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ABSTRACT

Two sugarcane white leaf phytoplasma detection methods were developed in this research for
improving sugarcane white leaf disease diagnosis. The techniques are including (1) real time PCR
quantification of phytoplasma targeting secretory membrane protein A ( sec4 ) and 16S rDNA genes, and
(2) reverse transcription real time PCR targeting secA gene. The absolute quantification of phytoplasma
concentration employed standard curve with known secA gene copy for evaluation while relative
quantification employed plant /8S ¥RNA as reference gene. Result showed that both techniques gave rise
similar phytoplasma concentrations. The detection of /165 rDNA of the 700 bp DNA fragment revealed
PCR efficiency in the range of 10*t0 10’ copy/ul and 275 bp of secA gene were in the range of 10° to
10" copy/ul. Expression of the phytoplasma secA gene was noticeable in leaf with white symptom.
Differential expression levels of sec4 gene were found in relation to symptom severity and leaf order.
Some plant genes including Sucrose synthase (SuSy), Alcohol dehydrogenase 1 (Adhl) and Callose
synthase (CaSy) were up-regulated in leaf of sugarcane with white leaf symptom. It was found that the
expression of Adhl and CaSy were not affected by drought stress caused by heat and water deficit. The
quantitation of Adh I and CaSy by quantitative Realtime PCR revealed Adh I expression level at 7.5, 5.4
and 1.5 times higher than that of the reference gene (Actin) in leaf with fully white, partial white and green
color respectively. While those of CaSy revealed low differences among each other i.e., 0.56, 0.47 and

0.43 times in leaves with the same order symptoms respectively.
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Figure 1. Amplification product of serial dilution of sugarcane white leaf phytoplasma DNA of 10'-1
copy/ul with semi-quantitative PCR using (A) 700 bp fragment of 16S-23S rDNA and (B) 275 bp

fragment of secA gene as templates.
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Figure 2. Melting peak profile of 700 bp product amplified by primer set : MLO-X/Y, 210 bp product
amplified by P1/P2 primer set and 2 7 5 bp product amplified by secA primer using Realtime PCR
(LightCycler480).
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Table 1. Sugarcane white leaf phytoplasma estimation by absolute quantification and relative

quantification using secA as target gene and plant 18s rDNA as reference gene.

Detection method

Leaf symptom Absolute quantification Relative quantification
(copies/25 ng plant DNA) (copies/25 ng plant DNA)
10° copies/25 ng plant DNA - 100
Fully white* 1.54x10°- 7.91 x10° 1.83x10- 8.75 x10°
Partial white* 1.2x10” - 1.74x10" 1.77x10” - 1.74x10"
Green* No detected 20-30

*3 leaves samples collected from different hill and planting locations.
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Figure 3. secA genes and theirs expression detected as cDNA in asymptomatic sugarcane (A), leaf 1, 2,
3 from top (G1-3) and 3 sugarcane stalks with white leaf symptom (1-3) expressed full white leaf (WL),
partial white (WG) and green (G) in order from shoot. Neg : negative control with water to replace DNA;

MW: molecular marker
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Figure 4. Gene expression in leaves of sugarcane var. KK3 of 1 month old. TPI: Topoisomerase (control
gene), SuSy : Sucrose synthase, Inv : Invertase, Adhl : Alcohol dehydrogenase 1, Lox : Lipoxygenase,

Healthy : sugarcane propagated by tissue culture. White leaf : sugarcane with white leaf symptom.
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Figure 5. Expression of genes in 5 months old sugarcane with top white leaf. Different level of
white leaf symptom severity express from top (1-fully white) to bottom (6-green) leaves (A). Expression
of genes Lox : Lipoxygenase, SuSy : Sucrose synthase, Adhl : Alcohol dehydrogenase I, TPI:

Topoisomerase (control), Inv : Invertase, and CaSy: Callose Synthase were detected in leaves order 1-6

(B)

=) a 9 v J U A A (=}
1INATINNTUAAIONVOITU 5 ¥iia Tudoeiuguounnu 3 01g 1-2 1@y N lulionsluvn
a A X v oy v v a a o
vazllSuansedidlsanizudslugaivaumsnigan Ia (39 °C; 20,000 LUX; 55% RH; 14:10
Light/dark) 122141 4 T4 LAZATIVIANAHEINITNATOUNUN WUNITUETAIBONVOITY Callose
synthase (CaSy), AdhI Wazdun A TPI TUiAnA NAUTEHINGANAADIAIIANIAZEANATOD (NN
= ~ E = Y o Y v '
6) LATINTUAAIDONVDITU Lox FUUTANU Fea519NU I lumsnado 2 TuAre Uiy dIU Susy

namsnaaed lusau

=

[ g}/ tﬂ' = = % ] 9 dld a &' P
ﬂ\‘]ﬂﬂlu@lﬂ%81]W]fnJﬂ1illﬁﬂ\1@@ﬂsll@\‘]ﬂuiu%3@8’]\1f]f]f.WnJfniﬁﬂl%@hlwiﬂwa'lﬁll']llag@@ﬂ
= A (A A b ' ' = Y] = =
"lZJaJEJ”Iﬂ”I’iLlazﬂJ‘]JSZJ”Iml“H’EJWI Llﬁ@giﬂﬁﬂ”l’)%lﬂiﬂﬂi]”lﬂllﬁﬁ NUINYU SuSy, CaSy way Adhl Ung
a A X2 A 9y o = o Y oA = v
UFEANDONUDIIUNIWIUY LiJE]’é)E]EJiJmmiGI,‘UGUn liﬁﬂUlﬂEnJﬂuaﬂEJﬂﬂgcluﬁﬂ']’ngﬂﬁUﬂ%’]ﬂﬁﬂ’]WU;a\‘]

v ¥

' 2 A X
ﬁﬂuﬂiillﬁﬂﬁﬂﬂﬂﬂlﬂﬁu Lox uuﬁmﬁmwmu”lﬂmﬁmamaz

MIANBITEAUMIUEAIDBNVDIEUAY quantitative Realtime PCR UDI8U Adh I, 11z CaSy
Tae158ud1989 Acrin WUNOU Adh T Imsuaatoonludisgeao1nisluvd luv@en vag luden

Tuseaudseuna 7.5, 5.4 Uag 1.5 1M1YBITUDINBINUAIAY dIUTU CaSy IMILAAIDDANLANAIAU



I Y 1 o ] = = o 1

mﬂuf}ﬂiZﬁDNﬂ’J@ﬂNfﬂﬂTﬂ‘]JGlln Gl‘iJ*UTJL*UEJ’J uag GlfiJ!‘llEJ’J Glu’i%ﬂ‘uﬂi%i]1m 0.56, 0.47 L1 0.43 IN
9

‘U’EN?J‘I!%’N’EN@]'I?Jﬁ'lmJ ﬂi‘u‘uﬁ]ﬁi&lﬂi}ﬂﬁ@i’Ji]’JﬂﬂﬁLLﬁﬂQ’E]’E]ﬂ‘U’EN?JH Adh1 i’JiJﬂ‘iJﬂ'liL!,ﬁﬂQ’E]E]ﬂ"UﬁN?lu

an [ a dy g 9
secA Gluﬂ'liﬁuﬁ]ﬂﬂﬂﬁ@lm‘]fﬂu"lﬂ

Sus'
y B
500 bp ey
Lox
500 bp LOX
CaSy
500 bp CALL
500 bp Adhl
500 bp
TPI

Figure 6. Gene expressions in leaves of 10 (1-10) asymptomatic 1-2 month old sugarcane var. KK3.
Cultivated in sand experimenting in two conditions. (A) Non treatment set (Control): Irrigation according
to soil moisture. (B) Drought tests in growth chamber programmed with growing condition (39OC;
20,000 LUX; 55% RH; 14:10 Light/dark, non irrigation) for 4 days. SuSy : Sucrose synthase, Lox :
Lipoxygenase, CaSy: Callose Synthase, Adhl : Alcohol dehydrogenase I, TPI: Topoisomerase TG
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