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ABSTRACT

The surveying and studying of sugarcane white leaf phytoplasma diversity is essential
information in developing detection tools for disease screening and identifying. 190 symptomatic
sugarcane samples were collected from the surveying of this disease in different planting areas throughout
the country.  Majority 3 symptoms were found in relation to phytoplasma in sugarcane including (1)
white leaf with no grassy shoot (SCWL: Sugarcane white leaf), (2) white leaf with white grassy shoot
(SCGS: Sugarcane grassy shoot) and (3) grassy green leaves with no white leaf (SCGGS: Sugarcane green
grassy shoot). The incident of each type were SCWL 59.47%, SCGS 35.27% and SCGGS 5.26%. All 3
types were found in samples collected from northern and eastern regions while SCWL and SCGS were

found in other region.



Identification of genetic variations of phytoplasma by nucleotide sequencing of 16S-23S rDNA in
the region 16S-ITS with 210-219 bp DNA fragment length in 99 samples including infected grasses and
sugarcanes in comparison with nucleotide sequence in NCBI database revealed 2 major groupings : (1)
white leaf disease phytoplasma in grass and (2) phytoplasma in sugarcane, with 8-9 bases differences
among these two groups. Group 2 comprised of closely related SCWL and SCGS subgroup and the
distinctive SCGGS subgroup. Nucleotide variations in these two subgroups were substitution and insertion
mutation. The extension of 16S-23S rDNA length to 1770-1772 bp that cover the region of 16S to partial
23S did not affect the grouping, yet SCWL and SCGS were still closely related.

Identification of genetic variations by nucleotide sequencing of partial sec4 genes in 170 samples
showed the same grouping structures as by 16S-23S rDNA. 1-5 bases variation of secA gene in SCWL
and SCGS were detected indicates better base resolution of secA gene for genetic identification than the
16S-23S ITS. The length extension of secA from 275 bp to 377 bp showed 31 bases variation among the
3 phytoplasmas. The mutations were substitution mutation. Grouping of the three phytoplasma were not
affected by these bases extension.

The attempts to study other genes including secY, Tuf gene ( elongation factor-tu) and GroEL
genes were not success. The development of imp gene detection protocol revealed 700 bp fragments.
However, sequencing of this fragment need to be done as this gene is important in studying transmission

vector of the three phytoplasmas.
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WU 1 WA 91U 24 50D AWAIY Final-extension 72°C UM 7 W1

amtlszneviimnzaudmiumsiuSineiiderslusenit 2 (nested-PCR) 151101 15 ul
1A4un 10X buffer 1.5 ul, 25 mM MgCl, 1.2 ul, 2.5 mM dNTP 0.6 ul, 10 uM Primer P1/P2 0.75ul, 5
U Taq polymerase 0.3 ul ttai¢ DNA template 3 ul o REATE m%"ﬁmmzﬁ U ﬁ’\i‘ﬁ Pre-denaturation 94°C
WU 5 U1 MIUAIY Denaturation 94°C WM 1 U1T, Annealing 60°C 11U 30 31 Extension 72°C U1U
1 117 14U 25 59U MNUAIY Final-extension 72°C 11 7 W1

MINNS I amanan SecY a3g maNa direct PCR

annzinnzaudmiumsiulinamsueTaeld Secy-x 1o Secy-y asazarely
YR iiFerf15uessan 15 pl UszneudioAdweduuuunududu 100 ng/ pl S 4 pl, 1x
buffer, 2.17 mM MgCl,, 012 mM dNTP, 0.5 uM primer UAQZA18UDY Forward 1182 reverse, 0.1 U Taq
DNA polymerase AT HI AN AUGIE Pre-denaturation 94°C YU 5 V1T A1W&26 Denaturation
94°C WU 30 IUM, Annealing 55°C WU 30 J119, Extension 72°C U 457110 1UIU 35 50U A
#18 Final-extension 72°C Y11 10 U9

anmzimmzaudmiumsiniuafdueTaeld Secy-x 1ag Secy-y arsazaielu
U ofiaes 15 as5w15 pl szneuisAd uedunuuanududy 100 ng/ pl 119U 4 pl, 1x
buffer, 1.5 mM MgCl,, 012 mM dNTP, 0.5 pM primer AR A 18D Forward LA reverse, 0.1 U Taq
DNA polymerase ﬁmazﬁ%ﬁﬁmmzﬁuﬁaﬁ Pre-denaturation 94°C W1 5 11 AUAIY Denaturation
94°C WU 30 IUM, Annealing 55°C U 30 IU17, Extension 72°C UM 45 JU1N I1UIU 35 50U AN
#18 Final-extension 72°C ¥ 10 Y19
myiBinamanan Imp gene A28 NAHA nested- PCR

19 1wSwe3 SCWL-Imp 71 1§5UM301AT 127910 Dr. Shigeyuki KAKIZAWA (National
Institute of Advanced Industrial Science and Technology (AIST), Bioproduction Research Institute,

Ao o 7 @ a o &
Japan) Na’lﬂﬂlﬂﬁﬂlﬂ\ivh/\ﬁll]ﬂillagWaﬂaﬁ PCR #NU

4 J J o w a
‘Llﬂf’tlllW'ﬁ!iJ@i RIS TG ANNYIITY Wanan PCR

(bp)




SCWL-Imp_F1 CCTAAAGATTTGCAAACTGATGAAA |25 922

SCWL-Imp R1 AGAAGAATTTGTTGAAATTATAGAG | 25

SCWL-Imp F2 TTTTTATTGAATTGCTAAATTATGT 691

SCWL-Imp_R2 ATATGCAAAAGCATATTTTTTTACT 25

anneinnnzasdmiumsiiulSinamisue 1aeld mp-F1 taz imp-R1 Ao asazaioly
UgAsoiides1iuessw 15 pl UszneusoAd uedunuuaNudutu 100 ng/ pl 91194 3 pl, 1x
buffer 1.5 ul, 25 mM MgCl, 1.2 p|, 2.5 mM dNTP mix 1.2 p, 10 uM F-R Primer mix 0.3 p|, Tag
polymerase 5U/u| 0.3 p|, DNA template 100 ng 3 pl, ¥ 7.5, e iFondimmunz audais Pre-
denaturation 94°C 414 5 U1 MUAIY Denaturation 94°C UM 1 WA, Annealing 5°C WM 1 ¥1H,
Extension 72°C UM 403119 113U 35 59U AWAIY Final-extension 72°C W1 7 WA

anneinnnzaudmiumsiulSinamisue Taeld mp-F2 uas imp-R2 Ao asazaioly
Uz iiFera5uessan 15 pl UszneudisAdweduuuunududu 100 ng/ pl $1U2U 3 pl, 1x
buffer 1.5 ul, 25 mM MgCl, 1.2 p|, 2.5 mM dNTP mix 1.2 p, 10 pM F-R Primer mix 0.3 p|, Taq
polymerase 5U/u| 0.3 pu|, DNA PCR template dilute 1:100, 1:200, 1:500 tag 1:1,000, 3 p|, ‘1?1 7.5 ul 4
AT NI AUAQT! Pre-denaturation 94°C UM § U1 AMIEIY Denaturation 94°C W% 1 17
, Annealing 5°°C 41U 1 Y19, Extension 72°C 111 402419 91U 35 501 AR Final-extension 72°
CHIM 7R ATIIWANITNAABIAY 1% agarose gel electrophoresis 14 SYBR Gold Tumsédow

DNA 11 ﬁﬂﬂ N SF?]I 98 Gel Documentation

ﬂ"lﬁGllﬂ"IEJﬂ]”l?lfﬂ%ﬁﬂla!@du!i’)ﬁﬂﬁ’iﬂﬁ 16S-23S rDNA

14 14 ] o w A = s .
ponuu Inswes luivind1auiiona 1o Inaves Candidatus Phytoplasma cynodontis

J o A o 1 4 Jd o A
(AB741630.1) mﬂjgmeﬁ’mga NCBI & Inswes s 4 f e s wesaanaaaluning 1

[

o o @ P
LA ﬁWﬂ‘UL‘UﬁUI,WillI@ﬁ JU

16S-23SF1: AGTTTGATCCTGGCTCAGGATA 16S-23S R1: CATAGTTTGCCGGGGCTTA
16S-23S F2 GAACGATGAAGTATTTCGGTA 16S-23S R2 GCTCGTTTTAGGACTTAACCTAAC
16S-23S F3 GCACAAGCGGTGGATCATG 16S-23S R3 TGTGTACAAACCCCGAGAACG

16S-23S F4 GCAGTCTCAGTTCGGATTGA 16S-23S R4 CCGTTAATTGCGTCCTTCA




F1 F2 Rl F3 R2 F4 R3 R4

1 403 498 907 1078 1260 1834
16 | ISR 238
F1 498 R1
F2 676 R2
F3 381 R3
F4 575 R4

A o 1 o s 7 a g ) A
MAN 1 mzmmﬂmmzﬂmlm"lwnmﬁuumﬂmeme 16S-23S rDNA w'lﬂmﬂmi@@mmmwemma

1 g
ﬂlu1ﬂﬂ31mﬂ’ﬂﬁmﬂu 1770 bp
a Ao a da o A ' '
NAUASADIUN : TTILLIRT 2554-2558 ADIUNAUUUNIT ﬂu&%%ﬂwﬁlf]liﬁllﬂuuﬂu

a J
8. NAN1INANDIUATIVITNY

1. mIdnseemslsaluvnanuvasdgnlulszma

1A 190 Aro81INd1590nuralgna1es Tulszma wueimsvdnvealsaluv 3
9 1 1] .
91115 laun luvliuanneres (SCWL: Sugarcane white leaf)) Tuv1iuazuanneros (SCGS:

Sugarcane grassy shoot)) a1 luiwernazuannonos (SCGGS: Sugarcane green grassy shoot) Ta &
A106197 81529 1ANY SCWL 59.47% SCGS 35.27% 1ag SCGGS 5.26% 1agAl1981991InMAmilonay

ﬁ%fu@@ﬂWUVlﬁlﬂﬁ 391013 daumﬂﬁuwmﬁm SCWL uttag SCGS91N1TSCGGS ATIINVYIN Lﬁﬁ]\i%Tﬂ

Tunaasluan @i 2)

dgadruwiavailsaluvnluaazunaalandeslulng

100
90
80

¢

60
30
40
30
20
10

Sudun

1wo

n - azdiaen .
1o (41) AU (65) HERRREY] 14 22
(53)
Bl SCGS 43.9 9.23 22.22 09.81 18.18
B SCWL 39 90.77 71.77 24.52 81.82
il scaes 171 0 0 5.67 0

d' 14 Jd A ) Y ] @ ] A Y [
HMNN 2 HJ'E]5L°11uGlGIf'Llﬂ"U’ENI‘iﬂsl‘Uﬂl13ﬁ133%ﬂ1ﬂ@1ﬂ151u@3@61\3 190 G]'Jf]fﬂ\iﬂblﬂ%'lﬂllﬁaﬂ

Ugndoslulneaiuninaieg SCGS : Sugarcane grassy shoot, SCWL: sugarcane white leaf, SCGGS :

sugarcane green grassy shoot



2. M3ATVRAVVENOANHIANNIANMIMINUFNIIHVOUTRT 5TV

v A a do v A = d 3 A Aa °
ANUUANAIIVBUTBDINMTINTIZHAMUTHINET0 N0 165-23S rDNA - 1T uduNigwiim,
= 1 o w A Aa A = A =
AnyinanuunaRn NS Dwaveure W lanaraw wazuuaiiedus snvatewia Taslisieay
=2 = dyo 2 () Y o w Yo o =
msAnEIBulsIuINLn wennntlumsvaswun I Tanardudredravwea ldsrvumavesdn
o [ Y 1 I [ o 1 [ g’/ a o dyd o = 9 =) dy 9
auriaaanauranlumsdanenngu daiulunuitsisuihmsAnyveyavesduiilsznouaiy
d‘ 9 =1 [ d‘ = o dy
ol lumafSeuMounusieudu 11nMIANBIANUKAINKAENIINUFNTTUYDITD 19 Ta

v A

g).l o [ 9 o = Jd a =< A a e A g
NWaA1FgNING 99 Gl’J@EJNMmﬂ‘lJu’maTahlﬂ@minm 16S-23S rDNA Gmmuﬂimmﬂfumaumﬂlum

0o o w A

Y a Y = s 3’; [ = o
U528 210 bp AIENANA nested-PCR 113118109 UHIAG 10 Inananuan1vaisswazlseuieuny
A
awuiandle lnaaingiudeya NCBI Tasnudeyadiduave e v Tawaraunludesuazna lu
nslFeumen Tdun HQ917068.1 (sugarcane white leaf, SCWL), AB243298.1 (sugarcane grassy
I
shoot; SCGS), AB642601.1 (Bermuda grass white leaf;, BGWL) 1@ 219 K00637 (Bacillus subtilis) 11 1
g‘/ 1 . ~ 9 L%' ] dy I ' 1A
out group U W21 Phylogenetic tree Ngna319vuntude Il Tawarauieonilu 2 ngulvg Ao (1)
nau'lTanarauinine lsangluvni uaz 2) ngulilanaraunne lsnludes (a1 3) Taod
] o a a g ° VoA A ' & 9
ANuUUANANNIUL Tz 8-9 1ud tazlviadean e ludsurusnulsnaennveure luoee
A ° dy A 9 9 ) 1" adg A o dy
Tastlvuia 219 we mssuunme li Tanarauine IsalusesdredunisaweNiinsnaaauil

wundanulndsanuuin Tasmwized1909 SCWL 1ag SCGS d2u SCGGS 1onngueannaIn SCWL

1Az SCGS FalU aoaAAasInUoININ litaade1n1slud

19 [ ] oA < J J dy Y = ] I
1NN1TINNQY W’]J'N{luﬂﬁpﬂ/] 1 GINHJHﬂ@M%@QL%@“WI@WQWﬁNW%1ﬂ@@8 ummmaamﬂu 2
1 [] 9 1 1 ] d' 9 = = 1
nauyoy "lﬂ!,!ﬂ naugoan 1 Usznounle SCWL Jyu1a 210 tUd tag SCGS uua 211 1 uagnqu
v ~ Y = Y Aa dy g = =Y A A
goun 2 ﬂ‘i%ﬂﬂﬂﬂ’)t’l SCGGS GmaaEm@@1mf'e')u%xlluummﬂmmmuaﬂymxﬂmlaﬂuagcluumeum

(2

) [ ] j‘ 9 P 9 1 % =
ﬁ”l‘Vii‘]J@]TJ@EJNLGHE’J]MI@Wﬁiﬁuﬂuﬂﬂ]ﬂﬂLﬂ‘]J'i’J”]Ji’J?J]lﬂmﬂ UDULUNU Q’I"U‘VIEJ TaYs LUae

4 @ ] @

A 1 9 o a a 4 [ [
nmwaug gniaeglunguiednu uazlidiauiiond lo lnamilounu 100% aoandenUTIBIUYDA
& = 9 a 1 dy = ya [

Wongkaew et al., (1997) F3fnu1 1 Tanarauininugh 3 siianuiusetiaamlndsanugauin 91n
1 4 é o = a 1

518909 191591 (2543) FaviinsAneIanuranratsves Il Tanardu1aingiiniagieg veq
Y a ' dy = Y o 9 Y1 o

UszmstIng remaiia RELP wudnye T Tanarauniinnunainvateniaiugnssud deldmduy

Uszansanumilon (Similarity coefficient) 3@ 0.90 V99zaMITOLLINNgUS oAz IN S0 &

Y I 1 j’ 3‘/ a dyd Py [ ] < o 12 1 ,i'
uam“lwmmu%mﬁawuﬂuummclﬂaWﬂuum ’e)EINuliﬂ@ﬂllENulﬂJﬂJiWElﬂuﬂﬁﬂﬁmem‘h'ﬂ

FENINHY NS08 (Wongkaew et. al., 1997)



SCGS AB243298.1

SCWL AB917068.1

AMN172
AMN171

uTTO14

SUK282
UTT009
SUK274

[1sukze2

SUK253
SUK223

—— Bacilus sutil

s W68 KO0B37

SCWL

SCGS

SCGGS

Grass

white leaf

MW 3 Phylogenic tree a31991n Neighbor —joining #ldnn
MITUUAANUUANANAIAVTING 10 INAuetdy 165235
A

DNA Tuysnadumiales- ITs vaudse I Tanaaunlsaly

Y ) L oag Y
VNVIBDVIUAT WA VUIATUADULD 210 bp 9INDDY 99
A10019 na 15 M09 eunudoyadauwalu NCBI :
HQ917068.1 (sugarcane white leaf; SCWL), AB243298.1
(sugarcane grassy shoot; SCGS), AB642601.1 (Bermuda grass

white leaf; BGWL) and K00637 (Bacillus subtilis W168)



UBNINHLAD Han1TNAaen 1adaaeandeaf T8N UIUNAANYT Wongkaew et al., (1997)
1&81%madia RFLP uaziou'laal Hpa 11 uon I Tawarauieenilunguues SCWL ,SCGS uazngy
. Y 1 v 9 ' 1 a ~
gramineous weed 19 Lee et. al., (1997) 518U N0 saaaleou loyf Alu T lunuuouddueiuaas
ANVUANA1P UV I Tanaraul SCGS-Inl, RYD-Inl, SCWL, BGWL 11a¥ ABGWL 51891404

9
Sdoodee et. al., (1999) W11 SCWL 1az SCGS InnulndFamaiugnisugauazizonnguilin white
leaf cluster a2 Rao, et al., (2008) 3184 1UNAVBINITA319 Phylogenetic tree Taalddu 16S tag 168-23S
1Ts v I Tanaraun SCGs unasaanndszmaswde 1anTu waz lne Miianuduiuslndza

[

1 = k) [

Augann uanuauulslsves i Tawaraun scGs-T mnilszinalne Feaeandosnulusieau
FZ] H Y
Ienanuanuulsisruved W Tanarauian 7 dredraludiuldTanaraundrsne ldnanua

I o (] A o 9 1 a s o o o a P ~ ,é’ a
Tagiluaregndrsn lannuraslgnuina@ernuludsianwdus asanuulsdsruinuisng
. . o oA A ' a = 4 o v A = < @ ' @ 1
910 deletion mutation Tueuman 12 1'linviiinalelng G ludduiiing Ie Indaindiedradinain
A:; ) [ 2’, [ Y [] 1 . A
(i 4) g5 Il Tanarawt SCWL uaz SCGS 1 gnaaleglungw rice yellow dwarf (RYD) %30
Y Y
16SXI (Lee et al., 1997) uavmzideluisneaudduuavouse SCGGS lugiudoya NCBI 910
= dy 1 o I =\ = [ ] A o
msane luseauiinoali Tanarau SCGGS gninsenuuiludnuilanguges uaziieilvla
Wa1d@u1 SCWL, SCGS 1ag SCGGS 19Ai3 8N UNLUNUANLYTUTIUMVY substitution mutation 11
o VoA ~ I a ~ k4 [ I dy o
gwmian 72 Taeh I Tawaraun SCWL, SCGS Hluiiinale'lng A ua SCGGS 1u T uonaniiluda
a . . . A a = 4 1 31/ o oA
INA insertion mutation ARNUHING 101N A mwizlu' I Tanaraur SCGGS wiuludmmniah 134

v
[ Y 3

a JE g L ] aw A~ o v A 2 J
NJUHUITMYITUD ﬂu%ﬁﬂ@ul@'J'ILﬂUQWU'JFﬂﬂL!iﬂWNiWﬂQWUﬁWﬂUu’JﬂﬁT’E]Ulﬂﬂsll’flﬂul%ﬁﬁwa'lﬁifl SCGGS

y 9
v A 1

1 a a s U g J A [
(ﬂTIN‘ﬁ 5) 1’1Quﬂ’J”IllLWIﬂGIN"IJ@Qu’JﬂflT@”h/lﬂmfﬂTﬁl@”Ii]%8ﬁﬁ’J‘L!LﬂEJ’JGISJ}@QﬂiJﬂ’NJJ?‘L!LLSQLLﬁZﬂTiLLﬁﬂQ

d' 1 [ 9
mmﬂmmmnmmu"lﬂ



KALOO1
KAL002
KALOO4
KALO09
CHO91 -SCWL
SAK12-3CGS

KALOO1
KAL002
KAL004
KAL009
CHO91 -SCWL
SAK12-8CGS

KALOO1
KAL0O02
KAL004
KAL009
CHO91 -SCWL
SAK12-8CGS

KALO0O1
KAL002
KAL004
KAL0O09

o w

GTCGETAACAAG -TATCCCTACCGGAAGGTGEGEATEGATCACCTCCTTTCTAAGGAAATA 59
GTCGETAACAAG-TATCCCTACCGGAAGGTGEGEATEGATCACCTCCTTTCTAAGGAAATA 59
GTCGETAACAAG-TATCCCTACCGGAAGGTGGGEGATEGATCACCTCCTTTCTAAGGAAATA 59
GTCGETAACAAG-TATCCCTACCGGAAGGTGEGEGATEGATCACCTCCTTTCTAAGGAAATA 59
GTCGTAACAAGGT ATCCCTACCGGAABGTGGGGATEGATCACCTCCTTTCTAAGGAAATA 60
GTCGTAACAAGGT ATCCCTACCGG AAGGTEGGEEATGGATCACCTCCTTTCTAAGGAA-TA 59
hhkkhkhkhhhhhkk khhhhkhkhkhkkhhhkkkkkhkkhhhhkkhdhhhhhhhkhhhrhhhkx &k

ATTTTTTAAATATTCATCTTCAGTT TTGAAAGACTTAGTTCTTATAAGTTTTTCTTTTTT 119
ATTTTTTAAATAT TCATCTTCAGTT TTGAAAGACTTAGTTCTTATAAGTTTTTCTTTTTT 119
ATTTTTTAAATAT TCATCTTCAGTTTTGAAAGACTTAGTTCTTATAAGTTTTTCTTTTTT 119
ATTTTTTAAATAT TCATCTTCAGTTTTGAAAGACTTAGTTCTTATAAGTTTTTCTTTTTT 119
ATTTTTTAAATAT TCATCTTCAGTT TTGAAAGACTTAGTTCTTATAAGTTTTTCTTTTTT 120
ATTTTTTAAATAT TCATCTTCAGTT TTGAAAGACTTAGTTCTTATAAGTTTTTCTTTTTT 119

hkhkhkkhkhkhkhkkhkhkkkhkhkhkhkhkhkhkhkhkhkhkhkkkhkhkkhkhkkhkhkhkhkkkkkkkkkkkhkhkhkhkkhkkkkkkkk

AAGGAAAAGAAAATGGGCCTATAGC TCAGTTGGTTAG AGCACACGCCTGATAAGCGTGAG 179
AAGGAAAAGAAAATGGGCCTATAGC TCAGTTGGTTAG AGCACACGCCTGATAAGCGTGAG 179
AAGGAAAAGAAAATGGGCCTATAGCTCAGTTGGTTAG AGCACACGCCTGATAAGCGTGAG 179
AAGGAAAAGAAAATGGGCCTATAGCTCAGTTGGTTAGAGCACACGCCTGATAAGCGTGAG 179
AAGGAAAAGAAAATGGGCCTATAGCTCAGTTGGTTAG AGCACACGCCTGATAAGCGTGAG 180
AAGGAAAAGAAAATGEGEECCTATAGCTCAGTTGGTTAGAGCACACGCCTGATAAGCETGAG 179
T T

GTCGATGGTTCAAGTCCATTTAGGCCCACCA 210
GTCGATGGTTCAAGTCCATTTAGGCCCACCA 210
GTCEATGGTTCAAGTCCATTTAGGCCCACCA 210
GTCEATGETTCAAGTCCATTTAGGCCCACCA 210

M 4 MITAG MR VILAVDS

~ a L ag A a
gU 16S-23S rDNA VT 16S-ITS YUIATUALDULD 210 bp LAAIIANING

deletion mutation VOUE G NAWHUI 12 Tudr08191 8189 KALOO1, 002, 004, 009 1N8UAUBIA VI TUDIA 01

Wiy CHO91 Ml SCWL uay SAKI12 Milu SGCs

PJ002-5C6S
KHO001 -SCWL
SUK262-8CGGS

PJ002-5CGS
KHO001 -SCWL
SUK262-SCGGS

PJ002-5CGS
KHO001 -SCWL
SUK262-SCGGS

PJ002-5CGS
KHO001 -SCWL
SUK262-5CGGS

GTCGTAACAAGGTATCCCTACCGGAAGGTGEGGAT GGATCACCTCCTTTCTAAGGAA-TA
GTCGTAACAAGGTATCCCTACCGGAAGGTGEGGATGGATCACCTCCTTTCTAAGGAAATA

GTCGTAACAAGGTATCCCTACCGGAAGGTGEGGATGGATCACCTCCTTTCTAAGGAAATA
hhkkhkkhhkhkhkhkhhhkhhkhhhkhhkkkhkkhhhhhkhhkkkhkhkkhhhhhkkkkkhhhhkhhk &k

ATTTTTTAAAT ATTCATCTTCAGTTTTGAAAGACT TAGTTCTTATAAGTTTTTCTTTTTT
ATTTTTTAAATATTCATCTTCAGTTTTGAAAGACT TAGTTCTTATAAGTTTTTCTTTTTT

ATTTTTTAAAT TTTCATCTTCAGTTTTGAAAGACT TAGTTCTTATAAGTTTTTCTTTTTT
hhkhkhkhkhhhkhhhk hhhhkhkhhkhhhkhkkhhhhhhkhkkhkhkhhhhkhhkkkkkhhhhkhhhkkk

AAGGAAAAGAAAA-TGGGCCTATAGCTCAGTTGG TTAGAGCACACGCCTGATAAGCGTGA
AAGGAAAAGAAAA-TGGGCCTATAGCTCAGTTGG TTAGAGCACACGCCTGATAAGCGTGA

AAGGAAAAGAAAAATGGGCCTATAGCTCAGTTGG TTAGAGCACACGCCTGATAAGCGTGA
L L T L T T

GGTCGATGGTT CAAGTCCATTTAGGCCCACCA 210
GGTCGATGGTTCAAGTCCATTT AGGCCCACCA 211

GGTCGATGGTTCAAGTCCATTTAGGCCCACCA 212
B T

59
60
60

119
120
120

178
179
180

M v
MNN 5 MITAB GV AV0IBY 165-23S rDNA VT 16S-ITS VUIATUADUIB 210 bp VBIHIDE

SCGS, SCWL 1ag SCGGS Ba@ad@ 1111119 substitution mutation Yo 44U de A bag T NALH U 72 1AL insertion

mutation YOUUHE A NAWHUA 134 TuaI10819 SCGS (PJ002) 1azf10819 SCWL (KH0001) 1nfeuifeuny SCGGS

(SUK262) .

I ) 1 [ [
ﬂ”IS"IJEJ”IEJﬂ’J”I‘JJEJW’J?T]EJ?]L@‘L!L@G]"ILLWHQ 16S-23S rDNA SF;’]}’JEJﬂ”Iii’Ji’JﬂLL‘]JUthgLiJE’J%GlﬂﬂJ%11!7]1! 49

Y é’ a ~
THuANNEIVUIINAN 210 bp NAT

= ' = ' Y 3
DUARUIWIIUWAIUVDI 16S DIUNWTIUVDI ITS 6l‘l’il,‘]JL! 1770-

1772 bp NAsOUAQUAILA 16S daudu W1v ITS Tudaundiuves 23S iWerhnisnadonludlodis

91715 SCWL, SCGS, SCGGS Hazna101n15 1101910819514 7 §29819 Lagdnuidauiong



4 1w ] I J 1 a ' 1
Tolna nundenanssesnilu 3 nquidwan fie 1) Nguooe9IN1T SCWL LAz SCGS 2) NgUBDY
81113 SCGGS 1ag 3) NQuMa191115 109717 Taenguil 1 NUANNUANAINTEHINSCWL 1ag SCGS

9 [ (B 9 ya [ ] a ~ 1 é’ 2’, a tiyd ya @
Tarunu uaneudwlndFanuuinsu@y (i 6) taaiurensgesriaiiiinnulndzanuuin

[ o Y I Ay a Yy A 0o w A a L4 [ g}z a dy [
U SCGGS ’E]'l%ﬂﬂﬁlﬁlﬂulslfﬂ%uﬂclwullﬂ Luﬂ\ﬁnﬂiﬂﬂUu’)ﬂai@llﬂﬂLlﬂﬂﬁ'NﬂWﬂ‘ﬂ\i 2 BUAUBDYN

Yy 9
v A o (2 J

9 v
FaLau i?NﬂQ@WﬂWﬁﬂlﬂﬂéjﬂﬂﬁLmﬂ@lNﬂu muﬂwmmﬁmammaqwmxmﬂmmé’a%’nﬁ’u

gy 12-1-SCWL
621 15-1-SCWL
0o} 12.scGS
8-1-SCGS
8-3-SCGGS
1001 22-4-SCGGS
K00637

002

AN 6 Phylogenic treelt@@InNUFUHUTIINAIANUUANAIIVEIE1AVUTIAE T InduTa 16S -23S
DNA vodlWlanarau1yia Sugarcane white leaf (SCWL), sugarcane grassy shoot (SCGS) (@ ¢
Sugarcane green grassy shoot (SCGGS) YU1AAIINY1I 1770-1772 bp #1873 Neighbor-joining Taely
T151n31 MEGA version 5.1 w219 K00637 (Bacillus subtilis W168) 111 out group 1umsifieuiiey

o A o ' A @ 7 2 ° ¥
Gl’)lfdBll1/]Gl1LlfVi‘L!\1l,l,fJﬂﬂ\?l,l,’(?f@\1a\‘]L’]Jﬂil“ﬁuﬁﬂ31hcﬁ1ﬂ1ﬂﬂﬁﬂﬂﬁﬂﬂ Bootstrap 314U 1000 51

o W A

AIARMIYe e INMIINTIZHETLTIAETE NG secd gene : HAINNITTIATIZH AL
LAV secd gene Tu 170 1819 d1393 180 nundlgnaien 1s Sanda uazdnniadewana
ATAMANAIE WY1 SCWL waz SCGS Saoglungulna)iderdu uaasdennulnddasu luvasd
SCGGS L8NNGUTAIIY 70AAGBITUHANITATIVAIY 165-23S DNA (AMNA 7) MIUNNGUAIY secd
wuhiimssanguamermsiinaaseen lungudresafinueimsluvn uazneas lnfluviinny
lunSnumadeuuazmilonsuans daudiedaneas lndwuludednng Tuie lunguluviwy
ANUAITT UV secd FEFUR (1-3 1A Tunguluvnedesnwy (1-5 ) dunoazlaiunui
Tdwuauandanislurnazluvnedes wnvehlduennquededanu miasaaaue
V04 secd gene Tufod i unnsansaraliuazaszuds nuhfianuuand ey Tasuededai

9
UANANNUAIY secd H WuNTudHUe 168-238 ITS uanA19A Y LEAII secd gene HANUALIDYA

110N ANTDNUAANNUANAL TANINATIEIHUL 16S-23S ITS Nen1Han (131990 1)



L

sukzez
Crioas
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