PCR

(primer)
AGTTTCTTCTCCTCC3 6
(internal transcribed spacer, 1TS)
PCR) 747 bp
(30 bp) 717 bp
rRNA 3 52 bp 26SrRNA
ITS1 5.8SrRNA ITS2
PCR
ITSL 1TS2 DNA

(Dendranthema grandiflorum Ramat)

54 (chromosome)
(18)

(ribosomal DNA, rDNA)
(repeated gene families)

array)
region)

conversion) (11

71:57-68 (2001) 57

rDNA 1

IT1-5 CGTAACAAGGTTTCC3
() 5.8S (rRNA)

(polymerase chain reaction,

IT2-5

PCR 27bp  18S
5 638 bp
253bp 164bp 221bp
( )YDNA ITS

(Chrysanthemum)®
(33,35)

(Compositae)
(2n=6x=54)
3,000 ¥

® 1,600
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(nuclear organizer
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(unequal recombination)

(4,14,32)
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(repeat unit)
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(coding sequence) (intergenic spacer, 1GS)
18S 5.85 26S rRNA 5.8S rRNA 18S 26S rRNA
(internal transcribed spacer, ITS) rDNA
(transcription unit) (processing) 2
rRNA (mature RNA) 1230 18S 5.8S 26SrRNA
(ribosome) rDNA
(26)
rDNA 18S 5.8S 26SrRNA
ITS IGS (12,14,28)
ITS IGS DNA ITS
Madiinae  (  )©® Calycadenia ( ) Antennaria
() * paeonia ( )?2 sorghum  ( Y@D  Arcenthobium  (Viscaceae)™
Apioideae  (Apiaceae)™
(polymerase chain reaction, PCR) 1984
PCR
DNA (primer)
deoxynucleoside triphosphate (dATP dCTP dGTP dTTP) DNA
(template DNA) DNA
DNA (denature) (annealing) (extension)
DNA ®
DNA PCR
rDNA ITS
(Cold Homae) (Red Gafe) (Yellow Shuho) (White Shuho)
X [Red Gafe (¢ )xCold Homae (< )] X [Yellow Shuho (¢ )xCold
Homae]
( )DNA
Shure DNA 0.5
g 1.5 ml 700 pl
60 urea buffer (8.0 M urea, 0.05 M NaCl, 0.05 M Tris-HCI pH 7.5, 0.02 M
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EDTA, 1% sarcosyl) 60 10 700
pl - phenol:chloroform=1:1 (v/v, phenol TrispH 8.0 ) 4 10,000
rpm 10 0.7 2-propanol
1/10 44M NH40AcC -20  2hrs DNA 4
10,000 rpm 10 1 ml 70%
400 ul - TE buffer (10 mM Tris-HCI pH 8.0, 1 mM EDTA) DNA
5 ug RNase 65 10 500 pl phenol: chloroform=1:1
(viv) 4 10,000 rpm 10 45 ul 4.4
M NH,OAc 3 95% -70 30 DNA
4 10,000 rpm 10 1 ml 70% DNA
20 pl  TE buffer 180 pl DNA
-20
( )DNA
DNA 5ul 495 pl
(Hitachi U-2001 Spectrophotometer) 260 nm
50 DNA (ng/ul)
DNA DNA 8 ng/ul DNA
( ))CR ©
PCR 10 mM Tris-HCI (pH 8.3), 50 mM KCI, 1.5 mM
MgCl,, 0.01% (w/v) geltin, 0.2 mM dATP, 0.2 mM dGTP, 0.2 mM dCTP, 0.2 mM dTTP
IT1 1T2 0.5 uM 80 ng DNA 50 pl
0.6 ml 50 pl (mineral oil)
(Biometra)
94 10 1.25 units Tag DNA 94
45 52 20 72 1 10 94 45
50 20 72 1 30 72 10
() 2
0.8g (agarose) 100 ml TBE (40 mM Tris-boric acid,
0.1 mM EDTA, pH 8.0) 0.8% (comb)
TBE
DNA ( PCR ) 1/10 (tracking dye) [0.25%
bromophenol blue, 40% (w/v) sucrose in water] DNA
(5 V/cm) 4/5
EtBr (ethidium bromide, 0.5 pg/ml)
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( )Glassmilk  DNA

Geneclean Kit (BIO 101) PCR
EtBr UV -box uv DNA (band) DNA
DNA 1.5ml
100 mg 500 pl Nal solution (6 M sodium iodide) 50
Glass milk ( DNA
5 ug 5ul  Glass milk 1ug 1 ul Glass milk)
5 DNA Glass milk
Glass milk 500~700 pl  new wash solution (NaCl/ethanol/water)
3 10,000 rpm 5
DNA
( )DNA
1.
JM 109 T-vector
2.
(1LB tryptone (Peptone 135) 10 g/l 5¢g/l NaCl 10 g/l 1
NaOH pH 7.5
(2) LB (15 g/1) 2

(ampicillin, Ap) (0.1 pg/ul) X-gal (0.08 pg/ul) PTG (0.08 pg/ul)
Ap (0.1 pg/pl)

3. (ligation)
pGEM T-vector (Promega) PCR Glass milk
DNA DNA 50 ng 1l (T-vector) (50 ng) 1l 10x
(ligation buffer) (0.66 M Tris-HCI pH 7.5, 5.50 mM MgCl,, 50 mM DTT)
1ul T4 DNA (ligase) (3 units/pl) 10 pl 15 3~16
hrs
4. (competent cell) @
LB 37 50 pl 1ml LB (
20 ) 37 90 4 4,000 rpm 10 500 pl 100 mM CaCl,
0 30 4,000 rpm 5 200 pl 100
mM CaCl,
5. (transformation)
JM109 200 pl opu O

30 42 (heat shock) 2 0 400 pl LB
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37 45 Ap IPTG X-ga 37
12~16 hrs
DNA @D
12~16 hrs
15m 1mlLB 10,000 rpm 30
1 100 pl solution (50 mM glucose,
25 mM Tris-HCI pH 8.0, 10 MM EDTA) 5 200 pl solution
(0.2N NaOH 10% SDS) 5 150 pl solution (3M KOAc
pH 4.8) 0 10 10,000 rpm 10 0.6
2-propanol -20 30 DNA 12,000 rpm 10
70% DNA1 2 10 50ul TE ( RNase 20 pg/pl)
EcoRI DNA DNA
Qiagen-tip 20 (Qiagen) 5ml 10 ml 4
4,000 rpm 10 1 0.3 ml buffer P1 (50 mM Tris-HCI, 10 mM
EDTA pH 8.0, RNase 100 ug/ml) (pellet) 0.3 ml buffer P2 (200
mM NaOH, 1% SDS) 5 buffer P3 (3.0 M
KOAc pH 5.5) 10 10,000 rpm 15
1 ml QBT (750 mM NaCl, 50 mM Mops, 15% ethanol, 0.15% Trito X-100, pH
7.0) QIAGEN-tip 20 1 ml buffer QC (1.0 M NaCl, 50 mM Mops, 15%
ethanol, pH 7.0) QIAGEN-tip 20 0.8 ml  buffer QF (1.25 M NaCl, 50 mM
Tris-HCI, 15% ethanol, pH 8.5) DNA 0.7 2-propanol DNA
12,000 rpm 30 1 ml 70% 1~2 10
TE buffer
DNA
AutoRead Sequencing Kit (Pharmacia)
DNA
(1)
32 pl 5~10 ug DNA 1.5ml 8 2M NaOH
10 7 Wl 3 M sodium acetate (pH 4.8) 4 ul
120 pl 100% -70 20
12,000 rpm 15 70% 1~-2
10 pl (fluorescent primer) 2 pl( 4~6

pmol) 2 ul (annealing buffer) 14 pl
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65 5 37 10 10
1l (extension buffer) 3 ul DMSO

(2
25 pul "A" mix "C" mix "G" mix "T" mix
37 1 2 yl T7 DNA
polymerase (6~8 units/2 ul) DMSO
4.5 ul 37 A C G Tmix (pipetman)
2~3 37 5 4 stop solution
2~3 90 2-3 4~6 pl

GenBank 18SrRNA 3 26S rRNA 5’
)(16,17,29,31) 15 mer ( ) I T1-5’
CGTAACAAGGTTTCC3' IT2-5AGTTTCTTCTCCTCC3 G+C 46.7%
ITL I1T2 3 CcC PCR (specific)

94 10 DNA
(template DNA) Tag DNA polymerase

(conserved sequence region

Tag DNA polymerase
DNA ® (2-step)

PCR
(20) PCR
rDNA ITS
747 bp ( )
PCR rDNA ITS
15 bp 717 bp DNA
rDNA ITS 27 bp 18S rRNA 3 52 bp 26SrRNA 5
ITS 638 bp 253bp ITS1 164bp 5.8SrRNA 221 bp
ITS2 PCR ITS (Lactuca sativa L.) rDNA
I TS 5.8S rRNA 164 bp 96.3% ITSL ITS2
251 bp 221 bp
(deletion) (insertion) 67.0% 72.4%( ) rDNA
ITSL ITS2
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IT?2

—

18SrDNA 5.8S5rDNA 26SrDNA
1GS ITS1 ITSZ‘— IGS
IT1
ITSregion
rRNA PCR (TS (IT1 1T2)

Fig. 1. The positions of internal transcribed spacer (ITS) regionsrelative to 18S, and 26S rRNA genes and

the intergenic spacer (IGS). Relative positions of primers (IT1 and 1T2) used for PCR and
sequencing are indicated.

MA B CDE F

1500—
1

200—
100—

PCR (IT9) 0.8%
(M) (A) (B) © (D) x
(B) x (A
Fig. 2. TherDNA ITSregion of Chrysanthemum morifolium Ramat were amplified by PCR, separating
on 0.8% agarose. Lane 1 is marker; lane 2 to 7 are six samples, belonging ‘ Cold Homag', ‘ Red
Gafe', 'Yellow Shuho’, * White Shuho', [Red Gafe (¢ ) x Cold Homae (¢ )], and [Y ellow Shuho
(2 ) x Cold Homae (& )], respectively.
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Fig. 3. The comparison of nucleotide sequence of a5.8S rRNA gene and of internal transcribed spacers
between Dendranthema granfdiflorum Ramat ‘Red Gafe’ and Lactuca sativa L. (Accession
numbers are AF116239 and L 13957 in Genbank, respectively). Positions of rRNA genes, i.e.
3'end of 18SrRNA gene, 5.8SrRNA, and 5" end of 26S rRNA, are boxed. The ITS1 locates
between 18S and 5.8SrRNA, and I TS2 locates between 5.8S and 26S rRNA.
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ITS Argyroxiphium, Arnica, Dubautia, Hulsea, Madia,
Raillardella, Raillardiopsis, Wilkesia rDNA ITS1 254~261 bp ITS2
216~223 bp ® Krigia, Pyrrhopappus, Microseris, Agoseris, Stephanomeria (Lactuca)
rDNA ITS1 246~253 bp ITS2 220~222 bp *® Dendroseris rDNA
ITS1 253 254bp ITS2 224 225 bp® 5.8SrRNA
164 bp®1®) ITS1 ITS2
ITSL 1TS2 G+C
ITSL ITS2 G+C
(Family) (Leguminosae) (Vicia faba)®
Vigna radiata®” ITS1 G+C ITS2
Vignaradiata [TS1 G+C ITS2
rDNA ITS1  ITS2 @ ITS1 1TS2
(phylogenetic
relationship) Madiinae  ® Calycadenia ("
Krigia *® Dendroseris “®® Antennaria %
PCR rDNA ITS
()
ITS ITS

()

(NSC 88-2317-B-067A-001)

1991 p.142

. 1987 DNA p.87-91 ( )

3. 1998 p.215-222

40

4, Appels, R, W. L. Gerlach, E. S. Dennis, H. Swift and W. J. Peacock. 1980. Molecular and
chromosomal organization of DNA sequence coding for the ribosomal RNAs in cereals.
Chromosoma 78: 293-311.

5. Arnheim, N. and H. Erlich. 1992. Polymerase chain reaction strategy. Annu. Rev. Biochem. 61:

131-156.
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Cloning of Internal Transcribed Spacer Region
of rDNA in Dendranthema grandiflorum by
Polymer ase Chain Reaction®

Sheng-Chung Huang, Chi-Chu Tsai and Chian-Shinn Sheu?

ABSTRACT

Using polymerase chain reaction (PCR), the entire nucleotide sequences of internal
transcribed spacer (ITS) region between 18S and 26S ribosomal RNA (rRNA) genes were
amplified among six cultivars/lines of Dendranthema grandiflorum Ramat. Two primers
for PCR, IT1-5 CGTAACAAGGTTTCC 3 and ITS2-5 AGTTTCTTCTCCTCC 3’ were
designed for amplification and sequencing. The length of PCR products including primers
(30 bp) was 747 bp. To compare with other higher plant species, this sequence
contained 27 bp of 18S rRNA gene, ITS region, and 52 bp of 26S rRNA gene. Therefore,

the length of ITS region of D. grandiflorum is 638 bp in which 253 bp of ITS1, 164 bp of
5.8S rRNA gene, and 221 bp of ITS2 are present.

Key words: Dendranthema grandiflorum Ramat, PCR, rRNA, ITS region.
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