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New Papaya Cultivars for Papaya Ringspot Virus Resistance
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ABSTRACT

Thai transgenic papaya lines KN 1.2.3, KN 13.2.3 and KN 49 are derived from Khak Nual
cultivar which contained coat protein (CP) transgene from PRSV - Chiang Mai isolate. They showed
the potential of viral resistance against papaya ringspot virus (PRSV) from Nakhon Pathom (NKP),
Ratchaburi (RBR), Suratthani (SRT), Sakhonnakorn (SKN) and Yasothon (YST), except KN 1.2.3 was
susceptible to YST isolate. These isolates were obtained from different geographic regions of
Thailand. There was no noticeably different morphology of inflorescences, fruits and seeds between
transgenic lines KN 1.2.3 and KN 13.2.3 and non-transgenic papaya under screen house conditions.
The average weight and length of fruit were 1.37 and 1.39 kg and 27.57 and 28.23 cm of lines KN
1.2.3 and KN 13.2.3, respectively, while fruit color of those were red flesh and contained an average

total mass sucrose of 10.58 and 12.89 brix, respectively. Seeds were free of abnormality and viable.
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In the case of line KN 49, was female plant which showed slightly round fruits with an average
weight of 1.18 kg and average length of 27.17 cm. The green fruits showed slightly rough skin and
pale-green streaks, soft texture when rippen, but contained high sucrose content up to 15 brix. These
resistant lines may benefit directly to the farmers for restoration of papaya industry and will be used

as genetic materials for improvement of PRSV resistance in other cultivars.

"dae JiRnsRugIAINITHAIURNT AUERUEIAINITHLAINATUIABTAININUWITNR NuNInendainEasAans
Aunauau uasLlgn 73140

Plant Genetic Engineering Unit, BIOTEC, Kasetsart University, Kamphaengsaen, Nakorn Pathom 73140
NP TIANT AUZINEAT NUINEAELNHATANTART NIUNLEL um‘dgu 73140

Department of Plant Pathology, Faculty of Agriculture, Kasetsart University, Kamphaengsaen,

Nakorn Pathom 73140

AN
nzazneduitiAssgiazesinen ididinanieudssmalugdeenagn  wazuasvlneanizdu
A waziinisaseanhlarmhesilssmaluglrasmasauazualinsedas dainaaldgeldnudilgn us
adwlsfinn  weaznadilguiBeslsauazuuasdiinaauinung dngndiAnyresuzazne laun e
mm&fﬁmtﬂmm (Phytophthora palmivora) taauauunsalua (Collectotrichum gloeosporioides) lung
(red spider mite) waeln (thrips) uarlaia tnaanizlaialusnsqaosuman (papaya ringspot virus,
PRSV) anwnlsalusngqanumunzazne ulsanniau@amelinunzaznafluataunn aunem
¥ o v a a dﬂl 1 alz o £ a
dninananzaznaldynscaznisasyiula Bsatlunsscunaliiannnianeslsunalng nlinandanuay
AN manadatinenn idundesnisresnann unaliyarinisdseenaaszaznaanas (de uaz
ALY, 2542; Purcifull and Hiebert, 1972)
Tsaludnaqmsununzaznadlulsanilesiuniidnliann dszneududelaifinuginumiulsn nas
naRNzaznanugsinuniulafa PRSV saametianissnsatudnlllungliasdtuaintada Wuanuuimnig
=< o ' .
wilanannsoud laffyunaesisaluseqaoaumauld Lius wazmnse (1997) uar Yeh uazmAniz (1997)

1sraUANANTA N ITNARNLALNANUEFNLN1UINTE PRSY sneinnsanesi PRSV-CP Wil lunzazna

Kl

%

i linzaznesunuleia PRSV lumjinizanane wazlfindu muansdu Tennant uazane (2001) 16
‘1/1mmﬂ‘um"mﬁﬁuWﬂuiq%’mm@quz@zﬂﬂﬁmLLﬂa‘ﬁugmsmﬁuﬁ: Rainbow Uaz SunUp WUINNLATNENUGAY
1 = £ o 1 val 1 ] % o
nanaiauannsalunissinuniulada PRSV lumsjinnzananglén uslidaunsnsiruniulada PRSV an
tszmnalne
[InnsnAaestinediu PRSV-CP aneiufiasludliiunsazneiuguanuon  uasnaaeuaany
Funulada PRSV wudnnzazned ladunisonedulugu R, line 1.2.3, 13.2.3 uay 49 dAauaxnsnly

nssiunulafa PRSV aneugidasludldanaldanmisezen adlimenzazna line dananoiunug



3

[%
R

KN 1.2.3, KN 13.2.3 ay KN 49 m1uanal faadanfanann n19aaadiiadi

o

A =
mnUszadineAnmAnm
ANNNINUBINTALNEWUE KN 1.2.3, KN 13.2.3 uaz KN 49 lunisdnunuleda PRSV anesingauly
dszwalng uazAnmnisastyidulrneszazneiugana naldaninissGausndng lsauiauny

o I's AII M Y a
nrarnatuguanuaan it

L4 aa
aUnsaluazlsnng

NNSLATENNRIENA p2CMCP, p2311 WAz p3311

&umapdiEn  coat protein (CP) anlada PRSV anaiugidielusl (PRSV-CMI) sosnatia
reverse transcription-PCR (RT-PCR) Iae/ldlwsiuas CP1 (TCT AGA ATG TCC AAA ACT GAA GCT
GTG) uaz CP2 (GAG CTC TCA ATT GCG CAT CAA TAG GAG) udnlraudngnanafia pGEM-T
(Promega) @”lﬂ‘ﬁfu subclone L%qummﬁm pUC19 ﬂ’mdl#”m’]?ﬂfm@mm CaMV 35S WAz nos terminator
uazdl npt Il (neomycin phosphotransferase 11) {uguAnaan IHiananafingn P2CMCP @MunNaaln

p2311 waz p3311 lsa1nnnslaan CaMV 35S-CP-NOS annwanaim p2CMCP infiu binary vector

2 AA o

pCAMBIA 2300 waz pCAMBIA 3300 ANAAL TedEuAnaanide npt Il Wag bar (phosphinotricin

acetyl transferase) ANNAGL
nMsuaRNzasnamunIulsAluAI9anILnIN

fhefiy PRSV-CP annwanaiafina1adng somatic embryo wesnzaznanuguanuiataeld
Lﬁ?‘lmﬁ\‘mgﬂﬁﬂ (particle bombardment) #28n32U24N1e particle inflow gun LL@ZL‘WWZL%M embyogenic
callus uu@’]ﬁ’l?ﬁﬂlﬁ'ﬂﬂ@jm EM (1/2 MS, 0.2 mg/l BA iaz 0.02 mg/l NAA) ﬁllﬁm 150 mg/l kanamycin
138 5 mg/l phosphinotricin 4151 somatic embryo fitedaemanain p2311 WAz p2CMCP “izana1ann
03311 ANL shduTias oyl uuenIAmReNNATIRae LT PRSV-CP daemAila PCR, dot blot
waz Southern blot hybridization LAzt duzaznaRnsanLEl PRSV-CP umagauauiuniilada
luduneusielil
NNSAFIARAUAMNAIUNIULISE PRSV

neageuANEIuIUiofa PRSV Saflunasinnaindamdn @edlud wasdgn sn9i3 elass
s =Ny an E1 v o o T 2
anauAs uaz qaugfantl Aedanislgnizessuulunzaznesuinagey IneintiAuainuzaznedlulsn
Tusneqaasumauiiinaind@alaia PRSV ludmandaulunzazne 1 nfu sin phosphate buffer 10 1a. 11
Yy Ay LA & = 5 ¥ £ g
masuwlunzaznesunldainnistnediugelluase 57 lu Tnamiduasuwlunzazne 3 Tuuudaudifs
4oy . da X o X o iy . oa X
uda dunpeniseeslsaniintuvdsnisdgniae Tnesiunlisuniulsrazuansainisluniafinaunie
et 2 dlaiudsnisdgniaie wazsunfuniulsrazlivanseanisaeslsaing Wiiundanistgn
d‘l o Z’, o v ow ' ! = ' = Y a
EaauIl 3 A inzaznesuisnuniulsaludsqgasaaunlgnselulsaGeundneie indnnen

NA LAZLHAR



MSANHIANHULUATRINEALNAARALLTNUENTTN

Anmndneniznn uaz wAs 1esraznadauLlsiugnesuduiidiuniulofa PRSV ileuiiien
funzaznevufienuad Wlddiefiy  Salgnlulsdeumdneitinsguamileusunislgnuzaznelu
LLﬂmﬂgﬂ‘[mﬂﬁqM nudeya AnETNg twinuazaNENtema dnvnizenile nsRnwEn LA
ﬁnwmzmmmmiminmnmqLLmuﬁ'ﬂmﬂguuawmN@mmn@ paanszazinanlszins 1 1 wan
mﬂﬁﬁqﬁﬂm@mmwmmm@mamimﬂﬂmﬁumnﬁ?mmﬁmm (% mass sucrose) AINTNALIAIA
uzaznagnuafianysnliaeeies Refractometer AnTziAAUANANTNIAT AT AaNHENaTes
nA wazLENTANa TnedumAeaandeyaild uasiwnfinaeiAianuulsls (analysis of
variance) WituifiauAeAgIesiMin  ATNENITRIHA HLAZAY TN TN AZND LA AT AL IAEAT

Duncan’s multiple range test (DMRT)

HALAZIANT
Nraznawug KN 1.2.3, KN 13.2.3 uay KN 49 LﬂuumzﬂfﬂﬁmLLﬂiﬁuﬁqﬂiiuﬁuﬁﬁmﬂm@ﬁiﬁ?ﬂ
nsgneEiu PRSV-CP anaiugisielusiann construct p2311, p3311 uaz p2CMCP ANNATAL FapsanL
fiu PRSV-CP ganunsnaglulasiulanie ainnismasaumnusiiuniuleia PRSV wuduzaznaiugsi
nanaiauatnnsalunissinunulada PRSV aneiugidienluadlan  uariuuainlunissnumiuleia
PRSV andsudnuaslgn 1117 q31uqfantl anauas uazelass 165 Inemmalinueinisesdsands
nslgnie PRSV 3 ass lunzaznesiug KN 13.2.3 uaz KN 49 lusnizfiuzazned llldneiuuans
mmﬂmimuﬁamiﬂqmﬁﬂ PRSV neluian 1-2 ddanif daunzaznesiug KN 1.2.3 Huualtinlunis
Funiulafa PRSV andandnuastlgu uaz 0115 Wik wireudnsgeuuastelaia PRSV andawinelass
(Figure 1) FaannnisAnEnaduILalugnesEy CP wudnlaiaandaminalassianfuILauLAnsngan

vlf;ﬁ?mmﬂﬁ\mr?mﬁ'uj mn‘ﬁl@m (Chowpongpang et al., 2002)
Sevhuzaznesaulaiugnesuitliuansennisraslsnungniuldeunidis wodiuzazne

o &

Wig KN 1.2.3 uaz KN 13.2.3 ansnsaasyiuinliinan wa uazmén Ididubaaiuuzazneiuguanuag

El

Ay My o - = a9 a P o Wy o
ldldtnetny  wusenanysaiwAzlinanasgta luswanaiuliun  nadnwuzanagnsnszien
(cylindrical) naAaud1enanisasLunaminladaauy 5 989 (obovoid) wazuadaleq (cat-faced) A

a

o o . :I/ é’ d‘ a a o ¥ ¥ !
aAl (Figure 2) Vl\iuLu’ﬂ\W’]ﬂﬂ’]iLﬂﬂWﬂﬂﬂ]‘ﬂ\‘mgﬂxﬂﬂiﬂﬂ'ﬂﬂNuLLﬂi‘iﬂﬁ]’mﬂﬂ’]WLLQ@@@N 1®LLﬂ AIUNIN

a

3|

APOTG Y warns Wity (R3na, 2542) Hunalinanzaznefldihiminuazaiaeniremauansnai

dowiug KN 49 Wlunzaznemeidle nafldnunizdoudnonan Wuaanaigue winaldnsmzunnsng

annvuguanuan Tnanadidaveny wagnilifereudneiiu (Figure 3)
AINNTUATITIHANNATANLIINZALNAAAKLITRUGNIINAUG KN 1.2.3, 13.2.3, 49 uaziuguan

Ay My o= D) a Ao o ¥ P \ e | P
uqamimiﬂﬂqﬂﬂu FLMN@N@MV]Nquuﬂ AIMHENIUBINA LL@xﬂ?N’]muqmq@Lﬂ@ﬂLLMﬂmq\‘]ﬂuﬂﬂq\‘i\lNNuﬂ

RNo

VAN NAD ANz AUAMNITaTUW 95 1Wefiius TnanudinaraNzaznaiug KN 1.2.3, 13.2.3 uay 49

ilne@g 1.37, 1.39 waz1.18 Alandu Teuinndniuguanueaniiiwineas 1.05 Alaniu lnawug

Zoe



5
IS ?': o t:ll v o o & dl o =

KN 49 fuuinieds indimgeiuiuguanuaaninign deaznaiug KN 1.2.3, 13.2.3 uaz 49 HR2NEN0
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Figure 1 Symptom expression on transgenic papaya and wild type cultivar challenged with PRSV-YST
at 3 months after inoculation
A)  Transgenic papaya cultivar KN 13.2.3 (left) showed normal healthy plant compared with wild
type (right) showed severe distortion of leaf and stunting after PRSV inoculation.
B)  Transgenic papaya cultivar KN 49 showed highly resistance (no symptom) to PRSV as same
as KN 13.2.3.

C)  Transgenic papaya cultivar KN 1.2.3 showed severe symptoms after PRSV inoculation.



Figure 2 R, fruits of transgenic papaya grew in the screen house.
A) R, fruits of transgenic papaya showed different fruit shape: cylindrical (cy), obovoid (0), cat-faced (ca)
B) R, fruits of transgenic papaya cultivar KN 13.2.3 with no symptoms of ringspot caused by PRSV

C) Ripe fruits and texture of the transgenic showing red-flesh papaya with seeds of cultivar KN 13.2.3

Figure 3 R, fruits of transgenic papaya cultivar KN 49 generated in the screen house (A). Fruits showed

some noticeable characteristics on which the skin was rough with scatter pale-green streaks (B)



Table 1 Some characteristics on fruit weight, fruit length and percent mass sucrose of transgenic

papaya and wide type (Khak Nual) fruits grew in the screen house

Line Average fruit weight (kg) |Average fruit length (cm)| % mass sucrose (brix)
1.1.3 1.44 bc 29.00 a-e 9.87d
1.2.3 1.37 cd 27.57 de 10.58 ¢
1.24 1.68 a 30.73 ab 10.54 ¢
1.2.5 1.35cd 27.33 de 9.67d
1.2.6 1.44 bc 29.73 a-d 9.91d
1.2.7 1.44 bc 27.93 de 9.80d
1.2.8 1.74 a 31.30 a 9.60d
1.2.10 1.43 bc 27.30 de 9.90d
1.2.11 1.64 ab 28.57 b-e 9.89d
1.2.12 1.72 a 30.53 abc 9.88d
13.2.3 1.39¢c 28.23 cde 12.89 a
49 1.18 de 2717 e 13.20 a
KN 1.05e 30.33 abc 1218 b
KN-M n n 9.90d

KN = Khak Nual, KN-M = Khak Nual from market, n = non-detection

a, b, ¢, d, e are significantly different at p = 0.05
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