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ABSTRACT

Phylogenetic relationships of Korean Goodyera (G. schlechtendaliana, G. macrantha,
G. maximowicziana and G. velutina) were analyzed by comparing the nucleotide
sequences of the internal transcribed spacer 1 (ITS1) region of the nuclear ribosomal
DNA (nrDNA). The ITSI region of the ntDNA was amplified with the universal ITS
primers (ITS1-F and ITS1-R) by polymerase chain reaction (PCR). The length of the
nrDNA ITS1 regions identically represented 238 base pairs (bp) among selected taxa.
The G+C contents of the ntrDNA ITS1 region ranged from 453 (G. maximowicziana
and G. macrantha) to 45.7% (G. schlechtendaliana and G. velutina). Comparing the
nucleotide sequences among selected taxa, twenty one sites of point mutation {base
substitution) were found. The pairwise distance between G. macrantha and G
maximowicziana was 0.0043 showing the lowest value among any other pairs. These
results showed that ITS! sequences analysis in Korean Goodyera is a useful tool for
elucidating phylogenetic relationship.
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A e

Ad#4E  (Goodyera) AEL a3
(Orichidaceae)ell &3lE 484 ol A&
24 AAAIH ez otz estg A3 Hukie
2l o FoRAFellA o 40 Fo] BT B
25 Qlcl (Satake et al., 1982). =4 Br¥
AAdTE A8 AdR (G schlechtendaliana),
%&AH% (G macrantha), 4A42S (G
maximowicziana), B A% (G. velutina), i
7144 & (G. repens) & 5%°] 3o, F&2
gRzd 225 9 AMExd Exin o
(Lee, 1989). AlMz& A EESY RE F2 7
Hel 2717F 5~20 em FAEZA, Foll wg} 1~
M EE HT 15708 ZFo] v Yo T}
=53 AALozqo 7271 o (Lee,
1989).

A& AT AFE ERFFEY ANE
Hgoz 3 Hdgdd fdF  (Kitagawa,
1939: Kitamura et al, 1980: Makino, 1983)
9 e el 9 FEY PAAHA AP
&34 o+ (Konta and Tsuji. 1982), 18
T dREo] AEEHH AFd XNFslo Yo
(Vij and Gupta, 1975: Love and Love,
1981: Averyanov, 1984). 53 A =z%H A7
Al A9 & wiln HyE 243
oo o]lg ZAZ o F L FY AP
o FE3 AFE AU (Averyanov,
1984). #H, APHztgol] W3 FATE e
A g Aoz ey, zAgHdoee: 7
ol & FHE £ & AFE AN AdTL
HEoll t3le] i AANAFE o] & §A
A fdRA} F7+ Aol 7Y v doq
(Oh et al, 1989), Tae % (1999a)ell <A
gty A, Az ¥F 9 4AE4e
Hgo g Sl EFTE Asle £ AE o
FAdBAE =A% uwl Aok E£F HZ B9
random primerE o|£% PCR-RAPDs& A}
&3 AdAS W FEE Uz B AT

7} =859}t (Tae et al 1999b).

AEGGY el wEd ojF2 ZE A
B2 ANz Q4T 9o, o2 A
g2 AHEY AEE oA HAAxhe
FAado] £49 fu)st HA FdsEa e A
golct. ol fHMo| EYAEE uygog
Fo FAAY BAAY $£go] 53] dE
ol HT EANENH sy wdz £3
DNA RE& w2 A7 Jel 22 4+ Q&
F¥d4fur-$  (polymerase chain reaction,
PCR) 7lge] Agsle] S E/RT = £
EFT v 9 ASRAEY dF Foll YA
ol &= gl (Williams ef al, 1990). &3
8 ZBE&E DNA £ 18S, 58S, 26S. ITS
(internal transcribed spacer) %919 5
o rbcL, matK 2 psbA FARES d7149
£ vl2de HR4E (angiosperms) ¥ A
4 & (gymnosperms)e] % -4 w99 REZ
o]l A3 oj&slx 9ot (Baldwin, 1992:
Kim and Jansen. 1994: Baldwin et al,
1995: Jung et al, 1998, 2000: Gernandt and
Liston, 1999: Han et al, 2000).

oetd £ AFE HFEd zYEE APd
g& A8 F o7 AHTE Alg 430 de
o #3229 ZHol7t B, FEo] Lol ¥ g
B4 DNAS ITS1 BHo] oigh g714d & &
Aoz ARE A4 B4 A2 §A
A B4 o AFSAYH FABAE 7,
By - Axy Aydr Ased} vlas
22 AAE

As 2 By

A%YA s 9 DNA 3&
B ATl A3 AHTE (Goodyera) A
L elitg 4oz JdFe 4oty AHE
dx %9 mlle] BIoA Ao,
ARE ANag FH52 AHYG & 2718 AA
32 FA| total DNAS #2)3dch DNA 322
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St AMEEES A2 AISRIEE

A

protein precipitation technique (Dellaporta
et al, 1983)& w3 APt A=A A
MA& g 77 1 goll HAALE Jlete] o}
Al F, 10 ml9 extraction buffer (100
mM Tris-HCI, pH 80: 50 mM EDTA, pH
8.0: 500 mM NaCl: 2% SDS: 1% PVP: 0.
1% P -mercaptoethanol)& ¥ 60TCelA 20
& F< w47 %, 5 M potassium acetate
(pH 6.5) 4 mi& ¥7lstq oA 108 &
FAA G €488 F AAYd 5P
isopropanol$ A7}sted -20ColA 2417 &<
B33 ¥ DNAE AAAW ¥ TE buffer (10
mM Tris-HCl, pH 8.0: 1 mM EDTA) 1 ml
£ 373t DNAE $&35%ch £43 DNA
+ RNase A. proteinase K (Sigma, USA)&
AHg-sted AAIB o0, 1% agarose (Sigma,
USA) gel AellA A7 58t At

A4 F=
ITS1 B399 ZFZo 243  primers
White 5 (1990)ol 2lsf gt ITS 1-F

(5-TCC GTA GGT GAA CCT GCG G-3)
8} ITS 1-R (5-GCT GCG TTC TTC ATC
GAT GC-3) primer& AH&3%l2d9(Fig. 1),
template DNA 10 ng# primer 05 # M,
dNTP 200 # M, MgCl: 25 mM. 10X reaction
buffer 5 # 1. Tag polymerase (Promega,
USA) 2 unite] 279 3% 25458 ¥7hsief
Z WS NE 25 417t HA %k PCR #H§
< GeneAmp PCR System 9600 Thermal
Cycler (Perkin-Elmer, Foster city, USA)&
ALgsig o, WiEEAL  94TCoid 287
pre-denaturation A7l % 94C, 55C, 72Coi|
A 77 4528 1 cycleZ st 303 whEact
1 F 72CoAA 10872 74AA (extension)
A7k, PCR AHBE 1% agarose gel 4oll4
A7199 %381 ethidium bromide (EtBr)& <
A% ¥ UV transilluminatoroll 4 &<lsid ).

A4 224

PCR=z2 I3 ITS1 2=
AdvanTAge™ PCR Cloning Kit (Clontech
Laboratories, USA)& Al83« F2d3ich
Mz Zu]¥ insert DNA 12 #1 (50 ng),
vector 08 #1 (25 ng/# 1), 10xligation
buffer 0.5 # 1, T4 DNA ligase 0.5 x1 (4.0
Wiess units)oll $HF+8& H71sd HEF 5 ¢ |
7} siAl @ ¥ 14CellA overnight AlF<h ¥
2R Top 10F' competent cell 25 u lo
ligation® DNA 2 u 1& E%3td Aol 30
B EQ 23¥ F 42CddA 302 4 2234
< Fof #33Uct 1 & ALY o 28
A= E¥ X SOC medium (2%
bacto-trypton, 0.5% bacto-yeast extract,
0.05% NaCl, 25 mM KCl, 2 mM MgCl, 20
mM glucose) 200 # 1§ Y3 37ColA4 1A
wokstglet.  Ampicillinel =g A=
LB-platedl X-Gal 20 # 1 (50 mg/ml), IPTG
20 1 (0.2 M)E AHelstz A AE 80
p 1§ =238 1647 ek ol white colony
£ AwEddc. o|& ampicillinel EeoldE
LB-broth (50 # g/ml) =izl 847+ &<
w]¥3 ¥ Minipreps DNA Purification
System  (Promega, USA)¥  AH£3io
plasmid DNA S &3}

AL £4

Adets A1 g9 ITS1 849 47149 &
A& Cys™ AutoCycle™ Sequencing Kit
(Pharmacia Biotech, USA)E A3
manual (Protocols for Cy5'™ AutoCycle™
Sequencing Kit: Pharmacia Biotech, USA)
of s 433Ack Cys57F EAIR  vector
inner primerd MI13-40 forward primerst
M13-20 reverse primer (Pharmacia Biotech,
USA)E g3t 94C 30z, 55C 302, 72°C
0z§ 1312 3o 253 AA oS 7h4lA
(extension)& 3 72ColA 1087 #AIA
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How, 4ColA4 stop solutiond H7hstglch
A71d %L 7 M urea, 6% acrylamide gel
AollA) #3399 es], ALFexpress DNA
sequencer (Pharmacia Biotech, USA)& 4}
£3te 1500Vl A 70087 A A3

ASRAYY &4

Sequencingelld AdolZ ITS1 7ML E
€ CLUSTAL W program$ A83te 9713
& P8 drldel & A& PHYLIP
(Felsenstein, 1993: ver. 35)° DNADIST
programell A transition : transvertion® 2 : 12
7t4% e two-parameter method (Kimura,
1980)2 <d7lwWel& (nucleotide divergence)
< A4, 1 A7E 7122 NEIGHBOR
program (Saitou and Nei, 1987)& o] &3}of

Is1-1: P

)2 parsimony analysisolA Y& Z3#§ =
T A3 consensus treed 24 &gldh

A3 9 %

AFxol| A AMT|4 (Goodyera) A
£ 4379 AFKAUH AAVAE B4
st & 2luE DNA ITS1 B919 G742
4 vla- B4R G ITS 1-F9 ITS 1I-R
primer& 243 FZ3 Az 320 bp =l
A band7t ¥AsIglen (Fig. 1B), ol & ulet
o2 EN3 dr/AdLe A n3d 3
(Orchidaceae)4] &9 ITS1 94H9 Ad3} v
aste] ARSIl (Whitten et al., 2000). A
AL AEE 7He] UMY €4 A3 2E

A) 116s [ ITSI

5.8S ITS2 28S.

4 1181-R

B)

Figure 1.

2 3 4

MW
(bp)

< 320

A) Schematic organization of the nuclear ribosomal DNA ITS regions. Arows denote orientation and

approximate position of primer sites.

B) Agarose gel electrophoresis band pattems of ITSI region ampliied by PCR. M is DNA size marker,
GeneRuler™ DNA Ladder Mix. Lane 1 to 4 are G. macrantha, G. maximowicziana, G. velutina, and G.

schiechtendaliana.

EAZE FASALE =3 AE+9 branchol
3t A= & 47 4% bootstrap (10003] uk

AMl4 238 bpz FUR 271& vehhde
o, (G+C) #E HeAMB HAuol
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o 2|=& DNA ITS) H7IAM Lol 7l_"E

45.3%. BAETF Aol 457%2 A9 &
Ad¢ B9 Ed (Table 1), ol8l¥ ZAsE2
A&l mu¥ g (G+C) FFER A
o fAHE 4E Bolx gk

Table 1
Comparison of ITS! regions among Goodyera spp

Species®

MAC MAX VEL SCH

Length
(bp)
G+C (%) 453 453

238 238 238 238

45.7 45.7

3MAC, G. macrantha: MAX, G. maximowicZiana;
VEL, G. velutina: SCH, G. schlechtendaliana

w3 AMTE 439 FrHAEE vy A3
21709) 7)ol A 7| 2l%ho] e HAH R
88% (21/238)9) <A712%&S vehldod,
o719 44l (addition)elvt A4 (deletion)&
uebbz) okket (Fig. 2).

o, AdEzl AT Aboldl4 815%E 7R
2 d7lwol & Yehlilet (Table 2).

Table 2

Sequence divergences of ITS1 region among Goodyera Spp
The abbreviations are given in Table 1

SCH MAC MAX VEL

SCH - 0.0668 0.0716 0.0815
MAC - 0.0043  0.0530
MAX - 0.0533
VEL -

Az%  o7del g 72  PHYLIPY
NEIGHBOR program$ eol&3d A%
UPGMA trees ®-2APdE 4Ad o] 743
7hgA vebgon], "Ad#H, A o2 i
Uebdet (Fig. 3). =3 £ 7749] branchell
e A =g A7) Ysted parsimony #Aell
°]& bootstrap (10003]) A= A
consensus tree AollA¥E bootstrap valuezt
25 100%9 € JehiHA Az AsxE

50 90
m TCGAGACCCTAAAAGGATTGGATGACT TTTGACAACACGTGAGCGGTTGACGGCGATTGCTGTCTATAAACACCATCCATCTATTGTCCC

VEL e
SCH s
MAX Co
VEL ...A....... N AA
SCH ..... Co.C G

Figure 2. Sequence alignments of ITS1 complete sequences of nuclear ribosomal DNA among Goodyera spp.
Nucleotide sequences were displayed from 5' to 3. Dots indicate that the base Is identical to that of MAC. The

abbreviations are given in Table 1.

Aol A A [TS] 29 A 238 bpol 4
Tidol &¢ BAY A H2APdR AR
o] 043%2 713 %2 d7el&d dehlle

Eolz7 glon, UPGMA treedll 49 H3
Al 24 75-“}‘91' 2984 Jehtz U (Fig 3).
Oh £ (1989)& ci7|Abdetg A3 AHHS

- 33 -



A)
_scH
MAC
| MAX
VEL
C)
SCH
o — MAX
100
[ MAC
VEL

——VEL
—MAX

—MAC
SCH

Figure 3. Phylogenetic trees based on entire TSt nucleotide sequence data from genus Goodyera. (Al UPGMA
tree based on nucleotide divergency from the Kimura two-parameter method. (B) Parsimonious trees gained after
bootstrapping. (C) Maijority-rule and strict consensus tree. Numbers above the lines denote the percentage of

bootstrap value. The abbreviations are given in Table 1.

4%& d4o2 SDS-PAGE (sodium dodecyl
sulfate - polyacrylamide gel electrophoresis)}
2-DGE ( two-dimensional gel electrophoresis)ll
A% il A7 9E4elA JebhdE banding
patterns®] Zel& EA3 As AHAMga 4
Aol AH AgAL 057738 dehld A
7t g fdBAE Jehldy rRasy
o} $H, Tae 5 (1999b)ell 2l 3% A
g4 HEEY #3124 3 PCR-RAPDsE el
28 AFodNE FEHoZ AMo] el
vl 34 A=t A 24 Jelda, ¥
AR, "AHE Jela HAAE 3Fe )
AR dAAEks HAdEie] 23 o shgd
I 23% v ek T8y, B Age A
cheld 248 23 Oh 5 (1989)¢ Asjuce
PCR-RAPDs £4¢ %% Tae ¥ (1999b)9

AFATL fAEA Jebdo EE, AlH o]
EbFoll vlsiA AHoz A o AgH4ss
Uehdicks & Tae § (1999b)e) A7 ztet
LA, AR "R EeAd
g3 o 77k fA4A AA4E Yehddgs
AL A% dT7ARgE o8 $44E Holn
ek 28 Tae § (1999b)2 RAPD £4
A2 A4 Neighbor-joiningel 93 &
Az HAMTE H2AMes A nA s}
7t g Folgtn YehlHAE dApdae
QA s shd AR Foleln x¥ T Qo
HAe] ¥ ¥AL AL e fAHQY
8457 MYse AL ol (Park et al.,
1996). Aoz B fAze W] )
A7t AG §A e Jgg Wgogy 7L Fof
. gAeE P¥AENe) Axol wiz} Hehit
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8 2[2% DNA ITS) H7IMeof 718 Bt AHRIE Aol HSRHSE R

chefgt wolsl Q1g 4 ok #AA AMLA
o] x7) A MM HelE HAAUcGT
3, AAZE A AKRF L T AN Y5y
AE A5 248082 ¥ 4+ U (Yadav
et al, 1997). ZAAAc =z o gr$E DNA
ITS1 947149 & ol 88 £ d7+ dyAse
AMA o2 fAEA Yelkz g, dAAEH A
A 3E3 F2AABY AFE Aoldl
etk ol Eo] HEY AFE A5 s
A U A ExdE TS 4 E
9 AMEAAHI oL 3 ool Agle] ohz}
Hef iy, Alx%H o §FHHY FopillA =&
Al 4ol Wag Aoz wojny, AMTUL A F
F & ATFA A of7| A Z (Grepens)E
ERA oz BF4 TS AEFE U
FAA 23 o fAdAl Y Py AES
e & A& Aoz s
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