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ABSTRACT: The World Vegetable Center (WorldVeg) maintains the world’s largest public vegetable
germplasm collection. The Genebank contains over 65,000 accessions and consists of more than 130 gen-
era and 330 species. It includes around 12,000 accessions of indigenous vegetables. The WorldVeg Korea
Office (WKO) has been conducting regional adaptability evaluations in the fields of the National Insti-
tute of Horticultural and Herbal Science (NIHHS), with a focus on major solanaceous vegetable crops
such as tomato, chili, and bell pepper. As climate change significantly affects vegetable crop productivity,
the development of high-performing cultivars, tolerant to various abiotic and biotic stresses with
enriched nutrients inside, is essential to enhance agricultural sustainability and human health. In this
regard, the evaluation of growth and horticultural characteristics of pepper and tomato accessions from
the WorldVeg will help contribute to the generation of new and improved cultivars, to address global
challenges that affect food security, sustainability, and adaptation to climate change. Here, we summa-
rize our activities and the results of the regional adaptability evaluation using the WorldVeg accessions of
pepper and tomato germplasms.
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Table 1. List of chili and sweet pepper accessions in 2019.

Crops  Accessions Internal code Seed lot code no.
AVPP9813 PP9852-173 1342-89BK
AVPP1346 PP1237'77S:§; PBCI4S 1345 74-BK
AVPP9905 PP9955-15 1342-92BK

 AVPPI333 1307-7539-1 1342-61-BK
pgs;lér AVPP1341 1137-7503-1 1342-69-BK
(Capsicum AVPP1345 1137-7519-1 1342-73-BK
anmuum) - Avpp1245 F1TSS AVRDCNo2  1630:46/47
AVPP1328 1307-7530-1 1642-80-1
AVPP1337 1307-7542-2 1537-7607-1
AVPP1342 1137-7506-1 1642-81-1
AVPP1510 1509-9043-1 1642-86-1
AVPP1367 1307-7234 1342-10-BK
AVPP1371 1307-7248 1642-65-bk1
AVPP1358 1307-7217 1307-7217BK
Sweet  AVPP1360 1307-7220 1442-24BK
(Clz;?l?f;m AVPP1363 1307-7230 1342-06-BK
anmuum) AVPP1507 1507-7231 1642-234-1
AVPP1511 1507-7005 1642-225-1
AVPP1513 1507-7210 1642-230-1
AVPPI505  0436-6055 sel. 1642-252-1
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Table 2. List of pepper and tomato accessions in 2020.
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Crops Accessions _ Internal code Seed lot code no. Table 3. List of pepper and tomato accessions in 2021.
AVPP1245% AV%)ESIEO.Z 1630:46/47 Crops Accessions  Internal code Seedrllc())t code
AVPP1246 AVE})TCSEO' A 10“'56% box- AVPPO313*  PP9852-173  1342-135-BK
avepizger THBTTTIE 1340 748K AVPPISE oSl 1342 74BK
o e e e S
anmum)  AVPP9905*  PP9955-15 1342-92BK
AVPPIS0S 1306-6540-1 - 1337-761-DKI Chili pepper ﬁigzgf P?Z)Z?lzzlzi ?Zf-;iii
AVPP1509  1507-7515-1  1537-7625-BK (Capsicum
AVPPISO2  1509.9048.1  1749-31-BK1 anmum) AVPP0902  PP0937-7670-1 1642-216BK
AVPP1517  PBCI5S72  1642-94-BK1 AVPP1906  CCA15949¢ 194302:312:05/
BigStar  Commercial Korean Cultivar AVPP2001  1137-7506-1 1852-074-BKI
AVPP1247 A\Ffllgléilrllgo 3 37(]c6c3/2:13263/.85) AVPP2004  1736-6578-1 1852-093-BK1
awppiags  F1Hsing  1630-CCAI22IS AVPP2905 1736-6611.-1 1852-097-‘BK1
AVRDC No.5 (2016) TS-Elite Commercial Korean Cultivar
SEAg;;Sigier AVPPIS12  1507-7025  1642-227-BK1 AVPP2020  1642-344-1  1852-128-BK1
anmuum) — AVPP1506  1507-7221  1642-231-BK Sweetpepper  AVPP2021 1737-7046-1  1852-125-BKI
AVPP1514  1507-7246  1742-16-BK (Capsicum ~ AVPP2023  1737-7049-1 1852-151-BK1
AVPPI516  1507-7275 1742-40-BK anmuum) AVPP2024  1737-7041-1 1852-149-BK1
Laurent Commercial Korean Cultivar Asia-Blocky ~ Commercial Korean Cultivar
AVTO1705 CLN3902C AVTO1705%*  CLN3902C
Tomage | AVTO1706  CLN3961D Tomato AVTO1706**  CLN3961D
(Solamum ~ AVTO1823  CLN3941D (Solanum ~ AVTO1823**  CLN3941D
lycopersicum  AVTO1893  CLN4079C lycopersicum  AVTO1893**  CLN4079C
L) AVTO1702  CLN3853C L) AVTO1702%*  CLN3853C
TP-7 Commercial Korean Cultivar Tomas Commercial Korean Cultivar

* 2019 varieties

*2019 varieties **2020 varieties
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Table 4. List of pepper and tomato accessions in 2022.

Accessions Statues
CAPS19
CAPS30
CAPS32
CAPS42
CAPS51
CAPS65*
CAPS67*
CAPS70*
CAPS87
CAPS103

CAPSI51A

Crops

Bulgarian Germplasms

Pepper
(Capsicum annuum)

Commercial Korean

Asia Red Cultivar (Greenhouse)

Commercial Korean

Speed Cal-Tan Cultivar (Open field)

LYC1
LYC3
LYC35
LYC42
LYC43
LYC50
LYC152
LYC180
LYC185
LYC187
LYC190

Tomato Bulgarian Germplasms

(Solanum
lycopersicum L.)

Commercial Korean
Cultivar

*We divided pepper accessions into chili (CAPS65, CAPS67,
CAPS70) and bell pepper (the others) according to the
characteristics of fruit shapes.
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Table 5. Capsaicin contents of chili accessions in 2020.

Accessions Capsaicin(mg/100g)
AVPP9813 1.87
AVPP1346 293.38
Fig. 1. Bulgarian tomato seedlings in the large single-span AVPP9905 26.59
greenhouse of the NIHHS.
AVPP1609-022 299.90
AVPP0508 78.43
2019
AVPP0901 2.08
\ AVPP0902 0.62
i 1 AVPP1906 2.51
| § AVPP2001 26.04
|
‘ AVPP2004 134.60
AVPP2005 19.34
Control 156.82

.
AVPP1517

AVPP1609-022

Fig. 2. Fresh (left) and dried (right) fruits of three WorldVeg’s
pepper accessions.

A= AFE(Capsicum)®] HEAR] B4 5 U=, AlA
S

A2AE 3% A%S] A BAE Sla) 2F Almg] F AR

Accessions Capsaicin(mg/100g)
AVPP1245 147.44
AVPP1246 26291
AVPP1346 1.35
AVPP9813 24.35
AVPP9905 3.31
AVPP1508 87.94
AVPP1509 132.23
AVPP1502 36.11
AVPP1517 50.81
Control 182.76

Table 6. Capsaicin contents of chili accessions in 2021.

ol Al (Kirii et al., 2017) 248 A8 202013
= ‘AVPP9813> Al5-o] FYAtelAl ol 1.35mg/100 g& &
7P Y1, ‘AVPP1346° A%l 262.91 mg/100 g0 & 7Y =
Al YERETH(Table 5). 202132 ‘AVPP0902’ Al5-<] 0.62 mg/
100 g2 714 Yekom <AVPP1609-22° Al%E°] 299.9 mg/
100 g2 & 7P E=9tK(Table 6). 202213 A A& AES o)
FO R FsgrlExlsAd g PAlo|AmolE A
A2} PUNI (Han et al, 2013) "k 73 A3}, ‘CAPST0’,
‘CAPS103’, ‘CAPSISIA’ 7Al5o] o=z A= 305(Table
1), o]% FAloJA o= B4 B3 ‘CAPST0" AlEolA
capsaicin  2.59 mg/100 g, dihydro-capsaicin 3.53 mg/100 g,
‘CAPS151A’ AlE oA capsaicin 0.98 mg/100 g, dihydro-
capsaicin 0.79 mg/100 g2] W& FArjolr ol SRS 3R]
31T} ‘CAPS103° A5 capsaicin?} dihydro-capsaicin &
frgo] BF 0mg/100 g&= Ve =H|(Table 7), o1& 3
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Table 7. Capsaicinoids (capsaicin and dihydro-capsaicin) contents
of Bulgarian pepper accessions that were positive for the

Punl gene.
Accessions (?112‘51%8; Dih(yriilrg(;-l%a(;))gs)aicin
CAPS70 2.59 3.53
CAPS103 0.00 0.00
CAPSIS1A 0.98 0.79
Control 56.11 2043

2020

i %
L s b

17177
1 J | \

{ \
AVPP9813

j ¥

AVPP1346

AVPP1609%022 AVPP0902

Q

CAPS151A

CAPS70

Fig. 3. Some pepper accessions contain capsaicinoids. No
capsaicinoids were detected in CAPS103 despite the
presence of the PUNI gene. The scale bar means 5 cm.
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2020).
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3t =
BER) ®HE2 ‘AVPP1346> AlE°] 0.0%,

end rot,

Table 8. Powdery mildew symptom grade and BER prevalence
rate of chili accessions in 2019.

Fruit Powdery

Accessions (no/1 plant) mildew® BER (%)
AVPP9813 143.8 5 1.7
AVPP1346 1334 5 0.0
AVPP9905 524 7 134
AVPP1333 90.2 3 1.6
AVPP1341 54.0 3 0.7
AVPP1345 61.6 4 9.7
AVPP1245 2774 6 0.2
AVPP1328 38.8 4 3.1
AVPP1337 124.6 5 3.9
AVPP1342 774 5 2.8
AVPP1510 54.0 7 26.7

X Symptom rating: 1 (none) to 7 (very serious)

AVPP12457}F 0.2%= 7H¢ S3kth(Table 8). 20202 v
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FEEFo] oF 19%0lA 61%7F] BAH IsE P Ho=
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Table 9. The anthracnose infection and disease prevalence rate of chili pepper accessions in 2020.

97

Fruit .
Accessions (no./plant) Fruit (%)
Total Anthracnose Malformed Soft rot Others* Unmarketable =~ Marketable
AVPP1245 254.7 20.0 0.1 0.1 0.6 20.8 79.2
AVPP1246 95.3 53.8 3.8 1.4 2.8 61.9 38.1
AVPP1346 2253 40.2 0.0 0.1 1.0 414 58.6
AVPP9813 122.0 9.8 2.5 33 1.1 16.7 83.3
AVPP9905 74.0 68.9 2.7 0.9 0.9 73.4 26.6
AVPP1508 83.3 21.2 12.4 0.0 3.6 372 62.8
AVPP1509 102.7 10.4 0.3 1.6 7.1 19.5 80.5
AVPP1502 43.0 45.7 9.3 2.3 0.8 58.1 419
AVPP1517 91.0 52.0 9.9 1.5 2.6 65.9 34.1
Control 51.0 72.5 2.6 2.0 1.3 78.4 26.1
*Others include damage by black mold, harmful insects and heat.
Table 10. The anthracnose infection and disease prevalence rate of chili pepper accessions in 2021.
Accessions Fruit (no./plant) Fruit (%)
Total Anthracnose BER Soft rot Others* Unmarketable =~ Marketable
AVPP9813 2714 19.8 5.2 34 3.9 322 67.8
AVPP1346 394.8 39.0 1.2 0.6 3.6 44.5 55.5
AVPP9905 126.3 40.8 7.3 7.6 11.8 67.5 325
AVPP1609-022 308.2 61.1 2.7 1.6 2.6 68.1 31.9
AVPP0508 275.8 424 11.3 5.9 4.0 63.7 36.3
AVPP0901 166.8 27.2 12.5 7.5 12.3 594 40.6
AVPP0902 289.2 36.9 49 43 7.7 53.8 46.2
AVPP1906 1582 45.6 1.7 1.7 12.9 61.9 38.1
AVPP2001 269.4 37.0 11.3 6.5 6.9 61.7 383
AVPP2004 3422 194 6.8 0.9 7.7 34.9 65.1
AVPP2005 2333 9.9 3.2 29 13.8 29.7 70.3
Control 105.8 44.0 5.5 2.5 6.0 58.0 42.0

*Others include malformation, insect damage, sun scald, cracking, and phosphorus deficiency.

Table 11. Molecular marker analyses of Bulgarian pepper accessions in 2022. R and S indicate resistance and susceptibility.

Accessions CMV PM Punl QTL Bs2 TSWV
CAPS19 S S Non-pungent S S S
CAPS30 S S Non-pungent S S S
CAPS32 S S Non-pungent S S S
CAPS42 S S Non-pungent S S S
CAPSS1 S S Non-pungent S S S
CAPS65 S S Non-pungent S S S
CAPS67 S S Non-pungent S S S
CAPS70 S S pungent S S S
CAPS87 S S Non-pungent S S S

CAPS103 S S pungent S S S

CAPSI51A S S pungent S S S

Control(F) RS S pungent RS S RS
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Table 12. List of molecular markers used for Bulgarian peppers.

Name Resistance/Trait References
Cmv Cucumber mosaic virus Guoetal., 2017
Pm  Powdery mildew (by Leveillula taurica) Ahn et al., 2018
Punl Fruit Pungency Stewart et al., 2005
QTL Late blight (Phytophtora capsici) Liuetal., 2014
B2 Bacterial spot (Xanthomonas Tai et al., 1999

campestris racel)

TSWV Tomato spotted wilt virus Moury et al., 2000

Fig. 4. In 2020, chili fruits (left) showed anthracnose symptoms.
On the other hand, tomato plants (right) developed leaf
curls, which indicated inadequate fertilizer treatment.

A\ d @ KXX) AVPP1341

AVPP1403 AVPP2021

Fig. 6. The sweetest sweet pepper accessions from 2020 to 2022.

AVPP9813

. Int. Agric.), 35(2), 2023
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Table 13. Powdery mildew symptom grade and BER rate of sweet
pepper accessions in 2019.

Fruit Powdery

Accessions (no./1 plant) mildew* BER (%)
AVPP1367 4.8 7 0.0
AVPP1371 8.7 7 442
AVPP1358 6.8 7 12.2
AVPP1360 42 7 36.0
AVPP1363 6.2 7 21.6
AVPP1507 11.8 7 43.7
AVPP1511 184 7 40.2
AVPPI513 14.9 7 16.2
AVPP1505 6.4 7 3.1

X Symptom rating: 1 (none) to 7 (very serious)
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Table 14. Production and disease prevalence rate of sweet pepper accessions in 2020.

Fruit Fruit
Accessions (no./plant) (%)
Total BER Soft rot TSWV Others* Unmarketable =~ Marketable
AVPP1247 16 2.1 2.1 49 9.8 18.9 81.1
AVPP1403 19 1.7 2.9 0.6 13.2 18.4 81.6
AVPPI512 11 7.0 3.0 3.0 8.0 21.0 79.0
AVPP1506 14 1.6 4.7 0.0 13.1 19.4 80.6
AVPP1514 12 0.0 7.1 0.0 15.2 223 71.7
AVPPI516 12 0.9 0.0 0.9 10.3 12.1 87.9
Control 11 29 29 3.9 12.6 223 71.7
*Others include damages caused by black mold, harmful insects and anthracnose.
Table 15. Production and disease prevalence rate of sweet pepper accessions in 2021.
Accessions (nol?/r:ﬂﬁm) Fruit (%)
Total BER Black mold  Anthracnose Soft rot Others*  Unmarketable Marketable
AVPP2020 17.8 0.6 16.2 0.6 10.6 12.5 40.6 594
AVPP2021 18.1 1.8 49 1.8 5.5 20.9 35.0 65
AVPP2023 24.8 5.8 3.1 0.9 0.0 9.0 18.8 81.2
AVPP2024 17.9 7.5 8.7 6.8 6.8 11.8 41.6 584
Control 25.7 6.1 1.3 1.3 3.9 21.2 33.8 66.2

*Others include sun scald, malformed fruits, and phosphorus deficiency (anthocyanin accumulation).
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Fig. 8. The sweetest tomato accessions from 2020 to 2022.

Table 16. Molecular marker analyses of 2020&2021 tomato accessions. R and S indicate resistance and susceptibility, respectively.

Accessions

Markors AVTO 1705 AVTO 1706 AVTO 1823 AVTO 1893 AVTO 1702 Control
Sw5_A SS SS SS SS SS SS
Tyl/3_ A RR RR RR RR RR RS
Ty2 B RR RR SS RR SS SS
Tm2a A RR SS SS RR RR RS
MiRex A SS SS SS SS SS SS
CcO A SS SS SS SS SS SS
Ph3 A RR SS RR RR SS SS
Ve2 A SS SS RR SS SS RS
B A RR SS RR RR RR RS
2 A RS or RR SS SS SS SS RS or RR
I3 A SS SS SS SsS SS SS
Lv A SS SS SS SS SS SS
Sm_D3 RR RR RR RR RR RS
Bwl2 C RR RR RR RR RR SS
Bw6_C RR RR RR RR RR RR
2.9 A¢A A =
EnfE ot 22 v 38E B8 ‘AVTO1823° AlEol
HESAI S5 (Verticillium wiltyd /& A7 0= vjots] H2 7159712 Ak ARt WallE Fsl 7t S71sh
Ak olgt HEo AAMEAE ERE A% EF FEE AL B A3 27 EoA AL Al olo AA)
TYLCVAI A4S YER o™, ‘AVTO1705= Al Az AAlE 2] Ale] 97F 719 9 FF7IH0NA o7 S, Bt WaElls S
EnfE AlF 5 FYsH A ; S (Fusarium wiltyA343S ¥ 7F 5o EFo g e F Je MEL EZS e
Frotal UATHTable 16). 202219 AAFZAA BEERFE 98l =k Itk (Kang et al., 2021). AARH A= A4
d LYCI52 AleS 2 v 374 23K (Table 17) E71] Az e] TS grste] Wale A 3 484
of Al T sl Al AP (Bacterial canker)@t Evt & A FAALES @A 2 lEdsla, oldd £ ATS
% (Bacterial wil)A33S A5 02 LA At A ALY S Eas] HEstal ok 4%_7&% i
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xR A FEA AR Hul9le] B
ng 7t & & 71X= FHEHo|thSen et al., 2015).
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Table 17. Molecular marker analyses of Bulgarian tomato accessions in 2022. R and S indicate resistance and susceptibility, respectively.

M LYC1 LYC3 LYC35 LYC42 LYC43 LYCS50 LYC152LYC 180 LYC 185 LYC 187 LYC 190 Control

Sw5_A SS SS SS SS SS SS SS SS SS SS SS RS
Tyl/3_A SS SS SS SS SS SS SS SS SS SS SS RS
Ty2_ B SS SS SS SS SS SS SS SS SS SS SS SS
Tm2a A SS SS SS SS SS SS SS SS SS SS SS RR
MiRex A SS SS SS SS SS SS SS SS SS SS SS RR
CO A SS SS SS SS SS SS SS SS SS SS SS RS
Ph3_A RR RR SS SS SS SS RR RR SS RR SS SS
Ve2 A RR SS SS RR RR SS SS SS SS SS RR RS
I3 A SS SS SS SS SS SS SS SS SS SS SS RR
2_A SS SS SS SS SS SS SS SS SS SS SS  RRorRS
I3_A SS SS SS SS SS SS SS SS SS SS SS SS
Lv_A SS SS SS SS SS SS SS SS SS SS SS SS
Sm_D3 SS SS RR RR RR SS SS SS SS SS RR RS
Bwl2 C SS SS SS SS SS SS RR SS SS SS SS SS
Bwo6_C SS SS SS SS SS SS SS SS SS SS SS SS
Cm SS SS SS SS SS SS RR SS SS SS SS SS

R and S indicate resistance and susceptibility. Markers were the same that were used in 2020.

Table 18. List of the molecular markers used for tomatoes.

Name Resistance References
SW5 Tomato spotted wilt virus Stevens et al., 1995
Tyl/3 Tomato yellow leaf curl virus Verlaan ez al., 2013
Ty2 Tomato yellow leaf curl virus Yang et al., 2014
Tm2a Tomato mosaic virus Young et al., 1988
MiRex Root-knot nematode (by aphid Macrosiphum euphorbiae) Williamson et al., 1994, Rossi et al., 1998
CP Tomato leaf mold (Cladosporium fulvum) Jones et al., 1994
Ph3 Late blight (Phytophtora infestans) Zhang et al., 2013
Ve2 Verticillium wilt (V. dahilae, V. albo-atrum) Fradin et al., 2009
I3 Tomato crown and root rot (Fusarium oxysporum f. sp. radicis-lycopersici)  Hur et al., 2012
12 Fusarium wilt (Fusarium oxyporum f. sp. lycopersici race2) Sarfatti e al., 1989
I3 Fusarium wilt (Fusarium oxysporum f. sp. lycopersici race3) Carmeille et al., 2006
Lv A Powdery mildew (by Leveillula taurica) Chunwongse et al., 1994
Sm_D Gray leaf spot (Stemphylium spp.) Suetal., 2019
Bwl2 Bacterial wilt (Ralstonia solanacearum) Kim et al., 2018
Bw6 Bacterial wilt (Ralstonia solanacearum) Carmelille ez al., 2006
Cm Bacterial canker (Clavibacter michiganensis) Abebe et al., 2022

i

AL T 5 At
SESEEERES

O
r

PR Al g 5 Ea, 7199 d B H9low, WARS ARt AdAd S
7S VA= Aol @l W W

o
.



102 SRR, Korean Soc. Int. Agric.), 35(2), 2023

2020&2021

AVTO1705 AVTO1823 LYC152

sh=o] S ] AAIRIAAE 4 2o 54S et
Bl AAMAAE F=FAREAE 201995 20229714
AR AE A 25 4241%F, szel7) 1971, BEVEE 16
ATS deR 2T AHYASAHE Y w9 Al

FH FHEE, 9%,
I AA A E, 24 v A4, e 242 A
stolem, Hole 4 2 245 Bl @AY, I, A
=58 BErtE AdEe 298 Fo e AS =
< YHIT FF 9 83 542 A 24 ATES At
T ATt

B =wollA avlidt ASS vkl Walg At WA
a1 B o A SA4e 2 AAARAE ] st
LSS 55 A2 S8ATH, avRel F71e] el A
etaL, 7159710 Al S FAD F U= 78 5T
el mgol E < S Aoz V.

ACKNOWLEDGMENTS

This work was supported in part by a grant from the
World Vegetable Center Korea Office (WKO #10000379)
and the long-term strategic donors to the World Vegetable
Center: Taiwan, United Kingdom aid from the United
United  States
International Development (USAID), Australian Centre for
Research  (ACIAR),
Thailand, Philippines, South Korea, and Japan.

Kingdom  government, Agency  for

International ~ Agricultural Germany,

REFERENCES

Abebe, A.M., Oh, C.S., Kim, H.T., Choi, G, Seo, E., Yeam, 1., Lee,
J.M. 2022. QTL-Seq Analysis for Identification of Resistance
Loci to Bacterial Canker in Tomato. Front. Plant Sci. 12:809959.

Ahn, Y.K., Manivannan, A., Karna, S., Jun, T.H., Yang, E.Y,,
Choi, S., Kim, J.H., Kim, D.S., Lee, E.S. 2018. Whole Genome
Resequencing of Capsicum baccatum and Capsicum annuum to
Discover Single Nucleotide Polymorphism Related to Powdery
Mildew Resistance. Sci Rep. 8:5188.

Beckles, D.M. 2012. Factors affecting the postharvest soluble solids
and sugar content of tomato (Solanum lycopersicum L.) fruit. Post-
harvest Biol. Tec. 63:129-140.

Berke, T.G,, Black, L.L., Talekar, N.S., Wang, J.F., Gniffke, P.,
Green, S.K., Wang, T.C., Morris, R. 2005. Suggested cultural
practices for chili pepper (International Cooperators' Guide).
World Vegetable Center.

Berke, T.G,, Black, L.L., Morris, R.A., Talekar, N.S., Wang, J.F.
2003. Suggested Cultural Practices for Sweet Pepper. World Vege-
table Center.

(Brochure: https://avrdc.org/download/publications/crop-guides/
peppers/e03420.pdf)

Burgos-Valencia, E., Echevarria-Machado, 1., Narvaez-Zapata,
J.A., Martinez-Estévez, M. 2020. Gene expression related to the
capsaicinoids biosynthesis in the Capsicum genus: Molecular and
transcriptomic studies. Braz. J. Bot. 43:201-212.

Carmeille, A., Caranta, C., Dintinger, J., Prior, P., Luisetti, J.,
Besse, P. 2006. Identification of QTLs for Ralstonia solanacearum
race 3-phylotype II resistance in tomato. Theor. Appl. Genet.
113:110-121.

Choi, S.D., Eum, T.S., Shin, E.T., Song, C.G. 2020. Numerical Com-
parisons of Flow Properties Between Individual and Comprehen-
sive Consideration of River Inundation and Inland Flooding. J.
Converg. Inf. Technol. 10:115-122.

Chunwongse, J., Bunn, T.B., Crossman, C., Jiang, J., Tanksley,
S.D. 1994. Chromosomal localization and molecular-marker tag-
ging of the powdery mildew resistance gene (Lv) in tomato. Theor:
Appl. Genet. 89:76-79.

FAO. 2020. Fruit and vegetables — your dietary essentials. The Inter-
national Year of Fruits and Vegetables, 2021. Rome. 73p.

Fradin, E.F., Zhang, Z., Juarez Ayala, J.C., Castroverde, C.D.,
Nazar, R.N,, Robb, J., Liu, C.M., Thomma, B.P. 2009. Genetic
Dissection of Verticillium Wilt Resistance Mediated by Tomato
Vel, Plant Physiol. 150:320-332.

Guclu, G, Keser, D., Kelebek, H., Keskin, M., Emre Sekerli, Y.,
Soysal, Y., Selli, S. 2021. Impact of production and drying meth-
ods on the volatile and phenolic characteristics of fresh and pow-
dered sweet red peppers. Food Chem. 338:128-129.

Guo, G., Wang, S., Liu, J., Pan, B., Diao, W., Ge, W., Gao, C., Sny-
der, J.C. 2017. Rapid identification of QTLs underlying resistance
to Cucumber mosaic virus in pepper (Capsicum frutescens). Theor:
Appl. Genet. 130:41-52.

Han, K., Jeong, H.J., Sung, J., Keum, Y.S. 2013. Biosynthesis of
capsinoid is controlled by the Pun! locus in pepper. Mol Breeding.
31:537-548.

Hanson, P., Chen, G.T., Kuo, C.G., Morris, R., Opeiia, R.T. 2000.
Suggested Cultural Practices for Tomato. World Vegetable Center.

Hawkes, C., Ruel, T.M. 2006. Understanding the Links between



AARSANE 25, vlze)7), Bvke Akde] =l 284 H7t 103

Agriculture and Health. [FPRI. 36p.

Hur, O.S., Ro, N.Y,, Ko, H.C., Kim, S.G, Rhee, J.H., Gwag, J.G,
Oh, S.J. 2012. Screening for Resistance to Fusarium Oxysporum
f. Sp. lycopersici Race 3 Using Molecular Marker in Tomato Ger-
mplasm. Res. Plant. Dis. 18:304-309.

Jones, D.A., Thomas, C.M., Hammond-Kosack, K.E., Balint-
Kurti, P.J., Jones, J.D. 1994. Isolation of the tomato C{-9 gene for
resistance to Cladosporium fulvum by transposon tagging. Science.
266:789-793.

Kang, S.B., Yang, E.Y., Cho, M.C., Tajima, T., Lin, T., Lin, S.W,,
Wang, Y.W.,, Yee, C., Barchenger, D., et al. 2021. The Evaluation
of Growth Characteristics in Chili Pepper (Capsicum spp.) Germ-
plasm for Selection of Waterlogging Tolerant Lines. J. Korean
Soc. Int. Agric. 33:180-188.

Kim, B., Hwang, LS., Lee, H.J., Lee, J.M., Seo, E.Y., Choi, D.I.,
Oh, C.S. 2018. Identification of a molecular marker tightly linked
to bacterial wilt resistance in tomato by genome-wide SNP
analysis. Theor. Appl. Genet. 131:1017-1030.

Kirii, E., Goto, T., Yoshida, Y., Yasuba, K.I., Tanaka, Y. 2017. Non-
pungency in a Japanese Chili Pepper Landrace (Capsicum ann-
uum) is Caused by a Novel Loss-of-function Puni Allele. Hort. J.
86:61-69.

Lg, S., Ledauphin, S. 2006. You like tomato, I like tomato: Segmen-
tation of consumers with missing values. Food Qual. Preference.
17:228-233.

Liu, W.Y., Kang, J.H., Jeong, H.S., Choi, H.J., Yang, H.B., Kim,
K.T., Choi, D., Choi, G.J., Jahn, M., et al. 2014. Combined use
of bulked segregant analysis and microarrays reveals SNP markers
pinpointing a major QTL for resistance to Phytophthora capsici in
pepper. Theor. Appl. Genet. 127:2503-2513.

Moury, B., Pflieger, S., Blattes, A., Lefebvre, V., Palloix, A. 2000. A
CAPS marker to assist selection of tomato spotted wilt virus
(TSWV) resistance in peppet. Genome. 43:137-142.

NIHHS. 2016. Now and Future of Vegetable Research. RDA, Korea.
pp.158-173.

NIHHS. 2019a. Farming Skill Guide 106: Tomato. RDA, Korea.
350p.

NIHHS. 2019b. Farming Skill Guide 115: Chili pepper. RDA, Korea.
314p.

NIHHS. 2020. Farming Skill Guide 124: Sweet. RDA, Korea. 192p.

Sarfatti, M., Katan, J., Fluhr, R., Zamir, D. 1989. An RFLP marker
in tomato linked to the Fusarium oxysporum resistance
gene 12. Theor. Appl. Genet. 78:755-759.

Sen, Y., van der Wolf, J., Visser, R.G.F., van Heusden, S. 2015. Bac-
terial Canker of Tomato: Current Knowledge of Detection, Man-
agement, Resistance, and Interactions. Plant Dis. 99:4-13.

Stevens, M.R., Lamb, E.M., Rhoads, D.D. 1995. Mapping the Sw-5
locus for tomato spotted wilt virus resistance in tomatoes using
RAPD and RFLP analyses. Theor: Appl. Genet. 90:451-456.

Stewart, C.J., Kang, B.C., Liu, K., Mazourek, M., Moore, S.L.,
Yoo, E.Y.,, Kim, B.D., Paran, I, Jahn, M.M. 2005.
The Punl gene for pungency in pepper encodes a putative acyl-
transferase. Plant J. 42:675-688.

Su, X., Zhu, G., Huang, Z., Wang, X., Guo, Y., Li, B., Du, Y., Yang,
W., Gao, J. 2019. Fine mapping and molecular marker develop-
ment of the Sm gene conferring resistance to gray leaf spot
(Stemphylium spp.) in tomato. Theor. Appl. Genet. 132:871-882.

Tai, T., Dahlbeck, D., Stall, R.E., Peleman, J., Staskawicz, B.J.
1999. High-resolution genetic and physical mapping of the region
containing the Bs2 resistance gene of pepper. Theor. Appl.
Genet. 99:1201-1206.

Than, P.P., Prihastuti, H., Phoulivong, S., Taylor, P.W., Hyde, K.D.
2008. Chilli anthracnose disease caused by Colletotrichum species.
J. Zhejiang Univ. Sci. B. 9:764-778.

Verlaan, M.G., Hutton, S.F., Ibrahem, R.M., Kormelink, R.,
Visser, R.G, Scott, J.W., Edwards, J.D., Bai, Y. 2013. The
Tomato Yellow Leaf Curl Virus resistance genes 7j-/ and 7j-3 are
allelic and code for DFDGD-class RNA-dependent RNA poly-
merases. PLoS Genet. 9:1003399.

Williamson, V.M., Ho, J.Y., Wu, EF,, Miller, N., Kaloshian, 1. 1994.
A PCR-based marker tightly linked to the nematode resistance
gene, Mi, in tomato. Theor. Appl. Genet. 87:757-763.

World Vegetable Center. 2017. Healthier lives, more resilient liveli-
hoods: World Vegetable Center Strategy 2017-2025. World Vege-
table Center, Shanhua, Taiwan. p.5.

Yang, X., Caro, M., Hutton, S.F., Scott, J.W., Guo, Y., Wang, X,
Rashid, M.H., Szinay, D., Jong. H.D., et al. 2014. Fine mapping
of the tomato yellow leaf curl virus resistance gene 7-2 on chro-
mosome 11 of tomato. Mol Breeding. 34:749-760.

Young, N.D., Zamir, D., Ganal, M.W., Tanksley, S.D. 1988. Use of
isogenic lines and simultaneous probing to identify DNA markers
tightly linked to the tm-2a gene in tomato. Genetics. 120:579-585.

Zhang, C., Liu, L., Zheng, Z., Sun, Y., Zhou, L., Yang, Y., Cheng,
F., Zhang, Z., Wang, X., et al. 2013. Fine mapping of the PA-3
gene conferring resistance to late blight (Phytophthora infestans)
in tomato. Theor. Appl. Genet. 126:2643-2653.



