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ABSTRACT

The sugarcane white leaf (SCWL), sugarcane grassy shoot (SCGS), recognised as white
leaf disease, and sugarcane green grassy shoot (SCGGS) are the three devastated diseases in
sugarcane industry in Thailand for decades. These diseases are seed-borne and transmitted
by the 2 leaf hoppers. Two major factors play important roles in the disease control, though,
controlling is yet unsuccessful. The first factor is lacking of the clean seed canes that resulted
in circulation of disease in the contaminated field. Despite disease-free seed canes is available
but not enough to cover the affected areas. Lacking of quality control in the tissue culture
production often result in contaminated seeds that expressed disease symptom in the field.
Though highly sensitivity detection methods are available, but the cost and complication of
the technology hinder their accessibility to the users which result in incomprehensive disease

control and in improper timing. Secondly, lacking of epidemic control in the field due to



lacking of proper control measure and appropriate disease screening methods, results in
consistently disease outbreak until present. This study aimed to develop seamless technology
for effective and sustainable control of these sugarcane diseases from the upstream of
producing clean seed canes in the laboratory and in the mother plant plots, to downstream
of disease inoculum controlling in the field. In this presented paper, three new disease
detecting methodologies were developed for laboratory and field applications, as well as
disease severity ranking, to be used as screening threshold in the disease-free production lines
through epidermic control in the field. Loop-mediated isothermal amplification (LAMP)
method was developed as a simple technique for the detection unit at the field station. This
technique requires few instruments with simple, fast manipulation time and low cost. The
result can be visualised at the end-point, therefore it is suitable to be used for field screening.
The M13 tagged two-steps PCR and the Immunodominant protein (IMP) detection techniques
were developed to produce higher resolution results to be applied in the basic molecular
biology laboratory to replace the problematic nested-PCR and gPCR. The first method was
designed with new amplification schemes and new primer types for fast and highly sensitive
amplification patterns compatible to nested PCR, but consumed half manipulation time and
cost. This is the first report to develop this new scheme of phytoplasma detection. This
method can be applied for screening of disease-free mother plant in tissue culture propagation
process as well as field sampling. The later method, Imp-PCR, was developed to solve the
nonspecific detection problem in the previous gPCR method and is the first report to detect
IMP gene in sugarcane phytoplasma. These 3 new techniques revealed their high specificity to
those sugarcane phytoplasmas with high sensitivity detection range of 0.1-0.01 copy/upl. The
detection time ranged from 2 hours to 2 days, faster than the existing methods. The costs
were in the range of 90-200 baht/sample. Pooling of 2-5 samples is recommended for field
screening as per the detection sensitivity of the method. Quality control should be applied in
the production process of disease-free plant by tissue culture. Additional disease screening is
essential especially in subculture generation 2 to 3 to avoid multiplication of the
contaminated population while subculturing is recommended at 3 to 4 generations. Stunting
and weakening population were observed in subculture generation 5 that is not recommended
for propagation to avoid genetic variation as well as high phytoplasma contamination
population. To control disease outbreak in the field, phytoplasma severity ranking based on
phytoplasma concentration in plant were determined in this study. It was found that the

phytoplasma loads at less than 1 copy/ul is recommended for healthy mother plant plots



while 1-10 copy/ul is for disease control in the planting field. This is the first report to identify
severity ranking to be applied as control measure for phytoplasma disease in sugarcane. These
new methodologies presented in this report, can be used as standard protocols in sugarcane
seed production as part of the seed trader registration, as well as for disease control in field.
The application of this proposed methodologies will provide mean to prolong ratooning
generation as well as effectively and sustainably phytoplasma disease control that result in
reduction of production cost, increase profit and sustainable maximizing compatibility of Thai
sugarcane industry.

Keywords: sugarcane disease, M13-tagged two step PCR, IMP, LAMP, disease severity ranking
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fwuismsnnadansedsaiineulandnsldnlussiuiesuftinsuarluseduutas sauaunmd
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dlemstunaifoundnuasdueiusdonls inelildviouiugazornfivamoransldviaseima
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fetnaie: Megsluanandosiiuanionislurm lurnnerdes uaznenzlad fdsaaldanunas
szuinvedlsn smiaRgnivinveadolufosauiazermadionimmadduiindlelndium 16
(hilduanstoya)
nsmsadauazineivinadelnlawataun :

N1313599978735 Nested-PCR wag Realtime PCR v1anui3n15ves A3snY uavay (2558)

N15M523A1875 loop-mediated isothermal amplification (LAMP) LAMP : poALUULNS

1WB39INL¥8 SCWL molecular chaperonin groEL gene 3143 3 A8 (F3: GCAATTGATGCAGGAGCT;
B3: CATTAATAACTCCATCCTTACCT; FIP: TCTTGGGCGTCTACTTTTTTAGATT-TAGTAAAAGAAGGAATTGAGTTAGC;
BIP: ATTCAAAATGTGGCTTCTGTTTCAT-ACTTTTTGCATCGCTTGG; LoopF: TCTTGGGCGTCTACTTTTTTAGATT;

LoopR : ATTCAAAATGTGGCTFCTGTITCAT)Islgjlﬁgﬂﬁlﬁﬁﬁﬁﬁlgﬂ LavaLamp DNA Master Mix (Lucigen) Tu
Y3955 24 il Usenaunie DNA 75 ng, 1X LavaLamp DNA Master Mix, 0.1X Green Fluorescent
Dye, 0.2 pM outer primer (F3, B3), 1.6 uM inner primer (FIP, BIP), 0.4 uM loop primer (Loop F
and R) Uufl 65°C/60 uni VU ASeuase1unan I .5 99 Thermostatic Color Sensor
“MyAbscope” (Kaneka Cooperation, Japan) Hauan Ao ﬂlﬂﬂﬂﬂaduumﬁl 630 nm ﬂﬂlﬁq&ﬂ’iﬂ
negative control

5% M13-tagged two-steps PCR : sonuuulnsiues M13 18 aulngiues MLOX/Y (1F:
CACATTGGGACTGAGACACGG, N1R: TACTCATCGTTTACGGCGTGGACT JUAU M13 AACAGCTATGACCATGCGAG
CAAC + N2F: GCGTGAATGACGAAGTACTTCG, N2R: TACGCACCCTTTACGCCCAAT) TuuS u1mssay 15 pl
Usznauniy DNA 75 ng, 1x PCR buffer A, 0.2 uM dNTP, 0.1u Taq DNA polymerase (Vivantis), 0.5
UM primer ﬂ"mumm'ﬁLU?{sJuLLanqmwgﬁﬁaf 1) 95°C/3 w19 2) 95°C/30 AU, 60°C/30 U9,
72°C/1.30 unil ¥e115 S8 3) 95°C/30 Tundl, 62°C/40 Funil, 72°C/1.30 urdi 91 20 S0 4)
72°C/5 wnil ag 25°C/5 wil asiananay Electrophoresis

35 IMP-PCR : 90nuuuUlni1u93 Imp (IMP-F: GGTAAAATAGCTATTATTACAT; IMP-R: ATGTTTCA

ATTGTTGCGTCTTTT) TuuSuImssau 15 pl Usznouaay 1x PCR buffer A, 0.2 uM dNTP, 0.1u Taq



DNA polymerase (Vivantis) , 0.5 uM primer ﬂ"mummsm?{ammaqqmmﬁmmnméf&ﬁ 1) 95°C/3
it 2) 95°C/30 Funfl, 55°C/40 Fundl, 72°C/1.30 Wt §1 35 50U 3) 72°C/5 Wl WAy 25°C/5 U
M31NaRIY Electrophoresis uag Realtime PCR
nsnsaviuandelnlanaraunludesfivenswusfenismzidsaiaide : 18esilldanms
wngveefen A nioBonnguiveeiuifivgassidiugueunny 3 (Kk3) luomshoud
ﬁQLmaaqmi MS i BA 2 me/L wae Citric 170 mg/L yn1sveesesal (1) veneiinuSunaadad
1 713U 10 9879 (line 1-10) iz seuu 8 Ui udaudswsasieghailunmadeliln
wanan 10 line 1-10 veneselugudl 2-7 $1uau line ag 5 41 deadunan 5 dUavisiou WUInTIa
Belulananaundia 10 line 533 50 0813 #2833 nested-PCR way Realtime PCR a1u33n15ves
AShULATAnE (2558) war IMP gene
msma%ﬂ?mmﬁ?a‘tﬂimwmauﬂué’aaﬁﬂgn‘luamwu,ilm s Andanaudoslunuaimaasdlu
mz.an. Uszanu 50 nefiflenisuazlifionnisluen aeIosneyndr Suiineanisdly iuly
pnviantelurndewmada PCR mudsnsves aismiazane (2558) fleng 3, 6 waw 9 ey
nsasravsunandelnlanaraunludesiinansennisluviaseaunnes : d1599eeanedosiil
pmslurm Sufindneaznisuaneinisluen wavennsdlu vihnseseiasegiasasunade
mewalin PCR 7M13n15ve9 FRALLaYAME (2558) Uag IMP gene
NAN1INAABILAZ AT

nmswaumaiianisnsadelnlawanauionisdunsialuaniwls:

1) wada LAMP : iumadaiiindimnaiiduedmnegldlugumgiiieiininmaia
PCR viliasosiledlddsaiignnimnn T¥nsi3esuamseldmmsuidudstennainu§izen
viliguasenuals Tiszoznalunmainfaseinng waslinandnvesujisominniis
PCR 33iinaulannnnan (Tomlinson et al., 2010) 171’54s‘]’ﬂﬁﬁgﬂmﬁ%%gﬂﬁmmﬂﬁﬂﬂ Tusiausznda
Uszanas 90-150 vmsiesaegns dnmswamnldedraunsuatslunisasavlsanatesiin sauislunns
a1 olnlananaunluivsu (Sugawara et al., 2012) Tumsisedldsiaunlindwesdmiumaiea
LAMP Tfimnzdnmdunisnsaate SCWL, SCGS uay SCGGS vossas Tnglddutimuneg erofL wui
Fnsiléfianuligandnds PCR s 1000 i annsansandelilananaulslussiuiitosndn 0.1
copy/ul (Table 1) FuflouinfunisnsIadie nested-PCR Fafvas LAMP @e iy waylyd
wauinUasuannisduidoudlolsuiuis nested-PCR MifloaniommiainnsiSouss vioindos
Un uargunsaigadieansity MWoaildlunsifinufisendios 1 92lus 19R8uefdanuuiand
tosninilesnniduluiiivssansamagenin Iddduaadamdueld Weiflsuiuisnsiduiidodl sy
L flaauuians ganindededldiai esdodiuauninnin 35 LAMP anunsoldlalagludosd
#oaUftints anuduturesdadaniinaldduindussduide Adnineglutaondelused
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ABINTINANTIINTANLALDUAUINTU
Table 1. Comparison of detection sensitivity between LAMP targeting groEL gene and nested-PCR targeting
165-23S rDNA of SCWL phytoplasma. Sugarcane infected with SCWL was used as testing DNA.

Plant DNA LAMP Nested PCR (DNA) | Nested PCR ( puC1318-700 bp) | Concentration of puC1318-700 bp
dilution DNA /L )*
700 bp | 210 bp 700 bp 210 bp (copy/ML)
° + + + + + °
10 4.09x10
& NT + + + + 9.75X10°®
10
2 + + + + + 9.75X10"
10
3 NT + + + + 8.90X10°
10
4 + + + + + 7.46X10°
10
- NT + + + + 6.22X10*
10
-6 + + + + + 1.68X10°
10
7 + + + + + 2.66X10?
10
8 + - + - + 4.11X10*
10
- NT - + - + 9.55X10°
10
10 + - + - + 1.27X10
10

NT: not tested + : positive - : negative * Copy number = (amount (ng)* 6.022x1023) / (length (bp) * 1x109* 650) .

2) wafla M13 tagged two-steps PCR : {umadiafiiantuilowiunulivesds PCR 1%
131n&1A8afUTT nested-PCR tiasuna1nsa991n 3-5 Tulivde 1-2 Yu uarandAnTI9aIA3wilean
N5l PCR igsgaien tneviliainsivanasndoUszann 150-200 vmsiofiae1931n 500-1500
uwslasog Taoanuutiedomnelanauuulnafifidmanedituy 16s-23s ONA veaidoluls
waaun wazaurUIum NS amduewuulmidivilalanandn PCR uandulunnsyi PCR s
afuiien Sinawadn PCR 2 duvta Ao 485 bp uay 262 bp WUiWLﬁuiﬁﬁﬁmmhqﬂLﬁ*a‘uwiﬁﬁ nested-
PCR Tanmafibuaitmansvesdoldsanil 0.01 copy/ul witslmidanunsalifmsueivfidons
Ieishan? 7 sefu (25x107ng/pl) @ nested-PCR annsaldfiduefiviidoasldinnnin 14 sedu
iomninslduiase PR 2 ads (Table 2)

T893 nested-PCR Aomruiliisumzveuaiosmnelianaild viliAndgminaud
Buesunuanidesu Tnoamzetsbeeeiiiinsindeddou vildulanasin wuidsludiile
Hanunsauansumisiduedmnefidaou linuiduesumuaniumisdu vlvulanaldedns
Favau fennblumsasadedmungldifieusiniudd nested-PCR usldnatlunsnsiafiiania 3
ANULILENFINTT LarTIAUTENERNIITNMSANWNGD ngiumiiensIafide s iR
wsosdioTluanaiugiu wasfesnmanaiidanuasdengsdu annsoldduislumsduamafoe

luuvasuuniuvangdiegnaldgeds 7 deg viliaunsaandnsisasddn saumsanansalelunis
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Table 2. Detection sensitivity of M13 tagged two-steps PCR against nested-PCR targeting 165-23S rDNA of
SCWL phytoplasma. Sugarcane infected with SCWL was used as testing DNA and PCR products were

visualised by agarose gel electrophoresis.

SCWL infected sugarcane Concentration of M13 tagged two- steps PCR Nested PCR
DNA serial dilution (25 SCWL 16s-23s rDNA (SCWL - DNA) (SCWL - DNA)
ng/M0 copy number * 485 bp 262 bp 700 bp 210 bp

0

10 6.45X10° + + + +
-1

10 5.68X10° + + + +
-2

10 4.66X10° + + + +
-3

10 2.31X10? + + + +
-4

10 1.05X10" - + - +
-5

10 1.44X10° - + - +
-6

10 5.80E-2 - + - +
-7

10 3.30E-1 - + - +
-8

10 5.27E-1 - - - +
-9

10 7.03E-1 - - - +
-10

10 9.77E-1 - - - +
-11

10 8.41E-1 - - - +
-12

10 8.71E-1 - - - +
-13

10 2.10E-2 - - - +
-14

10 5.10E-2 - - - +

*Estimated by real time PCR E: extrapolated value **Detected by

3) wadlAn15n298u IMP - Huasnsfiiauniudieldlumsnsiausunandesie Realtime
PCR NAWNUMIRTI98U 165235 DNA 9119 700 bp Tihidunizaeite shlmAnaufianaingsly
nsUszananaTenains Feflivosiiesgindumisiiuiade iliAnauadn saiadadym
nsimdudndeauuredl Tm 80 Tunismeassd ldwaurlndwosnsiasuiu IMP saudelln
GHGE Iﬂaﬁéﬁagaé’wﬁuwamaaﬁuﬁiuﬁ%ﬁlu (Kakizawa et al., 2009) 11vinn1sisiuIaankuulng
woslyl Wansnsansaduidelnlananain 3 vieluses 16uA SCWL, SCGS, SCGGS wassimmnUsy
guanandsniidu 262 bp Hnunzauion1snsaa3Aseieie Realtime PCR Tnsfuidvneien
Melting temperature (Tm) 7 75.76°C wardltreeniisensuldlunisdnsziusuna IMP szing 10-
10"copies/ul (Fig.2) ImamﬂLS'?J?am;"lm'wﬁym?awzsi,ﬁt’i"?%mﬁﬁ”]mmmﬂiwwmmﬂmmuﬁmgm

(Extrapolated value)
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Figure 2. Melting peak (Tm) (A) and standard curve (B) of dilution plasmid pTG19-T containing 262 bp fragment
of the IMP gene.

NAN1INIIINNYNABILATAILLILEBslngiued wudilnsiedvesdu IMP Aaunléed
auszizasadolilanataun ludesldd ieifisusulnimesanngndu 16s-23s rDNA 39
ansondtamanuianaislunisnsaamidotminedieds Realtime PCR 16 s1eauilsay
senuuInasamdu IMP veudelnlanarauluden uazasihdduiaresduiildidngsudoya
anatuddusely

N13AUANNTTUNISEUInYadlsaluanwls

USUNauionazeaIn15uaediu: 91N113819195108190087191n15IUI1ITZAURISY Lazvinnis

A52971AT W sEAUUT I T olnlanataun Sy 165-23s DNA seyalwsiues MLO-X/MLO-Y

o 1

AnLs Tm NRSINUAINI0531Y (82-83°C) wudimiegannuuasiilaiiionnisluvny uasdavnnd

a0 1

fiAegluaie 10°-10° copies/ul Tusireegsluldgianduniiennislury vsenqueinisudls uagng
A98 19N ULAANIBIN15IUY1Y HUSHNaTanuATEAU 10° copies/ul YUl (Table 3) @onndasiu

L3

T1891UV8Y AFSHY UavAne (2558) WArAINNITA1SIMIBE19BNNINNTT 1000 faee1s A1Ndeedila
& & A ! l a o v v v

PNMsnzidssiaigeluwrdgnranswnasiunianasuasdau niludesdanuazdesna lvina

aennaesny (Wilauanstaya) Faansisszaulsunandellanarauflineliiinaudeniese

NanA® (Tolerant threshold) waglunansainistuaninls

Table 3: Phytoplasma concentration in sugarcane leaf samples with different degree of disease symptom

Copy number of 700 bp of copy/ul
Sample source (leaf) Sample size In 25 ng plant DNA
Minimum Maximum
Leaf from healthy plant 290 3.58 546.33
Green leaf from plant with white leaf symptom 51 1,433.33 52,766.67
Leaf with partial white symptom 45 7,433.33 8,276,666.66
Leaf with 50% white symptom 40 9,300.00 10,176,666.67
Leaf with 100% white symptom 30 1,286.67 8,776,666.67

n1suanasiUsunandanazszaulun1saansas : 990918911209 AITAY LazAue

[y

(2562) Ansiaiasesseaulsunandalsalurniuagnisianseiniseedlsa LLaS’ijﬂVT']LfJu WAUSI89U

aa v

nasulndseavausuussveslsalusiadndnladng nieuduuziinaznisneinsallsaluwiy
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senugulnidl dudussauwsnifinsiauindussaunanisasialsalilanatauludasfngin

Juiy lums@nwinanannuindieg e eefdiuSunandelsalurniseau 102 copies/pl Snduseiv

o A

Ingeeniige Nazuantoslurnlatasmnlasuannsieionannisvindivazauiou Tuvme

'
1 )

finduiiiidoaglusedurag 1-10 copies/ul siuansornislurn usazivrsdudivionaldlugusion
sion Fednidusziuidsets daunguiiiiderionndt 1 copy/ul linuminuniidluguusnuassunds
fadunguiaende warannisAnwidieneaUiiandelselurnludesgdosnauaznisuansoinis
vodlseluanmls nuindedimafivuinagatunigludulusswiunsaiydoln Tnenumafisdy

NsyFUAUNTIseay laesuludamtiugs waslinsiuunTudnvieseauiilodngnine (Fig. 3)

100 o o W o o
"
58
. n
0
£ w
I I B m
%
0 s -
w
15
Y s
1ul 19 mather  Sep 19-2ma

Nev13-4mo  Decl3-Sma  Mar20-Sme  Jun20-1imo  Aug20-13mo
onl o ratoon 1
Plant age

blue mgreen  yellow = arange

Figure 3. Percentage of sugarcane samples with different phytoplasma concentration collected from field
in Khon Kaen Field Research Center during July 2019 to August 2020. Vertical bar represents samples
collected in different month. Color represents phytoplasma concentration and severity ranking estimated

by nested-PCR. Blue : <0.5; green: 0.5-1; yellow: 1-10; orange: 10-100 copies/pl in 25 ng plant DNA.

AauUSnandelnlananauluszAunUasiuidiugaiseglunaeinani 1 copy/pl el
Jussaviivasadedioinllveneselunlas dnluszauudasdgninluiilildinldvenesotu mseg
Tu999 1-10 copy/ul Fnagarunsaduginnudenadenandnwazlinelauudu wazanusaaiuay
lsalvlanaseuvegnedigu lumsguasiaieussidiunanisinmdalunlasuaiiug awsaldisns
M599078 LAMP 30 M13 tagged two-steps PCR Lay@11150nTIauuUTINMegioanaldaieas

r-:l' o v v ° Y oA aa ) A PN VW ' a{'
muiuzintay Ineduudtegradulunstivansunnueaianioui 10% agdudaegei 70
foe19/1s 19 (Krejcie and Morgan, 1970)

Yy A v sy =1 & A
ﬂ']'iﬂ'JUﬂlllQmﬂqwaaﬂwq‘lﬂqﬂwuﬁqﬂ?EJﬂ']iLW']ZLaENLualﬂﬂ:

lun1svenenugesUasnlsamensinzidesdatadnnuindunladnuiuniduaniainis

s

vodlsaluls wherinismmadansedse uasdmanzduuiiugfiiunsmmatewdauveeiug
slmnuasnsueaudesiilumelulanisueneiuidestasalsaildanniamedsaiode o
Ufaslafudy mniussensfugouiifideogudluliinaiigdluiy asuansoinisvadsandonriu
Tuuasdausiszazdostgn vieanauanteinsluszeydesnonniifiesunsduiifidogs Jaymiia
Mnmnnsauauaunnlunsnandestasalsa Tnsdulnnjudrnevhmsanadeifiodnidonsy

nudasiaziunldluniseeewingy lidnnsnsiafnnsesdnlunisvereiudaun wsainug
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nsAnwItaMaiinUSinantelnlanaaunludesiuenvenemenisinetds s iagaluiuniie A

a

U 1-7 Ju WU'jﬂﬁﬂ"]La?isﬂ%mmﬁaiumwamqa%mﬁaﬁmwEnaiusq'uﬁum%u (Table 4) uansly
Fuissennsfiduiinaidegafinduluusiasu

MsnsRduiTgiTedeganuiluud 1WUﬂ&jmﬁaaéwaﬁﬁﬂ‘%mmﬁaqﬁmu 1 ngu

Turnedingudunnalinude winnamudegenniuluieuynnguluiud 2 uandidiuindedng

WUSHIaATUAINNSISLRuUlaese denadesiuiatuluaniwnles nmsvenetiiayTualuy

a

Jui 3 liannisdadendiegisinsralinuielusui 2 unvens Asludmuiiaededsinadely

$uil 3 Sarshningudl 2 winmisveedinlugud 4 wuidsernsduseuildBudvunatearay
Tudugadu warlonafiagnudutasnifedanas auisjuil 7 nsaanuideldlunnngy (Table 4) 210
mﬁmiwzﬁﬂ%mml,%aiul,wiazéhaEhwzwm'wﬁmmLLUiUiauqamﬂ AUNANAINNITNTEINYAIVBY
dolwlananasnnelududesiufiniaildainane (Christensen et al, 2004) Tungusiuiifions
ulsifivsinandelussdus shlinmsanaderaanuudug slfiAanisdnsenvesiuiifnde
waziiguuauntsveeiinimasiuiuiy fadelnlananaundnmsiiauiinungluduaunis
WipivTavesivdoduiy fuiulunisiuidostasndodemanizidsaiede sududesdn
nsesdumiiugfivaonieiiensveneiusely Tnsamzedsdslunsvensluguil 2 Wiud 3 uas
ArssrianseelaiAu 4 fu uonanddmuiszrnsluiudl 5 Snswansemssuliiauysal uas

wnsu limungsenisveneiudse

Table 4. Average phytoplasma concentration in sugarcane plantlets (KK3) analysed by Realtime -PCR of
165-23S rDNA in 1st to 7th subcultures.

Group#/subculture 1* 2% 3% 4 5% 6* T*
#UT1 0.0 0.3 0.3 0.0 139.8 507.0 1.0
#UT2 0.0 540.0 0.0 0.0 1.3 415.7 26.4
#UT3 0.0 0.0 0.2 0.0 5.1 828.2 3281.0
#UT4 0.0 249.2 0.2 a7.0 0.0 0.0 11237.5
#UTS 0.0 310.0 0.0 30.2 20.8 514.9 367.0
#UT6 0.0 9652.1 0.0 142.6 59.1 279.0 72.9
#UTT 0.0 1378.3 22.1 627.8 95.1 2004.5 5.4
#UT8 1194.0 121233 0.3 248.1 33 457.5 1044.4
#UT9 0.0 7040.0 0.0 5454 7.7 183.3 2259.4
#UT10 0.0 27365.7 36.4 1377.7 1.1 283.5 11.7

average 119.4 5865.9 5.9 301.9 33.3 547.4 1830.7
SD 358.2 8347.7 12.1 419.9 46.4 529.5 3314.6
v 300 142 203 139 139 97 181

* (copies/pl in 25 ng plant DNA)
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agUNaN1INAaDY

Tussnuildiaunisnisinllunisnsmadansestse daeulangnrsldausislusedy
wosUfuRnsuazszduLUas Usenauseds LAMP Midunisnsiauuusainid TeTesdediuiues
ansonragualddenian lunsdldivesufiins Usinudormaniingaald issdu 0.1
copy/pl Mansiadszana 1 -2 Falus Samunedmsunsasiafansedduseiuulas uslduugih
Tldlunsdansenfionsimnzidsuioide esinaulienaliifisuviias nested-PCR 35 M13
tagged two-step PCR LﬂuﬂWiﬁmuwsﬁuﬁm%’umﬂ%’mﬂwmaﬁﬁﬁawﬁﬁ’amiﬁm%ﬂmLaqaﬁugm
el elalndiAeafuld nested-PCR anunsauiymnsnasuniudiinanmsdudeudesuly
feeneiiy uazufAerauluadafien Tu 1 fu 1¥Yagduiudosanasedmiawesis nested-PCR
ausimzaadelilamanauludos vinlwsuwadiendn Ymatemaniingald fsedu 0.01
copy/ul Fldansaldnsaiiemsnzideaiiede Tneainits 2 35nsiaiaqldaelunisnsaed
Uszanad 120-200 uinsieiiegns 91nAlavesdsnig ilvamisn saufegslunsnialdiile
Usgnidinanlding nsmudegshinmiu 5 desndentamsru 1 afa ilelidinadifiduedialu
USunaiiimsanmnsonreduld desnniuinsillduiisenadaien Tnssuinveandusesnadild
pratutuszduadetuiidenis senuiifunenuusniifnstauindwesuoulvives
g afisiinanuulmififieuin nested-PCR ¢ wisenda waiugh wagmndaninsing Snit
gelawmundanslmilumsnsausinadellnwanaundie qPCR wasdusenuusniidnisnsadu
B Imp vesdelnlananauludos lnedduvavestuasindsufinlugrudoyaana  uaganns
dradegannsonsanusedulTnadellananauludededoslidmaidomodonanan
warl#iuen Tolerance threshold dwiSumsmuauMILIEIFUIALUUTISEUY uananiudadadu
enuuInfiansnivuassduaugueslsadssnndelilanaravuiugiuresimande
melusdiu sauansadmusnasiseAuUinaderiientsdnnsedlussiuutasuiug uasulasgn
suluaaiinislunsmuauauninmssdndostas adolnlanarau meluladfiwamtudannsn
inlllunsmuauamuamnsiaarieuiudaroraluuUasuaiiug ndinstunsdeuduneiusdos
wardmiulssnuhmaildlunisdanseutauiiusannguinunsnaiaietne siuvisdtnaudos
waztnnanse wasnhenuduiiieadedumsiamuaniunisaiiagmusumaungszunnvesise
Houssiluuvasgndduessane Fragvilfausuussvedsranadllfesnsdaiias annsold
poldnnnin 2-3 luumasiifinissyuiaguuss mlddunumskdnvoanunsnsanasliogsdsdu

nsunlUIgUsele v

AN LWBLWT NaI1U 691l : (1) Thailand Research Expo : Symposium 2020 naludawnos tu
NUUVNTTUNWITBUNINA 2563, NN, (2) UUTEINIVINTUINNIF The International Sugar and

Sugarcane Conference Ju#l 31 NSNYIAN - 2 FwnAN 2562 i Lausy Aans1Hl wiven vays (3) “lu
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uUsAu “Second International Workshop on Network development and Information Sharing
for the Management of Sugarcane White Leaf Disease in Asia” sewiatudi 19-20 NUANUS W.a.
2561 a4 UNNINEIdevOULAY TenTavauLAy Aausene (@) Tulusaisununeas 37 49 atu
Wisfia 1 2564 i 43 (1-2) way i 146 (1-3) 33a5adansedtse waruusenuaa Taldlunns

n529LsAtuvt U o8lulAsInN1s3IT8T 2559-2564 wazlasanisvegnus eesUasnlsaluv1ivaie
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1%

Tasans wae wndanisesralsadiianuntu fmsdevesliidmiilssnuhmainuasine sy
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mainwas Tnidenndnanudesuaziima NIENTQAFMNTTYU 1 4 1

ANYAUAN

ya o

HIT8veveUANAUvENENUS YN 10 9A57T YaInTuANaTUNTINYASTILDBL oAU D8N

v [ '
N =]

mMsineaaied elunisasiad olnlananaun VOUBUAM A.EN VYUV haw ¥ Adeulo
Fetsseiioldlunisnaass
LONE1591984
neuResh Ineaiady sy Ruusued annigen dund A3t anuiidng Tunun sy
/3 qua vina  vinBan Auaeyide ey \nwa yaou. 2553, msdansaunasigesivLile
fupunumuessesiifidelsaluriluanniany Susendoanie. wih 302-304. Tu s1891u
HaIdeAudITeiylsveuunu Useanl 2553, audideivlsveunnuanduidevls

a

fqua vina. 2555. M3Tanistsalurndes. nasusenaun1sineusy welulagnisnaniieLiy

9

Usgdngamnsnandes. i lsawsudumnsmounududumesvounnu o.ilos 9. vaunnumt
319-369.
a 3 s 1 v 14 v 14 o w

WSVNE WAL, 2542, N133AN13L3AtUIIVEITRY. 1ATaN5IANIstsAluYITeedRl drlineu
newuatuayunTIdy deineimaniiazinalulagiven1sudnuasnisusnis. veuwnuiam
W90 YouwAY. 228 wi.

EW1 VYUV ITIUAT QNTAUT wag AU yane. 2548, MIasiadeuidelilanatauiame
Lsalurmdeglumdsindukaznisangvenlsalagmailania@iluana. 115815398 1. 10(1);

13-21.

aa v L3 aa v

Tunun 1BAR3INA ouge WAs A3Sel WauaudR 01 ARTYIEATY aeu edvued
L= (% L3 IS [ d‘
wuns g s3sused el 2564. N13IANTEMEIMNSHTEARAINTULTILTALlUY.

FIYUAMUNNINLN TASINITIFULAZWAIUINSUBIAUNTRLSALUYNDB8USEANT 2563,

o

annvuddenals nsuAVINSNERS.

A3 anuiedsna 590l el vinBan Aumesidy gl ASAWITYE Wiyanws Useus

9 9

v a

Uszlassdnd uag nouliesh luaralasey. 2558%. saviakaziladelsalurniveswssiey

<9



15

wATARTe1S. NeUITUARUNTLIINSIAEAT UszaT 2557, ASHAYINISINEAT NILNTI
INuRTLAZANNTAL WU 69-89.

mi¥nl anuisding 599 whind ol f3Aei Juzan Sswnafiavd. 2555, Auviannvane
yaiugnssuvendelilanananiinelsaludosuasnagiunssiiavosssmelng ndriuiond
Tolnsusion 165-235 rRNA intergenic spacer region. 7. wAinens 37 40 atufivay 3 Wi
231-240.

(% L3 (Y L3

ATRY @nusadsna Isnsal uaslad uar SussTr Ainedanl. 2562, N1SANYINAYRIUTU IS

o

LaraN1IEWIAGNADNITULAAI®INTSTUYI. TI8URANIITEEUER Usednd 2562, @nn

Ly [y

U39y
ﬁGUIiILLﬁSWGUVIQLLWUWéJN’WU. NTUIBINTITLNEAST.

Bertaccini A, B. Duduk, S. Paltrinieri, and N. Contaldo. 2014. Phytoplasmas and phytoplasma

diseases: a severe threat to agriculture. Am J Plant Sci. 5:1763-1788.
Christensen NM, Nicolaisen M, Hansen M, Schulz A (2004). "Distribution of phytoplasmas in
infected plants as revealed by real time PCR and bioimaging". Molecular Plant-Microbe
Interactions. 17 (11): 1175-1184. doi:10.1094/MPMI.2004.17.11.1175. PMID 15553243
Kakizawa, S., Oshima, K., Ishii, Y., Hoshi, A., Maejima, K., Jung, H.Y., Yamaji, Y., S. Namba.
2009. Cloning of immunodominant membrane protein genes of phytoplasmas and their
in planta expression. FEMS Microbiology Lett; 293

Khumla, N., Sakuanrungsirikul, S., Punpee, P., Haman, T., Chaisan, T., Soulard, L and Songsri,
P. 2021. Sugarcane Breeding, Germplasm Development and Supporting Genetics

Research in Thailand. Sugar Tech. https://doi.org/10.1007/s12355-021-00996-2

Krejcie, R. V. & Morgan, D. W. (1970). Determining sample sizes for research activities.
Educational and Psychological Measurement. 30, 607-610.

Sakuanrungsirikul, S. 2019. Sugarcane White Leaf Disease and the Sustainable Disease
Management. Paper presented at the 4th Meeting of ASEAN Sugar Alliance. 17-18 June
2019. Ho Chi Minh City, Vietnam.

Sakuanrungsirikul, S., Wongwarat, T., Sankot, S., Kawabe, K., Kobori, Y. and Ando, S. 2013.
Sugarcane white leaf and sugarcane grassy shoot diseases in Thailand and the detection
methods. Proc. Int. Soc. Sugar Cane Technol., 28, 2013.

Sugawara, K., M. Himeno, T. Keima, Y. Kitazawa, K. Maejima, K. Oshima, and S. Namba. 2012.
Rapid and reliable detection of phytoplasma by loop-mediated isothermal amplification
targeting a housekeeping gene. J Gen Plant Pathol. 78:389-397

Tomlinson, J.A., M.J. Dickinson, and N. Boonham. 2010. Detection of Botrytiscinerea by

loop-mediated isothermal amplification. Lett. Appl. Microbiol. 51, 650-657.


https://doi.org/10.1007/s12355-021-00996-2

