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ABSTRACT

From the study of the crinkly leaf symptoms in the pummelo orchards in different areas
of Thailand, it was confirmed that samples of pummelos, lime and lemons showing crinkly
leaves, twisting, blotches along midrib. Concave into one side of the leaf (notch) is noticeable.
Symptoms is more observable during the young leaves stage. Based on symptoms, transmission
through budding and PCR detection revealed that Citrus chlorotic dwarf associated virus (CCDav)
belonging to Geminiviridae is the causal agent of disease. Currently CCDav reported in Turkey
(2012) and China (2015). Virus spread primarily due to the use of vegetative propagation (bud,
shoot, marcotting). There is no evidence of disease spread by seeds or mechanical methods.

The disease mainly found in pummelo and lime orchards across Thailand.

Key words : Pummelo, pomelo, Crinkly leaves,CCDav, Citrus chlorotic dwarf association virus,

Gemminivirus
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1. fhodsfivfiuanionislsn uazdegefivund

- ule dudervmu dulvnu uazuzum fAflennsluinudelndenassunddaleniug
Mo9h duloiugu1Iunand duloiusiviivasy dledvnu uzund uasuenn

- fiudgnity gamnedn Jewedl 16-16-16 anstasiumdnuuas
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2. gunsalviesUURNT laun

- LAT99TIazLdYn (precision balance) 2 filALg

[

L9 -20 DerRLRed (freezer)

anadu / ganteasiail (Fume Hood)

L eBe 2By

a

- PNAIVANYUNYILUUWET (water bath shaker)

- indestluies (centrifuge)

- Lﬂ%"auﬁml'%mmmsﬁuﬁqﬂﬁu (C1000TM Thermal Cycler, BIO-RAD)

- i5en9adidninsInGda (Gel electrophoresis)

_ ipadiasziaaazduiinaam (ChemiDoc™ Touch Imaging System, BIO-RAD)
3. gunsalauInemans laun

- viaealulasiiad (Microtube) ¥un 0.5, 1.5 way 2 Jadans

- TulasUiUmaviu (Micropipette tip) 9W19 10, 200 wag 1000 lulasans
4. gsAIInerans taun

- YoanaRdued 593U GeneJET Plant DNA Purification Mini Kit

- GoTag® Green Master mix (Promega, USA)

- ABULENNIFIU GeneRuler 1kb /100 bp DNA Ladder (Fermentas®)
- Agarose gel (SeaKem®)

- yalwsies (Primer set)

- wanalawine pGEM-T easy vector (Promega)
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2.1 MINTEAAHITWUINTTY

ihdegraludulefiiuunyinisaiamsuelaedsdiedrsludule Ussua 0.2 n$u 1
Talnsadnfnlulasinumaivaliiluntasziden afadilduedisyaaiafiduediiagy
DNeasy Plant Mini Kit, QIAGEN (Germany) wagi@iu AP1 buffer Usuins 400 lulasansiiiia
RNase A Usuas 4 lulasans dnldvasn microcentrifuge tube TULA% 65 %% Wu 10 W1l
nduufis AP2 buffer Usuns 130 Tulasdng wiyuiiesiinanuss 13,000 sou/und

& o v ) H & ! L. . A A
Junan 5 uit uddgediuiilaiavunaldadly QlAshredder Mini Spin Column visjuLnigei

< o & P - a a
AMLSY 10,000 soU/W9 LWuaan 1 w1l udlaudnla uiy absolute ethanol Usunns
1.5 11 wangadiudilausuing 650 lulasdns Tdaslu DNeasy Mini Spin Column u
WAL 10,000 SaU/un Wuan 1wl wad19 column @ae RW1 buffer Usunng
500 lulasans walwzas DNA 8ana1n column taetdu AE buffer Usuns 50 lulasans
WYURET 13,000 50U/Und Ui 2 widl vnmsiiudldwenadalin - 20 esmwadea

Wiansvaaumemala PCR Tutusall



2.2 msnsnsauanunlsalifalasldinalia PCR
ansavanemsueiiatnliunfiuusinuiduedvanesomaia PCR saglnsiues
3202fw/6rev (Loconsole et al., 2012) WusasudulunisiinuSinadudvang a1n
U381 PCR 9zuanuauiduevuinUszana 444 e
afuwadlnTwes 3202fw uay 6rev fiell
3202fw : 5’-GTTCTGTGTTTCGACCCGTT-3’
brev : 5’ -GGGATTCGCATGGATAGCTCATCCAA-3’

dudsznovddgiltlunisiufisen PCR Usunssaunsuun 20 Tulasdng laun

- UnauNTeseLal (dH,0) 7.0 lulaséns

Iwsies forward (3202fw) (10 pmol) 1.0 lulasdns

- lwswwes reverse (6rev) (10 pmol) 1.0 lulaséns
- Green master mix 10.0  lulpséns
- Aduesunuy 1.0 lulaséns

3 200 Tlulpsdng
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Wdulsznounsviuiizen PCR wmauiuwdnihluvinsiiuSnamous

a v

Wmang menIesruaNgmnienluli@ (Thermal cycler) lngaslusunsunisinay ¢adl

U

Sud 1: 94°C ww5wf 159U

Sudi 2: 94°C  u1u 30 3w

Sud 3: 54°C w1 30 3wl

il a: 72°C wu 30 3wt (Fuit 2 - 4) 30 seu
STl 5: 72°C wwu7wd 1 5ev

a [ (3

Unandua PCR Nlaunsivdeuvuinmemaila gel electrophoresis Tagld 1%
gel agarose w3wuluasavane 0.5 TBE buffer WUswdnsaus PCR 7ilaan 10 lulasans lae

WIguIiguvWIniu 100 bp DNA Ladder uaai agarose gel snanuauuluiniianumng



fng 100 Taad WU 40 W1 NUULN agarose gel Undausme asazaty ethidium
bromide w1 15 U7 waguduUan 10 Wil waziuiy agarose gel 1NABIRUUIAFIDULD

PELAIDIIATIZIALIA (ChemiDoc™ Touch Imaging System, BIO-RAD) ¥in1sUUANANLEE
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2.3 nMsleaudumaszyaamnaInsluninludule

1Aau insert DNA 99099 2.2 Wlunatafinnig pPGEM-T easy vector (Figure 1)
MusEUU8Y TA cloning system iuansliludfielnenandrutsznousine luvaonyfizen
PCR wun 0.5 ml fall Ligation buffer (2x) 5 ul, pGEM-T easy vector 1 ul, PCR product
(template) 2 pl, DEPC treated water 1 pl, T4 DNA ligase 1 pl Uu1015530t11AU 10 pl

Tnglusgninamsinansengg desvilunseAniuds wdsontuiluidueios thermal

cycle Inaaalusunsuas? 4 °C 1Wunan 16 Falus n15asane recombinant plasmid 414

Y

wadidntu IWlulaslageansasarefiduenvhnisitenseiunames Usuns10 pl ldas

Tunaen vua 1.5 1a. NUUINAN competent cell Usuns 50 pl wanlmdriulaglyly

Tastiuanauung diluaneuuiiuds 30 wii antdudeaduinguiaamall 42 °C uiu 45

U wazti lUMIUUELTTUALIY 2 WP 9nTuRRiL SOC medium USuaes 950 ua.

a

Wluunfigamal 37 °C ndouriuwegnennusiuszana 150 seusowdl 1unan 2 Hlus

Y

, tansarateu spread VNN LB+ampicillin Aududy 50 ppm Unfigamail 37 °C

Y

Junan 14 - 17 Tlus Andenlalaill £ coli Uuowns LB+ampicillin anwuglalail nay,
Ta, vudn loliRuilulasaieunzlaladnAndenuiunguuaiues LB+ampicillin 713
Y89 19VEEYANU T LFuHuNLa L T DRgUAIUNDIMNS LB USHmS 4 ml +

. Y v P Y] a a A < ] a A
amp|C|lL|n ANULIUIU 50 ppm (LWRENANANEUAALDULD) LYYINAIINLIT 150 FBURBUIN N

Y &

gaumall 37 °C v Tauliede £ coli lnaunivufiduedonunsnaguueIns LB +

ampicillin ANt 50 ppm Ul 37 °C ruAu ntdudsdadenlalatdinedesunase

a

Y19 1.5 ml 1891915 LB + ampicillin aadiuty 50 ppm 18es Unlingamgil 37 °C
AU lUinsuIaIRULUaN First BASE Laboratories Sdn Bhd Uszinannialde
wthteyanlauinsgiasuihadlelndissuiieuivamuiieadlolnaweldani

578991Ulu GenBank Tagldlusiunsu BLASTN (http://www.ncbi.nlm.nih.gov/ BLAST)



3. nMsanenandialasa Citrus chlorotic dwarf associated virus
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8.  wWan1veavLuazianTal
1. 1iusegnslunazneduleisionnisludn

Aushegnsfimmsenaduiiiennisluvin Sauden fhuse UsuRnUnfindedueinisi
Anarnnisgnidelifadiianslusdasugndule, usunuasdudeanau (Figure 2) lu
Aawmile na1e a1 uag aaldvesdsemalng laun Famdalesse 9wt 5 dregs
gluvie 3 fege Jmindewn 7 JwmTauunys 1 Meg1e uasugudenil 3 dege Jamdn
Yuws 1 §108s Tannuaseisssusy 4 o813 Fmdagiin 2 fre819 sauvionun 35
#0614 (Table 1) thiegsRsiusiivinvhnmsidevsonlivufunddudule (rore 3) uaz

meogdluiiluadnansiugnssuivensiamaelifaansoinislunin

2. MInsIdavLarsEYalTaanunaInsluninludule
2.1 Mmswaanualsaluminiudulouazuzun

faeg1edulenesd dulav1iuninin duleviuinadsny dsuduwduy way ugu1
A58 TAuananulannensng (m9197 1) 590 $1u9U 35 Free1e danadamdue
LLawﬁmsLﬁuﬂ'%mmmsﬂ’uqﬂﬁuL%@lﬁaﬁwlwuma% 3202fw/6rev (Loconsole et
al., 2012) aewnaila PCR Wudwmmsmﬁw%mméﬁuﬁLSuLalé’mumUizmm 444 bp

(Figure 4)

2.2 mMsszyanuaawmalsaluniniudule

affmduenindudulefildyunisdrevendelseluin (Figure 3) fegnatafiduie
d593U GenUP™ Plant DNA kit #e Lysis buffer agldansazanefduevedlsaluviinlidmiu
avdeusemadaiigendlaadiulii 20 swmwaides mntuinnmansaeuemsluminly
dulomewmeila PCR loedldlnsiues 3202fw/6rev (Loconsole et al., 2012) WaemsIRaauHan e
wAfla Gel electrophoresis wuin l§TumSuemnUsTInas 444 bp (Figure 4) ¥mslaauduii
Fufiueruiauszaias 444 bp uwiliuiavdaeyndusasy QAquickGel Extraction Kit
(Qiagen, Germany) waztuidoudnfunataianive PGEM-T Easy vector (Promega) (Figure
1) sheweules] T4 DNA Ligase uazvhmsimidenuuniiGefiamaifinanadingneeasaenunsnsae
wmatia colony PCR udinnsaiananalingnuaniieynaind 11593 Plasmid Mini Kit QAGEN
(QIAGEN, Germany) Wayasiaaaunamenaila Gel electrophoresis U3 WAAILAUALDULDIDIN
aafinaonauvesduAdunglnsmed3202fw/6rev Suunauszanas 400 bp (Figure 4) wéa

LY

dazianuiandlalnadiuiu 2 laau aielATeiiAsys automated DNA sequencer



(the BigDye® Terminator v3.1 cycle sequencing kit chemistry) 71 First BASE Laboratories Sdn
Bhd Ustimmnade ndsantutidiuiaealelnsitleddinnunnuen 444 wa (Figure 5) an
FiaszIsuiitsududiduianalelndidsisanulugiudoyagiudeya GenBank
(http//Avww.ncbi.nlm.nih.gov/Entrez) A281UsunTU Blastn (http:/Avww.ncbinlm.nih.gov/
BLAST) wuandimsmilouniu Citrus chlorotic dwarf associated virus isolate YN-EL4 (Sequence
ID: KX840470.1) szsiumnaimilon 99 wesidiug faludehiaiisenuanussmeasu (Zhou

et al, 2017)

3. maaevanamnlsaluminiudule
3.1 Mm3gnenenalafalaeisna

Aunadulenasd dulav1iwneni duvivfivasy dulvnu dd99u usun?
ugnga 31 vinae 3 du Alasunisateneaiealisa Citrus chlorotic dwarf associated

virus @vsvadlsalunindule Ingisnamen1InInasawNauuaunan (Figure 6) WUIIMAS
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ASEN8NIMTBINITAUIY 3 LADU LAY 6 LHBU LUNUAUNAIEUNY 7 YRALEAIDINISVDALSALY

1 {

windulauaziiloifegslumainmouenaznsasmsmaiafides nuinlivsinguaud

< & [ a Y 1
Wuvendehi¥aavelsaturinlunndiogng

1 <@ v ¢
3.2 N3ANIANIUNAANUG
FunadulaneinanuIu 200 Fu Funzdnanuadulevssrudulonasdnidulsalu
vian MAvlulsaSouiunuas nudunddulonantannisiudadntesluu1adiog1s anwue
v = & ! = A v v = A & a
AA1881N15508UIN(notch) FaluainiseagrandannuluaudulavssuzuiMdulsaludn
I A o A o v A Ao & I A v v & a '
wadlethunsegudumewmeliafi@ens 2 ase Wanaidule 01 6 e way 12 oy liny
wouddumanevesdelada Citrus chlorotic dwarf associated virus @nauaslsALUMIN

#ulo (Figure 8)
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dwarf associated virus (CCDaV) Uagduiiseauluusewmensi (2012) wazUsemnaiy (2015)
Welida CCDaV duflugruidluuawivi 2 i Ae luuszinansn Parabemisia myricae
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s

citris Ashmead (Citrus whitefly) ualladeuanivitlimnnanunsszuinAensidaIuIegnus
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13. AANUIN

Table 1 Crinkly leaf samples from pummelo and lime

Provinces Plant No.
Chiang rai Pummelo (Thong Dee cultivar) 5
Sukhothai Pummelo (Thong Dee cultivar) 3
Chainat Pummelo (Thong Dee cultivar) 3
Chainat Pummelo (Khao Tang Kwa cultivar) 4
Chainat Tahiti lime 2
Pathum Thani Lime (Manao pan cultivar) 1
Nakhon Pathom Pummelo (Thong Dee cultivar) 3
Nonthaburi Pummelo (Thong Dee cultivar) 1
Chaiyaphum Pummelo (Thong Dee cultivar) 5
Chumphon Pummelo (Thong Dee cultivar) 1
Nakhon Si Thammarat Pummelo (Tubtim Siam cultivar) 3
Nakhon Si Thammarat Pummelo (Thong Dee cultivar) 1
Nakhon Si Thammarat Lime (Manao pan cultivar) 1
Phuket Pummelo (Tubtim Siam cultivar) 1
Phuket Lime (Manao pan cultivar) 1
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Figure 1 pGEM® - T easy vector map

Figure 2 Crinkly leaf disease symptoms on pummelo and lime orchards (A-B)
symptoms on lime form Chainat and Nakhon Si Thammarat provinces, (C-D)
Symptoms on Pummelo (Thab Tim Saim cultivar) and Pummelo (Thong Dee cultivar)

from Nakhon Si Thammarat and Chaiyaphum provinces.



Figure 3 Pummelo seedlings show crinkly disease symptoms (A), Symptoms on
young leaves is noticeable (B), Concave into one side of the leaf (C), Blotchy
symptoms along midrib on lower surface of the leaf
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Figure 4 Gel electrophoresis of crinkly leaf samples show PCR product about 444 bp

Electrophoresis is on 1.5% agarose gel of DNA amplified using 3202fw/6rev primers



GTGCTGTGTTTCGACCCGTTTCTTGCACTGGATCATGGCATGAAGGTGTGGGTCTCCGGATTCGTG
GAGTTCCTCACACACGCACATGTAAGTGATTGTGAATCGTGCGAGTGTTAGTCGAAGGAAAGCTT

GGAGGTGTTCCTTGGTGCATGGGCACTTGGGGTATGTAAGGAAAATATTTTTGGCTGAGAATCGG

AAGCTAGAGGAAGTGGAAGCCATGTTGTACGGATTGGTGGAGGAAAGATTAGCCCCCTTATGGTA
GTGGGAGTGGGAGTGCCAATTTTATATAATATTACAGGCACTCCCACTGTGACACGTGGCAGTTTA

GCAGCCACAAACAGAGATATGATGGAGAGATGCTCTACGTGGAATAACCTGAGGCCGTTAGATTT

GTGTTTCTCACTTTAAATAATAACCATTGGATGAGCTATCCATGCGAATCCC

Figure 5 Nucleotide sequence (444 bp) of crinkly leaf pummelo from Chinat province

is most similar to Citrus chlorotic dwarf associated virus from China

Figure 6 The incision wound on the seedlings to transmit the crinkly leaf disease (A)

Seedlings keep in the greenhouse to observe symptoms and transmission.

Figure 7 Pummelo (Thong Dee cultivar) seeds and seedlings from infected tree (A)

Vigor seeds (left), abortion seed (right); (B) Pummelo seedlings



Figure 8 Pummelo seedings (Thong Dee cultivar) from infected trees uninfected with

crinkly leaf disease



