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Identification of Certain Papaya Culiivars and Sex Identification in Papaya by

DNA Amplification Fingerprinting (DAF)
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ABSTRACT

DNA amplification fingerprinting (DAF) was employed to study the relationships among
fourteen cultivars of the papaya (Carica papaya L.} collected from Srisaket and Chantaburi
Horticultural Research Centre. Ten-base synthetic oligonuclectides were chosen that gave
multiple PCR amplification products using papaya DNA as template. Using the 11 primers, a
total of 129 distinct fragments were amplified. Cultivars were scored for the presence or
absence of DAF fragments and grouped by cluster analysis using sample matching
coefficients of similarity and the unweighted pair-group method with arithmetic average
(UPGMA). The results identified three groups of cultivars. The first group was comprised of
Pak Chong, Khaeg Dum, Mexico Mammy and Khaeg Nuan. The second group was
comprised of Cocoa Karn Dum, Apple, Tainung, Mae Hia, Florida Tolerant, Sunset and
Mexico Amerilla. The third group was comprised of Taiwan, Kapoho Solo and Richter. The
DAF Technology is a rapid, precise and sensitive techniques for genomic analysis, and is
recommended as a accurate method to identify plant genotypes within the same species.
The best DAF reaction mixture contained 30 ng of genomic DNA, 5 miM magnesium ion, 2.5
mM primer per 20 LLI reaction. A total of 52 primers were used in bulk segregate analysis
{BSA} against of male, female and hermaphroditic plants. The OPA 06 (5' GGT CCC TGAC
3" primer could be used to identify the sex type of papaya plants. This primer produced

two polymorphic bands: one of ~ 365 base pairs (bp) from hermaphrodite bulk DNA and the
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other of ~ 360 bp from the male bulk DNA.
Neither band was detected for females.
Evaluation of the accuracy of OPA 06
analysis was done using 254 plants of
different generations and their original
parents, and the analysis correctly identify
sex type for 88.18% of the plants. The final
experiment, 47 tissue cultured hermaphrodite
plants of the Khaeg Dum cultivar were
examined using OPA 06 , and the sex type
was identified correctly for 100% of the plants.
Key words : Carica papaya, cultivars,
sex-type, identification, DNA fingerprinting,
DAF technique
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Table 1.

locations for DNA amplification fingerprinting (DAF) analysis

List of 14 Carica papaya cultivars with their source of origin and collected

Cultivar

Source of origin

Collected location

1 Pak Chong Thailand

2 Cocoa Karn Dum Thailand

Srisaket Horticultural Research Centre,
Srisaket Horticultural Research Centre,
Srisaket Horticultural Research Centre,
Srisaket Horticultural Research Centre,

Srisaket Horticultural Research Centre,

Si Sa Ket
Si Sa Ket
Si Sa Ket
Si Sa Ket
Si Sa Ket
Si Sa Ket

3 Apple Indonesia
4 Taiwan Taiwan

5 Mexico Mammy Mexico

6 Tainung Taiwan

7 Khaeg Dum Thailand

8 Mae Hia Hawaii, US.A

9 Florida Tolerant Florida, U.S.A.

10 Khaeg Nuan Thailand
11 Mexico Amerilla  Mexico
12 Kapoho Solo  Hawaii, U.S.A.
13 Sunset Hawaii, US.A.
14 Richter Australia

Srisaket Horticultural Research Centre,

Srisaket Horticultural Research Centre, Si Sa Ket
Srisaket Horticultural Research Centre, Si Sa Ket
Srisaket Horticultural Research Centre, Si Sa Ket
Srisaket Horticultural Research Centre, Si Sa Ket
Srisaket Horticultural Research Centre, Si Sa Ket
Srisaket Horticultural Research Centre, Si Sa Ket
Chantaburi Horticultural Research Centre, Chanthaburi

Chantaburi Horticultural Research Centre, Chanthaburi
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Figure 1. Polyacrylamide gel electrophore-
sis of DAF-modified papaya DNA. DNAS
were amplified using primer OPA 06 and
separated on a 10% polyacrylamide gel as

described in the methods.
Lane M : DNA size markers. base pair (bp)

1a:  DNA with 15-35 ng/fll for DNA
Amplification Fingerprinting {DAF)

1hb: MgCi2 3-7 mM for DNA Amplification
Fingerprinting (DAF)

1 Primer 1.5-3.56 mM for DNA

Amplification Fingerprinting (DAF)
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Tssna (Chandler, 1958) Tums@nuiing
THWTOULNNEREND 14 ﬁ’uﬁjlﬁLa‘fJu 3 ngu
Twai ﬁuﬁ:ﬁﬂnﬁaaﬁuﬁmw‘lnmﬁmﬁ’uﬁuﬁ:
wund  FeldFunisfuduindugnuan
sevrinsuaniuWug Sunrise za9a e (/3
na, 2542) Nzasnalnaldunwug uaned uan
wia ndesaglungubleaioius Mexico
Mammy sauiuflalifued widie: ey
nauseniuiuguaUilla (Apple) Tainung Florida
Tolerant, Sunset LAz Mexico Amerilla HaRY
Fwiuguzaznalnehezfifuiudanneinniy
awdninaraiued Ieefinaduiuiingde
fusedu 91 % Tuly (Table 3 and Figure 3)
$a Stiles UWATAMY (1993) FIBNUTWERLNE

ar &

viugene q eglunilafinfiuses Carica
papaya zfiaudnwusinddasznine
70-95%

souzifimananzaznoluied Caricaceae
32M3N C. papaya fU Carica oiindu 9
famulnddariusenin25-48% C. microcarpa
U C. goudotiana finalndBafisedy 25 %
C. microcarpa U C. monoica finmulndda
75567 68% sy C. stipulatau C. pubescens
firulndBafiseei 71% (Sharon et al, 1992)

[

uazluntsmaaasil c papaya Tewinawils
A fAnduyssiniasvilountaniy
Indfnagarni 91 §i9 99 % (Table 3) st
nsfwuniufucasnalasldinafia DAF
Unazifiufisensuls

BN INil Stiles uazAmy (1993) 16
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2c

&

nuImamsTuuniuiuzacns 10 Wuj

]

lomnaila RAPD wudniugiianainunss
ﬁuﬁ:ﬁmwﬁwﬁ’uﬁmwu‘lnﬁ%mﬁ’mzwne 70-
95 % uArwuITAUE Sunset uayWui Sun-
rise fifulinnangnuandadi 2 mfouiiu Tos
WUTIWUE Sunset finnalndBaiuug Florida
tolerant “.ﬁ"’oﬁmaLﬁmuwmﬁuﬁfﬁﬂiauﬁmmn

unasiugannemilauiu

Figure 2. Polyacrylamide gel of DAF-
modified papaya DNA. DNA from each of
the fourteen papaya cuitivars as described
in the methods. The cultivar number
corresponds to the cultivars showed in

Table 3.

Lane M : DNA size markers. A and B are
polymaorphism.

1=Pak Chong, 2=Cocoa Karn Dum, 3=Apple,
4=Taiwan, 5=Mexico Mammy, 6=Tainung,
7=Khaeg Dum, 8=Mae Hia, 9=Florida Toler-
ant, 10=Khaeg Nuan, 11=Mexico Amerila,

12=Kapohe Solo, 13=8unset, 14=Richter

2a Primer OPA 04 and separated on a
10% polyacrylamide gel

2b: Primer OFPC 10 and separated on a
10% polyacrylamide gel

2c: Primer OPS 10 and separated on a
10% polyacrylamide gel

Qur

mﬁﬁﬂmﬂ%ﬁﬁwmﬂw%ma‘%’ﬁgnﬂm
Banie 11 Insiues wameruuansneTaeuny
Adute (polymorphism) Iehns lwiinas OPA-
04, OPA-08, ORB-05, OPB-09, ORPC-03,
OPC-05, OPC-06, OPC-10. OPE-17, OPG-
10 WAz OPS-10 leswasnniiaiaftdule
nlussasnefiiulugeutulundfind

xwuiBuefiatnentudeusnsandau

Thai Agricultural Research Journal Vol, 24 No. 3 September - December 2006 311



Table 2. Synthetic deoxyribonucleotides used as primer for amplification of papaya DNA

Nucleotide No of scorable No polymorphic Polymorphic
Primer seguence bands bands bands (%])
(5' to 3
OPA 04 AAT CGG GCTG 10 3 30
OPA 08 GTG ACG TAGG 12 3 25
OPB 05 TGC GCC CTTC 14 5 36
OPB 09 TGG GGG ACTC 9 2 22
OPC 03 GGG GGT CTTT 16 3 19
OPC 05 GAT GAC CGCC 14 3 21
OPC 06 GAA CGG ACTC 8 2 25
OPC 10 TGT CTG GGTG 11 2 18
OPE 17 CTA CTG CCGT 8 1 13
OPG 01 CTA CGG AGGA 15 2 13
OPS 10 ACC GTT CCAG 12 2 17
Total 129q 28 21.71
I T I i |
80% 90% 100%

Pak Chong

Cocoa Karn Dum

Apple

Taiwan

Mexico Mammy

Tainung

Khaeg Dum
Mae Hia
Florida Tolerant

]

Khaeg Nuan

Mexico Amerilla

——— Kapoho Solo

L Sunset
Richter

Figure 3. Dendrogram of papaya cuitivars as determined from 129 DAF fragment. The
pair-wise coefficients of correlation (Table 3) were clustered using UPGMA and assembled

into the dendrogram as described in the method.
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wasfiunsarnasclinoviidaaudnin  da
soAAdaeiU Eiadthong WazAy (1998) H
Tissaul¥insatadidueaineilas
1Hlugauaruisansauavdiduialdfindrly
urifizeneludiad adnalsfinin Somsri (1999)
Inandnlifianuuansivlugyuouzasuny
Tuluneaznafasydvinduitulugeu aniiu

Tuwulnli funada isozyme daidulod

¥ X ..

PGM U Trigiano Was Caetano-Anolles
(1998) wuinludaudidsluzenefuiidulud
e & o = ' - | & v [ '

fiflafoddmsoudaiiaiuludadngiau
futleazvinsszanngaifiniity wnsiige
Tlumsihaaiafidwe duedarsuacying
(2543) lgsreauiinsidansazans CTAB
Buffer vulfudumaufiauasndiafalufa

anaasnaldRiign (Lansium sp) dmivlu

Table 3. Simple matching coefficients of similarity determined from analysis using 11

different primers that ampilified 129 distinct products. Coefficients are calculated

by dividing the sum of the common amplification products present and absent

between the cultivars being compared by the total number of fragments

observed.
=
3 3 £ =

o 3 £ L & g B

c ¥ 0 qa =~ Z

5w c 2 2 5 F 8 o 8 £ % 3

© 5 @ & 2 35 3 T 9 g 5 3 =2

¥ § 33 3 5§ & 8 5 2 38§ 5 ¢

f 0 £ & = 8 ¢ = & € s £ o
Pak Chong 1.00 096 096092 096 094 096 096095 0.9850.94 095095 095
Cocoa Karndum 1.00 097094 095 097097 096096 094095 0.94 097 095
Apple 1.00 092 094 094096 097096 095096 093098 094
Taiwan 100 096 096093 082093 081092 097 0.82 0.96
Mexico Mammy 1.00 095095 084094 0.984094 091 097 095
Tainung 1.00 096 094095 081096 095085 095
Khaeg Dum 1.00 095087 083096 094097 096
Mae Hia 1000986 085088 0930.88 096
Florida Tolerant 1.00 082095 (0.930.99 095
Khaeg Nuan 1.00093 093083 093
Mexico Amerila 1.00 092095 095
Kapoho Solo 1.00 083 0.97
Sunset 1.00 095
Richter 1.00
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nafnniwuiisnsasans CTAB buffer iune

aufigailflumsadndiduetlunzazne

3. nmsinulwsnesildlunsasresauwa

Tunsaznagnrandait 1 Tuszazdundl
mmeagedl 3 imsfnelwsiwesily

3 [T

S ST LUNAT N UANFNI T IR EREND
fosmiwasasuzaznognaandadl 1 ldiaan
nananRuissniviuszaznafunszine
Wuguand1 Aududaffiud Ritcher wain
N3350 (bulk) Aldutarasluandumwe
naze el uaziweldestwas 8 dudie
lwfines 52 lwSwad Feusznavdae
Insuieslungy oPA Téun Twfiues oPA-04,
CPA-05, OPA-06, OPA-07, OPA-08, OPA-
09, OPA-10, OPA-11,. OPA-12,0PA-13, OPA-
14 uaz OPA-20 1 12 Twdised ngu OPB
léun TwSiae§ OPB-01 — OPB-07 Fuau 7
Twswed ngy oPC lsun lwfiuas OPC-01 -
OPC-20 #1uu 20 Indinafuas ngs OPF
16tun Iwfiue§ OPF-01 - OPF-06 uaz OPF-
14 - OPF-20 917U 13 lwfimes Tduaniwa
naeasy  lepwuinasisaneniniiued
sanliifu 2 ngu ldudnguusnibulndiues
AlaaNTOUENATNLANANT AT N ATD
neaznaldl  AoifulwiweiAlisUuvywns
wouiBuiefinfiaud  (monomorphism)
SEMineNEaznaoE ML Fanguraslniiuns
oPA i w1 THuoudduefviiaufusuoy
128 wou Ny OPB 913U 72 uau ngy OPC

FIUIU 218 uny WRENEN OPF 17y 127

314

uny sulwiimednguiians Aolwfiuedi
FINIIDTIUUNANHUANA NYBLWANLAZND
Horsnals Sofieslnsmesifiendn wsues
OPA-06 Hlaénug 5’GGTCCCTGAC 3 4
InfimasiiliAauanfduaduansioiy
TENININATOINE ANV RN (polymor-
phism) Taelusfuauysalineg (nszine) 2z
AinnoudiBulediszsy 365 ALUE (base pair)
LLazﬁuLWﬂgﬁr:Lﬁmmvﬁ‘azﬁu 360 gLy &
TusmwadipduaslifauoudiBuloRonns
20U (Figure 4)

4. mmaseulnieniiawmiesauisadiuun
AMNUANASEVIewATasa lE A s RzNg

ar

P
WUG
1

9 9 uazgawaniail 1 2 3 uas 4
manasasil 4 ilwdines OPA-06 7
Aadanldisinmamaasedl 3 ywhnanesey
UszAnBawanagndosluniasuuniweiy
AunzazneWui Richter 314U 39 §u
Sunset I 4 FU WINEIATHEINY S
2 fiu uandi3adIuIu 10 fu wndesn
I 4 AU UAZGNNENTEVINAUS Richter
WRY Sunset (F1-B4xSS5, F2-B6xSS6-15-7,
F2-GB6-97-2, F2-G6-91A-15, F3-G6-69-1-24,
F3-G5-93-2-17-9, F3-G5-93-2-18-10, F4-
RA205-17-9, FA-RA205-5-9, F4-RA205-1-9,
F4-RA317-4-9, F4-RA317-4-12 uRY F4-
RA317-4-13) gnuansevineiug Richter uay
WBNe (F4-P31-2-11-3) gnaNssviowusd
2.001 N Sunset (F4-TS177-2-7, F4-TS177-
4-8, F4-TS119-2-1-11 UaL F4-TS179-1-14)
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CPA D4 OPADOS

2645 —

1605 -—
1198 —

676 —

517 =

460 —

396 —
360

222 —
179 e

OPAGG QPAQ7

365

- 360

Figure 4. Polyacrylamide gel electrophoresis of papaya DNA. DAF amplification of OPAQO4,
OPAO5, OPADB and OPAQO7 using for sex identification in papaya by DNA Ampilification

Fingerprinting (DAF) of Khaeg Dum papaya

Lane M: DNA size markers. male {m), hermaphrodite (h) and female (f)

[

gNNENTEIWWUG (Richter x WINF) x Sun-
set (F1-P31-2 x §52-1) UWATgNHENIENIY
wune Uay Florida (wse 2) 58y 254
Fiul atazﬁﬂﬁagaﬁ\lﬁmLﬁ%ﬂmﬁﬂﬂﬁmwmaa
funzaznaaiviidgnluniameane (Table 4,
Figure 5) wuilwsiued OPA-06 @150
FUUNAHULANA T BTN R NOTIR N LW L5
andiaediuiu 224 duAniu 88.18% A9
FoUAAWAITIUIN 26 Fu wazldawngn
asouldiiasenlidsinguouiisdud
NE1FTIMIU 4 du daudiianatansala
swnsnlwuonfBueldfusmgdunis
21 ARIINNNT crossing over ¥liludu

AauaaIN VAT SIAnANNERWaIR L6

5. N15ASITFIUANNLEUENTRY IwTiwas
Tunssuuniwauszaznaflfanniswie
& &
IaeLiioLEie
naneaasil 5 lwiwes OPA-06
Nwhmanaaeuivuzaznawuuanmaesiu
. . @ & A A
(accession) g AlFanmswnziReaiiaibe
Tasuzasnaianuma I InfuaNyIoilnA
(nszine) WipnasauANgNABILIUE D89

Twfiwes sruvefananinnudsilsaufians

qr l
= =2 =0

windu Felduzaznaiedu 47 du wudn
§13130R3ITBLLIWATBINT AT NalHgNADY
uslugie 47 du Ay 100 % uasldwy
ANULANGN B LOUALE UL (polymorphism)

o

figunedu (Figure 6a, 6b)
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Table 4. Testing of primer OPA 06 with papaya cultivars and F1, F2, F3, F4 hybrids

Cultivars/Hybrids Correct Not correct No band No of plants
Richter 37 2 - 39
Sunset 4 - - 4
KD(Sri Sa Ket)-6-2 2 - - 2
KD(Phu Rua)-15-1 g 1 - 10
KD(Trat)-8-1 4 - - 4
TP2-2-6 1 1 - 2
F1-B4x585 15 - - 15
F1-P31-6 x $52-1 1 - - 1
F2-B6x536-15-7 i - - 1
F2-GB-97-2 14 1 - 15
F2-G6-91A-15 12 3 - 15
F3-G6-69-1-24 14 - - 14
F3-G5-93-2-17-9 16 3 1 20
F3-G5-93-2-18-10 3 2 - 5
F4-RA205-17-9 4 - - 4
F4-RA205-5-9 16 3 - 19
F4-RA205-1-9 5 1 - 6
F4-RA317-4-9 15 3 - 18
F4-RA317-4-12 13 2 3 18
F4-BA317-4-13 11 4 - 15
F4-TS177-2-7 3 - - 3
F4-TS177-4-8 5 - - 5
F4-TS119-2-1-11 9 - - g9
F4-TS179-1-14 1 - - 1
F4-P31-2-11-3 9 - - 9
Total 224 26 4 254
Accuracy (%) 88.18
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365 365

365 360
365 360
2645 —
86 —
365 _ 360

5d - 5h

Figure 5. Polyacrylamide gel electrophoresis of papaya DNA. DAF amplification using OPAQ0G
in some cultivars and lines
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365

365

Figure 5. (continue)

Lane M : DNA size markers and number above each lane corresponded to the following cultivars

m = male = female h = hermaphrodite
5a lane 1-14 = F1-B4 x SS5

5b lane 15-28 = F3-G5-93-2-17-9

5c lane 45-56 = F2-G6-97-2

5d-5e lane 60-73 = F3-G6-69-1-24

5e lane 76-84 = F4-P31-2-11-3

5f-5g lane 85-112 = Richter

5h lane 124-125 = Khaeg Dum Sri Sa Ket -6-2
5h-5i lane 126-127 = Ta Pha 2 2-6

5i lane 128-131 = Khaeg Dum Tart 8-1

5i lane 132-140 = Khaeg Dum Phu Rua 15.1
5j lane 157-160 = F4-RA317-4-9

5] lane 161-165 = F4-RA317-4-12

5] lane 166-168 = F4-RA205-5-9

5k lane 196 = F4-TS179-1-14

5k lane 197-199 = F4-TS177-2-7

5k lane 200-207 = F4-TS119-2-1-11

5k lane 208-209 = F4-P31-2-11-3
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463
395 e
350 —

222 ——
179w

a

365

365 350 —
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16085
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Figure 6. Polyacrylamide gel electrophoresis of papaya DNA. DAF amplification using OPAOG

with hermaphrodite Khaeg Dum dertived from tissue culfure,

Lane M: DNA size markers

Ba: Lane 1 — 28 6b: Lane 29 - 47

;&‘ B 1 Y o
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@ & ) &) &
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fvaneanihiu 30 uilunsusia 20 lulastng
ansdadusasuanilifonanslsdfimansas
winit 5 Nadluard uazAmdnduses
TwSuesimmnzwiiu 2.5 Tulasluans

&

2. WRlA DAF §31509LUnRUS

3

P
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Tolerant Sunset WAL Mexico Amerilla L&y
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LWRe Richter
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