ad aa o 1% F4 a AaA d
InsrauazInanglsaluvnvesdssemnainnde1s
Detection and diagnosis of sugarcane white leaf disease by PCR method
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ABSTRACT

Quantification of a plant pathogen is essential to study its population dynamic in various
conditions and to relate symptom expression with pathogen concentration. So far very few methods
to quantify phytoplasma in plant tissues were published and no report on white leaf disease
phytoplasmas quantification in sugarcane. We report here the first efficient detection and diagnosis
methods of sugarcane white leaf disease by PCR that are simple to use and to interpret. These
techniques were developed to enable the detection, quantification, differentiation of phytoplasmas
including result assimilation that integrated information from the relevant researches. Detection of
the phytoplasmas was targeted at two genes for enhancing precisions. The detection at 16S-23S
rDNA by nested-PCR produces 700 bp fragment from the first PCR set and 210 bp from a nested-
PCR. By these means however, contamination with other bacteria can also be observed due to the
non-specificity of the primers. Confirmation of sugarcane white leaf phytoplasma infection was
done by highly specific primers to the secretory membrane protein translocation gene A (secA)
using direct PCR that resulted in 277 bp. Estimation of phytoplasma concentration of both
techniques was achieved by comparing banding intensities of the samples against the standard
samples. A precise quantification of phytoplasmas (copy number) is done by real-time PCR
amplification of the sec4 gene using cloned plasmids with sec4 fragments as standard curves. The
lowest concentration that set in accepting range is 100 copies/ul (25 ng plant DNA). Discrimination
of the three phytoplasmas related to white leaf disease including sugarcane white leaf (SCWL),
sugarcane grassy shoot (SCGS)and sugarcane green grassy shoot (SCGGS)was performed by High
Resolution Melting (HRM) technique with primers designated to detect single nucleotide

polymorphisms (SNPs) in 16S-23S rDNA region by nested-PCR manner.
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Five color codes designed by incorporating detection result, elements obtained from research
pertinent and suggestion were integrated to ease users’ understanding and success utilizing. This
work was conveyed at Khon Kaen Field Crops Research Center during 2011-2013.Over 1260
sugarcane samples were subjected for phytoplasma detection and diagnosis in 2014 by these new
techniques. White leaf incidents followed up in 10 research centers that submitted samples for
investigation conformed to the incident possibility predicted by the designed color codes.

Key-words :sugarcane, white leaf disease, phytoplasma, detection, genetic variation, color code,

quantification, realtime PCR, High resolution melting, HRM, SCWL, SCGS, SCGGS, secA,

nested-PCR,16S-23S rDNA, SNPs, color codes
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Gene Scanning (LightCycler®480 instrument with software version 1.5) 7139 mun%ﬁmmﬁ?aiu

#7108 19NAFD VA UL UM TIFUIALINY

amuiiguiumsaniunsnaaeh guditeislsvounnu szuinal 2554-2557

a J
HaANIINAAa9LASIVIIN
ﬂ]‘iﬂ’i?i]“L]’Qi&l19!‘1193!%611’“?]1/‘1@]1611192}1\1\1'18(?1}38 Conventional PCR : “lsi’fmsmn@u

Y a A v o ay Yy 1 = Y as
L“lJTVi3J1EJTdf]\i%uﬂlW@ﬂ’ﬂmmuiﬂ"UﬁN’Jﬁﬂﬁ llmm U 16S-23S rDNA 39133993835 nested-PCR
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ax 9 aA

= Y axy . g‘; =\ S = 1 [ 9

1OE BU secd 739992875 direct PCR N3003950V0ALAZITILANA1NY nested-PCR UUDAAD
a g 9 Ad & ° Y a g 9 o A A 2

asaasaRuehmnenitSnadunnla mnzawueidhwusgmhuunudSues

1 aan 4 1 a f 1 a '
Tmidrelgnseriiderfaesys ualidordensmnanisduilonlddenazinanauintasunlade
=X 9 1 o Aaan A aa g Y 9 o ] o ag
Wdensnug ldvlgnseauguin lutdwwedhvinediennass anuiudiveddsms
A o ° ¢ s2q ¥ o VA Py o ¥
unuanusunzve Insweinld dunusdwwei e nazaa1dzluih PCR winls

@ <

gavgilumamesuves Inswesnuavuedhwineganu i lf nfwefinz 18 hidud

Q U

a

d' 1 = 1 A’ o A =Y
naraavlasunasnaTeisednnlohnans lveensodgnludlfumun nmsasam
k) Y
du sec4 Hu1935 direct PCR ol PCR 1iisegaimer msluilownaldvos uatideidonsd
° 1A ' o .. 1 [ ° J 4
anu'lh (sensitivity) #1113 nested-PCR AULNUE (precision) "ldeﬂ‘]Jﬂ’JHJiﬂ!,WWéUfNUlWiLﬂJﬂi
! a f @ 7
1% n1sas9fSuanse In Tawarauidledu 16s-23S DNA 14 Ins1uesa1us1891uv04
Jas [ 4 aan [
Hanboonsong (2005)itaz1)52gndI5n1s lagilsueenilsznevveslgnssmazaniiz PCR 1l
d‘ a [ 1 9 [ =Y dy 9 a
eaamsnanaavlasutazsiannlvilieusoasiniatsanie ldaunsouansnanan
Aaan . 9};:' a A a2 a3 a
Yo91lATe1gansn (direct PCR) Y118 700 bp lamnavinmsmudSuiadoue luusnm
' ' =2 1 Y =2 g A A a Y v 7 s a
FIUNA1V0Y 165 HIUW ISR dUDIdIUAUYD4 23S FuTluuSnanfienldaiaIniwesviia
. . 0o w 0 X & Lo
universal primer dnsuasavazsuunde I Tanarau Taena 4 (Deng and Hiruki, 1991;
4 ) <3 dy
Ahrens and Seemuller, 1992; Lee, et al., 1993) 1i11A@U0YUIA 700 bp ¥ 109 1HANY
9y 9 ' [J y A A ] ) 9 P ~ An v
WUTHAIA U AV H NUITTAVANVANUAIVOIOVADUIDVDINANAA PCR 9 1A
Yy o Y 9 a g ¥ 9 < ) a ¥ 9 da
FOANADINUANVTNTUVDIADUBAIAY FINITUAULDVINNIT IFNa1FUAAIAUNTAIY
Yy 9 & . = 4 . &g A D) A o
IUTUAIUA 10 copies IUDI 10" copies/ul (11 25 ng DNA) il ugananvesnnuidua 1o
1 a $ <3 g’/ gl.z [
F@IUMANAA PCR Y119 210 bp N1'1A2INVLIUMT nested-PCR Y0IADUIDAIAUAILA 1-10"copies/ul
Y a F) 1 v . 1 <} 9 adg dy
HUTANUAULFUNINY (Fig. 1A) 06139 130A10ANUTULF VIO UAD UIDYUIA 210 bp HAE
Ax g ¥ v oaw ' . o T oAa a X A 2 g a
ANAHINTABUEAIAUT T8I 1 copy/ul (Fig. 1B) A0 19NNINTAAT0 US40 21nA
A ~ a 1o 4 J o 1 9 Ao o ad
wavdua Nsunumsutana nannany lusumzved Insweiasnanudy AunuaRue
A A Y 1 9 o o [ g’/ 9= a
wod' I Tanaragu luiisdoua 18 1wy vah we @ dudnlenas sraunwuaiGouerianielu
9 ' A v 4 .
AUIYY Bacillus spp., Staphyllococcus spp. WQg Bacteriodes spp. (339U UazAME, 2556; Harrison
v v 2 A 4 d4a o & aa A e
et al., 2002) ¥nNUluAI061991ANITINIZIDUUBIEDNUNTAATBLUANITY HIOAIDE19010
A A v ' A g v . A A o
uilasnfonisveslsaouale 1wy luain s1aiy \Wuau (Fig. 10)lumsasivinesudunanis
A X v ! y ¥ B T4 7 A Yo
Ao T Tanarauanng Isaluvivesdesniug llaaeu 1o nSimesngnesnuuu il
o 1 ,3 dyti‘ o = 9 I 2 = =X 4
ANUTUNIZAOITOUNA MUY secd TAnaTUFUBUILIA 277 bp (ATTAY LazAmE, 2556;
9
P ) =) d
Sakuanrungsirikul ez al., 2012)a1%150 19521 udT AN NLaIvaUAR W 13
] =} o . v A I o Aaan . &KX o Y I ad ﬁ/t’) A
IHURGINY (Fig. 1D) uatiioanndumsvinl§nae direct PCR 30 Idmiunauamue lagigan

J ]

2 . 7 AAa < o 19y £ = o &
10" copies/ul INIUU Tunsaindiarearuiusiuavun waz hidesldseazidoavestiuiuie
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9
% [

Y o [ 9 I o Y ' o == A AR
U ﬁ'”lll”I'ifl(lsb"l‘ﬁﬂTﬂuﬂi%ﬂUﬂ'ﬂNWiJﬂJ’ENLLﬂ‘]JUJUiZﬂUhlﬂ FANLUATEAUAT 1+ DGV 4+ AD UIYO
9 F
% 1 J o <
Adua 10' 99 104copies/ul NUNTLAVIYD loscopies/ul Wiuems luvndd (Table 1)

mInstTnanve I ianaraandiedy sec4 1ae absolute quantification realtime

Y
Aav A

I A o Aax Y] =y dy
PCR : uddsiiilusisanuusnnwauidsmsasiniadsuanae I Tanaraulsaluunnlu
' Qy 9 <
908820 Real time PCR N33 19Futuvoute I lanaraun Isaluviduinesgiunfeuion
Y g X ? A A X 2y g . Yan
ANUTUTUYDAUFD Soufi (2012) TIUNITIBNUDUNAIINFOIUSD8AIY Real time PCR 1475
A d a ~ ] ~ a @ [

7319 165-23S tDNA nlunsnainy ldnm T lunuanGevaresiasanarudrvedu uagly

ad A a g Y A~ A Iy 3 A @ Y Aa &’
351909 19A0UPYDIB RN DINT 11 5 0 IFAaD UNanANNd LLWINIsNAaws T Tawaraan

=3 [ g’./ = a YR 1 1A &’ A Y a s}addy
yufFeumeuuny daivlsnanase lda ilsdSuaveade luviinunasse mslésilu
S Yy 9 ' 9 o 9 ) %,’ = ~ j‘ [ Aa A
msnfeuneuanudutuasuIIFUFou s 1zsvus1vesdulud Tunveurounazyiiall
1 :: J o Qy a

lidn1 2 ya minlddeaiims Tnausuduld Iaiesyadeor lunaraiia SeldnSeuiionla

1 g A, { o 3 1 ! o [ &’
ualusrsauilgsnmsawannvulnunldasie Asumizass I Tanarau Isaluviives

v v
A 1

Yy A o (= 2 A A = = 9y a
20oNAMWUIIY secd FaTifiosyaRelud Tuy (Bekele, et al., 2011) nagldnwaraliandyudiu
= ¥ Y 9 A o T a SN
WOIBU seed a3 1naanududunasgriemuisanudnduIuiulnaiuiasawes
P N P R .
woll luiiebons (FATAU LazAfE, 2556; Sakuanrungsirikul ef al., 2012)
I a { o 1
Real-Time PCR 30 Quantitative PCR (qPCR) WumadaN g 1150 AIUIUTIA
a a v 2 o 2 I @
dsz@ninm manududu vielsumaswugnssusuduldlaeldarsiFowauiuaa

Y I Y v A 1 a aan 1o v oAA 9
WEAINA (reporter) ﬁnJ'lfiﬂLlﬁﬂQWﬁﬁlWlﬁullﬂﬂu‘ﬂ1”3%“31\1ﬂ15lﬂ@ﬂgﬂ581 ATFIAYNINYIVD

=

4 v 1 ]
Tumaidinil 1810 A1 Threshold Cycle (Ct) FanuedesouveIM NNl muiATo9a 1150
a g A A 2 aaa Y] a3 Y Y Ay 9 9 A A
AR uweNmuIuINIgAse 14 mindueaiduiitosdoldson umsmuilsnuvate
i @ A o YA o a g ¥ Y o
seunMIzaTINUdyaEewas shlnlar cr ge msdnaulsunaufiouendu i lae
< { A s < o w
TfawweNniwanudutuudwiufSnaazafreilunianududuunasgudimiy
= = ' & A . I ad o Yy J @
ey 1azdnAie Ao melting temperature (Tm) 1Hugungiinyldawueasguenvnnu
1 1 % [ <] 1 g
ANUUANAIVDIAT Tm 215U TABATINY % GC content HAZAVIIVDITIBRDUIDA U
[ g‘/ 1 = o 7q Y 1 a é 9 Y
aquiuA Tm 39gnihundszgnaldlumsuenanuuanaisvosnanan PCR &9l9a1ulade
ligudou uallszaninmen hinnminumsaseduiwa
nslnnandudunnsguuaza PCR amplification efficiency (E) :m3sisziiulSum
} [
o'l Tananaw vilaofioust t nunsaNuEuTuINAsgIURa U uT UV INaTalia
1 o 1 1 10 . [ A Aa Yy 9 10 Ao
AU 10 111 53199 1-10 *copies/ul A1 Ct voawadlantianududugaga (10") azling
A ¥ ' a = A Aa o . =
TaonuaasmsinuSunaauaseun 8 vaziwaraianiie (1-10 copies) wunswllusous 40
= Y Ay o . a J 1 ' a Yy 9 2 10 .
uazlims TAei lugauin (Fig.2A) wamsainsiznal Tm wunwaraldannududu10’-10" copies

Y A o = 1A v Y o= Y 1 2 ag 9 1
114?’1“11'6’18‘]_]53111'&& 77.10 C IWGIAUAYAUNTUU ﬂﬁQﬂi“ﬁl‘ﬂ‘HﬂT Tm Vo4 UARUBINIY dIu
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Wanedia 1ag 10 copies WA Tm N 73.22'C uag 77.10C MUEIRY ¥381 Tm N 73.22'C MAN
a v W 4 o ' . J a
AAMITUNUBIVDI IN5IUOF (primer-dimer) (Fig. 2B) MSAIMIUAN efficiency (E) WuNWaaia
1 9 9J 2 10 . g}/ ] 1 d' = = d’d 1 1T o
FIANWANTUT0™-10  copies HUANDYTUFINNTINTA1NAIADY (slope) NUAUNIND -3.524
= g ] A ad Y a ! ¥y v & g Aa
nuedenedld 3.524 seulumsmutsuaaoue lndifnes 10 MauANUTUIUAIRUNDDIN

3.524

AN 10 MU ONAT Ct ANAUMIND 3.524 59U (2= 11.5) tlo1iAnnuaad el E 1a
] 1w Y 1A 2 X L aa 9o [ 9 A @
AUNIAY 1.922 uaadlfHmuNUmsauIuvoar U e Tas 11y 1.922 migalndmeany

9
100% efficiency Tun@az 50Uv0IM31U AT 01 AaiugaNuduIuveIwaIdia geganay

v
[

d' o 9 a YA 2 10 . 1 1 . g’z 1 1 d’d
agaminnldlunsszduldne 10-10"copies IUF9 1- 10copies UUANDYUONAIUNT
=) = < 1 oA (1 d‘ A v o 9 .
ANnuaades Juiugieain linaede wazlindsiiunly (Figure 20) wamsnageum
dy % 1 d’d 9 1 [ [ A =
YSnanseludregnanianuguussvedlsaluvidesaiany 3 szau aoluwd Tuvnduded
9 v 9
wazluden (ulisrms) wulsnausenemiunuszaueims sosluamiiadsnauae lu Tawaramn
A A ' o 5 . = P o 3 4 A ' a
WINNgA vl IuIZAY 10 copies Tuluv1wmer e lussan10™10copies aruluwe?
) ;2 Y v
lsiansoas2a'ld (Table 1) FamanTdetioandn 10°copies M3agIse 1l Tanaauniities
Y
15U 13U 4-340 cells/ g Ao 1HINATA nested PCR 1A39@0U (Berges ef al., 2000)
o v &, % a 9
msuunaNuuanmave e Ilanarasndsmaiia HRM : M3 1% HRM Jumsuen
1 L a g A A 9 E ' 1 g Aq Y L
ANUUANANVDIFUAD WO NLNMT IFunIudIuTvausisnunlsluniansunwnd
2 { 3 o ' ' |
(Zianni ef al., 2013, Areckit et al., 2009) 1WuITMINTIA57 Idmaui Iddhem)anadnie lides
o 2 qUi1 g1 Yy A oA = o Y 9 ) o
asnaauadalealyatege laasesiesimuns anudugeu lanauas lsanusiugy
a 4 a [ I [ a { @
Tumsasndnszivazulana maiia HRMI¥a1 Tm Wundnlunisusnnanaa PCR Ne1any
= o Isq ¥ o 1A 1 g’; =\ a
e Tagoonuuulnsmeildnseungudmisnlanuuanaisiu Taslivuavesnanan
) v Y
PCR'3tAYN 100 bp iedsz@nTamnsuenaNuanmuuangany mInamauludiui
\ Ao A = ' X Y v
ADEIAIUITLNINITOINMIANEIANNLANA1D LT L Tawarau Tsaluunvesdosuaz vgh
1 1 < =X 4
Tuymnnunasgnane ilszmalng (@35a nazauz, 2556; Sakuanrungsirikul et al., 2012)
F) o w ~ 9 % 1 Y [ a j’ 9 =
Taslddoyadiauwain launiauiae I awsoas19nnunana19vosiame 14 $991n
Y
srenufana i IaanE1a1d U aueeBu16S- ISR ANE1D 210 bp UAT secA AN 277 bp
YoINqUA10019 3 naulna Ao SCWL, SCGS 1ag SCGGS wagnuNIuaa NN uAsui19i0e
) "o 1 A 1 a g AY ¥
ueniu 1@ Uy Tagmnizo8198951319 SCWL Hag SCGS mi1zvHiavesdnueh laves
9 v 9 9
naaosguudnu 1l MInannITuennnuLanaA1aAIe HRM HU#8a111n3ve18aue1ved
2 a4 A v 2 A YA o ' ' 2 o v o ° | Aa ' v Aq Y
¥ugun 1d ey e I idumiaanaannvy Smsudsamdurianlaaianun 14

v

a Agj 9 1 %] Y a . . o I Yo
uﬂﬂ%umjmmellﬂamﬂmmu Wai]’]ﬂﬂ’]ial"]ﬂﬂﬂUﬂ Primer walking ‘Vl'lblﬂulﬂa'lﬂﬂlu’ﬁellﬂ\‘l

Re

@119 16S-23S tDNA 489 SCWL, SCGS, SCGGS tagwanioimsluvieniunseunquy

[

16S-ISR-23su19a U Tag ldvua lvaimny 1770, 1771, 1772 uag 1780 bp Aua1ay Ueunia
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o ° ] vy Y ! g 4 a .
151591 (SNPs)  9119U5IN 71 AUHUI NTL8RGNINIA T UNIBTAUNTN (Insertion)
. d' . . o dyd o 1 d' v A d'
VIAH1Y (Deletion) LtazunUN (Substitution) VOUUE IUIIUIUUN SNPs 3 @119 NAAADNIND
Y dy g’/ a 9 9 1o VoA
T¥usni¥ena 4 viala laun druvai 245 uen SCGGS 80n91A SCWL  1ag SCGS
v 4
(SCGGS/GRASS (T) : (C) SCWL/SCGS) GT”ILL‘H‘L!\‘]ﬁ 254 18n SCGS ’l’)’l’)ﬂmﬂﬁfﬂ SCWL (SCGGS/
Y
SCGS (G) : (A) SCWL, GRASS ) 114 267 LENF0UDI00800n1INNE1 112 ( SCGGS/
P P 2 o o N 2 X P s A
SCWL/ SCGS (T) : GRASS (©) TnSiesiwanniudmsumsuensiiaveudoll Insmwosyan
Y} a o A = ! P P a
1 1Huu1nvoIHaNan 498 bp ATOUAGNAILWLNN 1 D4 498 dau lnsweiygad 2 lanananuuia
75 bp ATOUAQUAMMULTN 220 9 294 NS SNPs NADINITOY HANMINATOUAVAIDEI
SCWL, SCGS, SCGGS uanaNuaaIe1n1sluu1a Wyl melting curves taasnsWuoniy
ki Y
40571 HA1 Tm vou¥ens 4 ¥iia Av 80.30°C, 80.75°C, 79.92°C uag 80.63°C aua1AY (Fig.
' a A o < = o ' A A . . =
3A) unazsHauanyaziy peak mmwmu”luﬂ‘im;] peak DU Y70 primer dimer UTAIDI
o 4 Aq Y o aan A 14 a J
AN UMIZYR Inswes ge nazanumIzavesdn 1z Il s efige1s msansizd
Y . =~ < . < Yo ' Y1
a8 11511n51 Gene scanning ml,ﬁ’ﬂﬁwal,ﬂumeltmg curves i]zmuﬂﬁl,l,flﬂvlﬂ“]fﬂﬁ]uﬂﬂﬂﬁalf]fﬂ1
. v s 2 an REIEVE &)
Tm (Fig.3B) 91nA5219d0uANugndouazuiudives Inswesuazi5nsves HRM 91 1atidae
$081uv119n 38 A19619141A SCWL 15 @19819 SCGS 19 /19819 SCGGS 4 A10819%911N139379
o w o 1 g}z Ao 4 [
A UIANAZ SUUNNGUAIY phylogenetic tree LAUU (FATAU uazAME, 2555) Wy 1¥ika
@ a g A a J a 4 1
A0ARARINYU (Fig. 30) MminageuIsmsiiuanlaglHae I lanarau luniyyiiadu laun
Erianthus spp Ua@NHaNIZ¥IN Erianthus NUS0Y 1471 200 429619 WUIHA1 Tm HANAI
o 1 j’ @ [l . ko [l @ :&’ Y 1
A uaae e lud19819 Erianthus spp. 1u liasenue 1 Tanaaui Isaluvnvesdss aiu
j’ d‘ 1 . (% 9 1 A g/} &}
W N WU lUQNHANTENIN Erianthus spp. NUO0Y WU UNDUNINUAATIVNUIF T Tanaraun
9 a A Yy Qdd” kY n vy =< ' ) an a
Y04008%UA SCWL %150 SCGS a18751 14 (lulduaaana) naasdsanumindrveddsmsi
) 4 0 A & Y A o v A = 4 I
wann Ivuilumssuunsiaveauye la a1umsmiuanuedvesdisuiing 1e'lng seca 11lu
Y
377 bp MIUMNALA Primer walking WUANNUUTY5IMTTHIE A Dwavee W Tananaunna 3 ¥iia
£ o o 1 <3 I a 1 o
P31 dwnud nszaelumeluaieddueuazilustia substitution BANITNTLINLAILIN
1 v A o 1 o o ) Y 4 Jd K m 9 o 9 o
aomsfaaenduruad v lslumseenuunInsiwes 3911 1d M 1$ lumswan
Aas
N5
A y X \
Panauwe lilawaranmazmsuaasermslui : msuaasomsluvvesdosived
o v & a X v < ¥ Yy A Y
nurateade naSuanrenieluau ANULTINTIVOIAY LATANINIIAADNNNIZAUDDY
=1 =y ¢ﬂy 9 Y] v [ a 9 =
e Ysuause I Tanarauimeluduors liduius lasasstumsinasins o udeel
g 1 (%] 1 4
wameluduilSnannnuaennzda luuaaonnsluuild Soufi 2012) asrenudse v Tanarain
o . Y Aa g A H 1 =
NuIUNINN8 U sieve element voaludvsnaaeluvnnioinsaualuvy luves wag

= d‘ ~ [ (% 1 d' 1 dy = a 1 1 9 d’d
Tuen Lll@mfJ“lJﬂ’]JG]’J?JEﬂ\‘Iﬂ'J“UﬂiJ‘V]UhJWULGHE] NOUINYTA LAaZAMUS (2554) NUNNAUDBINUNIT

78 ﬁé waaAdgden nsudmnmaneas Uszdll 2557




g A [ 1 { [} %‘ &l
IfinaSulinsuaasernisluvndesniingui luldun ufvzasreonure Il Twaraulu
' 2 . o Y ' A a ¥ a
YT (1NN 10°copies/ul) 11NNIH1399908 TUHaIgNMANANNLANINAUING tHINE
1 9 (% 1 dy =3 LY = 1 d’ -]
apn131lgndos vateai0g19asnuFe Tulsuuguad litieimsluvn uadiorhuilgn
1 1T A s}zé v A [ 9 ] 1 Y o =
veneao luuraadunite azuanao1nsluunld Fuinmandanndoerurradedanazinu
A Y 2 < A o 9 =) = 1A [
edesizwenuaznyluun Fuilumegmsaindony ldnnillumadau tazunasdunsiedn
Y Y 1
HANDINTULTIVDIOINS IUVIINEIINS0aLAAIDINITUA T UYUNUUSU11F0 (Table 1)
. . o = d‘Q j} 1
Martini ef al. (2011) Vin3An©11U Prunus spp. Naake W Tanarau wunanuguussveslsa
E o X vy ¥ & A A X Y o L Aa X A
Yunuszaudsuande luduiug Tasm liidonagmide Tsadihate vuiumsnilsiinedunoe
A 9 . . da! v A Yo w dy o YA a
WY¥IZ @319 Reactive oxygen species (ROS) ¥uog1auntie lymvado lsa v ldnmnaniie
v Y
IASEADDNTIATY (oxidation stress) 910 ROS  HAINIIZINAANMF NN UTNIIEN AT T
1 Yy A =\ a = dy = A Aa dy
1199819018 TUAUNYI09 (Jones, 2006) H3181UMTAANNZIATIAN TUNYIA 19T HANAALYS D
=) dy 9 9 a 1 o Iy A
T Tawar@un msaaanud@eniennyearomsldamsuerianunvi vidsua H0, uaz
. L. Aa o w a 4y A 2 1A < o . A
ascorbic acid NUNUIMARYANZEONFIAFULLINUU uATNINTTIDW la] peroxidase NaAas
=X o 1 { A ¥
(Sanchez-Rojo, et al., 2010) 9INT1BNIUVBIAVIANLAZAUY (2557) WU downaade 11 1a
= ~ a < 1 @ 9 A aAa I 4
warauaMzaseaeenFas Uiy ludssntieinsluvininanssudulei APX (ascorbate
. = ' a ' . A g A A '
peroxidase) tazN1f3uar H,0, ganindlszunas 2 M1 wues Proline Nas1uilipispdan1Iy
v A ¥ ' a ' 1A = a . 1 Y
HAINTRVIALNGININNAYIZINA 2-3 1M1 HAAINTNILIATBABDE TUAN (osmotic stress) TINAY
a 1 aol { 1 { [
AOUNEIA tazany (2553) :1eundTuaniiluludsenuaasoinisuidesninlulun 'l
Y ]
81M31/5201% 2 1911 ATIINVA1T Malondialdehyde (MDA) gaauni 1 1 ludosiiiennisluand
= A P o a A 1 Xoquy Yy
paaadIanIzNaagniiay nzAssallia1l ldeseeunoal minaasslaslyeosey

£l

{ j’ a 1 o ] . {
2 Hou NTSuaFogInT1981875 PCR uada liuaaseoimsluun dalannmsmiz dedesh

=

Hanunlunszuznie a5 19anzasgannudatazanuieu (39°C, 20,000 LUX :12/12 a1/

A

LY I o £y P o = o A
49, 55% RH) 1”ﬂﬂﬁﬂﬂulﬂulﬁﬁ1 39U Lla'JGlWUTWﬁ\‘]ﬂWﬁVIﬂﬁ@U@ﬂﬂﬁgiﬂm 14 U WUIUNDY
v '

] [ =t 9 (Bl ~ 9 3’, o I =l Yy

mwummmmmﬂumawmmﬂ“lmaum LWWI’f)iJﬂ‘]J“I/I‘lITJLLaTL!ufﬂZﬂﬁ‘]J!‘]_]uﬁl‘]J!,‘llfJ’Jllﬂ’f)ﬂ
¥y Y oa ' Y q¥a ' Yy Ao K

LLﬁﬂQiWLWU’NﬁﬂWWLL’J@Ia@Mi\INﬂﬂ@ﬂ?iﬂi%ﬂlﬂﬁlﬂﬂ@?ﬂﬁﬁlﬂ‘IJTJ Llﬁﬂﬁ’ﬂﬂﬁﬂﬂiuaﬂﬂﬂﬁw}f@

Tuf5uad (eenin 10°copies/ul) 3283 linaasormsluvnluammdinarsiazuaaseinis

=1

¥ 1 \ U o
‘lﬂﬂu%m&’ﬁﬂ"ﬁﬁ%ﬁ Proline Gluﬂ?mmﬂqqmnmw 3 m'l‘ﬁﬁ\‘]ﬂ?iﬂﬂﬁﬂﬂlﬁﬂﬂﬂﬂgﬂﬂ‘gﬂﬂﬂﬂﬂu

(%

Ay J v & v o ! 1 a =
FATminazaue (2557) asintlavodngilinaaenisnaluviiludesialszneudlelsua
Y

9

X v d' Y =2 o wa @ P
o T Tanaraunieludunazaniizuiadeniuinsgdu Juinnugianisal luva luilad

F 9 1
ANz L3I NAEHUYEI91n e UAIDINAITT VLN Martini et al. (2011) 3199714

a & ~ A o X T AA A a a
YSuause I Tanaraulu Prunus — spp. vzlimsiusiuauiulusridsinisasaduTa

Y
a U

. v oa A RN U] 7 = Ao =
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Table1 Comparison of sugarcane white leaf phytoplasma concentration estimated by three different
approaches including absolute quantification Real time PCR (RT-PCR) of secA gene, banding intensity levels

generated by conventional PCR at 16S-23S rDNA and at secA gene and color code ranges. Not detected: out of

acceptable range. * Leaf from 3 individual samples collected from different source. ** Concentration in 25 ng

plant DNA.
Detection techniques
Leaf RT-PCR-secA Conventional PCR DNA banding intensity Color
symptom* Concentration range Plasmid Concentration 16S-23S rDNA secA code
(copies/ul)** (copies/ul)** 700 bp 210 bp (277 bp)
Fully White | 1.54x10-7.91 x10° 10° 4+ 4+ 4+
o . \ 10" 4+ 4+ 3+ to 4+
Partial white 1.2x10" - 1.74x10 :
10 3+ 4+ 2+ to 3+
green No detected 10° 2+ 4+ <2+
green No detected 10' 1+ 4+ <1+
green No detected 1 0 4+ 0 orange
green No detected <1 0 2+ to 3+ 0 orange
green No detected <1 0 1+ 0 -
green No detected <1 0 0 0 white
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Table 2 Estimation of sugarcane white leaf phytoplasma concentrations indicate by color codes in sugarcane leaf
samples collected from different planting fields. Red and orange indicate high concentration. Green and white
indicate low concentration. Yellow indicates multiple infections.

RDC: Research and Development Center, RC: Research Center. NS: no survey

Phytolasma Concentration White leaf in
Sender
amount (Sample percentage) ratoon by visual
- orange green | white | yellow observation
Some emerged in
1.RDC. Kalasin 24 0.0 66.0 34.0 0.0 16.0
plant cane
2.RDC. Khon Kaen 10 0.0 70.0 0.0 30.0 90.0 NS
3. RDC. Chaiyaphum 14 0.0 100.0 0.0 0.0 43.0 NS
4.RDC. Nakorn ratchasima 16 0.0 87.5 12.5 0.0 0.0 NS
5.RDC. Nonsong (1) 74 5.4 56.8 16.2 243 45.9 Ratoon 2: white
6. RDC. Nonsong (2) 32 0.0 21.9 0.0 78.1 0.0 NS
7.RDC. Mukdahan 22 31.8 68.2 0.0 0.0 22.7 NS
8.RDC. Roi et 7 0.0 14.3 14.3 71.4 28.6 none
9.RDC. Sakon nakorn 2 0.0 100.0 0.0 0.0 100.0 None/ irrigate
10.RDC. Makasarakham 22 0.0 27.2 4.5 68.1 13.6 White 0.01% app
11.RDC. Udonthani 17 0.0 76.5 0.0 23.5 100.0 White over 50%
12.RC. Khon Kaen (Chayan) 22 0.0 4.5 4.5 90.9 0.0 None
13.RC. Khon Kaen (Pakphum1) 10 0.0 30.0 70.0 0.0 0.0 White shoot 1%
14. RC. Khon Kaen (Pakphum?) 10 0.0 0.0 100.0 0.0 0.0 NS
15. RC. Khon Kaen (Pakphum3) 16 0.0 12.5 0.0 87.5 0.0 NS
A MW 1(;? ';I::ls / ;::)gz:or;g;:)lf ni;NA) lg MW 10 10 10 10 10 10 10 10 10 10 10 10 10 10 "8/M
500 n
200 2
C WAl 2 8 4445 46 47 48 49 S0 d std post neg. D

MW 12 34567891011 MW1 2 34567891011

1000 bp
700 b 00 b
P 500 bp P
210 bp 10 bp
277 bp

Figure 1 Nested-PCR amplification of sugarcane white leaf phytoplasma using primers targeted 16S-23S rDNA

gene by nested-PCR with first set PCR product of 700 bp and second set product of 210 bp. A. PCR products of
different plasmid concentrations containing 700 bp fragments ranging from 10™-10" copies/LLL (25 ng plant
DNA). B. Banding intensities of 700 bp and 210 bp amplified from serial dilution of DNA extracted from white
leaf samples. C. Banding patterns obtained from DNA extracted from field samples with multiple infections. D.
Banding results obtained from samples amplified by 16S-23S rDNA Nested-PCR amplification (left) and secA

(right) showing banding intensities of corresponding samples.
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Figure 2 Amplification curves obtained from
realtime PCR detection of different concentration
of plasmid containing secA gene fragment. A.
Curves showing threshold cycle (Ct) of
amplification plasmid pUCI1318-secA with 1-
10"°copies/ul (25 ng plant DNA). B. Curves
showing melting temperature (Tm) peak of target
DNA at 77.10 °C. C. Standard curve generated
from Ct and log pUC1318-secA concentration

ranging from l-lolocopies/ ul (25 ng plant DNA)
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Figure 3 Gene typing of 3 different sugarcane phytoplasmas. (A) Melting peak (Tm) of 75 bp PCR products

obtained from SCWL, SCGS, SCGGS and grass with white leaf showing different Tm. (B) Normalized melting

curves showing segregration patterns of PCR products amplified from SCWL, SCGS, SCGGS and grass with

white leaf. (C) Normalized melting curves showing segregation patterns of PCR products amplified from 15

SCWL samples, 19 SCGS and 4 SCGGS samples. Red, green and blue represent melting curves of SCWL, SCGS

and SCGGS respectively.
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Aayanisesiaifanlsalundassnmaia Nested PCR

F211 da avan e aviugeald msimsauaanwduuazi

Gz fa diumie 210 fszdfueh (1+ wladannin) iny secA annsaldumnaviugaals’ uaaisinsauaanmduvazh
EEOEE) ﬂ’“lvl\hl 21() fazduas (2+ &9 4+) annsavienn 700 16 anany secA ladoud 0.5+ fs 4+ hiesldamaugaalufuidwns Lidih

aum Aa m’aaam #unne 700 (1+ ﬂ\l;H») way 210 s2Ay 4+ uaz secA 2y 4+ i ldumevivgeausbifiarmsTuen

Fwdns fa fidiadu winlifansaasdady aunsaldamesiuseals’
fufaduuanandiaiiawarmnTsalurnsusia

Suhdau/d Sorid ioapiafisual s e chl';’i‘:]““ — -
27/8/20: hi om (22 éating

MD1 1u - 4+ 2+

MD2 Ty 4+ 4+ 4+

MD3 Tu 0.5+ 4+ 3+

MD4 Tu 0.5+ 4+ 1+

MD5 u - 4+ 1+

MD6 u - 4+ 1+

MD7 Tu - 4+ 1+

MD8 Tu 3+ 4+ 3+

MD9 Tu i+ 4+ 2+

MD10 Tu ? 4+ 0.5+

MD11 Ty - 4+ 1+

MD12 u - 44 0.5+

MD13 Tu ? 4+ 0.5+

MD14 Tu ? 4+ 0.5+

MD15 1u - 4+ +-

MD16 |l 3+ 4+ .|
MD17 u - 44 1+

MD18 Tu ? 4+ +-

MD19 Tu 4+ <0.5+

MD20 Ty - 4+ 2+

MD21  |lu ? 4+ +-

MD22 Tu - 4+ 1+

postive uam 4+ 4 | 4

Figure 4 Example of a phytoplasma detection and diagnosis report sheet partial scale. Features includes sender’s

name, date, sample number, result of 700 bp and 210 bp from 16S-23S gene, 277 bp from secA illustrating in

scale <1-4+. Color codes represent diagnosis assimilates from detection results.

Detection and estmaton of sugarcane whie keaf disease by Cnﬂveﬂmna PCR | byReatme PCR | Gene typng by HRM |
Date Name  |sample {‘ ple type] { R e hmmi Sech { Sech gene (copes/al) | 166 ( 220294 ) by phyta?
| | 1 |
3/10/2014|Terajma
52 sampes [eaves - 3+ - <100 wknovm
|Tesat - +- +- < 100 nknown
|12 - +- +- <100 neg
|Tera3 + + <100 neg
Terad - - +- <100 neq
|Teras - S +- <100 neg
|Tenas - +- +- <100 neg
|Tena7 +- # <100 neq
Tera - +/- +- <100 neg
|Tesaa B 3+ +- < 100 neg
|Tesa10 - +- +- <100 neg
|Terat1 W + <100 unknovm
Teral2 - - +- <100 neq
Teratd - +- +- <100 neg
|Terat - +- +- <100 ney
|Terats +- + <100 nknowm
Teral6 - +- +- <100 neg
|Tesat? - +- +- <100 neg
Teia18 - a+ +- <100 rknovm
Terald . 1+ + <100 neg
Tera20 +- +- <100 neg
Tera2i - 1+ - <100 wnknovm
Tero22 +/- +- <100 neg
Tera23 - 2+ +- < 100 SOWL* x
Tera2d +- 7 +- <100 neg
Terals +/- 7 +- <100 n
Tera2h - £ +- <100 WL x
Tewa2? +/- +- <100 W x
Tera2i - i+ +- <100 65
Tera29 - 2+ +- < 100 L x
Teradn +- +- <100 o x
Teradl - 2+ +- <100 G5~ x
Tera32 +- +- <100 CWL x
Teradd - 3+ +- <100 L= x
TesaM +- +- <100 oL x
Tenads +- +- <100 n
Terads +- +- <100 WL %
Terad? +- +- < 100 CWL *
Tesad 2+ +- <100 oL x
Terads +/- +- <100 oL x
Terad40 1+ +- <100 CWL x
Teradl +- +- <100 WL x
Tesat? +/- +- <100 oW x
Terad3 2+ +- < 100 WL x
Teradd +- + <100 WL x
TeradS +- +- < 100 CWL x
|Terade - +- +- <100 w7 x
|Terad7 E 2+ +- <100 neg
Tera8 +- +- <100 neg
Teradd - 3+ +- <100 neg
|Tesaso - +- +- < 100 neg
|Teas1 + 7 +- <100 neg
|Teras2 <100 neg
pustie Dt
e range : 10°-10" Ineg : no ampkcon
+/-: not detectable [ |white symptom visible : > 10° ___|unknown peak :other phytoplasmas
7277 : unknawm SCGS ; sugarcane grassy shoot
SCWL: sugarcane whie leaf
3+:1,000
4+:> 10,000 «: nat recommend to use

color code of phytoplasma level detected by conventional PO

white - very low level of phytoplasma, ot detectable by 165 fONA nested and sech
Green: low level of phytoplasima. By 165 fONA nested-PCR: 210 bp can be detected wih bandng ntensty 1+ of ks, 700 bp i nat detectable. Sech & nat detectabe,

(Orange : moderate level of phytopiasma, By 165 ONA nested-PCR : 210 bp can be detected wth bandng ntensty 2+ to 4+,

700 bp & not detectable. Sech can be detected with ba

[Red: high to very mgh evel urpmnpusma a.- 165 1DNA nested-PCR : 210 bp can be detected wih bandng ntensty of 4+. 700 bp can be detected at 1+ to 4+ wih Sech 4+. Wi
ather bacteras (disease o non dsease causatve

|yelov
[ Leston k- r sugercane ankciaf pyspisma, show baning ofathr bricre Jober phepismes

Figure 5 Example of a phytoplasma detection and diagnosis report sheet full scale. Features includes sender’s

name, date, sample number, result of 700 bp and 210 bp from 16S-23S gene, 277 bp from secA4 , realtime PCR

quantification of sec4 fragment and gene typing by HRM. Color codes represent diagnosis assimilates from

detection results.
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