g
b &9 genotyping A&EE Hol fF5At &= B % SFTLAE A

gt S4ANE AgEE TES IAdE $E41070dY BEEE B, 24dE @
AA54(1980dt), 34 A4 B WEA1990d L), 4t
(2000dE) 2.2 s 4 glow Fumct o 53 o4 e Sl Ao
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FASNES FU0R A

- wEol ol EAEA S FaAo] AA FZE glom, E};leq
A vtA A7 )&7 High—throughput(HT)-MAS system &glo] @2 ExLE sl Q1.
- GE9 B HAadidet HEErtEN A= WA 1EE, 191 diE FFolAe S
B SF90TE A7 AP U
gt EntE 5% S40 A¥Ee 7leS A5 8ot Wols A ALEA| DNA mtAE o]
goto] AT aas Sdist AA oge Halls APE FAAE 7L o £F A%
= 9ok S
EftEs A fRTFoIY SAAEE 9, bE i Hs] A=A &F7]so] Y
otH, =rHjo] TAAAS 01| ol

o

o},
AT AR AL 7P WA 2
2011 @A AAQ] EvtE Ea AL oF 1290

v},
mid 6.5%% A%
AL adE BASE 7142 olgstel dshe $UAE sk 5 A
N7 B HoR TE,
200397 A% AT §47 ARALE Fo) EoE 447 H5e] gy
GaA 48 2N
TolA PAAFS AT FB W A7A

of,
2012¢ 5¢ Natureof 2HEE]o] &4
TEAT HAAEE F

ste17] Slstol Entee} 717

| e S il
BE FHot et dYAA 5
2}, SolCAP (http://solcap.msu.edu/)2 7HA3} & GAAE ALsls
of FFstel SNP 5 3ol Bast np7 9 Z48 tool2 7T F¢
7}. Tomato Functional Genomics Database (http://ted.bti.cornell.edu/)= microarrays 53l
A FAR A S 247 Hlol Ho|Aol, BEutE A pste] HYFHow A
T 3.
El, Tomato QTL database (http://zamir.sgn.cornell.edu/Qtl/Html/home htm)= ERIE IL
A& 59 gRY QTL ARE AT
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3. el Ay 4
Table 2-1. =¢] AFFY7|H D 53

rL
g
< of
(o]l
ol

APy 712t A7l e AP pte] 283

TEfR seri 38 HEHEC, EANOLE WA,
DEY R B A ARl o e S8 o

Qo] Takii, Sakatait Ol Eobe g TE], ZEfRITYY, AOLE TYAlO}
MonsantoA} BIA /g EnfE Jh 2hr =(C]2olE]), U, YA
~ B T, Eleo|d e, njuA, EER dElF,
sQutol2 (3H2) ks, 94, thSEntE 25 7
gt Sdeg
ENEAH ST 1A Ejeto|uja}d, EAE, Q= TYZLZH]
g 5ot BEEntE B3N
32) RCE]
oA (§1) SRR 24 9 71E Als 84 712 AE 54
SHgohst(sh=) AR 24l W Y AU ASSd 2 AERe, 534
R o . PR U] 29 ulro|n] &A1&
Aoy, AKIER oF 200] 7}x]e] EntE ujA 7R AEE Ao ojstol B o] BE 3
Fiutct oist (FRdeh)  A1ESY A 9AKI3) 224 IS 258740 &8 5
TGRC(0]=) SRR AL B E B =57 H“*K}Oﬂﬂl d oF 6007<q KIABECF
EOIE genomlCSOﬂ =Alss I o srast A ol =
et E0}g0) 7|2 94} A%, E0lE P ;‘}H} Oqigmf; Tﬁfiiﬁf
7§l EO}E PCR-based marker DB 7% °© o= e
A&l + KRIBB EOLE genomicso]l =A5-5 A+ 282 9Jst DB #&53
7¥R| 2 Ria AFZo] 79 @Al tist e = =
Keygene Clolal, Crolx o st ZASE 3jAtof 0 Eg
s eyt b~ b BEBEMER D EVERL 72TUMNE - EVEE KB ojstel ALEE Fpo] ole

BN R R AADBAFE
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174—1

7}.

AR =8Al <

QAZYLA W W}

Ao gaAdoR Aubga A4

st Ut Fon g 5o

& 43 Whelel 2ol 2 Az

] 945k TYLCV Hitﬂ*%l

(|
3 A3
Q
[e)

Table 1-1. A-FA7Y #8 4 ¥7F (1Ad%)

Aol Sl AlEAllred) 1
4 2z 28kt

Yok EvlE B 2

%t F3A (pink) 74, Batoll 7

23 yellow 134, brown 13

o = 5 S 3 o =TT 5%

FAAEE 2% oE © U (A2E) ik H 32
Fit-1 =5 BTk 230 pink FF Ty.Tm.F.Cf China
Hi-2 S5 BTk 220 pink FF Ty TmEV China
|3 58 a3 210 pink FF TmF.V.LS China
FJ/t-4 Rigl I3 190 pink FF TmF.V.IS China
Ft-5 % BT 200 z=d FF Ty ImEV China
FER-1 =g T 250 pink FF TmNEVBEw China
EH-2 =% 3T 230 pirk FF Ty. Tm V. Bw China
EH-3 25 o7 220 pink FF Tv. Tm N, Bw China
ER-4 =g aF 220 red FF Ty.TmNEV Ching
EH-5 =4 I3 210 red FF Ty TmINFV China

MT S35t =5 120 red FF Tm.FV.Cf Indonesia

MR % =8 100 re FF TmEV Indonesia
ANA S = 120 red FF Tm.FV India
AVN 4% =5 80 red FF Tv.Tm.N.F India
PET =% =52 150 red F Tm.F,V Iraly
NL-1 54 #HE 220 red FF Netherland
NL-2 =5 HL 200 red FF Nerherland
NL-3 £ #E 160 red FF Netherland
NL-4 55 HE 130 yellow F MNetherdand
NL-5 R I 120 brown F Nerherland

Al 2058

*r}%, = = O o

* AT, M mediom, Fr finm, FF: Very fism
4+ e Ty Tomato yellow leaf cud virus, T

leaf spor, Bw: bacterial wilt

Tomato mosaic virus, N Nematode, Fr fusarium, Vi vesicillium, Cf cladospodum, 1S:

Photo 1-1. =4 =
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. TYLCV WHA, AT 42 44, Eﬂiﬂ-long shelf life 24, A1 AIA 34, &
oFd. TYWHA 34, thA.long shelf 14, f3td. oA 34, Ty2 44 14, 2899%
H(Fr) WHEA 148 5 F 188& FHsk] 371 H Eesd

Table 1-2. A732H 4 2 54571 QApdE)

77 e i e 2+ s12E: H2
LLE-1 Bt 220 il pink TYILY W4, 738 Chna
LE-2 & s 220 I3 pink TYLCY WE4, A4 China
LE-3 & i 210 I3 pink TYLCY W4, B84 China
LE-4 2% 200 77 r=d TYLCY W54, A4 China
kg1 25t 250 i pink 2}, long shelf China
kg2 K=k 230 e pink iz}, long shelf China
BER-1 il 230 T red ZoAT4 BWAHTA China
BEE-2 2t 230 L= red EHAFE, bW HF4 China
BEE-2 i 22 U pink 2FAFE BW A4 China
ndn—1 H3t 120 = r=d 32 TYyuEs India
Inde-2 &35t 120 =S4 red S5, TyusEA India
Jado=3 pal 100 =4 r=d $83. TYUH; India

Pakistan—1 a3t 100 2 rad o e Pekistan
Tran—-1 S5t 130 =S rad R Iren
ran—2 45 120 =4 rad £5H8 ridd Irzn

Iran—1 £35t o g 132.0 =53] red £33, o4 Iran

Iran-2 3t o 8 129.5 =HE r=d £33, s kan

Iran-3 3t o g 1506 = rzd SEtE, s Ian

Japan-1 23t = 7 211.2 b fam pink TY2 4 Japan
Japan-2 i z 7 207. A7 pink Fria) WA Japan
A 183

#

. TSWV WA 24

leaf mold

WA 1

brown color 13

“,

Z-3 90 allag — 1° poor

, TYLCV WA 23
, grey leaf spot ‘H‘ﬂﬁﬂ 24, long shelf
O’%EU}E 14

® *TY: Tomawo Yellow Leaf Curl Virus, EW: Becrerial Wilt

=

()

4, cold toleranceAlE 14

SESEE 14
lifeA] 17, S0l 8ERE 27,

£ 1338& 435} Fristy 242 &8,

black

Table 1-3, A48A9 44 9 547} GAAD)
AT =
AHAAYEE =% TE(g) ﬂ = ﬂ g %] ; 5= . pAS ] Lmexm £33
{cm) {cm) (ke
Web ™ 2532 56 84 0% s 1 ‘ 2o TSWY HE kaly
SyEn 1D 160.7 5.8 6.7 round red 1.7 ! 23 £0] 3 Tealy
Esedrs 1D 196.5 6.2 ik round red 1.8 l Cold tolerance Iraly
Torano 1D 107.3 o1 45 long red 15 ﬂ Long, TSWW Tealy
54408 1D 738.2 5.1 9.3 Flat pink Ls Winkle Tealy
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BMI3 D 544 44 A8 lleis ommpe 13 tﬂ Black leaf ticld=®  China
QYA ID 2260 6.2 72 oblate  pink L5 i Ty2 U4 Japen
AX-37 D 160.1 6.0 6.2 round red 2.0 . %0120 Netherland
AX-88 ID 183.2 6.3 6.5 round red 2.0 g ed, L3R Nethetland
7.3
TK-1 jiB] 223.7 6.8 round red 21 Red, L3L Turkey
TX-2 D 425 30 A% iownd sl 18 ! Red4:0] Turkey
TK-3 D 187.3 6.1 7.5 oblate  black ﬂ Black o=t Turkey
TK-4 ID 287 4.7 30 aval  bicolor 1.5 g ZHE+ = Turkey
A4 13 A
Table 1-4. A532 4 2 EA4B7F 4ApdLE)
- :ﬂo - =
FEAEE =% 27 AT ey g =4 SHER*? =334
(g)

MEG =% 4 9 207.3 oz pink TYLOVAEA Japan
Shandong—1 25t = 8 108.4 i pink ToCVUHEA, =44 China
Shandong—2 =23 = 8 2035 1= pink ToCVUyE4, 54 China

MAT =23 =7 o 156.5 = red Long shelf, A7 Indonesia

HZ S s = 9 128.0 BH red Long shelf, 2343 USA

CNN =% =3 8 1896 a3z pink B A Taiwan

CNS 25t =73 8 205.8 I3 pirk B g A Tairwan

N-1 & 7 9 1704 = red oA, A% Incia

-2 s = 9 134.3 =20 8 kg, At India

En-1 =% = 8 220.6 BE pink TSWNHREA Japen

KIN-2 55 = 8 218.5 =1 pink Sl T ol A Japan

A 114
* Z2b 0! exellert — 1t poor

* ¥ TYLCV: Tormaro Yellow Leaf Cud Virus, ToCV: Tomaro Chlorosis Virus, BW: Bacrerial Wik, TSW\: Tomaro Spored Wile Virus

F(parent line)E9] 4 2 A

404 E&olof] mtFsto] 50~60 Z "|dstero] G

o
—.Eli'
L RALE A, 2520, HEE 44 HAZOm 6wk A4

OhH 29 F3H8A¥ (indeterminate type), F3H3%E (determinate type)
D) =710 Alehge] AstA|7|er 2ol whall 5o T 2525, e T2
(th) Ak AA|Fo|A A3dt sb7hA] 9] do]

£
|
oflt

PR B FH), 1Rt B FH), AP @ o

™
ol
=
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(mh) TF: S53te] HHatF
(b A ZAA o] MAte| wrel B8 M (pink), T (red), LA M (orange), =3t (yellow),
ZHA (brown) 2.2 U™, rine ZHHo] E|Z] 9F= rin gene
(XD of7jA: 2pAo] &7 W AL o7fF-Z 9] base green®] Lol w2t LG(ight green),
G(green), DG(dark green), U(no green back)
(o) AE: mdo] B AR, FE4T Aol lom, Al oheet ko et
3

(A L AsE #AO uniformity Fk, AEFSEN HAYS

(*h) Gk Brix FEAR S5t o, Aujet o] s

@h WA AEE 2AmAE o]8ste] TYLCV(tomato yellow leaf curl virus <2}l
Hufo]H A) Tmltomato mosaic  virus ERUFERZFo]FHEo]|#A) Mi(nematode A%,
F(2 fusarium AlES4), Fr(fusarium radicis <HZFH),V(verticillium HHI9]ZH),
Cf(cladosporium fuvum FF°|®),Ph(phytophthora €4), LS(Stemphyllium HFE
H) & AR 9 2AAIAES JA

LS P = Rl

(1) 2ASAEA line) o= Fzto] Fa 2pH|tfdo]l £, #744d, L7t 5519, Enf
E Rajo|gntolH A (Tm), ASIN). A2 (F2).duFolH(ChH) ol HIUEdel A= 424%F
2 84 Adrelelg (Table 1-5, Photo 1-2).

(2) FASEB line) 22 ZA7} ZFstal o] dekste] 27444, 4
Huto| HA(TYLCV) HHAIIZH (V). AFHHALS) soll Hidel e 44A52 =4 A s
2 (Table 1—6, Photo 1-2).

(3) XAASEL F1 2240l Argg

Table 1-5. A Line 474559 58 54 2 dd=
— - ﬂ E— T == .’1\j=1E'1-
= - Y e =17+ £ =1.1] SMAg* + 1 3 FFEF
AZE A% 29 1 =% @ B OEET o b e Kol
J1:53 Fn =35t =Z iy 164.5 pink U VE 3.6 Tm 12V, 2
B3 Fn 535 = I+ 165.7 pink U VE 5.4 Tm.12.V.CELS 3
MBC ET 2o} =x B 218.3 olisld LG E 6.4 TyL Tm M 12, VLS 3
FGO F7 =5 =F e 186.1 pink u VE 53 T M J2V 3
MOF F7 3 = = 175.0 pink G F 6.4 Tm.MiI2.V.LS 3
NEH F7 =+t = B 218.7 red U F 51 12.VLS 3
MD5 F7 ey g I3 220.2 red U VE 48 Tm.Mi2 3
MOB Fo 53 =3 I 188.8 pink LG F 5.8 Tm 12 V.15 4
DKS5T7 F6 =5 = HA 197.6 pinl G F 5; Tm. MiI2V.CE 4
OG F& iy =3 IS 197.2 pink LG VE 5.5 TmI2 Fr. VL5 4
MOTH F& =5t = 1 182.0 pink u VE 5.0 Tyl 3. Tm NG, I2Fr 5
DEMN 5] =3t =3 I+ 158.4 red U YE 48 Tyl 3. Tm MLV 5
Al 42

_36_



Table 1-6. B Line SAAIEES] 8 EA @ Audb

ABR A% 23 41 3§ ° W8 ams Goo oo Hggter -
CBS B 2® 2z ®T 2202 gpnk LG F 6.5 Tyl Tm.MiI2.V.L3 3
CN26 F7 25 2t I 165.8 pink DG VE 5.4 Tyl Tm MiI2. VLS 3
MGO Fi 14 =T I+t 1825 pink U NE 5.0 Tm, 12, L5 3
BME F =@ & 37 1828 U VE 5.1 2. Fr VLS 3
MGO FF BE®m 2z 3T 1820 pirk U VE 5.0 Tm12.15 3
DGl 6 s ol L 197.5 pink LG F 3.8 Tyl. Tm.12.Fr.V.LS 4
RD F 2% & ®7 2005 prk DG VE 53 Tyl Tm M2 4
DR F6 =25 = =T 212.1 pink G iy 5.6 Tm Mi I2V.CE 3
5B F  Ew  E% ®7 1848 wd U VE 48 TyliTmMGRVLIS 4
MORP Fo S 1 i T 232,6 pink G YE 8.0 Tm, 12,15 3
MDP B =u #3 1763  pink U VE 5.8 T2V 3
5D F6 A% F= #3 161.7  pink LG VE 5.6 Tyl3Tml2.V 4
QBN F6 s Z Tk 177.7 rn u VE 5.0 FrV.L3 4
A “

* 78, Ut no green, LG lighe green, G! green, DG dark gmen

** ZHE ML medien, F! firm VE! very fimm

Y e Tyl Tomawo velow lkaf ciod vimus, Tm: Tomaro Mossic Vims, Mii mdoidosyne incoprirs, 12 fusardum mce?, Fr
fusadium gadicis, V: vemicillium, Cft cladosponum, 13 leaf spot

Photo 1-2. A5SA4 &4

o}, AAyt

(1) A Line(RAS4) o= d3to] gy 2| o] F3L 2744, Mt d =7t ¢451H, 5¢
Aol e 41AlE = |4 AIstlal <=8 &2t 2PAF (Table 1-7, Photo 1-3).

(2) B Line(FAS) ez A7t Zst dhso] ddsty Setiildel Sl 4245 54 A
WSk (Table 1-8, Photo 1-3).

Table 1-7. 2A|(A Line) S4A5ES] 8 B4 9 Ak

- T N B = = e
N N p ~ . o3
A =S EA g T8 OWR N e G s A%
01 T =9 =7 1863 I prk U 135 5.5 Ty1.Ty3. Tm. 12,V .G LS 2
302 En =5 “F 2055 T pink DG 12 6.0 Tyl Ty3. TmI2 VNG CELS 2
303 b B8 27 2120 ®I  pink LG 12 5.8 Tyl Tv3Tm 2. V.G 3
300 T =5 =7 166.7 =) pink LG 1.0 5.6 Tyl. Ty3. Tm 12 V.G, CELS 3
310 T =5 ZF 207.2 T pink U 14 54 Tyl Ty3 Tm 12 V.M 3
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315 & 27 2033 3T r=d U 12 51 TmIZV.LS 3
323 A =F ZF 22001 IR eed U 13 54 T I2.V.MLLS 4
32 F =% 7 1689 T eed U 16 58 Tm.]12.V.MiL5.Ph 4
330 B 2% Z 1575 B¥€ U 20 50 TmI2.V.MiPh 4
338 B 2% 7 2127 IL eed U 1.8 50 Tm.JI2 Fr.V.CELS 4
4 F6 =@ 71822 I red U 20 50 Tyl Tv3. Tm.I2Fr 5
347 F6 &% Z 1587 ©BY  rd U 20 48 Tm.J2 V.M 4
A 41

Table 1-8. F4I(B Line) S4ATE2 8 A 9 Al

_ L . T - S AT 8= i
A = e z TR . . AT ;
i T * (o/0) (boix) i A
361 Tn =% Z7 1977 DT+ pink G 1.3 6.2 Tm. ]2 V.MELS 2
62 In =5 Z73 2135 T pink G &) 60 Tyl TvdTmD.V.FLMiLS 2
363 O =% =7 079 ®HE  pink LG 2 5.8 Tyl Tv3, TmI2 Fr.MiLS 3
364 O 2z Z7 1801 TR pink LG 15 58  TyLTy3.TmI2V.MLCELS 3
367 8 =3 7 1886 T pink G 14 6.0 Tm 12 V.Fr0Mi LS 3
368 8 2% 7 2054 ITF  pink G 1.7 58 Tyl Ty3TmI.VFMiLS 4
360 F7 48 = 1764 73 red u 15 57 Tyl Ty3. V.G 4
371 7 25 1925 DT red U 1.8 30 T I2V.Fe M 4
374 F =% =7 1712 L red U 18 5.0 Tyl Tv3.Tm.I2. V. Fr. MG LS 4
375 F6 =5 s 1828 7 red U 2.0 5.2 Tm.]12.V.Fr,LS 4
378 6 =5 1605 TF red U 17 53 Ty1.Ty3, Tm.I2V.Ph 4
287 F6 i “+ 125.7 3F own DG 1.4 55 Tyl Ty3. Tm 2. V.Fr.MG L3 3
Al 42

* 7 U no green, LG light green, G gren, DGE dark green

Photo 1-3. A5SA XA

Ho

o a7Amn
(1) A line(®A)SAo=2 F6 28 line, F7 20 line, F8 12 line, Fn 7 line, & 67TA% <A
et (Table 1-9).
Table 1-9. 2A|(A Line) 4455 58 4 2 A
- — N T B 2L S
i=1] A t lE: %
AEFE A =7 27 g @) o oAg (/D) (brixd) g4 S
15 101 F6 D 68.7 round 205.6 pink LG 18 3.8 T V.CELS 3
102 F6 DD 724  oblae 2124 pink LG 18 60 MEF2V.1S8 3
104 F6 I 627 round 1865  pink & 20 60 Tm.F2.VLS 2
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105
106
108
109
110
111
112
113
115
118
117
118
119
120
121
122
123
125
126
128
129
130
131
132

n
In
Fn
Fn

D
D
D

1D
D
D
D
jin}
1D
jiB;
ID
1D
D
D
D
jin}
D
D
ID
D
D
D
1D

73.6
68,9
784
52.3
346

79.6
804
832
76,7
83.2
816
78.4
783
75.7
78.1
88.3
87.2
78.2
g2.1
835
79.0

-~

L L

round
oblare
round
oblong
oblong
oblate
oblare
oblaw
round
oblaee
round
round
round
round
oblate
round
round
oblawe
oblare
round
round
round
round
oblate
round

182.9
186.0
216.1
1567.8
178.2
220.6
216.4
208.8
168.8

22.6
2081
2128
210.4
205.9

210
178.6
189.3
203.5
209.5
186.3
223.0
2347
216.3
2008

2267

pink
pink
pink
pink
pirik
pink
ted
red
pink
pink

]
0w

o
S5

b ] (ol o fw)
QOGGOOD:ODOOQCC:OODQOOG

1.8
1.8

-~
E

7
£,

1.8
1.7
1.7

23
£,

2.0
2.0
1.8
17
1.8
1.8
2.0
1.8
1.8
1.8

13

o R
[ s e = T O T S )

6.3
5.8
5.8
5.0
3.0
6.3
6.0
6.0
45
5.0
52
48
4.8
5.8
6.0
6,2
3.8
6.3
6.3
6.0
6.2
46
46
5.8
6.2

Ty. T ML 12 VLS
Ty.TmI2LS
Ty. TmN.I2Fr
Tm,I2.L5Fh
Ty T I2V
TmINIZFr
Ty Tm.I2ZVLS
12.V,.CELS
TmI2.Fr, VLS
Ty. Tm.N.I2.Cf
Te.TmNI2
NMiIZ VLS
T MiIZV.Cf
Tm ML 12, V.CELS
Tm M. FZV.CELS
T Mi 12 VL5
Tm. 12 V.Fh
Ty. V.15
Tm MiF2.V.Cf
Tm.I2,V.LS
12.V.LS
Tm MiIZ V. Fr
Tm ML IZV.Fr
Tm M. I12V.CE LS Fr
Ty Tm M 12, V.CELS

ol T ST o T ST S S R o T G T ST o L7 O - S O o R o - R ¥ R FUR T "I PR ¥

(2) B line(2A)SA 2 F6 28 line, F7 19 line, F8 8 line, Fn 5 line, & 6045 S4

AWt (Table 1-10).

Table 1-10. #A(B Line) /4A5E2] +2 54 % Al
I g
AsHE A% 23 E¢ B "j =g ARt {kﬁia f : Frgges _,Hiﬂi
15 301 F6 D 88.7 round 226.7 pink LG 1.8 58 Ty.Tm. V.CELS 3
302 F6 D 785 round 205.9 pink LG 1.8 6.0 Tm M2 V.15 3
303 Fé D 78.0 round 197.3 pink U 2.0 5.4 TmI2 VLS 3
304 F6 I 788  oblae 2095 pink DG 17 63  Ty.TmMiI2V.CELS 3
306 F6 D 76.9 round 1943 pink LG 0 34 TmIZLS 3
308 F6 JiB) 88.4 round 2235 red U 2 50 Ty. Tm M2V 3
300 F6 D 86.8 round 220.6 red U 2.2 4.8 Ty Tm M2V 3
310 F6 D 84.2 round 185.3 pink LG 2 5.5 Tm MiI2. V.15 3
311 F6 D 582 oblong 138.2 red U 2 4.5 T M2V 2
312 F6 D 396 oblong 1345 red U 23 4.5 T MeI2V 2
314 E7 jin] 788 round 200.1 pink DG 1.8 6.2 12.V,Cf LS 2
315 E7 D 87.6 oblats 186,1 pink G 1.8 5.5 Ty. TmI2.V.Fr LS 2
316 F7 D 88.7 round 213.7 pink G 1.8 3.8 Tm . Mi.12.Cf 3
317 ¥ D 76.7 oblong 1586 orange LG 1.5 54 TmI2V.CLLS 3
319 7 D 83.2 round 212.8 red 6] 20 4.8 Tm MGI2V,CELS 3
320 E7 D 838 round 2150 pink LG 1.3 3.8 Ty. T M2 LS 3
22 EY jin] 846 round 216.8 pink G 1.8 38 Ty. Tm MiI2V.CELS 3
323 F8 D 75.9 round 2183  pink G 1.5 5.4 Ty. T MiI2V.CLLS 3
324 F8 D 835 round 2201 red 8] 22 4.6 Tm MLIZ VLS 2
325 F8 D 83.7 round 217.7 pink LG 2.1 5.2 Ty. Tm.12V.Ph 3
326 Fn D 85.3 oblate 227, red LG 2.2 4.6 Ty Tm, My 2, V,CEFr 2
327 En i8] 803 round 206.5 pink a 1.7 6.5 Tv. T M2V, CEFr. i
Fn D 78.2 round 2120 pink G LT 6.5 Ty. T Mi 12, VL5 Fr 1

* o744, Ut no gen, LG light preen, G

green, DG

dark green
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2 U Tl gl ere 133 3 gme T Tmle 120 fusarium reee-2, Vo ovegicillivm dalise. Fro fussrium padicis, Mit meloidogine

incogrita, Cf: cladosporiiim pulvam, Phe phytophthors, 157 leaf spor

o, @7

(1) A line(2A)eAAo=2 F6 14 line, F7 11 line, F8 13 line, Fn 18 line, & 56A%

ST,

Photo 1-4. A&%

AEY ATH

A LA

Table 1-11. B2A(A Line) 544559 F8 B4 2 ¥

o]

=

. s It i@ nHE EE 3= ad
ATEE AW =¥ (@ g ® g ALt ke/®) (brix) P A=
16-401 Eb jin] 82.1 round 207.8  pink G 1.7 6,2 Tm Mil 12 VLS 3
402 F6 D 79.5 round 2132  pink G L7 6.4 Ty TmIZ VLS 3
403 F6 D 80.7 oblate 197.8 pink G 1.8 6.0 Ty. TmMilIZL5 4
404 F6 jin] 843 round 213.7 red LG 2.0 4.8 Ty. Tm Mil12 VLS 4
405 F7 D 708 round 207.5 red LG 2.2 3.2 Ty.Tm 12 V.Cf 3
406 F7 D 79.0 round 202.2 pink DG 2.0 6.2 Tv.Tm NGl 12V 3
407 E7 D 80.5 oblate 217.3 pink G 1.7 6.3 T MGlI2 LS. Fr 3
408 F7 D 78.5 oblare 2149  pink G 18 6,0 Ty. TmIZV,L5 2
4009 EF8 B 78.9 round 1805 pink G 19 5.4 Mil.12V.L5.CF 3
410 F8 D 79.6 oblate 218.2 pink G Lo 6.0 12.V.L5.Fr.Ph 2
411 F8 D 80.6 round 1966  pink LG ] 3.0 Tm.12.VFr.LS 3
412 F8 m 824 oblare 2233  pink G 18 5.1 Tm Mil 12Fr.Cf 3
413 F8 jin} 80,2 round 207.4 red LG 2.0 4.8 Ten ML 12V 2
414 Fn jin] 784 oblate 210.7 pink LG 2.0 5.2 Tm Mil 12 V.15.CE 2
415 Fn D 84.3 oblate 276.3 pink G 1.8 5.8 Tm, Ml 12V 15,CF 2
A6 Fn jin} 813 oblawe 2119 pink G L7 5.6 T NGl 12V, CE 2
417 Fn jin] 83.5 oblate 223:3 pink G 18 6.2 Tm MilI2 V.Fr 2
418 Fn D 85.6 round 230.1 red U 2.0 54 Tm NGl 12.V.Cf 2
419 En D g2.1 round 225.6 red U 2.2 56 T M 12 V.CELS.Fr 2
420 En jin] 794 round 208.4 red .G 2.2 3.5 Ty.Tm MiI2 V.CELS 2
421 En D 832 round 208.8 pink LG 2.0 5.6 MilI2.V.L5.Fr 2
422 Fn D 82,5 oblate 217.2 pink LG L8 6.3 Tm Ml 12 VLS 2

(2) B line(FANSAH 22 F6 14 ne, F7 12 line, F8 10 line, Fn 12 line, & 48415 S84

=1
=

o
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3. WAl B A

Table 1-12. #A(B Line) &4A5E° 8 54 % Ad=

By e . oF = s Bx GL " I
Asdz AW =¥  FEF oE (@) oy YA (ke/D)  (brix) g4t SRy
16-451 Fb D 86.7 round 218.2 pink LG 18 6.2 Ty Mil.12 VIS Fr 4
302 6 D 785 round 2109 pink LG 17 64 Ty.Tm I2.V.IS.Cf 3
303 F6 D 823 oblate 1987  pink G 18 6.0 Ty. Tm MilI2.LS 4
304 Fo 1B 88.4 round 215.0 pink LG 1.3 4.8 Ty Tm M:LI1Z VLS 3
306 F7 D 794 oblae 2174 pnk G 20 52 Ty, Tm,I2.V,Cf 3
308 Fy D 79.9 round 200,6 pink G 1.8 6.2 TY.Nal 12,V LS Fr s
300 F7 D 80.4 oblate 197.5 pink G 2.0 6.3 TvI2 L5 Fr 3
310 F7 D 70.0 oblate 2149  pink G 19 6.0 Ty.Tm 12 V.15 3
311 F8 D 821 round 189.5 red LG 22 54 Ty12, VIS.CE 2
312 8 D 796  oblate 2182  pink G Le 6.0 Tyl FrPh z
314 F8 D 821 round 1966  pink LG 1.8 6.5 Tm.12.V,Frl5 2
315 F8 D 833 oblate 2233  pink G 1.8 6. Ty12.Fr.Cf i
316 F8 jiB] 78.2 round 217.6 pink G 21 6.0 Tm Ml IZV.Fr 2
317 Fn D] 794 oblate 210.7 red u 2.2 5.2 Ty.Mil 12V Fh 2
319 Fn D] 8335 round 226.3 pink LG 18 3.8 Tm Mil 12 VLS 2
320 Fn D 813 round 2119 pink G 21 6.5 TyI12V.CLFh 2
322 n D 825 oblare 2233 pmk G 1.8 6.2 Ty Ml I2.V.Fr 2
323 n D 831 round 226 pink G 20 6.3 Ty.MalI2V.CE 2
34 J,:,;'J D 72.1 oval 180.5 red LG 2.2 32 Ty.MLI2 V.CELS 2

e Lﬂbg"é_. I:ri- 1:;.1 gene, 1?33- 53 gene, Im- I:xm, 12 fussmun race-2, V@ vemiglium dalige, Fr! fuserium radicis, Mi:
meloidosyne mcopnica, CE cladosporium pulvum, Phi phyrophthora, L5 leaf spot

7). ARy
() 1242 §R7l] & samplingslo] HT=lo] Qe g4 mHAS ol8ste] QAo gt £7
£ glolslo] A4

At

1.

S5 2HF ATE A Hel At Age o
B

Sfstiset sadekine] ojFjstol At

V) ZZ}E o] 4
Q) mFARA2 FAF

Photo 1-5. "FAHA U sampling¥t A7HA]

u ATt

(1) &4 linegoll tet muld WHds AR AAste Adet

o}, EvfEgseldesEtolaA Tyl 1914, Ty2 34, Ty3 1254, gxweol22 12 234, 229154 Fr
154, A% Mil 7138, Mi23 304, sI9zH V 214, EnfERAto|3Hlo]3 A Tm2a 954, EutE HHY
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AlE2H Swh 224, da5ol’ Cf9 894, 99 Ph3 1642 A4kst (Table 1-13, Photo 1-6).
Table 1-13. WA AA At

'8 | Tyl [ Ty2 Tya | F2 3| Fr ’ Mi23  Va Tmla [Sw5 CH  Phl
2% a | an (Mll) ,
Megg 191 3 128 234 0 15 71 30 21 9% 22 8 1
AR+

lm__ L 14}
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Swb Cf9

Ph3
Photo 1-6. Z} 528 Bzt

o A

(1) EnfEgstataiolaa Tyl 2184, Ty2 274, Ty3 16373, o2Heo]~2 12 1847, WHAlo|zH
V2304, 2RI Fr 2024, A% Mil 2464, EnfERAjolaHtel# A Tm2a 2193, 4 Ph3
1594, d=gold Cf9 1924, HWPEAESY Sw5 294, Rin gene 337, 2#:AM Or 544, Z4 Br

5848 77} A (Table 1-12).

Table 1-12. 7} 702408 Add 7|4

Fr L8 TmZa | PNl | CM | Swh | An O b
3) | (N
M2 218 27 163 184 230 202 246 219 159 1’2 29 33 54 56
L B

(2) 8AA%E 150870412} Fi Hybrid 1000 ZgHo] digt BExutA Aoz Ao AAE, =
4 FAAE st AL 29t Ao &85 (Table 1-13).
Table 1-13. AEa} AAE2 Al 44 list 95

o
ME
=
ol

BN Tl TTWE T WS T e T L LS I ".-s:-a;r-;-i»'_
1 S - - . -
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et Ay}

(1) EntEgsieldaiutolas Tyl 1827, Ty2 327, Ty3 1761, f1xEeol22 12 1674, ¥z
V 2564, THEIEH Fr 1254, A% Mil 1894, EutERzto|gdto]dA Tm2a 2084, H% Ph3
254, dEFold CY 217, HHEAESY Sw5 73, Rin gene 274, 2#8AM Or 764, 24 Br 78
2, B84 pink color 188 7§25 Z¥z Adtglh (Table 1-14).

2) =744 643083} Fi hybrid 1385l tiet A= Ente Afebdyt v Ado] S8sials
(Table 1-15).

Table 1-14. 7} FAZPE AT Al

Gene Tyl Tyvz Ty3 2 v Fr Mil TmZe Ph3 Cf0 SwS Rin Or Br DPirk

182 32 176 167 256 125 180 208 25 21 7 27 76 78 188

Table 1-15. A& ez A 474 list 7

O Iyl L2 13 ¥y Rhl S imZa kr Phd W
1 R 5 H 5 ] 5 E K 5 5 Red Fink
2 R 5 H 5 R 5 R R 5 5 Red Pink
3 R 5 H 5 R 5 R R 5 5 Rad Pink
4 R 5 H 5 5 5 R H 5 S Red Pink
5 R 5 H 5 5 5 E R 5 S Red Bink
i R 5 R 5 R 5 E E R R Red Bink
7 R 5 R S E 5 E R 5 5 Red Pink
8 i 5 R 5 R 5 E K 5 5 Red Dink
9 R 5 K 5 R 5 R ] R R Red Pink
10 H S H 5 R S E R 5 3 Eed Bink
11 R 5 I S H 5 R E 5 S Red Fink
12 R 5 R 5 R 5 E R 5 5 Red Pink
13 R 5 H 5 R 5 R R S 5 Red Pink
14 R o B 5 R o R R 5 5 Red Pink
15 R 5 H 5 R 5 E R 5 S Red Fink
16 R 5 I S R 5 E E z) 5 Red Fink
17 R 5 Ji8 5 R 5 E R 5 5 Red Pink
18 R 5 H 5 R 5 R H 5 5 Red Dink
19 R 5 H 5 R 5 E R 5 5 Red Pink
20 i 5 H 5 B 5 E R 5 S Red Pink
21 R 5 H S K 5 E E 5 5 Red Dink
22 R 5 H 5 R 5 R R 5 5 Red Pink
23 R 5 H 5 R 5 R R H S Red Fink
24 R 3 H 5 R 3 R R H 5 Red Pink
25 R 5 B 5 R 5 E R R R Red Pink
26 R 5 R 5 R 5 R H H R Red not pink
27 R 5 R 5 L 5 R R R H Red not pink
28 R 5 R 5 R 5 R E E H Red not pink
29 R 5 R 5 R 5 R H H H Red not pink
30 R 5 E 5 R 5 E R R H Red not pink
a1 R 5 B 5 R 5 R R R H Red not pink
32 R 5 K 5 R 5 E R E H Rad not pink
33 R 5 R 5 5 5 E R R R Red not pink
34 5 5 5 5 5 5 E R E 5 Red not pink
35 R S R 5 5 S E R R S Yellow not pink
36 H 5 H 5 5 5 R R it S Red not pink
a7 H 5 H i R 5 E H H 5 Orenge not pink
38 S S S R H 5 R R R R Red not pink
EE] R 5 R R kS 5 R R R R Read not pink
40 R 5 E 5 E 5 E R R R Red not_pink
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of, g7

Table 1-16. Ty1/3, ty2, Fr(J3), Mil, Sw5, 12, V, Tm, Cf9, Ph3, ¥4 (or, vel,

NO. 16 BN Tyl/3 Ty2 Fr{i3) Mil Sw5 12 v Tm2a cfo
1 106-1 H S R H 5 5 5 s 5
2 106-2 H S R H 5 S s S 5
3 106-3 R S R S =3 S S S S
4 107-1 H S R 5 5 R R s S
5 107-2 H S R 5 5 R R s S
& 107-3 H S R 5 s R R s s
i 110-1 R S R . S S 5 R S
8 110-2 R S R = 5 5 5 R 5
g 110-3 R S R S S 5 5 R 5
10 112-1 R S R s S 5 5 s R
11 112-2 R 5 R S S 5 S S R
12 1131 R S S 5 S R R H S
13 113-2 R S 5 s 5 R R H 5
14 113-3 R S 5 s 5 R R S 5
15 115-1 R 5 R S s R 5 R R
16 115-2 R S R 5 5 R 5 R R
17 1171 R S S 5 s R 5 S R
18 117-2 R S 5 5 5 R S S R
19 126-1 H S H R i R 5 R H
20 126-2 H S H R = R 5 R H

A 9 Backcross
i

(1) Pink colore] red color®] IwtU™
Aol multi WE4S HAAste (ZEFEA o
(Pink x Brown) 1& & 8{&& ¥F=°] Backcrossing= %134t
L AAy

(2) Aufo= BC3F1 @A7HA] d¥et (Table 1-17, Photo 1-7).

Table 1-17. Material group used for backcrossing

br, pink) 5,364

Ph3 color
red
red
red
red
red
red
pink
pink
pink
pink
pink
pink
pink
pink
pink
pink
pink
pink
pink
pink

(R RV N RV B R R VR R P s P T = == B o B ' B e R

ot AHAAS HASH= (Pink x Red) 115, 1=Z9]
] =

ro] oA YutE FEn

Group Stage Obyectives Remark
o] Toely TRIT Rl Ty), dxE ey s
G-1 BC3 Fi o ade = pink/pink
Z&Melm E-zjl‘- H] o] &451T ity
S BC3 =8 1}1}1 %%‘l;f;ﬁ e pink/ead
G-3 BC3 Fl ZEd AE. 0] S5 245 pirk/red
G4 BC3 Fl e 2P AATY iEE L4543 pink/red
v long shelf life gene(L51)4] i
« i AR, $390] $4F 4984 N
G-6 BC3 Fi Long shelf lifed] TYLCY WH4Y £954 red/pink
-7 BC3 FL HoelEy 7t 22 4 A big/mint
G-8 EC3 FI Endemy Te] T2 4 AT pink/brown
g 1=
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Photo 1-7. Crossing

7t 2% 9 AFECl Wit lycopene ¥ B —Carotene 24 23}t red colorZb 7H =2 lycopene 3
Fo B, 59 H2EUE TYATY 7L 41.4mgo 2 7P =2 lycopene g2 UERHSL
o},

u IR B9 AT pink color, red color AFE©] lycopene §50] 2 WHH orange color, yellow

color AFs©] p-Carotene o] w=2S & & Aok, E3F black color= lycopene, £

—Carotene Ag&o] & 7| YeRSTE (Table 1-18, Photo 1-8, Fig 1-1).

Table 1-18. EvtE A5, &5 lycopene, B —Carotene =

O —_aroense

T; o 'H T ;

sample No, Lycopeneme) (m/1008) Cdor 1T

T541 11901 pink 78]

T5-2 13704 pink

T3 15602 pink

T5-4 17716 pink

155 26014 pink

T5-6 28.1+0.1 red

Fiied ) 21410 red

T5-8 288+0.0 red

T5-0 46+08 rad

T5-10 41403 rad

T5-11 289+08 rad

T5-12 22803 red

T5-13 281208 red

T5-14 332101 red

T5-15 166+02 black

T5-16 3089 142 red e e las e |

Te=17 245 | F pink

T5-18 13.19 3.66 orange

T5-10 78 3.08 vellow

T5-20 1673 125 black

Photo 1-8. ¥AH ztwtn %
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ay g
- te L T Meopers
" L L= LS ol ]
= F
n -
b |

3 - - — -
i
v T . -
3 ' 4
= "

md a1 L vl B Ak

Fig 1-1. Lycopene, §—Carotene T&F

6. AletaAIR
7). AEgH
(D sAA=: S8R oM Z7IMHE~FS) Ales 34
) o5 99 % A4l 109 B il 11€9-129, 58k ]
() A4 - HIEY, HESH(net house)
) 59 AP LA 29, 2A, I, A, I, Ak, AR, 23U 5 7122k
5d& 2R
(5) @o] Fofet Al % AT TEfsaL o AlE AdRto=s 344 <8k age)
. Al 1A
() F3 Al - F4 A} 47 A, F4 Al - F5 Al 24 AlgE Aot 45 @2 (Table 1-19,
Photo 1-9)

e
s
e

Table 1-19. A SAEES] 8 B4
— e .. & i = =

AFR A4 24 & @@ o @ L0 S0 5w -
MDS/DEN  F4 E3} = i 210 red U VE 45 TrlL3TmNI2V 5
KLIR F4 et = I+ 187 red U VE 48 Tyl 5 Tm I2V.Cf 3
MSTR F4 EE = il 214 red G VE 43 TwL3TmMILV.CE 5
DEN34 F4 Z3 == I+ 197 pink DG F 58 Tm.MNIZV.CELS 4
CEM34 F4 Zs = 532 212 pink DG F 5.3 Tyl TmNIZLS 4
CBM24 F4 Z3 = 1 208 pink G F 58 Ty TmNI2ZV.CLLS 3
CBM25 F4 = =Z 17 185  omnge G F 54 Tyl TmNI2ZV.CELS 3
CBMI13 F4 Lt =F 17 178 red LG E 5:2 vl TmV.LS 3
CPX F4 EE = I+ 165 red LG VE 5.2 Tyl TmI2 Ve.Cf 3
TSM F4 L& = =2 156 pink G ME 8.3 TmMI2. LS 4
SSR F4 Z3 == I+ 192 pink G F 6.2 TmNIZF LS 4
MOB/DEK F4 Z3 = =3 223 pink LG F 58 TmMIZ VIS 4
BCN E5 25t = I+ 200 red U VE 4.7 TyvL3TmNIZV 4
uz2 5 BEg = 7T 180 rmd v VE 47 Tyl 3Tm NIV 4
CRD F5 E3 =9 I3 230 red U F 48 TmNIZV 4
REB 5 £3} =9 =7 200 red G VE 46 Te L3 TmMNIZV.CE H)
BPMN60 E5 Zs =7t I+ 180 red G VT 43 TmNIZV 4
MDEM F5 £3 =5 i+ 230 fn U VE 40 TmMNIZV 3
A 71

** offl® U no green, 1G: light gresn, G gresn DG dark green
¥2% Ao MG medium Foofm, VE: wery fim
==t WY Ty Tomew ydlow leaf curl virss, T Tomaw Mosasic Vins, N: nemarode, 120 fusarium race?, T fsarium radicis Ve verticilliam,

CE: dladosporium, 1S: leaf spot
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Photo 1-9. HIEG AITHRIFAIERA: 1R =

oh. Al@Z2xt
(1) F3 At - F4 At 4774Fs, F4 At - FS Ald S1AFS= Altididsiar Aot
(Table 1-20, Photo 1-10).

Table 1-20. AltidA As=2] 8 EA

opN
o
tlo

Y
i

AE o o I offe AETT BEL g
HE A9 == =a # (g T (3 (bnx) il A+
01 M S =@ IF 198 pmk G 3 52 Tm.IZ.Fr.V.Mi.Ph r
40 B Tx Z=  IF N pmk G VE 48 Tm.I2Fr.V.Mi.Ph 4
03 T4 $F =T BF 175 pik LG F 43 Tm,I2V.MiPh 4
W4 B BHF F IF N2 pmk G F 6.2 TyLT¥3TmI2.V.Cf 4
405 T B =x IF A5 pik G F 6.5 TyLTv3TmI2.M.IS 3
408 F BF = IF W8 pink G F 6.5 Tr1 Ty3.TmI2CfLS 4
42 ® B =x IF 196 pnk G F 62  TylLTy3TmI2V.CEIS 4
43 B B zm 13 A7 rd NG VE 5.0 I2.V.Ph 3
444 ®M B® 2z B3I 186 red LG VE 48 Tm I2.V.MiPh 3
417 F RBF 2 BF 192 d NG VE 43 Tyl Ty312FrMi 4
4 ® BF Fzx  IF N6 rd NG VE 50 TyLTv3I2FrMi 3
422 M BF =z IF 200 red NG VE 50 Tyl Ty3.Mi 3
£27 M 2§ F 13 22 wd NG VE 47 TmIZV.M 4
428 F5 B =x BF 192 pink LG VE 60 TmI2FrMi 4
43 F5 B =z 17 2 pink LG VE 6.5 Tm.I2V.Mi.Ph 4
432 F5 B% Zx  TF M6 pnk G F 6.8 Tm,I2.V.Mi.Cf 4
433 F5 B FT IF N8 pmk G VE 6.2 TmI2FrMi 4
434 F5 B® F 13 188 pink LG F 6.5 2.FrMiPh 3
43 F5 BF E I 192 pink LG VE 6.0 Fr.MiPh 3
47 F5 B® Z  IF 00 omnge LG VE 6.0 Tr1.Tv3.12.V.MiPh 4
43 F5 B =M 13 07 red NG VE 48 TrlTy3.12.V.Ph 4
M40 F5 RE 2z BT 195 td NG VE 48 Tr1.Ty3.12.Mi Ph 4
41 F5 2% 0z EF 195 rd NG VE 48 TmI2.V.M 3
4 F5 Bg F H3p M red NG VE 48 Tml2.V.M 4
43 F5 Bg = 137 09 red NG VE 45 TmI2V.M 3
45 F5 B Fz 17 4 d NG VE 45 Tyl T¥3.2.V.Ph 4
46 F5 Bg =z BF 200 rd NG VE 48 TmI2. V.M 3
A 08
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Photo 1-10. AtAAAIH

Z 2PEE

& A4 wHjste] HybridE WHEX 71 ZHAIEAIE

(1) %/\]%%“ . -ulﬂq]_l,]— 2010]—_‘4. ];H];]]_-lﬁl_% _u_z

(2) =HF © 2013 79 179, 404+ Egolo] Hut
(3) A4 : 2013¢ 84 27¢

4) A 1 2% kA0, ESAH

(5) AAAZ : 150cm x 50cm (2F Auj)

6) AFFS 105 24H=

(7) 3} : EnfEE 120-1508 A2

(8) =& 1 2012. 12¢ ~ 2014. 424 (E&A&9)
Q) A&Hx  EAF STATAE

(10) 71epe] @ g7k HAl Hdo] st
L}, A]ﬁ*?ﬂ?} (Table 1-21, Photo 1-11)

(2) 564+= Jﬁ-?ﬂrv 215g°ﬂ ATFFer o740l
EntERAo|FHtol2{ A (Tm), A5IN), Y129 (F2), ¥t

< Ay giek

(3) 579=2%7]= 27+ ALo|i FLo| ujL
gohutol 8l A(Tyl.3), EnfERAto|guto]2|A (Tm
2HV), RIS 5ol yEAL Ay ¢
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Table 1-21. YA A ERIE F1 ZATAE A4 _1Ad %

] R =F T EF

B xm o4 B3 ° @m amg oo o gy eees s37
BN (g} (A7) fbri) FYUE

selifiH|Zz) B3t = EF 187 pink G M 5.6 g T NI2FrV.Cf15 5]
562 B2 F BEFE 208 pink 1G F 5.4 7 Tyl TmI2.V.CELS @
563 22 = I3 182 pink LG E 53 ] Tyl TmI2FrV.1§ ]
564 2% = 33 215 pink DG F 5.8 g Tyl TmNI2ZVIS s
563 23 5 ¥F 13 pink DG F 5.2 7 Tyl TmNI2Z V1S ]
566 R & #|F 219 pink G F 5.0 7 Tyl Tm NIZFrL5 O
567 2 S 3T W5 pink LG F 5.0 7 Tyl TmMNI21% O
565 2 = I3 185 pink LG F 55 ] Tyl TmNI2 V1S @
569 2% F= I3 187 pink  LC VE 53 ] Tyl Tm N2 FEVCLS @
570 2% F I3 180 pink DG YE 5.4 7 Tyl Tm NI2FL.V.15 0
571 2 5= B N0 pink DG F 5.6 7 Tyl TmNI2Z VIS )
572 Bt FE OEF 205 pink G E 5.6 ] Tyl TmNI2V1S o
573 g F= @A 200 pink LG E 53 ] Tyl Tm N2V CfLS s

5T4MEE B FF 0 EZ 214 pink G F 55 ] Tyl Tm NI2V.CFLS @
573 23§  IF 187 pink G F 5.5 5 Tyl TmNI2.VIS s
576 2 F IF 180 pink DG VE 5.0 & Tyl TmNI2Fr. V.15 s
577 2 FE IF 192 pink LG VE 5.0 ] Tyl 3 TmNI2FrV.LS o
578 2 F= IT 211 pink U VE 53 g Tyl 3Tm NI2FrV.IS @
579 2 3 I3 205  pink G VE 5.5 ] Tyl 3Tm NI2FrV.I§ *
580 2 5 I 213 pink LG F 5.0 7 Tvl 3Tm NI2FrV.I§ o
581 2% FF IF 187 pink U VE 5.2 ] Tyl 3 TmI2Fr V. N.LS @
552 2F Fx 33 02 pink LG VE 5.2 ] Tyl 3 Tm NI2FrV.L§ )

=% opi 1 o green, LG: light green, G green, DGE dark green

#2: A W medum Fo fm VE very frm

*EEE A Ty Tomaro velow lesf aurl virss, Tm” Tomsro Mosaic Virus, N nemarode 120 fuseriom rece2, By fserium radicls. Vo vagicilium
Cf: cladosporium, L5 leaf spot ~

PIFAE S R -1 BF FF o x Tl DR OEF

Photo 1-11. Pink CHut M9f=xst

8. Fi X3 ATAIH
7h A
(1) B} 34 F, Hybrid, gl=tiz} 28 F; Hybride]l ot 2@AIARS A
ﬁ ,ﬁf;%-r STH ;.;5:5 0—1—5
- TE: 201471
— iﬂzj _- g;;f H4: 2014825 23974
{_1__[—37}—>31—3-7D 5 ) e la _JT;;@ gsé"l[}%
EHH]E ' 3? =
B & 2 11E~1F
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u. @27t Pink o2}

(1) Pink F1 hybrid 34%3t59] 235HAPAIR A 5282 ATstqeon, 11 F
AARS 2014-BN 512 x3to] 7 45tA B7HE I, 512+ Btk 205g0
L7t ofe =51, Tyl.Ty3.Tm.

(Table 1-22, Photo 1-12).

Table 1-22. Pink that ZFHAEAIE A4

ol

o

- =9 EC o W 3 g oo s BT T 2
01 =% Fag 223 BL pmk  C 71 5E 8 H184 Ten 12V MG FrCELS =
0 SM Z WE] T pmk U 73 50 8 81 Tol Ty 3 T 12V AELS @
1 B F H07 ZF gk U L1 48 B 3010 T TR TmIVMGLS =
04 B Fa 1028 TF pmk U I3 48 9 28% Tl T3 T J2ELS &
505 B8 Far 885 3 pmk U 23 4R g 1047 Tyl TwiTm I Fc 15 o
Vs DM F 50 T pmk U 74 4B B 3495 Tl T3 T 12V MELS o
N7 B4 F2 P9 IT pmk LG 20 52 0B 30 Tl T3 TmIL FrCiLs 8
L DM F 86 T pmk C© 20 57 8 31 Tyl TedTmI2VNGF-CFIS +
00 DM P MBI ITF pwk LG 22 53 B 51H Tl T TullVMEFCFIS o
3 28 Fa [82f ¥ pmk = 13 55 B 128 Tl T3 T I3V WG FrCET R +

2N F 135 #F ek IG 23 55 B 3 TTi..\'E-.?m.-.... M FrCELS -+
12 z F 5B 3 pmk = Vil 58 g 3,087 Tl T3 T I2W WG FrOET S +
3 BM A4 706 #¥p pmk G 20 55 B 31W Tyl T IZMECELS o
514 BN F X400 ¥F pmk z 1.5 &0 ] T x|

2N F MET IF gk IG 20 65 B ]

oM Za )54 3T ek O 20 &1 8 )
517 DM 3 X8 T pmk £ &1 8 =
S8 B 3 1968 PR opmk  C 0 58 8 o
519 B% F 1927 I pmk U 24 55 g a
50 DM 3 1921 TP pmk U 724 53 9 8

M = 1008 TF pmk IC 20 56 8 288 Tl T3 Tm CELS 2
w2 W% 3 DIT TR pmk U 74 50 8 Tl Ty3.Tm 1218 0
523 Ht FT N05 IF pmk U 14 50 g T 1N WGP =]
52 Z =T 1983 I pmk HE 18 58 i 157 5 TmIZVAGCFLS ko
515 D8 A N33 ZF ook DG 20 63 8 4l Tyl Ty3 Tm I3 FeMs CELS )
i = FT X035 TP pmk = 17 &0 B 3,084 Tl Tm MLCELS o
FT = FT 1BTE L pmk LC 210 56 B TRIT Tyl Tw3Tm It VG OFIS +
528 = FT 7L 37 pmk = 18 [ B 1955 _].'1 T3 TmIZ VAL OFIS o
35 =z F 1805 3P pmk U 18 52 B TmIIVAGOFLS il

= T 43 ¥R pmk u 23 50 B "';_3." T 1L CELS o

By T 0l 3P ek U 7 T 3

% FT X088 ¥ pmk U 20 58 E 9]
B3 BM F 1966 TP pnk LG 20 55 8 @
534 BM 0 1915 33 pink U 27 55 9 @
535 8 F2 X0E F31 pmk LG 10 53 B Tm ..w._"-.f L B A

* i U nommem, _-:.'E."';EEL-\JE.-"I.EG durl: mman

AT e 24 - | R e
#** 184d Ty Tonemo vellow lesf ol ving, Too' Tomamo Mbssic Vius, IZ fisarium race? Mmdoidomme ncognie Fr® fusarim madicis, V-

serticillioon, CF cladosporim, 15 lesf spor, Phi phyephthors
3 hUe 2§t OEE
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o ATE 2HE2 dRIEER] ehEY] Hs) dheo] ddsiel el AshH, TYLCV & Eeu

o] F7iElem, Te] ATt =] APt AEretEe] wot wMISARE AA ek

Photo 1-12. Pink tiu} Ahzst

2}, A|@Z3} Redoh=t

() Red Fy hybrid 2825344 d 21 52t Adstgion, 1 F Ald¥e 2014-BN
%

s4523k0] 7V SasbA BRI, 5455 A7 FAolu 220g Aol ose @e
=Aolm, WEA(TyLTy3. TmI2MiLS) &2 53] HELFLS) ZAe 2oz Ad sfgict
(Table 1-23, Photo 1-13).

Table 1-23. Red it Arx3t=o] =9 EA4

D 258 zmp U5 g3 gm ggee = = W SO g 237

BN (g tkg/@) (i} €= (gF)

342 23t = 2152 IF  red u 24 4.7 9 3,873 Ty'I.TyE.TmJE.‘\."_?\.-f[iFr.Cf )

543 R§ A 2237 IR red U 3% 52 9 4026 Tyl Ty3 TmI2V.Mi @

544 s F 230 IR rad U 23 50 g 3534 Tl T¥3Tm 12 ©

545 St & 2205 ITF rad LG 2.5 530 g 3969 Tyl Ty3 TmI2MilS k4

557 S5t = 1988 I rad u 24 43 ] 3578 Tyl Ty Tm I2ME LS Fh ©
fZgs B8 = 2173 IR red U 75 A3 9 3911 Tyl Ty 3TmIZMi gz
EAE BH @ 2201 ?F red U 23 48 9 3961 Tyl T3 TmIZMi i

« 074, Ul no grean, LG: light grean, G gmeen, [N dark gresn

- FgUc 9O 22 -] fE EF

=== LJH 4 Ty Tomato yallow leaf curl virus, Tm: Tomato Mossic Wirug, [2: fuzsritm racel, Miimelpidosyns incognits Fro fusarium radigiz,
I r.;_g;jigj,],ﬁ;;;;;_, Cf cledosponum, L3 losf spot, Fh: phytophthors

3% x4 022 OnE
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Photo 1-13. Red iz} Adx3t

CFy 23 AAE
7t A
#= e =E 24 T4 H 2
=TT -~ » " » i
(227 HEN 32 hyhbrids 2015611 723 108-128 127 % 2 re.
= 24 hyhbrids 2015611 733 108-128 2Fx2re
Uk AI@ AT Pink ot
(1) Pink Fi hybrid 322959 @52 4448 23 5282 ALstdon, 1 5 A8us
2015-BN 614 2ol 71§ $45b B, 614% ZACIWA 2175 H=o] o]
ot TLrt w11 IHdALrt £of AEaerEe] =1, Tyl.3. Tm.Mil2.V.LS.CLFrgol Multi

WA E25o2 84U (Table 1-24, Photo 1-14).
Table 1-24. Pink t¥} F; &g AHAIE A=A
oo
015 _. L . TF sAd Az gz T = y
28 &7 B ; ot ; : . Fggres Rz
moEmoan oma OF mm SR L. 25T SF uw +3
01 ID = I3 20/:38 pnk LG 18 58 § 3524 IylsImMIZVIsS ©
Tyl 3ATm M2V,
602 ID 3 DF 24+33 pink 20 6.0 9  ael Y ﬁ;\"h”’ »*
T
03 D & 37 2242 pnk G 18 56 § 360 Trl3TmMI2VIS @
04 ID ST ®|F 215+40 opnk DG 20 56 7 3661 Tyl3TmMIZVLIS O
605 ID ST P 223+43 pnk U 21 55 § 3797 Tyl3TmMiZVIS @
506 ID == 17 202+38 opink U 20 55 °  aEe Tyl 3 TmMIZVIE ®
- 2%,
07 ID =& T3 212451 opmk LG 19 56 8 3612 = L’?’; Ml o
o ol
08 ID S% 7 21638 pnk DG 18 60 § 3677 TrlATmMIRZVIS O
Tyl 3Tm M2V,
09 IdD 3 T3 22+41 opnk U 20 55 g amo 7 f;;c}l )
§0 ID $= I7 210+37 pnk G 18 57 8 3575 Tyl3TmMil2 o
§11 ID =% I3 219+36 opink LG 20 558 § 3726 Tyl3TmMIZVIS @
§12 I S% 7 24+34 pnk U 17 60 9 3473 Tyl3TmMiIZVIS @
513 ID 2= W3 21339 pnk U 18 55 § 3626 Tyl3TmMIZVIS @
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Tyl3Tm L2V,

= 7 o
§4 I X I7 N7+37 pnk DG 18 63 9 360 rarine *
615 ID 3T ITF 23B+4l pink G L8 62 s a0 7 13.1;;;;1112.\ & *
66 ID 3 T 23+44 pimk G 18 57 7 3627 TylATmMIBVIS O
617 ID T W 23547 pink LG 18 54 8 40001  TrL3TmMiV.LS ®
618 ID 32 I 6+39 pnk LG 18 60 9 3847 Tyl3TmMIZVISCT ©
§19 ID == D7 20+45 pmk LG 15 58 8 3746 TylaTmMIZVISCE @
620 ID 3= T3 29+41 pmk LG 17 60 8 379 Tyl3TmMI2VIS @
621 D ST W3 27+44 pmk U 18 56 8 385  Tvl3TmMil21s ®
22 ID 3 7 23+38 pmk U 17 60 9 376 W gi”"i’f‘:md T %
23 ID 3 IF N7+42 pnk U 20 57 8 3695 Trl3ATmMRRVIS ®©
624 ID S= 17 218+42 opmk U 18 55 0§ 3712 TylaTmMIRVIST @
625 ID & D7 25438 opmk U 17 58 8 388  Tyl3TmI2V1S o
626 ID = 37 210+37 pmk LG 18 58 B 3575 Tyl3TmMiZVIS @
7 D = IF 2731 pmk G 20 62 9 3864 Tyl3TmMJZV1S.  *
§28 ID 2= 7 208+34 pmk U 18 56 8 354 Tpl3TmMI2VIS. ©
629 I X I 05+37 pnk LG 16 60 8 3490  Tyl3TmMIS o
630 ID F TF 24+40 pink DG 18 60 8 3644 TrlAImMIZVIS @ ©
631 ID = D7 20433 opmk DG L7 62 9 3473 Tpl3TmMIZVIS. ®©
632 ID = P 207+34 opmk LG 18 60 9 3524 Trl3TmMiZVIS @©
@3 ID = 7 +45 pmk LG 17 57 9 3780 TmMil2VISCf #sE
64 ID = T M3+30 pink LG 20 60 9 3626 Tyl3TmMil2VISFr oip=

* ol 1 no green, 1G- light green. G- green DG dark greer]

T ST - 1R B

#+ e Ty Tonmm velloaw lesf aurl vines, Ton Tometo Meesic Vine, N namerods 17 fussrim race? R fuserium padics, V' vemicilium G
dadgspctim'q 15 leaf ot

FATE S D 8F OER

3
Feb
Al 2
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=

Photo 1-14. Pink oz} 23 3} ApA 9 Aukzsr AJA

ot A@ZA7} Red tht

(1) RedAl Fi hybrid 24x3t2] 288 HAIY 2} 425 Adstglon, o] & AlgHS
2015-BN 653 =gto] 71 451 H7h=| o), 6532 FtRAFA 471 F Hxolw ¥
w5 245go 2 FH|fet HAAJo] @451, Tyl.3. Tm.Mil2.V.Fr.LS 5 Multi HEgo] L
o, E3| ZHRAZHIH(Fr) JMHFHHLS)o Aol o] HSAA o] st EFor
S5 9lch (Table 1-25, Photo 1-15).
Table 1-25. Red i} F; 23 AAIE A4

2015 __ § = o Az gz STe o N )

S l‘(;f g A ﬂz o & oo e 23z

651 18] = L 233+4.2 red o 18 4.8 5 4201 Tx13Tm NMiI2V =2

652 j15] = L 227+38 red L 57 20 4.8 g 40091 Tyl 3Tm MEIZV @

633 j15] = a7 245442 rad L& 20 340 o 4417 Tyl 3TmMIIZ VLS o

634 D = L= 24T+4 8 red L& 20 3.4 ] 4453 Tyl 3 Tm M 12V Fr e

855 iIE] = a4 238+4.3 red u 21 4.7 9 42091 Tl 3Tm NoI2V i}

636 11§ == 1A= 232+45 rad LG 20 4.5 g 4183 Txl3Tm MEIZY o

657 D =25 BELE 230+£4.2 red u 18 4.7 o 4147 Txl 3 T NG I2 Y Fr: 2

658 18] =F L 236+4.2 red [ 158 50 9 4255 Tyl 3TmMIIZ VLS k3

556 ID = B3R 245453 red U 21 45 8 4419 Trl.3TmMil2 o

a50 i3] = L 240+5.3 red L 5] 19 4.7 g 4329 Tyl3TmIZ VIS ]

661 | 18] Z2x L 235+4.6 red Lz 20 4.5 s 4237 T}-‘l_S_Tm.IZ_‘.'_Cf w1}

662 jin] = L 235+5.1 red 18] 1.8 4.7 g 4,239 Trl3Tm MiI2.CEf s]

653 j 13 =0 L 248+4.9 red LG 18 4.5 8 4471 Tyl3TmI2 VIS iwi]

664 D =5 L 241+4.8 red LG 1.8 4.3 g 4,345 Ty l.3TmI2. VIS =]

655 j15] = EELE 236+4.9 red o 18 4.7 8 4,291 Tyl 3 TmMil2 ©

666 118 ol s 230+4.5 rad o 23 4.7 9 4147 Tyl 3ATmAGI2VIS -

a6 7 D 7 ¥ 23557 red u 18 4.4 7 4239 Tyl 3ATm M 12 V1S =)

Bes 115 = b= 242449 rad 18] 18 4.5 8 4363 Txl3Tm Mal2wv [i=1]

669 ID = @3 25445 red U 20 45 7 4417 Tel3TmMiIEV @)

a70 jin] =ar a7 233+£4.8 red LG 23 4.8 o 4201 Tyl AT NG I2 VLS ks

a7l ji3] b 5is == 247+54 red u 20 4.5 &8 4455 Tyl 3TmMiIZ VIS i)

672 j15] = frLe== 233+4.3 rad 18] 1.8 4.5 o 4183 T3l 3 Tm g2 ()]

673 D £ L= 235+49 rad u 20 47 g 4237 Tyl 3Tm M I2V Ph iz]

674 D == L 228+4.5 red u 18 4.5 g 4112 ] ATm AN IV =]

675 i3] = L 238156 red LG 23 4.7 9 4293 Tyl3Tm Wiz Vv E=

676 I == [T 240461 red LG 20 50 ) 4330 Ty l3TmMIZV ga=

* O7AR U: no green, LG: light green, G: green, DG: dark green
o THIUE, 9 UhS 94 - 1 0hg 2
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wxx LA Ty: Tomato yellow leaf curl virus, Tm: Tomato Mosaic Virus, 12: fusarium race2, Mi:meloidogyne incognitaFr: fusarium
radicis, V: verticillium, Cf: cladosporium, LS: leaf spot, Ph: phytophthora
4 x g 94 094 Ous
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Photo 1-15. Red iy} zhd o AR 2 Aldrzet ARl

e B E= 2a s T
Pink 3z h}-‘lrids 20163.15 5.6 TE-04 122 % 2 ra
Rad 21 h}-‘l:rids 2015315 5.6 7393 1222 x 2 ra

L AlAZT} Pink o}
(1) Pink F; hybrid 322859 2859

HAARAY Ayt 2016-BN 705, 711, 717, 729, 733 %
shS AWrstich (Table 1-26, Photo 1-16).
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Table 1-26. Pink ti¥} F; %3 AHIAE A=A
2016 A= e A g SE= s
== 5 = T T G = T FrEr T i
e A o od@E T mm O0F SR P8 e B EEE ok
05 I S  B45 238+42 pik G 18 58 8 3617 Ay1.3.1mA012.
VISFr
711 D = 804 237+41 pink G 20 6.2 5 35 Tyl 3TmMil2.
717 D 2= 82 28+38 pink DG 18 60 8 3465 i R
VISFr
i :
) T3l 3 Tm MG ]2,
729 D 3E 827 225+31 kG 18 60 9 3420 ?
* B2 - P e V.IS.CfFr
- ; - Tm M2V,
733 D & 854 212+45 opink LG 18 57 9 3374 i)
: Tm A2 i
734 I F 852 277+32 kLG 16 60 9 3450
G i Be ' V.1S.CEFr it
Photo 1-16. Pinkd djju} Adk=3t
ot AlEZA3_ Red ot
(1) Red F; hybrid 212359 2588 AHAE A1t 2016-BN 754, 758, 761, 729 &<
y

H

k]
2= AAAE A1t 2016-BN 754, 758, 761,
Adrstith (Table 1-27, Photo 1-17).

Aurstgom, Red Fi hybrid 21%2E52]
767, 772

[e)
Ze=

Table 1-27. Red U7} F; &3 AHAIS A&

- =
N s st chb IF o S H= g TER g gees
754 ID R 865 242447 red LG 20 50 9 4114 4'551'3;5{5f§m*12'
= . i Tyl 3TmMiI2.
758 ID = 92 240+45 rd © 2.0 5.3 9 4080 R
= o Tyl 3Tm M2
'I.
761 D ST 557 234+45 red LG 2.2 50 g 3978 il
772 D = 826 238+51 red LG 20 50 9 4046 Tyl 3TmMI2V
773 ID =% 504 238+56 red LG 2.2 46 9 4054 Trl3 Tm M2V
%67 D & B87 158432 red I1G 20 53 9 3160 Tyl Tm .12,
V1SFr
11. &

O}F
A
N,
rJSL i)
o[N
E_UE. >,

7k Al®
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() APAE Azgot AREEES AP, AR S1nge sl S8 ARS Akt

b Pink tiat F7HISAA

B === EES A4 e 2
ZFE
L‘ﬂ%?ﬂ 7 == 2014. 7. 1 g 12 108 ~ 1248 Fu

Photo 1-17. Red tjz} Adr=xst

1} Al
() 1AhdEe] Auhel 579 A7bo] BT 2A} Aete Qo] Ak At} 94sie], Hekslol
Aol 751t WEA(Ty.ty3 Tm.I2.V.Fr. Mi.Cf LS) 02 E5] FsjelaraujolalAlyl, ws)e} =Xl
AZEH(Fr)oll WS Ay ek 2013-BN 579+ ‘GSHA(K-Star) & FYHol] 2£HG =42 §F

(2) ‘GSBH = tHIFd EAmte] vlef 3t 33 diehy gRleldsvtols Ay 1.3)e Lﬂ‘ﬂé"éo] R
t}. (Table 1-28, Photo 1-18).

Table 1-28. Hady} =7H=AE A

)

:l:r.—m }\mg 211:‘_; H?]- _J-E _JEJ _|}-T'| B Mt e | =] JH*** 3
e FAPE ES 21 A (g) e 4 =5 (o) (brix) Rkt i
: i . Ayl imiZ ks 2
2013-579 EAQ Bf 3¢ 07 28 I pnk G 22 64 3 -
e s BR R BT A MiCFLS 8%
gEE 248 FH A 7 225 ®3 pnk LG 20 58 TmI2Fr MiCfLS
q]?}i Edd B¢ F 0% 07 IR pnk DG 18 64 TylTmI2VMiF.CELS
TyoletE EAQ T 3 0T W00 IF mek G 23 62 Tyl TmI2V.Mi 1S
Heggr EMd R 9 F 0125 ®E opnk DG 18 65 TylTmI2VMICELS
TYSE® =2 I3 2 7 220 13 pnk LG 20 60 TylTmI2VMiFrCfIS
Ao A 2R 2 3 1% B pmk DG LT 65 TmI2VFr LS

* SAG EleAETETs
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Photo 1-18. 571X Q2%

ok, Red thit 57HAZEA1E

(1) 84 25 EAES gHIESS s7RIAIES AASH Y. EAEE diu|EHE A7to] &l 4
717} w2y ko] won Tyl Ty3, Tm.I2.V,MiV 5o WS Ay glom, A 7t
3 Hzo deoy EvtEs Al SOED Qlow g4 Ezos sdavsl A
(Table 1-29, Photo 1-19).
Table 1-29. d=di} s7EAE At

zz3 943 27 47 24 4% g2 o4 ogm o o-  gmae 3

e/ (hrxh e o

EAE B9 © £ =7 13 IF  red R 23 48 ijllzjliim E__g

AZUs 4A% 3 T F M 23 md 16 25 45 OLRIR gy
12 011,
¥ ol LG light graen
Photo 1-19. EAE AR EAAH
11. 57HESA S

7 2AbdEe] e 2EEC de SHISAEE AU 24, F2 49 SAN4 AAskack
. AR 2014-BN 5088 7o) 7Hg0] Trste] Aol $ast Auolr Zau,

Ad
Tyl.Ty3. Tm.MiI2.V.Fr.LS 5o multi fHAAC R ‘FHAEHSuper Star)' 2 HW 5t EFTHT

9= ¢

=
o AR E S 2Ee] vish w7t ddstal sy geleldiHiolAyl.3)o W Aol



Qlct (Table 1-30, Table 1-28, Photo 1-20, Photo 1-21).

(1) Pink ta} H7PAZAA-1

] e 24 PR A9
TET 2553 — — =
fﬂ%xf]—j_?_%ﬂ‘ 14128 1528 58-73 T =3
Table 1-30. Ay}t S7HAEAE AA-1
== = = - -'4:%' = e B = &= AeEL ,
£33 =3 AT =4 (&) e o # tke/@)  ((brix} ¥ S x
iE Ivlovd ImNh12 VEr. L
14-508 I 3 7 2186 T7 pmk G 20 56 g TR “L: AT zzag
. Tyl TmMI2 Y Er
4-511 D F F 257 ®WF pwk & 20 54 g P '?_S BB
_ Tyl 3 Tm M2V Er.
4-512 I 3 37 2123 IT7 pmk G 18 57 e ris et e
_ Tyl 3 TmMil2VEr.
14-524 D 3% 7 230 @7 pmk DG 18 61 g5 00 éfls” :
) D _ o ,  Tyl3TmMEIZVEL  __
13-364 z % w5 T pok € 20 55 85 i zzu3
2 e T M2V
BEs D A 7 255 ' pmk LG 16 58 85 oA Fa=
ELCElS
* LG: light green, G grean, DG: dark green
** 0 oxcellerr —1ipoor
Photo 1-20.3%57}A1 3 14-508(57 1 ~EL),13-564(K—-Star)
(2) Pink i3} s7HESAIE-2
] 2z 34 TE-24 ks
A - = R =
-123— gy 15 72 15. 5% 108-12 £E 39
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Table 1-31. Bt} 571548 442

o= = = = - l"qgé_ = I = L= —
B3R =3 @ o ) RO e e g AT e
Lyl s lm A
14-508 ID 856 7 2085 round pink G 20 57 9 ‘}I,_‘I:_,Pji;h e
d Ty lov3 Tm M
14-510 D 872 7 2053 o0 pink © 15 54 9 e
L RELS
14-511 I 843 7F 2228 oblae pink © 20 53 g "’”“R: J}f‘is A
o T 1 3Tml
14-512 ID 845 37 2161 mwund pick DG 18 58 9 Tyl m3Lm M.
2V Frls
Tulmd fi
13-564 ID 867 7 2378 rund pink DG 20 55 85 }'_ﬁ”}”ig’” K-Smr
T.
if D 832 7 B4 oble= prk & 16 &0 8 O “é;fls G 1
TYYEZ D 867 7 2258 round pink G 17 60 85 TylgdTmMil2z OIS
Fr.CELS
cblate Tyl Tm M2
Hg 1 821 7 2280 pik PG b6 62 8 ’H?_,]f gE=
ol

Photo 1-21. 57HASAIY x4+

12. %:7]./&12”01
7L 32pd o e X%k
ST
L. Al¥A7: 2015-BN 615 pink color2 230~260g AXQ] dlifof oj7jMo] st ZFsju}
olgA(Tyl.3), EnfERZ}o|FHO]HA(Tm2a), AFMil), AlE=812), TAIZH ), T59]
ZHFr), AFHHDS) 5ol WHASl = EFor HRAEo](Mammoth TY)' 2 5]
ETHS 298 3
of, TRAE SO = HHFR] 244H Ty wrF A0 of7fAlo] FHow TRIxH ] Aol Qlrt
(Table 1-32, Photo 1-22).
2t 2015-BN 670-& red color® 220~250g Aol |7} 2o w-go] ddste] #7A
o] @4=5tm, gohtolH A(Tyl.3), ERfERA o] Ho|2{A(Tm2a), AFMil), AlE=H02), ¥
A2 V), AFHHALS) Fofl B4 e FF5o=2 FAEE0[(Chalestone TY) 2 T
st BEEHS 29 9
af ZAEECel = tiHIESR] tHEuAe] Ho) BRrF =i HAFHHELS] el ok (Photo
1-23).

uin

o o

rek

L MAZA S BA A, gt 24, 249 A SH A

i
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Table 1-32. 57MSAISE A4

F e r T e e P EEE o
15-615 D 856 7 2357 cblare pink DG 20 6.3 9 ?Eiﬁ’;\’h HRATY
244 ID 832 7 2184 oblw pink LG 18 60 9 ""illl;]_‘:’;%fi’fil' HEE
15-670 1D 822 7F 2255 round wd LG 22 50 9 I}ﬂg‘iﬁm' HAETY
g=uys D 878 7 251 mud rmd LG 22 47 9 I}:I'Iﬁ'jim”mi' gEz
Photo 1-22. R ATY Photo 1-23. FAETY
13. A gSiA| e
7}. Pink ofja}
(1) A9 = e Y, &4, 84, 39 79, A8 F5, 45 =g, ¥ S04 tiE
(F5F 10005 old)= Adof, o= Fstete] Juds A8
(2) 14-BN 508, 512+ w4 w7t £0o0f ©dsty Futo] st Ego] 7hHssittal HH
o] i, §5] TYUE' 2 55, e 5 71Z% Lol 79 glon gto] 1 FE4
gr5o] =of, JU& A goA A8 F522 A/gEo] Hujrt ufje 571e Aoz ¥

(Table 1-33, Photo 1-24).
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Table 1-33. 3 cjut A|ISThA]

= o = T o i
==r A &7 e k= TLAR L * s 2 L e 5
B2 94 &1 oo 24 0 @ 34 sagr C- aw f- T i

5 E X = 7 7 E - = Ly Liyaim.
14-508 EA4 $ 877 7 208+54 romd pk G 20 7 58 9 :\-én:}:les
14512 EMA 5 856 7 220457 rond pmk LG 20 % 58 9O s
—l&il =) . (-] i P E 5 " _\FE]_IE _‘."_fr_'[_..s
482 A 2 821 Z 218472 oblae pk G L7 3% 62 8 ,;mcfz;b;il.
: TrLIyaTm,
544 24 M 07 7 205445 round pink LG 20 7 56 9 Sl lce I
M.-a.].;rm T30 ! 5 rou D ] v _}EJL'C\.{LS
TyslE ZAd ST 902 7 205+43 romd pik LG 20 7 62 9 2 x?:é-l

AN g

Z5o] Aol ot AL b Aoz HY

_65_

St

< SAONA A
(2) 14-BN 545 %71+ & ArolW Htits 223gol o7 light greeno]al Z=7}f
A

Fon, JFHELS) A F5er He 7Ie® o gdHy, EAEE Ak A2

KX
=

(Table 1-34, Photo 1-25).
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Table 1-34. Zl=dia} 2] HgejAe
=71 e s AT 2L 3poL =
== T W == 5 = 14 A & HTa &
s 11 z"|. _-'|'7-| I[CITL} ""ﬂ {5} 3]' & J-]"Aﬂ ﬂﬂ,m I‘kgl'ﬁ} '{bﬂx} % FEE
14-55 EM@ 3 82 7 28+54 owmd rd 1G22 50 9 LsIm,
12V Mils
HEUA  Ads T 903 F 216:51 romd red LG 22 43 9 "‘}Ell,jlffi';.”“
2V AL
TyLT53Tm,
EAE EMd 33 825 $4 20478 mmd wd LG 20 46 85 VR

EnlE (Black Tomato)

(1 43 =, FY, 4, 5 HY SAAA FTHEHAIES stoe, 2014-BN

= &717F FXolH Hdiks 88gell oj7fMe] wje Fow TYLCV WHA 8 55 =

E ‘EPo|z (Black Eagle)® WHste] 25HS 292 ¢

(2) “EFofo]A(Black Ace)' ZA|7} Zota AP So] ddstal gho] 2 SEOLE

Fog 4 HEE I 92 (Table 1-35, Photo 1-26).

Table 1-35. SERIE A HSTAH

= = QH' J'7‘| =1 :'-r.A-]] 3? 3-']‘% E}*“‘ °:|.3"1H;"‘“* ‘aiﬂ {ﬂﬂ' "6"5'- oo WA | =

== T e Y @ D Gy =T bt
T4-145 TyLIp3.1m
%ﬁei 544 F= 8B5 7 885 romd bom DG 17 7} 58 9 2-2?‘-.'.3-)1'1&?_15
B T 2V M
O“‘“—o]"é Ede £ 902 7 1078 romd bown DG 18 7 58 9 "mi’ig\%
Lo5t  Mdg 3 926 #1101 romd bown DG 18 F 55 9 mriﬁw
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doflo] A(Black Ace)

2 A, T 2 5 AR Fa
IS, ARIESR 42 S 20

] -, i i . -
e B4 R 39 34 ENEE

43 S4AANE F£35H7] flste] AVRDC, TGRC, =9l SAoA Fi, A
. OMF S& TAC HLFH=E FHSP STl olgskH. 1A kol 2749 FAdAkd
T M 22pdkols 204, 3Rl 257, 4AbdEolE 2339 44
A5t @riskt. B7te] FUHore Wdd I, WA I3 Azt et A2
719t A7 AAUA Be] Fret o 2t HgiE, Vg 29 AEE AR
o

4= W7l flste] Wi @ ARbreh s o] AEiAlde St

o
AN
Aetgon shtrls 7T ~8Y 4 TE

Y z2~Fa AAO 4 Z2 o

= ’ ’

]
3 2 o

AL 08 Zeo] NSt AME g TA ol LAY 40mx40m Ste] 251EO
At on] Ty AEo R Austel S4S BostATh AL AWML A A%

g mea s A e A £ 4% SAT tee

=4g gt 1hdEe] E98 WAshd 849 5 AVRDC
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2RE =t 37}11 ASEL BT §3F ALFo|9dw AVTO10032F AVTO10172] #HgL &
7= 24P APk AVTO10162 & Mol 423y}

2o A ﬁr” LlH T2 g0l Fo] Rt Aom WEEL TGRCOA =%t 5
o] AL e BE ofF o R [A19329F LA44402 EntE s} o w3 Hpo]HA(TYLCV)
J FARE S4AIF TYsty] st BoF ekt a3y LA1932E A7t B35S
714 AR we BA7F whskow LA4440L G380 AerY moko] 1y 71AH
e}

5 &2 AT #4o] Bolste] WA AswE LAz F8sHA 22

o

T = .
A olgelol, $%, TGRCE #Helol =d@ F 5 5 2% 22490 20499 54
= B7F5l7] $Iste] A AR 40emx 40em 25H=E0 2 Hjx|stlom el A oz Auistey] &

e WS AT AR ANEANA AFEALS 802 ST Bl S
Az AR FFSAC g /1eAe Qe Ex A4S Hge gom

wlst= 5 11 EAS wdsih
ZFto| A =gt CHN-150122(P)= F-3H4
AT 127] stEgHo] Hoju dEA BE EntEo] H|ste] Zut @ wjtfFo] Hojd A

|
7FA AL ot ot A E'ITO]_ A /A7 #RJIEA %—T—%E‘r. Ol%}ﬁo}oﬂ/ﬂ =t 24

go £EAL Tt 17Y Ui EkEgct of

_t[o

HU
[FI-¢

4 2 WH o ro

At °]52 BF rin gened 7}111 9lo] Aol HAA o] Hold AAEo]r).
71 Al Al rino] HESHA W@ O] 1fo] o] EJAE o] @7lI7] Mof ZhE He A
t 9H8E AU Zor RlFA ol A
ol-gstuzt g FEY H2 g AWl o

ks
ol =l AlmEel diF2e] s AFH
Eis

o

wels 453 O o
A A= F 37YRAR Meloidogyne arenaria,  Meloidogyne incognita, Meloidogyne
javanicadl) et WEGE AR ATk olAE olgFote] Fa AHTANA Aot e
£ Folq o] olRolAtks £ vimstnl v Eukw AR AC] chEstet ANES, A
W] ciReb ol2olaw oled WYl ol gt 7ol o2l A FE A4S 5L U
w1 9t Webd ol fAAUS olgatel FF EulE AufEEel qulsis Agonn &

7427} wrka mebs]e] A,
TGRCoA =det ofF FAAUES VAL FHAAY Apl Be 2 FHAAE Haqt 2o
o]

2o Aol A5t AF [p §AA nl%H Ho] AT RS W do AR LI
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GRCoA =de Fxd 238 st Brbsti. 8744 5
=0l =A%t CH-F1272 ©
a5t &Aflolty. TGRCOIA E{iet oSS & WHE2 Fusarium wilt®} Baterial wiltell 2|}
dol AAY A= o] At AAEEA FS tusAdo] &8 dgolth. 3t Druzvare 2
A2M dFer g diE Aot ERfERSS/Zd 58 Algel™ indigo rose, blue
chocolate Ao ¢tEAJopdo] FAro] A o= fAArgolty. Green doctor

2 AN
foreste §39 EolE REAU0R B 4% T H4L =0} Aot 243 540 9

il TUAE S == Irs I3 - i E*"E.‘"* H 1
Health kick I FRound Rad M I o) Z= g
— Mountain lsgend D Rowmd Red M F= Fi-dgds oI
Tasti-Lzz I Round Rad W I e EHA S5
13CHNTPL-01 ID Glove Red MF Aces 7L
GJ-TY-PL1 I Rond Red MF 21 F e
2014 Super siowc D Round Red F 3 "1*"5‘_ T
- 0593 A1HE ID Round Red M Ty, &2
Arkanzas Traveler I Round Red W W s
CHN-150122(F) D Round Pink MEF =
TTSPI-150324(R) ID Romd Red g, DTyl D Fol LM e,
M, Va, Vd
N - o ] , _ Tm, Ty, Fol 0, Fol 1, Va, V4,
ITTPE-150224{R) I Round Red FF Ll
Ma, Mi, M
ITRGNLA-150324(R) I Round Red FF Tm, Fol 0, Fol 1, Ma, MiMj
ITWLY-150324R ) I Round Red FF TSWV, Fol 0, Fol 1, Va, Vd
CH-F1%7 ID FRomd Red MEF ASC, Pro, Mi, 12, Tm -
16T1-%WE D Round Red M B spAE
16T 1-W9 D Round Red M Bw opAAE
16T 1-%11 DD Rommd Red bt Taolerant to Bacrerial wilt =
2016 16T1-W12 D Rowmd Red M I, Ve RS
Druzhba ] Glove Orange 5 2HEA o
Indigo Rose I Round Purple 5 aug, &ft gens
Blue chocolate I Round Puple 1 aug, &ft gene
Creen doctor forsst D Plimp Gresn ! =4 A

* D determinate type, ID Iditerminats tpe
** MFE midium firm, F firm FE very firm
4% Asc Altemsrs altemata, Ty tomato vellow leaf curl wirus, Tm tomato mosaic virus, Fol fussrium oxysporum

. sp. Jregpersici For fussrium oxysporum £ sp. sadicis—ficopersici Va verticilium albo-smum Vd wdrrcillium
dahlis, Ma Meloidogyne aremara, Mi Meloidogyne imeognira, Mj Meloidogyne javanmica, dg dark green, Ip intense

pigment, hp high pigment
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Druzhba

Photo 2-1. 8 +H{HA4A

2.7 Biq AF ¥ #4

a2l B}
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AT 6379 715G fAARe] T EHBAE shadeh. SHEA
T

2AEAA MR 4ds st shitvo] 6AF A 2 A

H
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0

H1
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N

o o
o

N

s

ot Ho

3} flo]d Exo] 5 A
MR 6P ALstel £ £715 9lstel At wal Ak

2AEE 4B A3 4240 ARGATH 1589 7] Be $A4Le] dste] B At
olF Acld hol S5 2AFNA 24 AAER 48 At AAAL sHEom, 4
298 97157 A% 1ABS A4F 4 ot AT SR AT 14T40A-Tol2he
ATHS Helstgon] $42Y dE Ui ERE $4A% 34L 9% 34 242 B4
Zolct

3EE A75Ae] olE FAASE F thuge] &sks 15T1-095% Bubae] 226.250
24 uLA dEEeln B0 Amv) vuet Zo] Edolth. & Al WE 4 9
F2 WS detel dEE AGHS A0 o] AT AT & ATl EEAC] B8
Ao}, 15T1-973 15T1-10441%5-2 BiZo] 187g WA 189go = Fuiwts AFEolnt
Ave FAEClH A WHHE Fa WS AFHS sHE Aol B
ISTI-104= TYLCV 4G4 442 /A3 9l Aol ERolth 15TI-108 AL B ¥
Ze 2034502 F} 1] Skt nrgoR Seld }ge Holn 1e7] Awew HY
2o] 954 EAL ALk of AT AX AN TS Fa FSel ois chare ¥ A

o
TS 7HAAL glel AFAe] HE i EvtE 840 88 € 5 e AeerR Ad

e

& FAASE F 16T1-532 Batatzo] 350gHiel= thate]w 11.27]
A7p sl 719 2@ }lo] ATt 94 Aol BAolv A%, AesH, Hlfx,
EntERHY 9% Hiolg|Aet EntERA o] Hiolg Ao tigt AdS 7Hth 16T1-55= A
o] PattFol 280g HAR AE2H, ¥R, EnfERAfe|a Hiold A, EntEFateldE

=
Hrojg Aol A4S 7T Tk Fpdo] ddste] A4 u Aol et Zlo] SRl
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Table 2-2. 7] B4 A% % 43849 54
- ¥ == == = e
== AR ES- k| nElg _f_.;_ 5 (Erwl) R
151120 o Gowve T Y 50 =
15T1-25 D Faound 7.2 M 50 .
15T1-27 o Fomd 13228 E 5.4 -
15T1-51 i) Ghe 1£1 M 40 -
15T1-100-5 i) Ghwve 1zg EF 50 -
15T 2-&7-2 i) Romd 158 T 52 -
2013 15T1-01 I Gbre 157 ME 40 "
15T1-11 il Faund 78 b 45 -
15T1-100-5 i) Rommd 117 E 50 -
15T1-24 o Phmmp BLs EF L0 -
15T1-13 D Plump = EF L5 =
15T1-2£ D Phmp 205 T A0 -
14T1-52 o Fomd 2022 EF 45 Ase. 12 Br. M. S5, Ve Tm. OF
147147 i) Chve 2510 EF 500 oo, 12, Fr. M, Ve, CR
1£T1-55 yin] Fomd 2547 EF 50 A, Fr. N, ¥a, T, CR0
1£T1 -5 i) Fomd 2900 EE -] Ape 12, B M, &S, Ve, Tm. OF
1£T1-72 i) Chove 2305 EF 50 A 12 Br. M, &mS, Ve, Tm, OF
1£T1-T77 i) Fomd 2523 F Fi A 12, Br. M, 5wS. Y, Tm, O
14T1-7% m e 2540 EF &5 A, 12 Fr M. SwS Ve Tm, ©F0
201 1471101 o Slove ills EF L5 Aa, 12, B M, EmS, Ne, T, R0
014
1£T1-11% o e 5200 E £5 Asc 12, Fr. M. &w5. ¥a Tm
1£T1-151 o Ramd 1005 F 5.0 AL IZ Tyl Tyi Ne. Tm. CR
1£T2-58 i) Tiove 1855 EF &3 A 1L Fr M, 35, We. Tm. CH
1£T2-51 hie) Chve 2053 EF 42 fsm 14 B M. fmc N, T
1£T2-52 i) Chve 2005 EF L0 Ase. 12, P M, ZmSVe, Tm, CF
1£T2—50 1D e 1595 EF 5.5 Agn, B, MW, Tm. Tyl Ty5
Awe. T2 PHS, M. EmeS. Ne Ty
14T2-71 ID Fownd 26132 F 0 ol Ea'ﬁml Ne
N - . _—— . AEC. T4 J5 M. G M. T,
15T 5 Slhve 2282 »E 5 ciep
1571007 o Shove 1276 b 5 ARG TE JR M, Bws, N T
N —— — T - ASC. I J5. N. Sm5. M. Tm.
J_:i.l 4.5 O s = I - CE—
215 15T1- 0 s Tiove 1548 FF 5 ASC. T2, 5% M. We Tm. OF9
1571101 1D Found 1512 EF 5 ARG, T4 Tm., Ne
15T1- 103 o Fammd 1oy F =1 ARG, 12, Tm, M, Trl. Ty5 W=
15T1- 104 i) Chve 120 E 5 50 12 Tyl Trs 3. Tm
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15T1- 107 s Glhows 233 EF L7 Asic, 12 Tm, CF9, Tyl. Ty3, Ne
AsC. 12, Prl, M, Bwo, Ve T
STI-108 D G 054 M 5
15T1- 1 ove 3 e
S0 12 N, Tm, CF0, Ve Svs
ISTI-1% 1D  Gbw 25 sy "Eg ke
16T -25 I Ghwe 50 ; 5 2 Ty
16T =28 D Gowe 55 EF 5 12 Ty
146T1—47 D Faoumd 50 EF 5 12, Ty
I b D Ghwe 2 EF 43 12 Ty
16T =55 D Gbwe 53X EF 5 ME I, M. Zms. Tm
14T -5z ID Fomd 240 33 45 1% Ne. SwSTE
14T1-55 D Ghve 230 EF 5 12 Ve T Ty
14T -54 ID Fomd 230 IT 5 ME ¥e. S5 Tm

* D deerminaze npe, 1D Indiermingse ope
** MF midum fom, F fim EF wery fom

Ads plemens alameam, 12 fogerum pospamen macel, 13 mmum gxpganm el [5 Fosacon wik, H15
Puzapkham mfesans, N “g[-:,-:_ai:lm cogmm, 3%5 omaw sposed wik viros., ¥ vomano yellow Jeaf oozl

virs Ve wrgclinm deblar, Ton mmam magic yips(Ime' opel, Po psmdomona; grzese py- Tomesa, Cf-90
cladosporium fubvmm a4

13T1— lOO 6

LT 1095

16T1—45 16T1-46

Photo 2-2. 7] R A% 9 4424

16T147

o2 FHo] oty WASHY, 59 AP AlTe S5 flste] 1Apdxo] AF E=
A= Aot 1300 diste] 22mAE o83t WA A4stal, 22hdee 4 AEs
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WAsld, 58 BAZE 183 11 71548 Aee {45k flste] 1

5 EE 1303 diste] EAtAE o]-gste] Wi

4 AR 2% WA dold FAo] 45t 50A1F ol ot 1 FA ZAME AA|sH]
1S sttt s oA Tyl, Ty2, Ty3, ToMV, Sw5,

Rex, Asc, Ve, Pto, 12, 13, J3, Ph—-3 181 Cf-9o]n WA HAAL HAgstue] o] s}o]

7ottt

22PAE S4AE S fote] ANty BE Ald 2 AFE 964, shetr]d

Gk U] AT SHRHE Slstel 20141 29 189 wHESte] 49 49

> rlr
|
Ny
o
o
>,
ol
Qb

e,
o
filo
ol
o
lo X 2 o
o
)
ol
o

2l FAo]
Tt 279t ARIIE Avs S WA, detdel et Aeee AdRsten Ad
g A 9 A 1968 tdeR ntAE o8t BAY AAe st A EntE Al
s7tlA g HA e EvtE ot of TY Holg e Hidt AMddE 7H AT +
7t A2 Zlor yeidon nofet 249 kY B AuHlE S5t ol ¥ AFEE He
¢ Ase =4 Aot
e SAAE F AT-ER Fste 20459 HE diHE Ase Adstel 5S4 87t
sttt 1% 15T1-489] Pt FhE 6.0brix” 2 7FF %o 15T1-499 ¥ HFe
308.3ge 2 71 FAAM. AhdEole 1048 Adstioer 9ATE AHEA st 17
A SAEPAT TATES A sha.
Table 2-3. 8 $5A% 54
s gpe BT o omees  HRE F——
A= AT = WGy VR FEE
13T1-67 D I+ 1165 ed F 3 Tm
31-7 1ip] IF 1300 Red B 5.0 Asc, Tm, 12
il 13T1-10i-2 ID =l 2280 ed FF 4.0 Asc, Tm, 12
13T2-13-1 D IF 1830 Red FF 6.2 Asc, Tm, 12
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13T2-27-7 I 323 1595 Red FF 5.0 Asc, Tm. 12
13T2-37-1 I DF 2540 Red EE 5.0 Asc, Tm, 12
14T1-32 D IF W82 Red FE 45 A 12 J3. Swh. Ve, Tm. 9
14T1-47 I ®F 2319 Red FF 6.0 Ase. I2, 3, N, Y, Of9
14T1-56 D IF 2367 Red EE 5.0 Asc, J3 N, Ve, T CB
14T1-6% D I 2399 FRed FEE 43 Ase, 12, 3, W, w3, Me Tm. CHB
14T1-72 I ®F 72503 Bed EE 5.0 Ase. T2 J3. N, 5w9, ¥e. T CB
14T1-77 D 2382 Fed F 45 Aw. 12 J3. M. Swd. Ve, Tm. CB
14T1-79 D TF 23860 Red EE 453 Aep. 12 3. N, Swd. Ve, T CB
2014 14T1-101 I P|F 216 Red EF 4 Asc, 12, J3. N, w5, Ve, Tm. CB
14T1-112 D #F 388 Red F 45 Asc 12, 3. N, w3, Va Tm.
14T1-131 I TF 1993 Red F 5.0 ASG. 12, Tyl, Ty3, Ve, Tm. CFO
14T2-58 D ¥+ 1866 Red FF 4, Ass. 12 J3. M. Sw3. ¥e. T CB
14T2-61 D TF 038 Red EF 48 Asc. 12 J3. N, SwS. Ve, Tm. CB
14T2-68 D PF 993 Red EF 40 Asc, 12, 13, N, Swd. e, Tm. CR
14T2-69 D ®F 1596 Red FF 5.3 e LN T Ty
14T2-71 D IF 212 Red F 5.0 Asc, 12, Ph3, N, 5w5. Ve, Ty
15T1-038 ID FRound 1782 Red EF 5.0 12, J3, Ph3 MG SwS Ve Tm. CH9
15T1-040 D Found 2318 Red F 6.0 I2, J3, Mi, 5w5. Ve. Tm
15T1-44 1D FRound 2267 Red F 5.75 I2, J3, M, 5w5. Ve. Tm
s 15T1-048 1D PFound 1578 Red EE 6.0 ASG. 12, OF-9. Ty, Ve
15T1-49 1D Found 3083 Red F 5.0 ASG. 12 Mi, OF-8 Ty, Yo
15T1-061 1D Found 2569 Red F 4175 ASC, 12
15T1-062 1D Found 2010 Red F 475 ASC, 12
15T1-064 1D FRound 1751 Red EF 435 ASC. 5w, Ve, Ph3, CF9
16T1-88 ID Round 30 Red FF 45 12 Ty
16T1-89 ID Round 310 Red EE 45 Mi, 2, ¥ J3 555 Tm
2016 16T1-90 ID Found 240 Red F 3 Mi, 12, ¥a J3. 5w5. Tm
16T1-91 ID FRound 240 Red F 5 M, B, Ve, Ty, CB
16T1-92 ID Found 20 Red F 3 Mi B, Ve Ty. CB

* D determinate type, ID Inditerminate type

** MF midium firm, F firm FF very firm

**%* Asc alternaria alternata, 12 fusarium oxysporum race2, I3 fusarium oxysporum race3, J3 Fusarium wilt, Ph3 phytophthora
infestans, Mi Meloidogyne incognita, SW5 tomato spotted wilt virus, Ty tomato yellow leaf curl virus Ve verticillium dahliae, Tm
tomato mosaic vius(Tm2" type), Pto pseudomonas syringae pv. Tomato, Cf-9 cladosporium fulvum race—-9
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16T1—88

Photo 2-3. A& 2 $+AF

U 42y AESA
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WHE Sk Fi2 ZstRle™, 2015 ARE]ol BCE=S 25t 91 wHlE AAIE oA
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= Aty Sl Kaul(1988)9] Hito] wh2m o] AJ7jo] ¥dEE 22 msu, ms—3,
ms—15,ms—29, msk—137 msk-22t1 H15F 2t Rickd} Butter(1956)= 748G oo Ht
dot= 4 FHAE ms-3(Andrasfalvy, 1970), ms—15(Schmidt, 1981), ms—29%}t
ms—32(Stevens®} Rick, 1986)2f otlrt. ESH o552 FAEUALY L] ArEF7]o A12tE
= §HZA= ms—-1, ms—5, ms—7, ms—8, ms—10, ms—12, ms—16, ms—18, ms—307} ms—-339°]
W, 4RFMAE FAot= A7l HEEE A ms—2, ms—4, ms—6, ms—11, ms—17,
ms—23, ms—34, ms—452} ms—46°|1, AZA7|] SAEUALALE FHolE FAHAE ms-9,
ms—13, ms—14, ms—24, ms—27, ms—28, ms—31, ms—37, ms—417} ms—430|2t B35}
gt gis EfE FAAEY sS40 o837t 7l ERAE '14T40A-79 S4EH FH

ms=100]H FAo] F2 Mo 7Pt ZEAS HH Tt S 7MY AEoln 1L 794 &
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2 ZEioIT =sAEl S 5059 AMElS 5055 AAIste] S AEskth =AuEo] 84
ool 2= 7ls AAERE wHfste] viFo] EelEs AAE AW o A&Ho=
FuinHlE Foto] =5 ITPAA EZ3HY A=Y A MS-01, MS-02 181 MS-03&
ST & Atk olet U HHo R SAH ESH $4EY Ase wHjKoRsty HE
it EftE AFS §HEXCR ARgSte FAEUALS Tchs AYS 3T slon aA

o Aoz iE 3 JAE Adste] i
H— EH A B FASHEE. MSR-29¢ AlFgez Baag2 220g Welolw Fxs
1.25kgf/ § 2 sttt A5, A5, S92, EutERAo|A spo|f ARy} dligol |
of tigh Aol slem BCAHolth, MSR-312 ST 17 or HiiE2 240g qiﬂ
ol Mol Fr+= 1.3kgt/ § o2 desitt. AA BCiF; Aldiolw FujusjE o]gste] d4d=
FASHH AdE A3 Foll ok, MSR-32& BCRAHEA B2 240g0]al, Fx7}
ot Al 7] 2 Bl 7Y Aol A5 W2 Aol

Male sterile Line Female sterile Line Male Line
;]‘,
. e
Repeating L ¥
Backrross I
oc. IS [ msws
J_ Selfing ‘Selﬁng
_ MSM5 Fertile 100%
Sib-cross
FemEe 100%
Male Sterile i Maintainer
|
T
F1 Hybrid
1= [e] = O] 3
Photo 2-4. & diFAIFol FHEUS =Hstr] AT A

A3 a5t = SAEY A {34 Hx
LAllal D green ms—40 TGRO
LA3631 D purple pi—2 TGRC
LA%190 D purple ms—4§ TGRC

00T404-7 D presn/purple ms-10 China
09T40B-3 1D green/purple ms-10 China

/4554 ' D determinate type, ID Inditarminate tvpel
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H
B W22 oA WHF(shaking)stth. THAl SR (distilled water) 3mlE 7Fet H 10+
el

Bob Ygen QAold murch WHLEold 1087 d7] F 43S skl 503nmE
o EYES ZYstgon ofdfe] AHOR eolmul FFS T

Absof sample X 31.2
weightof sample (g)

gro]FHl BEAof AREH tiH|Fel tixzyAs EF2 FHA =& 34kl Syngenta Co.olA A4
AN FQ Z2For Y = dHUEnE AR Haggo] 7MY £ FFo|H Tasti-Lee:= 1]t
gho]FHl s 7Hx T oiit EntEo|th, I3y Tasti-Leex

Ko}
b Ageln Fxrt Wor =yl HE it BEntE APRels AgstA g2 EF°

Lycopene contents (mg/Kg) =

12PdE 24Z3 13T1670] 9.240.5 mg/kgle@ 7Fd W7 uvehdon 13T1660] 61.8+0.7
mg/kg®] #o= 7P =A vebgal iH|EQl Tasti-Lee?t thZYAE ZHzb 47.440.5 mg/kgst
24.6+0.8 mg/kge 2 e 25 HYr}
22bA gtol3 g EAAIE HA /P 32 25 UEhlE 14T1-4941%2 9.2mg/kg ©]
gom 7P =2 £3E YehEs AE5L 14T-082 83.15mg/kgs H et zto]lZ= Jhefo] 7}
=2 14T1-082 14T1-49A159] 2to]zdl ghegoll vls 8uff o], thu|Ee] tmyArct oF 4
Hl 12]31 Tasi-LeeEt}t oF 25mg/kg AE7t =7 YERGTE
3P FAANEZRTE AL AFES o= gholaH kS EAT A3 HW-005 A
Eo] 939mg/kgl® 7Y =2 438 Hgom HD-0010] 87.7mg/kglz 1 HE uwglth
HD-001-2 BwFo] 20g Wl vy ErtEo|H HW-005+= Hwat5o] 100g Helo F4
Asoltt. gutdog EntEo] 37|17t A4245 gto|AH o Jiefo] w2 AWE Holed o]
HW-0057} 721 Ap27dg 57Ae] o] w2 =tolz# =S Yepfed 24 §F 2oz
=5t & 471 St
AZPAE 2ol Tyl ek B2 shhy] AujollA AEet AFES o= dtojzyl kS B4
st om MAo] o7k break THAOA FEote] EAS stylct. EAZAM nUERE HL-9%4
o] gfolxH 3FFo] 42.1mg/kgo R 7MY #=A UEhg o tiitEolA= HL-78°] 34.7mg/kgo =
o s
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e
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Lycopene content{mg/kg)

17

Lycopene content{mg/kg)

Lycopene content (mg/Kg)

3zha

Photo 2-5. F8 AT U A 245 ehol7H

27¥4

Leyoepen content{mg/kg)

5. wajxet A 9@ A

22pAEo] 28%9ks ZAdSte] 3xgS AWl 3APdEE 4028S AAdste] TS A
19T, 4xPA R o= 2025-S ZAste] 22§S AdF st 2L AAL Aty sy
27 A7 A sAA AbejAo] Zw o), Bakt 183 ZBo] 24 92 =& ZAbste] A
sl

Z3E9] EAL Table 2-63 Zth 52 14T2-130] 71 BAL Hdt W5 341.1g UeEbge

m 14T1-03¢] Baapgo] b e 203.3g0 2 yehgth. 7+
5 2950 W94

14T1-032 1149 o|th. o5 X¥E
Hpolel 2ol AAS BATH
52 450l o2 olgd il
14T2-09 1831 14T2-12 22 3%k

% S ABe AR 57t AE 2t
FEE AN 2EAER AdoR

310
Zoh

15T1-21 2231 15T1-24

o] Brgoln |

2ol

—_

[
H‘]
oz

i
o
N
=
o)
>,

ST1-22

A4 gt haE 2%25Q 16T1-004<F 16T1-008
6T1-248} 16T1-348 At
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Photo 2-6. ﬁ‘:‘éz%‘ 9 24 29 3]7H2(2016.7.11.)

Table 2-6. 4x}A % AdF =3t EA

s e -

= T = o EE

= B oW mw o S 8 W4
TATI-01  Red  Round 2255 50 BE T2, B, N, SW5, Ve, 1w CB
14T1-03 Red  Round 2033 5.0 F 12, B, N, SW5, Ve, Tr, Cf0

014 MTI07  Red  Glow 2776 5.0 F 12, Fr. N, 5W5, Ve, Tm, Cfo
14T1-08 Red  Glove 2593 5.0 F 12, Fr. N, SW5, Ve, T, C@
14T2-09 Red  Glove 2384 40  IF 12, Fr, N, Sw5, Tm. Ve, Cf0
14T2-12  Red  Glove 2921 40 12, Fr. N, Sw5, Tm, Ve, Cfo
14T2-13 Red  Glove  34L1 48  EE 12, Fr. N, Sws, Tm, Ve, Cf0
15T1-09 Red  Round 1979 5 EE 12, Tm SwS5. Mi, C£-9, Vs, J3

jops  15T1-11 Red  Gloe 1986 5 ME 12 Tm SwS. Mi, CE-9, Ve, J3

= 15T1-16 Red  Glowe 320 5 FE A5G 12 J3 Mi S5, Ve Tip, CF-9
15T1-17  Red  Glove 2254 5 F 12, Tm SwS, Mi, C£-9, Ve, J3
15T1-21  Red  Round 198 425  F  ASC. 12 J3. Mi, SwS, Tm Ve, Cf-9
15T1-22 Red Roumd 2302 475  FF 12, Mi, -9, Ve, Ph3

/ X i

15T1-24  Red  Round 1958 5 po e BML Téx; ;hg’ Ve 13, ¥

2016 16T1-004 Red  Glowe 180 5 N I2 Ve J3 Sw5, Tm Ty, GO
16T1-008 Red Clove 200 3 FFF N 12, Ve, J3. Swh, Tm Tv. CfO
16T1-24  Pink  Glove 240 45 F N. 12 V& Tm. Ty, Cf9
16T1-34 Pk  Glove 250 5 F N, 12, Ve. J3. Tm. Cf9

* MF midium firm, F firm FE very firm
** Asc alternaria altermata, 12 fusarium oxysporum mee2, I3 fusarium oxysporum race3. J3 Fusarium wilt Ph3
phyrophthorm infestans. Mi Meloidopyne incognita, SW5 tomato sported wilt virus, Ty tomato vellow leaf cud
virus Ve verncilium dahlias, ToMY tomate mosaic vius, Pio psudomomas syringae pv. Tomato, Cf-%
cladosporium fulyum race-9

6. AfHiAT<

3ol S5t F7HMEIAES Stlen 1% A AypElo] ooty dhddstal 3 dd®
7b St 29 15GW-01 1x2¢2 Adskadnh. Al 15GW-01 x39h2 H+at5o] 210g W
o= gulEe) ZAT fmuse] vlste] tha ot Aes] shY H@ A, o v dew
W AL Hojuth, WA Ale3 (fusarium oxysporum race—2), ERIE Lzjo|3Hlo]# A
Tm2'®, EntE YPEYREO|HA(TSWV), SHAAZY (verticillium dahliae), <5913 (Fusarium
wilt, J3), A% (Meloidogyne incognita), D=5 °|(cladosporium fulvum race=9)°l th3t IS
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7R ERE dinjEFol Hste] BAe] BRI Astal AAAdo] fste] eE A o] golst
o}

42pd o] 16GW-01-s ZRHeh HEERE 52 BAAEE A =55 229 F7telA A
HiARS sto] 2|9 A AldS astltt. 79 ol mFste] 99 Zof Attt AujAl«
A1 16GW-03 gk thg 2ol Hlste] A7) 2 9 ¥ vgi7t epsklon 719w
o] e 2] okt A x9tel A2 S (Meloidogyne incognita), A& (fusarium
oxysporum race2), TWANZYE (verticillium dahliae), 59155 (Fusarium wilt, J3), EVFEFHE S
ZHPOIZA(TSWYV), o5 (Ph3), EvntE RAfo]ZHto]H A (Tm2%), EntEFeteldHte]s| A
(TYLCV) 2831 dEFFolW(cladosporium fulvum race-9)° @A 71t

Table 2-7. S71AMAE 23 EA

S @3 22 %4 o0 W o5 goo) WA
Gar-01 D Eabe 210 R 1.45 5 12.-Tm. 555, Ne J3 Mi, CED
=02 D 53 240 R L1 3 I2, Ve M. J53. Tm. T

2015 GW-08 D I+ 230 R L2 5 I12; Ve, Mi, Tm. Ty
G- D 5+ 230 R ) 9, 12, Ve, Mi, J3, TmR), Ty
GW-05 ID BY 240 P 1.2 3 12, ¥e Tm. T¥.
leGW—01  ID I 220 R 1.4 3 Mi, 12, Ve, J3. Sw3, Tm Ty, Cf9
16GW-02 ID 53 280 R 1.4 3 Mi, 12, Ne, J3, Sw3., Tm, Ty, Cf9

2016 1BGW-03 D BF 300 R 1.3 5 Mi, 12, Ve J3. Sw5. Ph3, Tm. Ty. Cf9
16 -04 ID I+ 260 R 13 5 M 12, ¥e, J3, 5w, Tm Ty, Cf9
6CW-05 I TF 250 R 1.3 5 Mi, 12, Ve, J3. Sw5. Tm Tv. Cf0

* ME midium firm F firm FE very firm

** Asc gltermara glermams, 12 fusarum oxyspongm mce, 13 fusapum gxysporu race3, J3 Fusarium wilc Ph3
phvranhchor nfesmns, Mi Meloidogime fncognim, Sw5 tomato spotted wilt wirus, Ty tomaro vellow leaf cud
virus, Ve termcillium dahliize Tm tomato mosaic vius, Pro pseudomonss grinege pv. womaro, Cf-0 chdosporum

Sl mee—9
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34 SNP 245 &St Adid=7]e R =524 71
I EAtE =, B34, rinA| YYE X
7t AR EASS] qul/FAE B BE B4 A
ZA7F 7ot Zau|o7t fFdotal IS0l dhdetn AAFdo] 4stal 12| Ao A
g di EntE SEFSFAA B A2
Y g3 JHRERE SFSTANE A 5EH 2 EnfEAYE AT AA
)

SAo| AFESHY e AlES BoF wot A2 851998 (Table 3-1, Photo 3-1
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ol
ol

Table 3-1. EntE Elite AlES0lM F8 FEo Hieh S4=A

_ _ = H]
A= =9 KUt | 7 ol 74 o= EA
o o
132084 @) T nn  BE  F 200 40 2
13-1151 (P2)  §§ Pink ®F * 300 55 Tm2a, Ty-1, CO9, N
10-2011 (P3) S8+ Red B3 & 00 55 Tala, B2, V
10-3321 (P4) st Pink AT =2 180 55 Tm2a F2 V,CE, 1S, Ty-1
13-1776 ®5) B8t Pk =3 2 & 170 40 FL, PQ-T;:Z;"];Q cio,
13-1214 ) 53 Red ®T & 250 60 F2, N SW, Tm2a, Ty-2, V

3y 2r 0 870 =52()

¥* A% M: medium, F: firm, FF: very firm

*EE A, Tv: Tomato vellow leaf curl virus, Tm: Tomato mosaic virus, IN: Nematode, F: fusarium, V: verticillium, Cf:
cladosporium. 1S:leaf spot. Bw! bacterial wilt
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13- 2084 (A) 13-1151 (B) 10-2011 (A 10-3321 (B2

Photo 3-1. ti}E EULE (rin A, B2A, H=A) AE AF] o4, 7,

. Multiplexed Hiseq—2000 A|ARLS- o]-85to] A E AlF9] resequencing

(1) SNP tfefha-g <9It A=(SH), DNAFZE, A4 9 QC, sequencin SNP a8 471<] 1}”74153
rin Al 1AE, BEA 245 2 A=A 1452 potoll Aol ot & 24 ¥ §HE ol8ste] DNA &

£ ¢ %, DNA <=5 fd¥sta, 3 o4 QCskal llumina/ Hiseq 2000 DNA sequencing= ©|
45109 Sequecing A4

MASE E0ts AIE SNP 222 XA S

O SNP CHEYU= & 2et M= - Total DNA =2z
- 13-2084,13-1151,10-2011, 10-3351 = GC
(x1) {K2) (K3} {K4) i J
Seguencing

1
]

Ilumina/Hiseq 2000 DNA
sequencing principle

-
|
|
i
T
l
|
1

TITET L E LT TR T

——ew ||
.
.

.

Photo 3-2. SNP H&fd=Zg 913t &1, DNASFE, A 3 QC 24

t}. EUtE resequencing data2 ©]-89 genome-wide SNP (In/Del) 24

(1) Genome wide SNP £4
(7B Short read data®] sequence quality®]l W& trimming , reference genome¥}2]
alignments 35} consensus sequence® At Z=EIWE o]get 12k SNP(Z2
In/Del) detection $-°f], SEEDERS in—house scriptg ©]-&5to] AE 712 SNP matrixs 23
stal, 99k SNP 2 A 95t validation?H-& AZT} o]F o BA EH o] mE thef

& 8RS 57

(t}) Genom-Wide SNP:= Illumina®] Hiseq 20005 ©]&35lo] E451% 9™, Shot readof i
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St raw data® qualityo] @2} trimming = sequence pre—processing T8-S A reference
genome}+9] alignmentE 4~35}o] consensus sequences 2 5F2. 12k SNP(Z-2 In/Del)
detection %9, SEEDERS in-house scriptg& ©]8ste] ME 7Fe] SNP matrixs 215ty

validation®g& 74 Fo|gk SNP &K =]l

(2) Sequencing data

b 4749 XA FS] Shot readoll it raw datar= Table 3-29F Zt}. ZAAE It read
T 40,383,428 ~ 43,406,156 2.2 Reference genome®] 10.33 ~ 11.11 82 o] ¢S
(Table 3-2).

Illumina HiSeq 2000

Short reads
(Resequencing data)

Sequence pre-processing

SNP (In/Del} [ Consensus ::|
detection & filtering sequence extract

Generate SNP matrixamong samples
and SNP validation & selection

i

Application of selected SNP

v
|
= Comparing SNP (In/Del) between samples.
- SNP by ge:
- SNP analysisin Disease-gene

HRM primer

Photo 3-3. EUIE resequencing datae ©]-83t genome-wide SNP (In/Del) 4913t AT

Table 3-2. 471¢] Z}AIAPSZE Tllumina Hiseq raw data

Genom

m S = mn - l.'!m lm]
TN1312D5053_1.1g 40,383,428 190 4,038,342,800

K1 =10.33X

TN1312D5053_2.1q 40,383,428 100 4,038 342,800
21,186,727 100 4,118,672,700
K2 =10.54%
TN1312D5054_2.4q 41,186,727 100 4,118,672,700
TN1312D5055_1.1q 43,408,158 100 4,340,615.600
K3 =11.11%
TN1312D5055_2.1q 43,406 156 100 4,340,615,600
TH131205056_1.1q 43,282,479 100 4,328 247,500
X4 =11.07%
TH1312D5056_2.1q 43,282,479 100 4,328,247.900

*Genome coverage © 2t AE9] read ZoJE reference genomed] & 0] U= gL Resequencing platform | paired-end for
DNA-seq, Ilumina Hiseq 2000, Reference genome informadon : 781,666,411 bp

(3) Sequence pre—processing
b 47198 AXAFS] raw datag quality®] @2t trimming ?F Z3t Reference genome?]
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8.40 ~ 9.10 HlZE raw data®] 79.25 ~ 84.7 %°] =& KIS (Table 3-3).
(Lh) reference genome¥}9] alignmentE 5+ maping $F 23} reference genome®| 86.8 ~
93.37% = UEehd

(4) Alignment to genome

(7B reference genome¥t ZFAAF 2] SNP= 144,992 ~ 558,526 2.2 polymorphic SNP=
23l K1 K2+ 607962, K3¢t K4+ 213,7827 et om sH|wAlE 7Ho] SNPH| w24
P AAES ZEFAALE vHlaste] G2 Total SNP positions FH=E Sto] el g
S WE1, matrixs S o] o, ¥l 92 oA MEQ] consensus sequenceZHE A
¢ Y=t ZAAEH matrixoA FLSE positions 7]=o =2, HWHE Tho] A2 SNPQI ¢

(polymorphic SNP)E A1 (Table 3-4)

El

m rlo
N
l

i

Table 3-3. Summary of Illumina Hiseq trimmed data

T T T T

36,341,925 5256 3,363,733,637 83.30%
=8.40K
36,341,925 88.06 3,200,425,251 79.25%
37,672,525 52,60 3,486,387 852 84.70%
=879K
37,672,525 55.65 3,375,019,953 82.04%
3,163,643 9250 3,622,559,299 83.46%
=8.10K
35,163,649 89.08 3,488,811,822 80.38%
38,352,712 92,53 3,548,660,008 £159%
=388K
36,352,712 8541 3,350,930,370 78.38%

*immed/raw : (total length of wimmed reads / toml length of raw reads)®100

Table 3-4. Summary of mapping

T T
“ 72,683,850 56,637,536(51.65%) 695,550,487 (88.95%)
“ 75,345,050 §5,002,635(30.26%) 675,481,908 (86.507%)
“ 78,327,298 74/696,500(95.36%) 726,526,551 (33.37%)
“ 76,705,424 70,715,625(52.20%) 696,675,055 (89.13%)

*Reads—mapping region  consensus sequence™e] base=IN (un-mapping region)= A5 G4
(Reads—mapping region / total length of reference genome)®100

(5) Genome—wide SNPs (SNPs validation between samples)

(b Reference genomed}t ZFA1A|§2] SNP= 144,992 ~ 558,5262§ polymorphic SNP+= 1
i 2eHQl K13 K2+& 607962, K39} K4= 213,7828 UERGS. H|wWAHE Zho] SNPH| R4
° 7} AES FE{HAY Hwsle] 4L Total SNP position—% SHZ to] FHF] A

EE W=, matrixs 2Tt o] o, ¥l g2 thA] MEQ] consensus sequenceZHE A
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o Y=t AdE matrixoll A FLRE positions 71w &, BlWHE Tro] A= SNPS B¢
(polymorphic SNP)E A1 (Table 3-5).

(4} Polymorphic SNP % intergenic region2 K1-K2 91%, K3-K4 83%= UEHS
Genic2 9, 17%= YERGth Genice TtHA] intron, CDS, UTRZ Y o] zHzk K1-K29A4 6,
3, 0 %, K3-K4lA] 11, 5, 1% 2 bt (Table 3-6)

Table 3-5. Summary of SNPs validation between samples

_ # of Total SNPs # of Polymorphic SNPs # of Non-polymorphic SNP
607,962 136,474
451,857 101,601
536,420 141,323
287,165 o552
244630 172,468
213,782 94,8549

Table 3-6. Summary of & 7t SNP distribution

In genic-region

2 # of SNP # of SNP
# of Polymorphic-SNP sz < : E = <
in intergenic-region in genic-region

CDS Intron
K1-K2 607,262 555,004 52,868 2,465 15,830 34,674
Ki-K3 491,951 454,877 37,074 1,843 10,775 ‘24,557
K1-Ka 536,420 492,962 43,458 2,201 13,021 28,342
K2-K3 287,165 239,528 47,637 1,849 13,528 32,2585
K2-Ka 244,920 207,794 37,126 1,339 11,320 24,486
K3-K4 213,782 177,357 36,425 1,396 10,409 24,651

(6) FAAAo K1-K2 7F polymorphic—-SNP E X

b FMAFe] K1-K27F Polymorphic SNP EEE= thg I3 Zoh Z2AA% K1-K27t
Polymorphic SNP 2% 127} FAA RFo] ZxEsta glow, 53] 58 FAAA @2
Polymorphic SNPE YWebd (Photo 3-4).

(7) EMAZel K3-K4 7F polymorphic-SNP BT
h M) K3-K47t Polymorphic SNP 2= thd 19} Zoh ZFAAE K3-K47t
Polymorphic SNP #& 127] @AA] R5Fof Fxsty glom, 5o ofizt 11H FAA| A
@2 Polymorphic SNPE WEH ST (Photo 3-5).
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(8) Genome—wide In/Del (Insertion/Deletion)

D AAASE In/Del ARE &HSIH O™, Z+2+9] In/Del description
F4d fF32e] Marker 7 3-8°] 7t 2.
T} 27136 ~ 44462 FFo2 YERGOoH,
K3-K4= 11,0452 Yelgte

24e] 71, primer 7 B 54
() Z¥zre] AAAE Genome—wide In/Del
WHfE Gl K1-K29] polymorphic in/del2 30,641,

3-6)

B AT

T2

R
5% Ao B

(Photo

T

#
&

- me@w
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(9) MZ 7t In/Del distribution

(7H A& 7t In/Del distribution> K1-K22] polymorphic—in/del< 30641, K3-K4+= 11,045
2 Yehgs.  KI1-K23 K3-K49] Intergenicoll A in/del2 Z+ZF 85%, 75%°]W, K1-K2
genic intron, CDS, UTRe| Z+Zt 3, 1, 1%2 2 F 15%, K3-K4+= 22, 1, 2%=2 F 25%=
e (Table 3-7).
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Table 3-7. Summary of A& %t In/Del distribution

¢

In genic region

# of polymorphic-in/Del . . saf In_a.'Del ~ 5 ﬂof.ln,’thl gene-Boundary
in intergenic region  in genic region
Intron intron-Boundary
K1-K2 30,641 25,977 4,664 401 307 3,939 14 7
K1-K3 22,418 18,597 2,821 265 179 2,368 10 1
K1-K4 25,793 22,101 3,692 368 239 3,073 10 3
K2-K3 17,211 13,004 4,207 276 204 3,713 8 B
K2-K4 12,066 8,066 3,100 212 162 2,718 ] 4
K3-K4 11,045 8,250 2,795 192 126 2,471 2 4
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s SHP Information
#1:FL7600 #2:NCB4173 #3:0HD242 #4:P1114400 #5:T5 #5:MBZ #7:PI212816 #B:K1 #3 K2 #10:K3 #11:K$
chrlo. snp_position rel #1 #2 #3 #4 #5 #5 #7 #3 #9 #10 #11 Gene ID feature Description Sequence View
oot 91969 T T T T T Y n T T T T T Solyc01g005100.21 cds Prolyl 3-nydroxyiase 1 (AHRD V... Get Sequence View
chro1 | 92041 6 666 66 n A 6 A 6 A Soly01g005100.21 cds Protyl 3-hydroxylase 1 (AHRD V... t Sequan:
chro1 82053 6 G G G g G n N G A G A Solyc01g005100.2 1 cds Proiyl 3-hydroxylase 1 (AHRD V Get Sequance Vie
chr01 | 92130 6 666G 66 n T 6 T 6 T Soly01gdos10021 cds Prolyi 3-hydraxylase 1 (AHRD V.. Get Sequence View
chr01 92538 G N N N N M AN G AE A Soy01gd0510021 intron | Proky 3-hydraxyiase 1 (AHRD W .. Get Sequence View
chro1 82700 A n N N M n N A cA C Solyc01gdD510021 intron  Prolyl 3-hydroxylase 1 (AHRD V. 5 nge View
i1 92750 T NN NN MANF CFT C Soy0igddsi0021 intron  Proiyl 3-hydroxdase 1 (AHRD V., at Sequence View
01 | 93203 € N NN NMNRMNEG T T Soyiigdos510021 intron  Prolyl 3-hydroxyase 1 (AHRD W ... Get Sequence View
chro1 | 93379 A A N N N M N NAT A T Soy01900510021 intron  Prolyl 3-hydroxyiase 1 (AHRD W .. Gel Sequence View
w0l 93700 S NN NN N N© T T Solyo1gdos10021 intron  Proiyl 3-hydroxylase 1 (AHRDV .. Get Sequence View
L] chrot  sa3e7 © N N N NN RANE T T Solo1goi510021 intron  Proiyl 3-hydroxdase 1 (AHRD V. et sncs Visw
chrd1 84573 G NN N NN n N BESE A G A Solyc019005100.2.1 intron Proiyt 3-hydroxylase 1 (AHRD V Get Se {al Wig
chid1 94693 Gl M (N NN RN GEE A RIS A Solyc01g005100.2.1 intron Proyl 3-hydroxylase 1 (AHRD V .. 5 i3 noe View
chr01 | 94835 € C N & NN RANE T T Soloigodsi002] intron  Pralyl 3-hydroxlase 1 (AHRD V .. Get Sequence View
chr01 94857 € € N E N NARNEGE G Soyc0Igdds10021 intron  Prolyl 3-hydroxdase 1 (AHRD WV .., Get Sequence View

@ SNP( 24 5 A]) EH2(upstream/downstream) Al 2 -2-2] 2 0| 2 =& & =0l Sequence 22, #1=
=0 MY = M=S8SNP Information2| table a=X 2} Z=.
chr01 - SNP Sequence Position : 92053 I § i 5 4 @ B &
Show Upstream bps. 500 Shaw Downstream bps © 500 lKlIl:hrE" l[w ml | l ! !
— ATRRTBABACACAAATET TACATTAGCACATRTETGAACCTCT ATBATAAATGARTAT
i | Armarmrrmmunmﬂmmcrmm.\mr.qﬁ.mmmm
TTTCATOBATETAGGTCRATTBATCCARRCATBAMAATATTCTCTATATTTCTCETTTA
TCTTCTTCCTTATCTGCATGTBACACTABATTATT TCABTCCTAACAAGTATTACABATR
AAGAATCACAATAATCAATCGAAABTATCTTTCTATTBAAATATGTTTATBAABTTER
[ e w o ® &0 ACARATAATATATTTAATCETCAABATCTCLTAATTCAACARAMAAGATRBATTGATTA
1»1 Vet |90 ! ! ! GTTTTCCAATEAGRT AAATECAGAACCAATTCCT TCTRTAATT TTARAACATARCATTCC
AT AAGACACAAATET TACAT TASCACATETATRACCTCTATGATAMTEAATAT CATT mmmﬂmmlmﬁﬂme"ﬁ“ﬁ
am-.emmttcmmmra:nmrmmmmmmrmmﬁ: BITTTCBAGTERCCALMGAARCAT TCTROGAGTT (CTTCAGARACACAGATTTC
TTTCATERAT T AGETCEAT TGATCCARACATRAMMA TATICTCTATATT TCTCETTTA &EAIBATCTAUTCTEWTETETCTWUATAT"W"DCT

ATTTTCRAST

1]

i

|
SFLTE00 che(] | SNP_22053

TCTTCTTCE T TATCTECATE TGACACTAGATTATTTI ]
CAATCEAAGTATCTTTCTATTBARATATGT TTATEAKGT 165
MCCAAATARATATATTTARTCCTCARGATCTCTAAT TCAACARAAMBATEEATTEATTA
GTTTTECAATGAGET ARATECAGARLLAA]
CATTCANGARCTRCAGCTEAAMMET ATCLCAATCARTTCATACTCCATRTCL TTEATA
BELCAMBAGCT TCTBOBAGTTEARSATIL TTCAGAMCACABATTTL
AGATBATCTATTTCTETTTTTTRTGTCTESAANTCEEAGTTATATTTRRABACETTCCE
TCBACTTTTRTCT TTARATTBGARRACT TLCARABAT ASAALTECACCA
ARAGARGTTEARTATEAAATCCACCAACTAAT TCATCAAAGASATATATATTEETCAMA
ACAACCTEAATTTCACTTTTTTGGAART TTCATALCTBAAT TATCAGATETTGETBTT
GATGTTTGTATTTCCTACCTBAM TATCACCAACTATTTA
GATCAMLCATETGT T TEARTACAATOBLCARAAGETBCAT
AARAT TRTCCACAT BACAGC TRACTCT TRATTTCTAGRTETHT T TTGATAMATAGT TAG
GARACHCAAABACCTEGTAGTTCTHATAGEAALTCACAML

k1] 4 il B0

TTCCTTCTATAATTTTAMACATAACATICE

CAGTILTAACARGTATTACABAT

TCTECITATAL

TCAMMCALA
GAAAMCTTAATTTGOCCAT

L T L L T
e nnnnAT T TARTOCTCARGATCTELTAAT TCAACAAMAMGA THGATTBATTA
ATTTTOCAATBAGETAAATECAGAALTAAT TCLTTCTETAAT TTTAMACATACATTLE
C&TWWMWATMTMTTG&TMM&TWTA

TCBAATHETAMEAASLATT
MFMTCTATITﬂBTTITTTBIB‘FCTMWHTA TTHEABMATTICT

(LTTCAGAMCACABATTTC

TORACTTTTATCTTTAAT TRGAGACTT TAGACTECACCATCTROCCATAC
ALAGRAGTTEAATA TCATCAAAGAGATATATATTBRTCAAAL

TGAMATCCACCAACCAAT
ACAAACCTEAMT TTCACTTTTTTEEGAGTTTCATACCTRAAT TATCAGGTET TGRTATT
BGTATTTRTATTICCTACCTRAACTATCACCAACTATTTATCAAAACACATCTCRAAGLT
BATCAAMCCATATATTTRAATACAATORCCAAAAGETACATEAMACT TAATTTRCCCAT
AMAATTRTCCACATRGCAGL TRACTCHT TAATTTCTABRTGTATTTTGATAAATARTTAS
GARACACAMEATCTEETAGTTCTBATAGRAAACTCACARA
| | | | | | |

! ] 20 30 40 50 G0
IS B
2[chr(1 | SHP_82053

ATATGGTGAGACACAMTET TACATTAGCACATRTRTRAACCTCTATGAT AATGAATAT
ATGAGRTTATTTCTCTTGATATTGRCTTACTATCTTTTTATATAATARATTRTTCATCTCC
TITCHTBRATETAGRTCRAT TRATCCAMCATBAMAATATTCTCTATATTTCTCRTTTA
TETTCTTCCCTATCTRCATE T GACACTAGAT TATTTCARTCETAMCAARTAT TACAGATE
AAAGAMATCACAATAATCAATCRAMGTATCTTTCTAT TRAAATATAT TTATBAAGT TGS
ACCAAATAATATATTTAATCCTCAAGATCTCCTAAT TCAACAAAMAAGATBEATTGat ta
gttt TOCAATBAGATAMATGUAGAACCARTTCCTTCTATAATT TTARAACATAACATTCE
CATTCAABAMC TGCABCTEAARAABTATCCCAATCAAATTCATACTCCATRTCCTTEATA
BTTTTCRAATBRCCAAMGAMCET TCTELBAGT TRAAGATCLT TCAGAAMCACABATTTC
ABATBATCTATTTCTGTTTTTTGTGTCTBAGAAGTCRTARTTATATTTARABACGTTCET
TCHACTTTTGICTTTAG tagasanct tecagesataganct SCACCATCTBICCATAC
AAAGAAGT TGAATATRAAAL CoACCARCANNNNNANANNANNACNANARNONNNNNANGN
aconncct BAMATTTCACTTTTTTRRRAGTTTCATACCTRAAT TATCAGRTAT TGARTATT
BATGTTTRTATTTCCTACCTRAACTATCACCAACTATTTATCAAAACACATCTOBAAGET
GATCAAACCATGTGTTTGAATACAATORCCAAAAGETGCATRAMAACTTAATTTRCCCAT
AAAATTGTCCACATRECABCTRACTCRTTAATTTC agatatat tt taatasataat tea
maca:mmcmmnmmmmmalu | |

| | | |
1 0 20 30 40 50 &0
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Gere information (chrol : ©,.249115) = A . . —
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izeaso
Resiztance
Harkes
SHP rromo0oan i % B B (O T TN AT BT R IE R UIEY I T
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1 TN URGINTTR S0 0 TR0 0T ORI B (T | WU RN | D

® Position= Z&50] 20K sH= YOS SHH S8 A S,

#1-FLTH00  #2:HCB41TI  #3:0HI242  #4: PI114dwo—morro—wormoe—m oo e R

“chrho. ‘snp_position. ref ®1 F2 #3) W4 RS R #7 FB FB #10 #11 Gene 1D feature

chrd1 109272 G n non n n n a 6 A G A interganic

chriyt 109317 B s o (o (n o |n (o FEMEA TN A intergenic

chriyd 102685 T ' n n n A A a m FHUC T C  inegenic

chrot 102823 A n o n n n A n A G A G intergenic

chid 108836 @ n (non 'm0 (0 SRS A g A intergenic

chrd 109915 G n n n n n an na BT G T imterganic ¥
chrdd 108845 @8 n o o nn non BRT E T intergenic Ge1 Seguence View
chrdt 110020 T n nn n n 8 (n NN FENC | inergenic Gl Sequance View
chrdt 110032 A n n o n n A an A N A & intergenic Gl Seguance Vise
enrt 110078 G n nnn o n | n ©BHA B - intergenic 2 Ge1Segquence View

ot ¥ SNP DB=HE a¥d 342 A o

(1) = e 75242 U SNP A (A<
(b ¥ 9 tomato gene @ ¥ W FAZ A1} BLASTSHY] wix]E tomato ¥ #H /4
A (1-2, Mi, Sw=5, Tm=2, Ve) W SNPE A¥str] flsf ¥ #d {344 HAEe EUE
reference genedt BLASTE Fdj9ttt. (B ¥ 7|5 E-value-0) BLASTE Sl mix]
EntE 542 ol $1x|sk= SNPE A HWAE Tto ZolE Holi= SNPE target® &
sto] HRM (High Resolution Melting) primer< TARISHE], Ayl A =ol7] 6|

AASH 719 WA AZ) primer designe reference sequences A& (Table 3-8).
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Table 3-8. Summary of SNP distribution in disease—genes

H 3= Tomato gene* fist

SNPS =Bohs

omato genelLl

E-val 0) unigue O Tomato gene list SNP ==
Solycl1g071430. Solyclig071430.1.1
Solyc08g007630.1.1 Solyc08g007630.1.1 2
Solyc11g071420.1.1 Solyc11g071420.1.1 17
Solyc11g069990.1.1
Solyc11g069660.1.1
Solyc11g069620.1.1 Solycl1g069620.1.1 1
i Solyc06g008450.2.1 Solycd6g008450.2.1 13
Solyc06g008720.2.1
Solyc00g102400.2.1
Solyc06g008800.1.1
Solyc06g008400.1.1 Solyc06g008400.1.1 =
Solyc05g008690.1.1 Solyc05g008690.1.1 3
Solyc06g008480.1.1
SolycO06g00B8770.1.1 Solyc06g008770.1.1 1
Solyc06g008380.1.1
Sw-5 Solyc02g028130.1.1
Solyc03g098100.2.1 Solyc0Sg088100.2.1 2
Timi-2 Solyc09g018220.1.1 Solyc09g018220.1.1 21
Solyc09g092310.1.1
Solyc02g022220.1.1
Solyc09g092300.2.1
Solyc09g092280.1.1
Ve Solyc053g005080.1.1 Solyc0Sg0050590.1.1 3
Solyc09g005080.1.1 Solyc09g005080.1.1 5
) W B 9A% _SNP_listxdsx (AAJelD
Oh AAAS B B 442 W SNP 24 SNP dlojeE Hgo= ¥ A3 SNP
markers 7Y Soi¥ B AHFY T T MASO| F-85HA AMgE Ao wE (Tab

Table 3-9. EtE MAS system®]|

SNP &4

AFAAL2] resequencing data ZHE

AN AOAR AEAR OO0 0 \1»1»*:\:(.‘@1»;5

AEEONANAR<ER<AEOOD <0007

K

AEEOOAADOEGANEODEAOROARO-NAA0AR AR 0 -0 0 \yhjal'nﬂwba
42

2. Al22pA =

.,
L

R-genereference_genome SNP_position

16O - 0000

1333

GOEEdn

w
o

L el e O Ol O T e 1)

18 =

PEOO K

OO O6 A @n6neEdneD:

GAAANAD A0 ErrA0EO A0 A0 \ﬂﬁ

TeHANAREANArErAGEO A0 OE A \L‘wﬁ

AFAFPEOARHNADFAAAEEEADR0 A0 0r feaF

(1) HRM (High Resolution Melting) primer design
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b ol ZAuE EtfE HRM primer sett= K1-K27to] HRM primer set”} 186,800,
K3-K47toll= 70,596 setZ} TAS1 SH= (Table 3-10).

Table 3-10. Summary of HRM primer—set

H] mm CH AF # of polymorphic-SNPs # of candidates of HRM # of HRM primer set
K1-K2 607,962 487,487 186,800
K1-K3 491,951 393,735 149,886
K1-K4 536,420 430,987 182,081
K2-K3 287,165 230,267 76,723
K2-K4 244,920 197,668 67,200
K3-K4 213,782 172,344 70,596
(D) HAE 7o) 2polE Hol= SNPE target 22 1o HRM(High Resolution Melting) primers- T

215k, Avte] FeHdS =ol7] floll ARt 7] "eabgS AXITh primer design- reference

sequence.

Table 3-11. HRM primer list A7} APdatd (of|A])

e
id no% ref K1 KlToal depth K2 E2|Totl depth  zenic'mtersemic i B descrptions InterfroScan id IuTHtE:m_
-1 domam-contatm
SLI40ch06 JAIS40 A A 515 @ 86 SolyrOG00SB0 2 1 inton. pm:ir ™ pRoe1ssT BRLT
N ) BRLCT domain-contziins _
SL240ch06 3@0055 T T S5 = e E] Spher0Eel0o 021 intron gt TPRIG13 5T BRLCT
) ] BRET domain-contzining B
SL240cn06 IS34T A A o G 85 Salur0fE00SER0.2 1 inten e TPRO01357 BRCT
domzin-rontzind
SLIAH063EHET A A W0 G 1016 Solc0f000@0llinmn Dk 00 :" ME pReBST BRCT
protein
domn zin-contzini
SL140ch06 3S1562 A A 33 G 44 ol ISRI0sRND L ey OO ::_{ TE  PRs013sT BRCT
protsin
<ONA dome BBBICL
SLI40cH06 34036 4 A 44 a 33 SolrcOG00OE0 1 1 iiton oA dome MBBICH o ot drmsdiio-typs fid

full insert ssquence
ONA done HE3S1C12

SL140chE 34588 C C G a 44 SlpebSERO®0 L linon T PROIGNMN Armedilio-type fod
) B (DA dome BBGICL ]
SLI40ch0S 34994 A A 44 G 53 Shif=l09E0 11 intmn , EROISM  Armedillo-tps fold

fill insert ssouencs
o DNA dome HBGICL ]
SL140ch06 383057 ¢ C G T 5% SelrSg00eesaLls o0 T T IRROIM  Asmadiio-ype fd
ONA dome HBBEICL
SL2A0cn06 3E5T A A 9% e g3 SocOSR009E0 L1 it T G078 T DPRNIEM Armedillo-teps fold

S
SL24Dch06 3E5848 G G 1010 T BE 2plechie(0e®0. 1] inton = '. siplmaats PRSI Asmedillo-type fold
fll insert saquence
ONA done HNBBIC1H

SL24ch06 388532 A A 515 G 44 Bkt B RE1S4 Armedillo-type fold
N Rolye0RE0008001.1:eck full insert sequencs T e
OMA done EBIC1H
SL24Dchd6 387260 T T 515 c 33 EpherDoe(0o®0. 1] inton 2 : % \" PRS2 Armedillo-type fold
fll insert saguence
SL24Dch06 3E808T G G 44 A 66 Sohe(Gellestll. linds $PNA dere RIGICH BRS04 Armadillo- fold
T ADchOb 3 27 E £ 2] mbad ok b S o S - Arme tope |
Tmpeortin-zlghe-like.
importin-beta-bindine

r=gion [EROOL025
Armedills PROL1SED
Agmadillo-tike
paliczl

SL240chO6 35T

(=]
%]
=
o
“
=
=1

BoheciielidT502 ] jinton Tmporfin alphe-1b subunit  JEROD2G63D

i}, tizhE A2E AS7E SNP Hlolg o4 21 genetic map 15
(1) 2114 %x genetic map T4
(7hH @olxl SNP AHE o]-gsto] ZEE genetic mape 755+ (Photo 3-7).
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Photo 3-7. 47l W7} resequencing 2 ZHE] HAoJZ SNPQ] genetic map

o g AeE AE wHjRd o8 7hs't SNP mbA A

(1) &FHE genome-wide SNPs= EEFAAF vHlwste] dojmonz vlwoiifo] HH|H
SNP= &8¢ 4 Qe Z-97F DA oty 245 AR EftE 4 £59] SNPE 0]“(1
sto] wWHiERSE o]§ 7Hset SNPE AWe (Photo 3-8). 7Fedh & wHjRe2 67001
410,074 SNPs7} Attt o] F XS THESk= primerg YAl & & Q= SNP+=
245514700130tk wHiZRSHE o]§ 7Ms3t SNPE tFsigedl K1 x K2 282 71
60.865 SNPs7} AHIE|QIT. T % primer® o8¢ 2 9l SNPL 40,69170]9lch A K
x K4 232 7P 22 40,136 SNPs7t A==, o8 753t primers 71+& SNPs 2
= 20,62707F A5ttt A8 75 67 2ol SNPE AdF & primer A%t 274-& WEo}
= 759 SNPE A

)
rlo

W

O Che. 1 T, Lk e U

Gemname positsan

Photo 3-8. wHlZeld o]§ 7Fst SNP A2 fiet GAAE nhA o] 7 <]
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A=
=

(2) FAFAE olgslo] 3EZS] G 1 HEE FEHoR XAk oA

Tt} ZAStolof gitt. wiebA ERfE GAA|0] Eele ARl AE et At §244 At
2] ARt A, 7R TSI WA ZF Ao SRl dolg Rt Ao QA 5719
TUS 7|2 Witk oF o0Mbe] Aolz 1I270FMA T 7S 1 18 GAR= 5709] 18Mb Aol¢]
TFeoE WA, oF 46Mb Aole] 7MY AR 6W AMAR= 57H9] OMb Zol® EEEIch 12y E
otE 4 FF0] weiEPER primer7} o8 7FsSt SNPE ol8ste] g 8 o 37§9] SNPE Aot

UERSIE} (Photo 3-9).
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43,753,180 0,207,658 49,705,668
2,048,700 it a7 51.25 g g E AL T aramhiom
.10 5 Tl AN SRR 56 g2 4w 4,300, 361 o
_Laroricn m—— PR e et e
CA e . i PR
0,202 45087 00 a3
P 04, 960,026
7
R ! wr T i s
71.50.508
1,375, 00
560
o, 22748
Tl

Photo 3-9. EUtE W EASONA wul 2eE 2 A A ARt SNP upr] 4]

(3) At SNP miA= AMAE oF 10714 & 120712 o] "uAAREE DBS=RE HRM
primer& TZ}QITH A3} Table 3-129}F 2},
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Table 3-12. EutE A2E A57F SNP2HE At HRM primer ©AHS

3.

(4) Z47¥e] /3t primers 83t HRM validation A% diiejo} AlZ9] RT-PCR kitE ARSI
7t AR|E AT fradde AR A9ttt ARt vt ol 7Fsstl= (Photo 3-10)

{

.00 (A) 100.000-

- 9008, 008
9. 744 851
ST BAT
18,06

1
.079 000
37,909, 901

feeaie

Relative signals (%)

B

D.697.100

.12 Temperature (*C)
08 . 30y

—
]
-

K2 type

sEEREEEE

oA PO
ST 081

D00 ST

1.7 T

Relative signals (%)

AT7.995,59% z 748 78 T 7
373,870 Temperature (*C)

LP9T.IT
217081

™

Photo 3-10. AI&er SNP wp7 o] a7 H7HE At HRM primer2] #-&-

ENtE ougt MAB #4 Al2g] 7 3 A

7} AAd =
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(1) MAB A4¥F2 9I3t GBS (genotyping by sequencing) 2-& A|AH] &g
T AuHlE st Ee 1ol JES ¢ ATl =9 5}511} <o F
ZHog BCIF1 AltiolA donor o] GHAE
Aoz di ity (Photo 32). I8y &% &
AA, AZE Sools] 1 v]go| thA Apo]lE Helth o]H zjo]E 0]835t] donorzl Q] _lgr;ﬂ
3> MAE AT o, S50 Aldidsol 7]of & & Sloh wEbA
2 AFolAe 2 AEEe] AR8SE Sl GBS (genotyping by sequencing) 7]&2 Al¥st

Al 1 7)les ol8ste] 5@l HEsto] BCIFL Aldiold A a&< ol gt

fr
-
o,
i)
rlr
po
o
o}m _l:[o

MAB system

Backcrossing

Back Cross Stratecy

s (1D 3 GIE

:‘*.—IT*
qE
4§

s T .-e-l:-w -:ﬂ_!;-._ll; bll.lwil:w =S 4-== BCL AMCH O1|Jk1 Hi=s22
In red, homezygous stretches of the recurrentparentgencme are depicted.
MASId S = GBSO ofat FH &A1 w HtE r At CeTo e e SO T Beeen, (WE vt R ] WESE o

7 MAB A
Zj=: P1L (13-2084), P2 (13-1151), BC1F1l

BC1 400 s GBS (genotyping by
sequencing)

BCZ2

» AITH
=ad

Photo 3-11. EFlE w3 MAB ATA|AH] AL

(1P BCIF1AIHe] FAHE potell mpEstal Hop & 28, EWLE Hi= 2-37[9] ¢lo] A7 &
™ (Photo 3-12), o]F 17]9] & ©]-85to] total DNA F&of o]-&st3ith

Photo 3-12. MAB A& CQJJ_HHZ‘EP_J -

(7P) A& DNA FE2 2ot &, 284 o VHE ©l-83t9] taco Ah=FH 7HEH bead beater

S ol&ste] &S FstA e, DNA F&2 BFZof ALY & kitE ARESte] 19] 3241

=Tl
N
o~
P>
ko
1,
rir
>,
[>
atit)
o
ik
oo
_?L
3R
o
=
@]
3
w
z k
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DNA Sample grinding

Bead tube

DMA sampling tacoprep Bead beater camplete grinding
DNA Extraction

Buffer insertion Inztallation Equipment Parts

QOperation

Pranciple of magnetic bead

extraction
Nucleic Acid Automatic Extraction System

Photo 3-13. MAB A%< 18t 4]

A48= f1t A= DNA tig & A2
(3) DNA 5% %= % 53
oh 42 9 zFo

o
RT-PCREA, AFAL cutting, DNA ol 84 52 olgstid] M9 $8F 202 A7

= (Photo 3-14).

Density

290 5201 9[237.¢223 g 7o.al267.3[230 9 a0 o216 4|
(ng/ul)

§3.0(193 $195 4203 61848
Quality

20340246 2193 MSASAT
1740170 (L76 (1781175 1.
(260/250)

317|190 T2 166201 4202 9204 #054:50212.0/200.

07 1194 1214 5155 U231 5
186 [174|1761176

174 |175(175)156 |176

17111831179 (175176176 (1704175(174
Density 173, o 4
{anuh 34 226 5207 197 6206 7183 8130 16 a 153 3212 5171 183 Q187 0212 Q145 2195 4158 81183 11507217 4202 4203 320532558213 00201 §208 Y195 4215 5(158.1{232 5
Quality
171|174 (177|172 | 178166 |L70 176|177 1764177 |L73|177|1.73(173(178|175]180 179|175 |1 77§168)178)173}185/181|177|178|178|1.72|1.77|1.80
(260/280)
Dens[ty 232 3151 7217 8202 4203 20582956213 00201 08 W195 W15 1964204 8145 04 4196 4204 4185 8204 4247 2134 81155 51747185 J188 0213 H146 H200. 4195 81841151 7
(ng/ul)
Quality . o . o o 5 -
{szsm 180177177 1.68|1.78]|1.73 (185 [1.81 {177 |1.78|1.78§1.72) 176|184 |1.76|1.88| 1.76| 1.84| 1.76|1.88 |1.76 |1.78 |1.78 1761175 | 1.75 | 1.75| 180 | 1.77|1.82| 1.81 | 1.77
* ok
Average
Densi
v 2047
(ng/ul}
uali
Quiality 177
(260/280)

=

Photo 3-14. MAB #AAE $I3t 5= A2 DNA 5k ¢

HE
U-El
fx

(4) GBS Agef| A8t GBS adapters, PCR and sequencing primers
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(7D GBSA&o= barcode sequences 71l barcode adapter®t AgFa4 site TF 7FA]+= common
adapterg TARISI] A& DNAE ARFEAZ cuttingst] en adapters ligation?tt}. “12]17 PCR-E
primerE Fw, RvE @45l] PCRE 4983t th2 sequencing®l] a3t Primer 5°] 2% (Photo
3-15).

a) Barcode adapter DMA Common adapter
5¢ —ACACTCTTTCCCTACAL CTCTTCCGATC T %X GCWGAGATCCGAACAGCEGTTCAGCAGGAATGCCGAG -3
3" -TGTGAGAAAGGGATGTGCTGCGASARGGCTAGAL vy BWE TAGCCTTICTCGCCAAGTCGTCCTT CTC-5"
Barcode A‘T’ K
s ALBNC pe
quence
i overhang
b) PCR primer 1
Complement binds to Binds to 3+ strand of barcode adapler
floweell oligo 1 \\ \L
5f ACGGCGACCACCGAGH CACTCT TTCCCTACACGACGC TCTTCOGATCT
Paired-end sequencing primer 1
c) PCR primer 2

Binds to 3¢ strand of common adapter Complement binds to

/ flowcell oligo 2 \

SR CRT ACGEC AC R T

TCTAGCCTTCTCGCCAAGTCG

Paired-end sequencing primer 2

Photo 3-15. GBS A3of ARg3F GBS adapters, PCR and sequencing primers

(1} GBS adapterg ZAgoHs 4 BAEE ApeKlof 9]sto] Hetx]ojzl DNA HH2 A
wHold A §HAE
adapter”} ApeK1 Ao

o} 7k,

1

Sti= barcod sequceZb Q&= barcode adapter®t Common
A]

sto] Ligationstal 1 & PCRS &5t flowcell oligoZt

S 91z
298 ¢

Table 3-13. GBS A&@e] AHESF Barcode adapter

CTCC THCIC TCGTT CTATTA AATATGEC TGCAAGGA
TGCA AGCCC GETTET GCCAGT ACGTGTT TGGTACGT
ACTA GTATT CCAGCT GGAAGA ATTAATT TCTCAGTC

CAGA CTGETA TTCAGA GTACTT ATTGGAT CCEGATAT
AACT ACCGET TAGGAA GTTGAA CATAAGT CGCCTTAT

GCGT GCTTA GCTCTA TAACGA CGCTGAT AACCGAGA
COAT GGETGET CCACAA TEECTA CGETAGA ACAGGGAA
GTAA AGGAT CTTCCA TATTTTT CTACGGA ACGTGGETA
AGGC ATTGA GAGATA CTTGCTT GLEGAAT CCATGGET
GATC CATCT ATGCCT ATGAAAC TAGCGGA CGCEGAGA
TCAC CCTAC AGTGGA AARAGTT TCGAAGA CETGTGGET

TGCGEA GAGGA ACCTAA GAATTCA TCTETGA GCTETEGA
CGCTT GGAAC ATATGT GAACTIC TGCTGGA GGATTGGET
TCACC GTCAA ATCGTA GGACCTA ACGACTAC GTGAGGGET
CTAGC TAATA CATCGT GTCGATT TAGCATGC TATCGGGA
ACAAA TACAT CGCGGET AACGCCT TAGGCCAT TTCCTGRA
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(5) GBS% library 755 I3 A%

4. Pool DNAs & Ci
ve pa 6. Clean up PCR
1. Plate DNA &
adapter pair {_\
-ﬂ- = m
Primers
1&2
ﬁ
5. Perform -
PCR 7. Evaluate

fragment sizes

2. Digest DNA with ApeKI
3. Ligate adapters

Photo 3-16. GBSE library 78 <J5t mAIL

(7B Photo 3-16 Next generation sequencing w4 A=z9] A2} #4-& a
967Hel DNA A&} AdaprerS EI@F AREA ApeK1E ol85te] DNAS 2 %6}1,

ME-E pooling 5t Clean up & PCRE& AA tA] Clean

Adapter®} Ligation A|Z1 3 9674
wp ¥ A%E Qs By

(6) ERFE BCIF1 At 96714 library 5 2 =<1

** Librarye| k21 (PCR 8l QC)

LibrarylPCR =g

M 1 2

Adapter

dimer - Library
\'3‘J| L=
Acrylamide-gel - QcC =l NGS 0|2 = 60 Giga
- Sequencing i sequencing

Photo 3-17.GBS& library = @ QC £A]

(7H Photo 3-172 GBS Next generation sequencing &4 =2 A2t & QC Z3}

W o2 Acrylamide—gel A7]953 QC profile A3} AXx|ol= A& &I
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(7) BCIF1 AlciollA] Barrcode®d &H3SH 471449 X

(Oh) otFStA Degine =l adaptero]] Z&E o1 532 dHO] YHE NGSE read T 2
7 Adapterof] AgEo(R 2] FAEO] Read T2 genom wide SNP 240 -85
o121, Sequencing AH EA-E Fdl % Barcode ®H Pl, P2 Ate] SNP 27 9 A5 4,
AdE A7t olFold A4,

Reads With Bar Code and Cut Site [10°)

CEgbsesEeEcEEE S 2cEEEScsctEESEIcEEREEEBSESE s
cEE=388 = = 8 = = = = = ES 3 E=zE2=s328328e
SEEYBYESEEEEYIBEIIGaEECIAEE I E I

=

Photo 3-18. GBS library=5E NGS Sequencing=<, Barcode® 714X

1} 2
(1) rin/rin AAAES] A4 B WA Edeknat MAB A% 2 A

=

5717+ 58 aEQ HHo 2N, Green—ripe@t Never-ripe 29 -2 ¥4l 9]
A2 Adfst= 1AL LeETR49E LeETR6Y 22 ethylene receptorsE ©]-8& 4 Qlch
d/d91zkel RIPENING-INHIBITOR (Rin)2 4 42 37 Adsts 4d4=2 BHiE9
=, S SHIA rin F7HS] IAE e Wlth. EE positional cloning WS S &
ofdl rin FAATE A &4 AdiRtere] #Eg MADS-box -HAZHLeMADS-RIN and
LeMADS-MQC)¢} #do] 9oty Hugict Egh T MADS-box F427F AT $]of QL
7] 2ol rin EnfEE dubg oz Agiste-& ZF=th. MADS-box 8= =9 E3te}
g, O3 Ao Ao F2 ottt EARolAQl rin EvtEE IO HT, FA9]
qee 7‘1'5“5‘411“P EntEZt A9 o BtEA] Bgchs ogdll ZRAVE WSk gfom ot
2hA] o=l gt fAA7E gdAdst ] i %"301 YA o= Aow HIEQIH ANt
EftES} rin EUEE wHjsto] dg witSdy | /%ol A%zl A
o] solutR= AA7|Tte] 71 A= Ent < JWdst=d AEe a7 e ok o]
P AAPeR gEoldl EntE Flod 52 SAzRclel wet Adistets $uloba] o=

%

|

f
o
o
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397t BA, A stEmtezE= §4st1at ot FH9] rinfFAREE dSsH]7t gol &
ot o] HAHAFEE FRIsH ] fellAe HotollA HE f£rhEe] Alzte] AQEe EEo|N,
TN olFY FAARFE &7] SldiME FHHEAS AYdloF stER, |5
T 7H], e et Zojoh mEbA, o]eh SFA ol ol
o] 71 Y34 EutE £F Wtz gt
(1P rin/rin®] FHAF-E 7HAHA An|7} @43 AlFS o]8oto] ZAZ Yokal, dert
o, T 2717 280-310g Q1 BAA] wHjste] @ojxl F12 BAA o|w, o]& o]-&5}
A P29} ojuwHjste] BCIF1 AltHE +5519= (Table 3-14, Photo 3-19)

flo
o}.f’.

ol HIr

Table 3-14. #g/do] ¢t BIA EVtE S04 91t walxd (P1 2 P2)o] 54

A5 i o

L 2 A3 = 3 &+ F #+ H B
BY. & A T g% FF W = §og £ W
328 33 & & § Z 10220 rn Frm 2 3 4 Tm2
13-1181  oa =z zm 7+ B 280-310 Pink Firm 1 2 55 T&.}Eﬁfg%fs
(B) = L T g T
13-3035
= F1 (Ax B)
12-1086 BC1 (A B x B)

(D)

Photo 3-19. P1, P2 A4S @ @i Flold 4 e

(Bh Flold B4 w50l 9] difZo] 200go= A2 P=0]glom, BCIF1 Aol FAE %
5t Rind2ds ol8st] Genotypinge AHAIRE 23 Rin/Rindt Rin/rine2 FHEIH (Photo

41). o] % Rin/rin B 7H) ABAZ olg5le] GBS AR FastAL:
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0.068
0.068
0.064
0.062
0.0a0
50.058
%5 0.056
0.054
0.052
0.050
0.048
0.046

48.00 S0.00 52.00 54.00 56.00 58.00 60.00 52.00
Temperature

64.00 65.00 68.00

Photo 3-15. BCIF1 AlHioflA Rin/rin AERS 9Igt SNP tpAE o835 HRM PCR £4

@ F 9671l BCIF1AMIHhe] Rin/rin typ€4 AEARE olgslo] GBSHRE HARE 23 3%

olsar 20008701l E7Iuige g & 4= girt (Photo 3-16).

Fl

AE

XEE

Total besoth Chyd
DNtk Bascodo & Cul Sle + Commons a daplod

CECCITAT
G GRATA,
GGG GET
CECTE]
CHETT

Photo 3-16. Rin/rin & BCIF1l At} A=AE Sequence Quality Trimming & A]

S333CEEICEI53 325538
g33sscceacodgeasasgs
CLESZ-EA3525EERERE5EE
332885 Fe-35 g2532Ear
a28s22 "8TEE 3TsRgca
EEER BOEERE

)
>
0%

(o]

|

i

(@D rin/rinAl P13 H3A P2oA BCIFl A=A <2 SNP=  3,0867H0]%aL

heterozygous SNP= 8107 €t (Photo 3-17).

No. of SNF loci SF No. of SNP No. of SNP
| LR | ceenasens] SRR 0208

: = MNon-polymorphic. SNP locis
GBS sample=96 seema

+ Undetemmined sample=1 i &mblguous SNP loci+
Unknown SNF locis

+ Polymorphic SNP loci: H] ul 252 Zrof] 37 23 SNP ZojAd A= SNPD! 59

+ Non—polymorphic SNP loci: Hln 285 7t F2 SNP oM § 24T genotype?! 2.

+ Ambiguous SNP loci: H] ul 2855 7] §'% SNP EHoflAd  "Z1EH-SNP” = 210 p olymorphismS L1017 o212 F 2.
+ UInknown SNP |oci: H] ul 282 Zioj] T 2! SNP 1o genotypeZ 2& == §I0j(base=N) HjulZX == PI=F O

3,621 =
12,194 =

=+=GNP 88 FEIE =
* Homozygous: read depth = 902
* Heterozygous: 40% =< read depth = 60%

3,084

810

*  Z1EL: Homozygous/Heterozaygous 2 PELR =TS

Photo 3-17. BCIF1 AHHelA] rin/rin Al AlRs, =B3A ARs7F 3% SNP 2

SEl2 SNPe] ml

(Hh €0l =x B SH = SNP mAE fQAAE=z Z2et Ay} Table 3-159F #th.
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AR 23970, 29 FAA] 9370, 39 AAA 19771, 4 QA 14970, S AMA 23370, 6
oG 99670, TR AAA] 12070, 8 AAA 1270, 109 FAA 2871, 119 FAA] 169
A, 129 FAA 2457] T TS BAS

(*H ol & mt7= BCIFL AU A< AAA S 2= cover SHAl= FSHARE, g7t
MABel Abget 12071 w7 HG G4 @i, 20 24e dHEed wie 487 7
2 pordch ont dA4A] 84 polymorphic SNP wHAE 127] A& 8o Ax] Zct.

A

R

Table 3-15. 2/do] 943t rin/rin Al P1 3} F3A] P2 ¢e] ojwafgt BCIF1 AthollAl GBS AN =&H d4
A ¥ polymorphic SNP m}A 4=

chromosome Mo. of polymorphic SHNP
chrid 30
chril 2339
chriz 93
chrl3 187
chrid 143
chrls 233
chrlE 596
chri? 120
chrig 12
chrig 171
chril 26
chri 1 GG
chrl2 245
Total 2,569

(©h ol& polymorphic SNP TS BCIF1 7HAE GMAE HAIE Photo 3-181}F o] A}
rin/rin AlOA 2 AlsS blue=, A & ARse red2 “12i9 519

ol
tjo
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y,,sp“ ;ic. BC1 MICH FH %]
P

— « 35 EuMEI= 18772 SNP marker= A0 = AT S 13,
MEF

‘GBS_AAAAGTT, GBS_AACCGAGA, GBS_AACGCCT
= Recombination®] 2] % ul X} 7} 210f Lt 1 0 Sroidy

2
fl

- DORX|Zf M= ‘GBS_AACT &K1 2 23H 2H0| S 2248,

Red: pink A, Blue: rin/rinAl

Photo 3-18. BCIFIAIH] A2A4|9] GBSZAel ofgt Als 24
() % 2569719] SNP HHAE ol@sld FAAY GBSEA A 24& AME A7} Photo 3-199} 2
o, 7} 967} BCIFL Al AH2AollA P1 & P2 7kse] 242 tefebi] Hole Hge.

Photo 3-19. 25697l polymorphic SNP m}#2] BCIF1 7iAlollA Aks 24

(zh) BCIF1 AldiellA] rin 5427 Z3betal ¥HEX] PIAERES] Al 245 AHE 4t
g REo] 65-78%S HPOH, o]F rin/rin Al Pl Alxo] 15% ©]akel 350-380 AE9] SNP
nt#A 7} ZgEo] Q= BCIF1 A= 38, 45, 51, 57 AEAEN Z+Z donor Als©o] 13%,
16%, 12%, 12.5%= ettt (Photo 3-20).
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B P O AP IS S P I SIS EES TR RF B0
LA Fet e e B o S S R T O O T £ T o AL T & i ¢
Fele O bf;,:" & ;%,5}?;@- FECP TS T T T LA & 9@;5?“@“@" Conlet TF FEppg e d S s

Photo 3-20. BC1F1 A]EA9|A donor parant ¥ recurrent parant®] A5 H& 9 A

h A" BCIF1 A o 545 A2 23 BIo|uAM, 247t Fstal, 47t w2
H O E4e 2 (Table 3-16). AL A=2A19] %7l Fxlol v vtExlef 7147
Uebgon], Al ¥ Aol fAbsHch 2y 352 donor XA Al FARE At

£ Hlow, g 922 A FEHA U

Table 3-16. 445+ BCIF1 Aol AlEAe] 2 B4

A 53 52 % 2 3§ oa=3 3

oftozloz;
it
ol
o
ok

T2 F\'ﬂ =
P1 2% F F F7 WP 190220 rin Frm 2 3 4 Tm2
TmZa,
P2 7% F= F3 F ¥F 20810 Pok Fem 1 2 55 Tyl
3 E3t = & 7} ®R 220 Pink Firm 2 2 45 -
45 23t F % 7 W3 190 Pink Firm 2 2 43 -
ol 5l omam % 7+ W3 200 Pk Fim 1 2 4 -
57 =3t %= %% 2 ®F 210 Pmnk Frm 1 2 50 -
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. cw C‘ u”
@@Q@@@@@’f@@

290 “-9-©"
@m®@eo§&¢@
&

Photo 3-21. BCIF1 AldijoflA EntE 33 2 GBSOl oJsf 35, 45, 51, 579H 7fA| Ak

(Eh) Adrst 35, 45, 51, @ 579 AEAL BCIF2 £#F 43 2 BC2F2 AEAE 24519
AAFA A @ AAAELS 55 ¢4 F4AANE ZgstuAstt 3t A1)

i

(2) AEE A=A AAAFTS] 942 Al =dstaa MAB #7451 BCL Altiollq ARt

Oh AA ez 15E Qg dFE A=A Bl S5 FF52r S5HA v 1
By ddidez H3A EvfEs FHo| oA Xt A=A AYE AFe 85
BAAA Az FFo o8 FHo] HEAE 7 BCIF1 A& Ad¥ste] sF54As &8
starzt gt webd AP E AF2 ENREAYTSATLRNN S4FTA ATe AHEShe] Fi
% BCIF1& =73t GBS*1~ED:% g5k, BCIFLoA = ARl P1o] Aol A 29

i

1, dEl 55-6.0 He

Wb PR BE FRRYY, ZAE BE Ao, A8 179,
S= A&kt (Table 3-17).

& O
[e] —
of = AAASE o185kl F1 4 BCIF1& S4d5to] GB

2

Table 3-17. A2|E =A P1 3} FI3A P2 ¥ AAHEA

B.N. | ¥4%% =7| @I EM hig o7 kY 3= iy &40 | BT uss
(plant | (maturit | (internod | (plant | (fruit (fruit (fruit | (firmnes (fruit (tast | (Brix | (resistanc
type) y) e vigor) | shape) | weight) | colo s) uniformit e ) e
] y)
P1 28t 7 3 TU m3 210-230 Red Firm 2 3 5.5 Tm2a, F2, ¥
P2 =pi 3= 7 K 17 | 180-200 | Pink Firm 1 2 6.0 | Tm2aFaV.C
F L5, Ty—1
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Photo 3-22. GBSA|AHle| 2835t P1 2 P2o] BAY

(th #=A EtEE donor MO 2 pinkA EUFEE recurrent M O=2 843 BCIF1 Al
oAl GBS A& &, HolZl polymorphic SNP #lA4= 25 SNP 2492 7§ ¥ ofg|2 SNP
396702 YERSTH (Photo 3-23).

No. of SNP loci : No. of SNP No. of SNP

Zho H|
_ (with K1, K2, K3, K4 SNP) SEER S R (read depth > 3) (read depth > 5)
1,280

79,074

GBS sample=36 Non-polymorphic SNP loci®

+ Undetemined sample=1 i) Ambiguous SNP foci* 3975 _
Unknown SNP loci® 2311 -
* Polymorphic SNP loci: H{ M E i 52 SNP I A AHE SNPQ H=2
* Non-polymorphicSNP loci: H|{ZHZ 7ty 52 SNP oA 525t genotype?l A2,
* Ambiguous SNP loci: B| 4= 7HY| S SNP ZHA 7| EF-SNP'E 218} polymorphismE 221517] Of AL,
* Unknown SNP loci: H| T4 Z 70 S SNP EHH A genotypeS 2 5= 2i0{(base=N) H| T == gl= :
= SNP R F& I|E™
= Homozygous: read depth = 90% 2'492
= Heterozygous: 40% < read depth = 60%
= 7|k Homozygous/Heterozygous 2 F 2% = gl A2 397

Photo 3-23. =4 EUIEE donor X7 pinkAl EOFEE recurrent X105 S4%F BCIF1 Altholl
A GBS Ag¢ &, AoJZ polymorphic SNP A

Table 3-18. %<3t red A