5 —GTC CCT GCCCTT TGT ACA -3 5 —CGC CGT TAC TAG GGG

AAT CCT-3
188 142 ITS1 206
92 ITS
809%™V
(23-285) 58S ¢ )

(Internal transcribed spacer, ITS)
(Inter-genic spacer 1GS) 5.8S

@)

(domain)

18S 28S

5.8S

73:65-77 (2001)

26S

821
5.85 164 ITS2 217
ribosomal RNA RNA
2 (14)
(16-18 S)

(coding region)

(External spacer)

(15)

(expansion segment)
(19)

5.8S

(©)

65

28S

! 0527
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(19 PCR (sub
repeats) (conversion)
IGS L Gs
PCR (ITS)
15 ITS
PCR ITS
IGS ITS
(Graminae) (Saccharum)
(Andropogoneae)® (S. spontaneum) (S. sinense)
(S. barberi) (S. officinarum) (S. robustum) (S. edule)

(New Guinea) *©

Badila @ 1990 (4.6.8)
(10,19) RFLP (16) RAPD(lQ) 9)
(18,23)
IGS
4+—r<>

Intgrnal transcribed spacer
ITS1 ITS2

ﬁ <550 >
16-18S .8 23-28S

Fig. 1. Generalized structure of ribosomal DNA
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1997 10 12 20
2000 10
DNA
2000 10 5
DNA DNA (Gene Mark)
054¢ 1.5 ml
700 pl 1l 20 mg/ml  proteinase K 55
(spin column)
(collection tube) DNA
100 ul 60 ddH,O DNA DNA 1l 50 mg/ml RNase
RNA -20 DNA 100 pl  ddH,O
DNA
DNA 10 pl 50 (260 nm Hitachi U-2001 Spectro
photometer) DNA DNA 8 ng/ul
DNA
Rychlik®”  Dopazo and Sobrino®®
() (dimer formation) ( ) (self
complementary) ( ) GC m GC
500 bp m 16-18 mer 5 kb
Tm ( 24mer) ( ) 5
( ?2G ) 3 PCR 3
(false priming) ( ) (specificity)
DNA
(
) GeneBank

Basillaria Letichinus
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18S-F1: 5 -GTC CCT GCC CTT TGT ACA -3 26S-R1: 5 —-CGC CGT TAC TAG GGG AAT

CCT-3'( ) Tm 5.9  64.9 ITS
0~40 bp 160~190 bp 18S rDNA 3’ ITS 20~40 bp 60~90 bp
18S DNA 5 ( )

(Q)18SrDNA 3’
(b)26SrDNA 5
Table 1. Partial sequences of rDNA of various organisms after alignment.(a) 3' region to the 18S rDNA;
(b) 5’ region to the 26S rDNA flanking internal transcribed spacers

(a) 3 of the 18SrDNA

190 180 170 40 160
Hhmo sapi EALCCTGCCC TTTGTAGAATT ATCTAEAA TTCAGGITIGAGGCC
Drosophi l|-a- - - = =ccmmmmmmm i e A-T-A-- - - - T-- | -
Arabidopsg-i-s- - - ------c--n ceieeeeee- -G - - - - A -AC CGATG
Oryza satf---=-=------““--"-----G-----A--GGGATG
Basillarij-a- - - - ---------n comeeeoee --AEC- - - - - A - -G -CGA-- -

130 120 110 100
Hhmo sapi ETLGCGGBEATCCCCGCCGGG GTCGGCCCAC AGBCGGTGGC
Drosophi lT@€- - -T- -GAT-T- A.GTT-GGTTAT -TTIGCA- :TATAC
Arabidopgls--:-GGA T- -GTTIG .-G - : --ACT:GE- - -T-GA(
Oryza satl-Fva-:-GGA - --G6 -T-IG .-G : : --ACT :GE- - -T-GA
Basill arilaGG I-: T-GG : . ICCT-TT:.TGGA. .-G-GC-T- €3-TC

70 60 50 40
Hhmo sapi EGAACTTGAC TATEASGAGGTAAGAASLGG TTTACGTAG
Drosophi ll-a- - - -T----T--- = commom o i oo oo - - o - - -
Arabi dopsliAs-CGT-T -G- - - ----6GG - ---- - = = oo oo
Oryza satlFv&TT -G- - - ----6G - ---- - - - —-mmmmmmon oo
BasillariRA-GT-T -A- - - ----GT-G ---- - - = ----cmmoon —omomnoa-- At - -

10
Hhmo sapi BARAGGATCAT T
Drosophi lja- - - - --- - - -
Arabidopsg-i-s---------
Orygativag---------- -
Basillarila- ---A-G -
(b) 5 of the 26SrDNA.

10 20 30
Hbmo sapi EALCCTICAGAMAGACGTGGC GACCCGCT GAC AGGIATGAGPAGACAAATG
Drosophilm--AC€C-TTGA T-:--- ------- -----ATG - --- - - Fo- - -
Arabi dopsg-i-sG--G --GGAT-T----G----- - - GAA - - - - - - - L. - -
Oryza satliva--G6 --GG6A T---- - G----- - - AAA - - - - G-
Letechinus--G--G-AA €C------------ GGA - - -----
70 80 90

Hhmo sapi AMACTAACCA GGAT T CAIBGACA A GG AGCAGABCAG CC
Drosophilfa- - - A------T-T-7-- -G - - -G -A A -ACTT
Arabidops-i-s- - A------ - -T------- - ---G - G--- - - - - - - -
Oryza satf-iv-8& 6 ----€9------ ---G - G--- -GAT-
Letechindus-------------G-----G-- - - - - GE-- - ------
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PCR
Tag Master Mix (

) 25 pul  Master Mix 1 pl 10 pmol F1 R1 1pl 8ng/ul DNA
ddH,0 25 pl 94 5
35 94 1 53 30 72 1 72 5
PCR Biometra Uno 11
PCR 10 pl 1.0% (agarose) TBE EtBr
(ethidium bromide, 0.5 pg/ml)
NucleoTrap (Clontech Co.) DNA
DNA Sambrook (1989)¢? IM109
(competent cell) DNA pGEM T-vector (Promega Co.)
(ligation) (transformation)
DNA
ITS NCBI Blast
GeneDoc (alignment) Dambe
( )
ITS
800
821 ( ) (185) 3 142 (26S)
5 92 5.8S 164 206 (ITs1) 217
(ITS2)
Genebank (Saccharum officinarum) R1 (AF345229)
ITS1 ITS2 3 1 ( ) 5.8S

ITS1 ITS2 1-5
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PCR-RFLP
ITS ( ) ITS1
GGCRY- (4 to 7n)-GYGYCAAGGAA (Y C T, R G A IUB code)
( ggcgc - cttag - gegtcaaggaa) rDNA
rRNA (mature RNA)
90%
(Saccharum) (Erianthus) (Sorghum) (Coix) (Zea)
(Cymbopogon) (Imperata) (Miscanthus) (Themeda)
(S. officinarum) (S. barberi)
(S. robustum) (S. spontaneum) (S. hybrid) (S. sinense) 98%
ITS ITSL 1TS2
GC ( ) ITS2
22~24 ITS1 4~14 mer GC
ITS
66~200 b.p.
50%

Sorghum  Erianthus (16.18)

(4.18) Imperata Miscanthus
(16,18)

(18)

ITS (Erianthus fulvus)
(Miscanthus sinense) (outgroup)
1.3 ( )

Daniels  Roach (1987)® S. spontaneum Erianthus arundinaceus Miscanthus
RFLP Erianthus arundinaceus

(4,16) (S. spontaneum)

Luet) 2n=60 80
63-200 (2n=80)
(2n=40-128)
(S sinense 2n=110-120) (S
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barberi 2n=81-124)  RAPD (19)

(A)Partial sequence of 18S (3’ end) rDNA of Saccharum officinarum Tsao-Tweng isolate.
1 gtccctgcceccatteteggtcacccagt cg ctcctaccygg BDgaatggtece

61 ttcggatcgc ggcgacggag gcggttcgcc gcccccgacg
121 cttatcattt agaggaagga ga 142

(B)Full length ITS of rDNA

T1 1 t ¢ § B g a c aaaghacccc gccggcagat cgctcgtccc ggecct gt gc gGgOc cc

R1 IR TP EEEEE Br-m=mmes s e memeemeeee ceddeceee eeceaeeeeas -

T1 61 ggcacgsg gcggt:ttccc ccggggaagg gagcgacacc acgcagageccg ¢l 2 0

T1 121gctgttacgagcasac a & at t ggcccgtctg gotcgg a € ccggge t t t 1t 890

T1 181 cccggt gatatga T:t t g@acat cctacagegg gecattcagtgctijct ¢ 240
R1 R e e e L LT LR T P T .- -

TL 241 gcatgagoattaggae a at gaccgcattg gatagtttgg ctacgcacag c g alac 300

R1 e o L o Ll ool oLl il - -

—

T 301 cat tyagegh tggtctagac gacgcgecgt ygtcecc g a gegggt ceat g3060C
RL

g

TL 361 g gg grtacaaaca gtacccacca accccccgaa gggggggaac gottgtgttg gt 2cOc ¢

T1L 421 ccggggcgcggggctcggagagggtgtctggccgcagattccggtgggcacag 480

R1 R e L LT T LT
T1 481 caggyegaghggthtcgat tgcttgecga gececeggegee agecgecggg c5g4cOa t
T1 541 cggeacct agacgagcacgggcc at a gtcccgggcacc 587

R1 T L LT -

(C)Partial sequence of 26S (5’ end) rDNA.
1 gacaccaggt cagtcgagggchacataebgaagdtyggaggagaac
6laaactat agcggaatt cccc a9%2gt aacggc ¢

(IT9) (A) 1853
(B) ITS 5.85 ( ) ITS
( R1 ) Genebank (AF345229) (Saccharum officinarum) R1
T1 (Tsao-tweng) (©) 26S5

Fig. 2. Partial Sequence of rDNA and full length ITS of rDNA of Saccharum officinarum. (A) Partial
seguence of 18S (3’ end) subunit. (B) Full length ITS including 5.8S DNA, marked in square. The
conserved region in ITS1 is shaded. The sequence indicated by R1 is an isolated line published in
Genebank (AF345229); and (C) Partial sequence of 26S (5’ end) subunit.
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Table 2. Profiles of ITS region of rDNA in 4 genus of Andropogoneae that are closely related to

Saccharum.
. 5.8S Full length GC content  Accession.
Latin name ITS1 RNA ITS2 bp g %) No. Source
Saccharum ITS
Saccharum barberi 207 164 217 588 64.1  AF345200 7
Saccharum hybrid 207 164 218 589 64.0  AF345225 7
Saccharum officinarum 206 164 217 587 63.7 AF345229 7
Saccharum robustum 207 164 218 589 65.2 AF345239 7
Saccharum robustum 207 164 218 589 63.5 AF345237 7
Saccharum sinense 207 164 219 590 63.9  AF345243 7
Saccharum spontaneum 207 164 219 590 63.9 AF345245 7
Erianthus
Erianthus arundinaceus 206 164 216 586 65.4  AF345211 7
Erianthus arundinaceus 206 164 216 586 65.9  AF345210 7
Erianthus fulvus 208 164 218 590 64.1  AF345220 7
Erianthus ravennae 206 164 216 586 66.9  AF019824 13
Erianthus rockii 207 164 218 589 64.3  AF345217 7
Sorghum
Sorghum australiense 207 164 241 612 641 SAU04788 24
Sorghum bicolor 207 164 240 611 61.0  SBU04789 24
Sorghum laxiflorum 207 164 240 611 63.7  SLU04791 24
Sorghum macrosper mum 207 164 240 611 63.0 SMU04798 24
Sorghum matarankense 207 164 241 612 641 SMU04792 24
Sorghum nitidum 207 164 240 611 59.7  SNU04797 24
Sorghum purpureo-sericeum 207 164 241 612 63.7  SPU04793 24
Sorghum stipoideum 207 164 241 612 639  SSU04794 24
Zea
Zea diploperennis 221 164 211 596 68.3  ZDU46591 5
Zea luxurians 215 164 221 600 68.0  ZLU46594 5
Zea mays ssp.huehuetenange 214 164 220 508 67.7 ZMU46648 5
Zea mays ssp. Imexicana 214 164 220 508 68.2  ZMU46643 5
Zea mays ssp. parviglumis 214 164 223 601 68.1 ZMU46625 5
Zea perennis 211 164 221 596 68.0  ZLU46584 5
Zea perennis 211 164 217 592 67.7  AF019818 13
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Snrl0
61| snr9
92 Snr8
60 o8 L Snr7
58 _Srri2
L Sss110
57 Sss126
Sbré
Sotl
08 3 Sorl
95
69 Sor2
Shr46
98 1 Srri13
Ef r42
L | Msr31
100 S 1L

0.005 (Myr)

Sn: Saccharum sisnese; Ss: S. spontaneum; Sb: S barberi; So: S officinarum; Sh: S hybrida;
Sr: S robustum; Ef: Erianthus fulvus; Ms: miscanthus sinense
r7 sl126 Sotl
Fig. 3. Phylogenic relationship of plantsin the genus Saccharuminferred from I TS sequences. The
abbreviations used represent different species viz. Sn: Saccharum sisnese; Ss: S. spontaneum; Sh:
S barberi; So: S officinarum; Sh: S. hybrida; Sr: S robustum; Ef: Erianthus fulvus; Ms;
Miscanthus sinense. The codes after abbreviations are selected lines of different districtsin which
So t1 represents Tsao-tseng district cultivars employed in this study.

(bootstraps) 90
(26) ITS
(Sn: S. sinense)
(So: S. officinarum) (So
t1) (S. robustum) (Srrl1, r12,r13)
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(Miscanthus sinense)
(S. robustum)

DNA
(species)
RFLP PCR-RFLP RAPD
@) (divergence)
(21
(concert evolution) (22)
(homogenization) (homogenity)
(22,25)
ITS
a2 PCR
ITS
PCR ITS
GC ITS
1 1967 p.436-447.

2. Badwin, B. G. 1992. Phylogenetic utility of the internal transcribed sequences of nuclear ribosomal
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The Cloning and Analysis of Internal
Transcribed Spacer of Ribosomal DNA of
Saccharum officinarum L .

Y u-Hsin Chen, Sheng-Hsiung Tseng, Sheen Schen®

ABSTRACT

The internal transcribed spacer (ITS) was cloned with a primer pairs. 5 -GTC CCT
GCC CTT TGT ACA -3 and 5° —CGC CGT TAC TAG GGG AAT CCT-3'. A total 821
bp were cloned including partial sequence of 18S ribosomal DNA flanking ITS region (5’
end, 142 bp), full length ITS (587 bp), and partial sequence of 26S ribosomal DNA
flanking ITS region (3' end, 92 bp). The ITS sequence of Saccharum officinarum is most
closely related to S. spontaneum and S. robustum in the genus Sacharum, while most
closely related to Erianthus spp. when it was compared across genus.

Keywords: Saccharum officinarum, ribosomal DNA, ITS.
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