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ABSTRACT

Shoot apical meristem culture of sugarcane was believed to provide the best material for disease
free tissue propagation based on its undifferentiated tissue stage. Practically however, sugarcane white
leaf phytoplasma was still detectable in the tissue despites employing this approach. A new method to
eliminate phytoplasma in plant tissue is needed for mass propagation of phytoplasma free sugarcane that

was found to reduce severity of sugarcane white leaf disease eruption.

Experiment on the elimination of phytoplasma in sugarcane tissue using antibiotics processing
different modes of actions, including protein synthesis inhibition ; i.e., Tetracycline, Macrolodes, cell wall
and cell membrane synthesis inhibition; i.e., B —lactam, Cephalosporin, Quinolone, folate synthesis
inhibition that affect amino acid synthesis, i.e., Sulfonamide, Trimethoprim, DNA synthesis inhibition,
i.e., Quinolone, Bactericidal compounds, i.e., biocide and plant natural extract, altogether 17 types were
investigated with varied antibiotic concentrations and exposure times. It was found that each compound
revealed different affectivity to plant tissues. Some compounds affected plant growth while some
resulted in tissue necrosis after 3 days exposures. The detection of phytoplasma concentration in leaf

tissues after 12 days exposures, targeting 16S-23S rDNA and secA genes in phytoplasma showed



detectable phytoplasma DNA bandings with reduction banding intensity in some treatments. Amoxicilin
and Tetracyclin at 2 5 0 miiligram showed no change in phytoplasma concentration but reduction was
noticeable at 500 milligram. Clarithomycin, Azithomycin and Ofloxacin showed no affectivity on

phytoplasma concentration.

Investigation on the efficiency of cryotherapy on the elimination of phytoplasma in plant tissue
showed 18-26 % callus viability employing encapsulation-vitrification approach excluded the addition of
glycerol and DMSO.  Encapsulation-dehydration, on the other hand, showed 80% callus viability.
However, cryo-treated calli were not germinate-able into plantlet. =~ White leaf phytoplasma were
detectable in calli cultured from shoot tip of sugarcane with white leaf symptom. Sequencing of the PCR
product obtained from this detection revealed complete similarity to sugarcane white leaf phytoplasma
(SCWL) in the database. Investigation of phytoplasma in cryo-treated calli by PCR methods indicated

possibility of this technique in the reduction of phytoplasma in plant tissues.
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Key chemical components (%w/v)
PVS
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Table 2. Details of antibiotics used in elimination of phytoplasma in sugarcane tissues.

Active components

Commercial names

Active groups

Modes of action
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Oxytetracycline Oxycline soluble blocking of bacterial ribosome 30s
subunit .
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Penicillin Penicillin V 500,000 I.U. B-lactam Bacterial cell wall synthesis
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Ciprofloxacin Microflox-500 Quinolone DNA gyrase and topoisomerase [V

Ofloxacin Oflocee 200 Quinolone inhibitors.

Levofloxacin Olfovel-500 Quinolone

Sulfamethoxazole+ | Plocanmad-M600 Sulfonamide | Bacterial cell membrane and cell

Trimethoprim wall synthesis inhibitor.
Dihydropteroate synthase inhibitor
reduce cell growth.

Plasmocin Plasmocin Treatment Macrolid+ Protein synthesis inhibitors via
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Figure 1. Sugarcane white leaf phytoplasma concentration in leaf of sugarcane platelets cultivated in 250
and 500 milligram of various antibiotics supplemented in MS medium for 12 days exposure. Phytoplasma
was estimated by (A) Nested-PCR targeted 16S-23S rDNA gene. Detectable DNA fragment at 700 bp
indicates high phytoplasma concentration (10> copies/ ul 25 ng plant DNA and over). (B) Direct PCR
targeted partial secA gene. Observable DNA banding at 275 bp indicates phytoplasma concentration at
10° copies/ pl 25 ng plant DNA and over. Tested antibiotics were Ofloxacin, Tetracycline,
Amoxicillin+Clavulanic acid, Amoxicilin and Pennicilin. Control: No antibiotic supplement. + : white

leaf
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Figure 2. Sugarcane calli in artificial seeds made from 2% sodium-alginate with different sterilizing

temperatures. (A) 121°C 20 min. (B) and (C) 110°C 15 min.
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Figure 3. Viability of sugarcane cryo-treated calli via encapsulation-vitrification, cultivated in callus
induction medium after 1 week. C: control callus. 1, 2 and 3 : cryo-treated calli via vitrification

using PVS1, PVS2 and PVS3 respectively. Arrow : survived calli.
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Figure 4. Cryo-treated calli via encapsulation-dehydration after 1 week cultured in callus induction

medium. C : control, E-D : cryo-treated calli. Arrow: survived calli.



Figure 5. Cryo-treated calli via encapsulation-dehydration using 3% sodium-alginate after 1 week
cultured in cullus induction medium. Calli were pre- cultured in 0.75 M sucrose supplemented
MS medium for 2-3 days before cryo-treatment. C: control calli. E-D: cryo-treated calli. 1-4:

repeating plates.
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Figure 6. Calli of sugarcane var. KK3 and phytoplasma detection using nested- PCR targeting 16S-23S
rDNA gene. Callus 1 and Callus 2 : KK3 calli repeated test samples. White leaf : positive

control. (-) : negative control.

% Biotdit Sequence Alignment Edito v Lo iy
[ File Edit view Zoom Horizontal Scale Accesory Application RNA Window  Help
(==}
P asicy CAUsers\ TRINSR. Lo 2e5D150.744\210bp-t: 65-P2_010.ab1 = |
UL o ecled none | 33mple: 210bp-tisvse-165-P2 [Fila: C-Usecs TRINSR~ 1 AppData Local 74531 D103
20 30 40 50 ) 70 0 %0 100 110 120
GTGTOCTCT ACCAACT G AGCTATAGGCCCAT TTTCTTTTCCT TAAAAAAGAAAAACT TATAAGAACTAAGTCT T TCAAAACT GAAGAT GAATAT T TAAAAAATTATTT

I

i s wamminy

’i g oo i A ARARAARAMAR Ananarn < sanana
rbeleloatonx Vi VAWM

\
KE] -

My NCBI L

[Sign In] [Reqister]

o 4 ” i > '-r
Select: All None Selected:1
i Alignments EDownload v GenBank Graphics Distance tree of result o

Max  Total Query
Description La c’ 2, ‘Eﬂ Ident  Accession
I ¥ Sugarcane white leaf phytoplasma genes for 16S rRNA IRNA-lle 23S rRNA partial and complete sequence 295 295 94% fe-76 99% ABS4S2711

se 295 295 94% 1e-76 99% H( 9.1
Al 291 291 % fe75
291 291 W% te75
289 289 93% de75
288 288 % fe-ld
288 288 94% fe74
288 288 % fe-ld
288 288 % feld
em 288 288 4% feT4
288 94% fe-T4
288 94% teT4

oplasma strain ¢ fial sequence: 16 nfel RNAIE 288 94% feTd4

H @ ] o v A 4 Qy Y] v
Al 7udasdieds Insinlaunsuvesdiauiiong lo Induesduduuuia 210 bpanunadadosiug

o v A = I J < J = [ .
KK3 uazaauiiing le lnainlessudanumion 99% nu Sugarcane white leaf phytoplasma

genes 1ioblast Tugudoya NCBI

() [ 2 4" 9 Y A dy A
ﬁ1ﬁiUWﬁﬂ'lﬁﬁi')i]ﬁ'ITJ5111&!L%@quﬂWGWﬁNWﬂl@\‘]ﬁu@@ﬂﬂlWWzLaﬂﬂiu@’lWWﬁﬂﬁWﬁ PPM
3 @ a 1
ﬂ’J'l?JL"{IjﬂJ"IQJ}u 10 ul/ml Wuran 5,700 14 U ﬁ)’JﬂLVIﬂ‘L!ﬂ nested-PCR NUNYANIUANTINITOATIINDY

X = A Y < o A
Lclfflvl,wI@ﬁWﬁ’lﬁjJ’l“]f\TWUllﬂU"Uu'lﬂ 700 Lag 210 bptl® treat A8 PPM Wuan 5 AU WULDY 700 Lag



9 [

o ] { I @ R
210 bp 11142&5]’3681\1°ﬁﬁﬂ]eﬂ HIMIUNIT treat ?%}Dﬂ PPM 11u17a1 7 uag 14 74 WUNHIIZEINIT0an
2 f 4 ' { ¥ A ) <
Ysnaude Tl Tasnanaun 1@ iHeannnnummizauna 210 bp (MWH 8) HenAlte e VAB LD

a 4 =S 4 ' o o A = A Yy A [
YUIR 210 bp"lﬂazﬂﬁwmﬂuumaie"lm WmmmuumaTa"lmmiaﬁmeu"lﬂummmuauﬂu

“Sugarcane white leaf phytoplasma genes” 84 99% (217 9) I¥URINURATIINY IULAad

Marker
Control
White leat

5 Days 7 Days 14 Days (=)

1000bp
500bp bp

200bp|

bp

a X P a Yy Y o ¢ 2 2
M $udaIn1sns1doude I lanarau1A10maiin nested- PCR 9INAUBDIWUE KK3 Mw1ziaeq
1 I 1Y) v W 1
TuoM1sNa1s PPM ANUAUIY 10 ul/ml (lunan 5, 7 uag 14 JunfSeunieunuaiodsdos

{ <
luv129ilu positive control (white leaf)

D —————— I ————
Fie €68 view Zoom _HormontalScoe  Accesory Apphcation RNA_ Window_Help
20D
2B < otast == Eon
N 6 ctod none | Smple: 16511 [Fila: C- Users TRINSR~1 AppData Local Temp Rar$D120,080165-1-P1_AO1 3b1
o 5 P 0 w % 100 1o 120 130 120
TAAATAT TCAT C T TCAG T T TTGAAAGACT TAGT TCT TATAAGT T T TTCTT TTTTAAGGAAAAGAAAATGGGCCTATAGCTCAGTTGGTTAGAGCACACGCCTG ATAA

/\,!\,"‘«,'w.w My ‘/\I\/\/\f\e","n‘w" AanA m“‘.ﬂf\f‘ “"9““/\,“\"/\/’\"“/\",“/'\/,\/\/\':J\‘f‘”‘""‘ij

Select: All None Selected:1

1 Alignments BDownload v GenBank Graphics Distance tree of resylt

Max Total Query E

306 score cover value

iplete sequence 295 295 94% 1e-76 99%
¢ 295 295 4% 1e76 99%

291 291 94% te-75 99%
291 291 94% 1e-75 99%
289 289 93% de75 99%
288 288 94% te-T4 99%
288 4% fe-74 99%
288 288 94% fe-T4 99%
288 288 94% fe-74 99%
88 288 % feT4 99%
r 288 288 %% fe-7d 99%

¢ 288 288 94% te-74 99%
iadle 288 288 94% 1e-T4 99%

Description Ident  Accession

85 for 188 RN

¥ Sugarcane whil e, 23S rRNA partia

Figure 9. Nucleotide sequences chromatogram of 210 bp DNA fragment of partial 16S-23S rDNA gene
of phytoplasma detected in culture of sugarcane var. KK3 and sequence alignment to Sugarcane

white leaf phytoplasma genes in NCBI database showing 99% similarity.



A A A R 1 s Y ad .
8.1.2.4.2. ﬂ‘lﬁﬂi')%ﬂfﬂ‘l%ﬁﬂWﬁnf;ﬁJTinﬂ!uf’)!ﬂ@!!ﬂﬁﬁﬁ'ﬂﬂ1uﬂ‘lﬁ!!‘]ﬂ!’ﬂﬂﬂ?ﬂ')ﬁ encapsulation-

vitrification #48% encapsulation-dehydration

= Aa a o o &l &l A o A L=

%TﬂﬂTiﬁﬂ‘]sﬂ’IJﬁzﬁVI‘ﬁﬂ'IWﬂTﬁﬂ?ﬂﬂlslf@ll“vnﬁﬁwaTﬁﬂJ'I%TﬂLufJLEJ@LLﬂaaﬁVINTuﬂ'IﬁLLGIfLLGINﬂﬂfJ
¥
1% encapsulation-vitrificationtl@& encapsulation-dehydration uarnasae vl uau¥edlomailn
1 g/} as A Y d‘ o w Ay 9 d‘ g d' j’ d‘
nested-PCR W‘lJ’J'WNﬁfN'J‘ﬁﬂJL!u'JI“L!N“I/Iﬁ'HJTﬁE]‘D'IﬂﬂL‘I)’@Vlﬂ (MWN 10 ¥IN 1) Tagd 150N T N ULTON
v Y o o X o Y o g Ay v

Y119 210 bplunpadadoenug KK3 (KK3 control) ua linuiie ludied1edosriug KK3 71 ldenns

dy dy A A 1 dy o A [~ as .
L‘W1$LﬁfNLLl@Lﬂ@1/]PH"LJﬂ'li@]i’)i]ﬁ’ﬁ]ll’J'lﬂﬁ’i]@lf]f@uﬁguﬂﬁﬁﬁ‘ﬂW'I‘L!ﬂ15LL‘HLL"lJQﬂ')fl’)“ﬁencapsulatlon-

.. . . . 1A [} <3 g}/ A 1
vitrification!@ encapsulation-dehydration 128 A1A3135A1TUFUVINT 2 3T TIduna1w150an

9
15ause 1 Tawarau'ld

A 1 o 1

' < & A, X v a a
@ﬂ’l\illiﬂ@'liﬂﬂu mmmm’mmwnmim’m’da‘uL“]fﬁ)”lﬂimwmﬁmmmﬂﬂuﬂ nested-PCR 90

]
o A

sol 1 aad 1 ~ ~ =< a dy
3 1 wuMsUTInQuauAD ULLIA 210 bp lAsh (MW 9 F17 2-4) FeorwnanntFinanse T la
A o ' 9 =2 o 9 ' A o 2 A ]
swanauni ludregralesun 3 linamsastaaen lunen auiumamuszeznal lunsurua
I 1 1 o w ¥ 3
TuluTasauain 12 Wi 1l 15, 20 tag 30 WIN Aauzasamsade T Taswarauldaau

1 [l < 1 v A [~ ax o 1 9 9 ] ) ya 9 Y A
LL@'I?JfJN"lifWHJJWTJ’J”ILLﬂﬁﬁﬁVIW”I‘L!ﬂ”lill“lﬂlﬂl\‘iﬂ’)ﬂ’)‘ﬁﬂ\iﬂﬁ”I’JGIJN@'IH lliJﬁnJ”liﬂﬁb'ﬂuleLﬂﬂ@]ullﬂ V1))

~ @ @ { [N T3
W]fJ'UﬂUL!ﬂaaﬁﬁhlilW'IUﬂ'ﬁlﬁﬂlelN

White leaf

KK3 (G)
KK3 control
KK3 control

1) 3000bp

1000bp

700 bp
210 bp

500bp

200bp

KK3 control
KK3 control
White leaf

Marker
KK3 (G)

2)

3000bp

1000bp

700 bp

500bp

200bp 210 bp



KK3 control

g
=<
)
<

PVS1
PVS2
PVS3
White leaf

3)
3000bp
1000bp 700 bp
e : EEE L 210 bp
200bp
g £ :
4)
A< 700 bp
" Y 210bp

Figure 10. Sugarcane white leaf phytoplasma detection in KK3 calli using nested- PCR. KK3 (G) : leaf
of no phytoplasma detectable KK3 plantlet propagated by tissue culture. KK3 control : KK3
calli. E-D : KK3 calli derived fromcryo-treated via encapsulation-dehydration. PVS1, PVS2,

PVS3 : KK3 calli derived from encapsulation-vitrification. positive control : white leaf.
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Figure 11. Cryo-treated callus pre-treatment with various manitol concentration. Calli were pretreated
with (A) 0% manitol and (B) 3% manitol before 1 hour cryo-treatment, then subjected in shoot induction

medium. T : cryo-treated calli. C: control with no cryo-treatment.
v
9. agﬂwamﬁﬂﬂamuazmmaummz

o w dy ) an J g’; 9 [ a A 1 dy
ﬂTiﬂﬁ]ﬂlslfﬂulWIWQTﬁiﬂﬂ38811J§]%’JH$@N“] iﬂil‘ﬂﬂﬂﬁclfb'ﬁﬁﬁﬂﬂ‘ﬁiiwmﬁ NIDATITNUYD
Aa 1 1 &J 9 1 ] 1 dy Y 1 g a o Y Y kY J
FUAN N W“]J'NEI@‘]J%?J'IQ!W@EI\?VI,@ um"luamwawwa”l@ ’?ﬂilﬂEI'IH‘]JNGBU@WHSLWG’OEJGHEJ@YJEJ aIUu
v 2 A A v 9 < A S ] Yy v 2 2 = ' 1 AxAa
NITHBHUUAUBDIYDDBIAIYANTUIYUIIYIAUUNDITNITHNAIYNAAUNINUAADITNUINADAITUNFIAVD
dy A o [~ 1 dy A A ] o [~} Y dal
IUBIRIDANNTILTLUN L!ﬁ$W’]J’NL’LA’E]L?J@VNﬂﬂiﬂhﬂﬁ\iﬂﬁuﬂﬂﬂldlmﬂl Mﬁh?ﬂllﬂfﬂquﬁWﬁWﬁNWﬁ@ﬁd
J 9 A A @ 9 1 o w = v A A A 13 Y 1
ADUUVNUIN Llli’)WlfJ‘Uﬂ‘]JﬂﬁslslfﬁﬁGIN“] Gl,uﬂﬁﬂ?%ﬂ Lmuﬂi‘lfl’ﬂ’ﬂlumﬂﬂﬂNWUﬂWiLLGD'LHNLLﬁ’JUl‘JJﬁﬁJﬁ

Fohlduduld
10. msihwaanOseliN s e

4

10.1 wWonnsYoyadremsussere lumsineusuiindanms aaw. 3 Goamsiamulaiug

Q

Y o A =
VYDA IUN 11 UUIAY 2558

102 IHBUNITOYAAIINTVIT08 TUMTHNOUTNINIMIMIUAZINEATNT HANGAT NMTIY
Uszantmwmsnandoelssau $1uaU 2 Ju seueTud o-11 lguieu 2558 Nguditoiy

Y

YOULAY LAz TUT 23-25 AQUIBU 2558 NFUIIVBUALHAUINMIINEATINTTULYS

[
A

19 Y 4 9 Y Y v 1
10.3 weuwsvoyaalemsudad llamasanuisedlsaluvnluees Inunmnuasanunag

' A A I o J =
a9 NugauiguddIteiy lsvounnu Teauilszuna 2558



=

1. Ao : vevouRousIMUNguITeTsa T Mnaaniudteiy 1s nsuimmsnuas

o £ = a d'sh/eiJsJ

o o a a a Jo
a5. Useziius Ussd59Ana wey. ﬂ’é]‘]JLﬁfJﬁ@l "lwmammu 911TYIIA LIYADINT N IMUBYQA LA

%9 g

]
1 = v oA

Af3nu vouounmATenITennIL NTmnuAITUNLEE 193199 M lRnuItegaildaed

) < 1A
Llagﬁniﬂ@nlﬂﬂWWiﬂmﬂu@ﬂ’Nﬂ

12. 19NA13919949

Aldaghi M, Massart S, Druart P, Bertaccini A, Jijakli MH, Lepoivre P. 2008. Preliminary evaluation of
antimicrobial activity of some chemicals on in vitro apple shoots infected by 'Candidatus
Phytoplasma mali'. Commun Agric Appl Biol Sci. 73(2):335-41.

Askari N, Salehi Jouzani G, Mousivand M, Foroutan A, Hagh Nazari A, Abbasalizadeh S, Soheilivand S,

Mardi M. 2011. Evaluation of anti-phytoplasma properties of surfactin and tetracycline towards

lime witches' broom disease using real-time PCR. J Microbiol Biotechnol. 21(1):81-8.
Brison M, de Boucaud M. T., Pieronnet A. 1997. Effect of cryopreservation on the sanitary state of a cv.
Prunus rootstock experimentally contaminated with Plum pox potyvirus. Plant Sci. 123, 189-196.

Engelmann, F. 2004. Plant cryopreservation: progress and prospects. In Vitro Cell. Dev. Biol. Plant 40,

27-433.

Wang, Q.C. and Valkonen, J.P.T. 2008. radication of two synegistically interacting viruses from

sweetpotato using shoot tip culture and cryotherapy of shoot tips. J. Virol. Methods 154, 135-145

Wang, Qiaochun andValkonen , Jari P.T. 2009. Cryotherapy of shoot tips: novel pathogen

eradication method. Trends in Plant Science, 14 (3), pp : 119-122.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aldaghi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Massart%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Druart%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bertaccini%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jijakli%20MH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lepoivre%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/19226772##
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Askari%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salehi%20Jouzani%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mousivand%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Foroutan%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hagh%20Nazari%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abbasalizadeh%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soheilivand%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mardi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/21301196##
http://www.cell.com/trends/plant-science/issue?pii=S1360-1385(09)X0004-X

	Aldaghi M, Massart S, Druart P, Bertaccini A, Jijakli MH, Lepoivre P. 2008. Preliminary evaluation of antimicrobial activity of some chemicals on in vitro apple shoots infected by 'Candidatus Phytoplasma mali'. Commun Agric Appl Biol Sci. 73(2):335-41.
	Brison M, de Boucaud M. T., Pieronnet A.  1997. Effect of cryopreservation on the sanitary state of a cv. Prunus rootstock experimentally contaminated with Plum pox potyvirus. Plant Sci. 123, 189–196.
	Engelmann, F. 2004.  Plant cryopreservation: progress and prospects. In Vitro Cell. Dev. Biol. Plant 40, 27–433.
	Wang, Q.C. and Valkonen, J.P.T. 2008. radication of two synegistically interacting viruses from sweetpotato using shoot tip culture and cryotherapy of shoot tips. J. Virol. Methods 154, 135–145

