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Analysis of ITS Nucleotide Sequences in Ribosomal DNA of Merus Species
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ABSTRACT

Nucleotide sequence in internal transcribed spacer (ITS) regions of ribosomal DNA among mulberry varieties (Morus
species) were analyzed in order to identify the possibility of classification for the species. The variations in the ITS
regions were compared among 9 mulberry varieties and one variety of Cudrania species as an outgroup. ITS 1 region
of the varieties ranging from 219 to 220 bp in length was 49-30 bp shorter than ITS 2 region. Of 510 sites in the ITS
1 and 2 regions, 148 sites were potentially variable, of which 52% and 48% sites were distributed in ITS 1 and ITS
2 regions, respectively. By pairwise comparisons on the nucleotide sequences in the ITS 1 and 2 regions among 9 mul-
berry varieties, they were classified into 5 groups. Divergence values of the sequences, however, were considerably low
ranging from O to 1.3%. Especially, there was no divergence among Backasipmunja, Chungilppong and Milsungppong

and Jungyasang, Ssarigol I and Yulbon, respectively.
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Z1HB-E2| nuclear ribosomal DNA gene(rDNAR= 188,
5.85 3 268 coding 97 1859} 5.88F AH&3lE ITS
13+ 5.882) 265% A48k ITS 2 9 external non trans-
cribed intergenetic spacer(IGS)¥ noncoding % 2E )
Yol Zek(Fig. 1).
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Fig. 1. Schematic representation of the ribosomal DNA repeat unit
including 18S, 5.85 and 265 rRNA.
The arrows denote the positions of the PCR primers.

Table 1. List of Morus and Cudrania species used for DNA
analysis in this study

Genotype Species

Backsipmunja Morus alba L.
Chungilppong Morus alba L.
Milsungppong Morus bombycis K.
Ssarigol [I Morus bombycis K.
Busangwhan Morus Lhouw(SER) K.
Hyungsang Morus Lhow(SER) K.
Jungyasang Morus Lhou{SER) K.
Yulbon Morus Lhou(SER) K.
Mohusang Morus tilinefolia MAKINO
Silkworm-thom Cudrania tricuspidata BUREAU

A B-FS(Morus) B SE#kSE ¢zl Fuidt
{Moraceae)e] TR ¥ 15 (Cudrania wicuspidata BUREAU)
% 5 10%8 A2 B rh(Table 1). 450} 4
Fe s Rrled AR FEA AT 6l
2y RAAD BEEH BEH gl AE "‘r%ﬂ?&ﬁ}

DNA 322 ®ol9 323k dagalss T2 JEA
7 e A midsied wlA Bdg uHE ‘:’r'a— Genomic
DNA Purification Kit(Promega, Al1200E ¢]&38}e] A2
Abel vl odoll ujel Eejstaiot

2. Polymerase Chain Reaction(PCR)M 2|8t 1TS &
£ 3 sequencing

ribosomal DNA2} 1TS G (Fig. 1)2 5-F38}17) #3)
A8} primers White et al(1990)2] ITSI(5-TCCGTAGG
TGAACCTGCGG I3} ITS4(5-TCCTCCGCTTATT GAT
ATGC-3YE AH8-3)¢] o) 34 BioneerAfell 2135t #
A=,

PCR ®F-3-2 100 ng®] genomic DNAE 2H2H8] primer
70 pmole Z 200 uM dNTPs®} 42 F TaKaRa?| 10x
Buffer£-<4 (100 mM Tris-HC1 pHB8.3, 500 mM KCl, 15 mM
MgCL)& %I 2.5unit Tag DNA polymeraseE- 7}3F o}
% Yz AA 89S 100 WE sl

PCR HF-2-371-2- 95°CellA] 2¥-7} initial denaturation A
7] &, 95°C/60%, 55°C/60%, T2°C/60FE2 40 cycle HHS-
Al 72°Col A} 7EZ) final extensiond}e] o}

PCR £54HE2] DNA® Gene Clean H kif(Bio 101 Inc,,
USAYE AHg3sled 34akd oo, pGEM-T vectorE of-&
sled 344 313}le] Perkin Elmer automatic sequencer
{model 377} sequencingdhivh.
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Z9) coding ¢i90] A BEF o] gl EAL ol&ale],
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et al., 1999; Kiss er al. 1988; Takaiwa et al., 1985)=
Clustal W programme(Thompson et al., 1997, http://www.
clustalw.genome.ad jp/)2-2 A", v]12sled 1TS 12} 1TS 2
o] AA T4 188, 5.88¢) 2655 FEE ITS L
Azt

FEHA FHE d7IMde] FU7 58SE Al esta
ITS 13} ITS 28] 971M9uhe AHgsid o, 32 B4l
Al gap-Z missing character® A e]a}gict. Fr] 22
PAUP(Swofford, 19992 2135 AMgsle] 714 #e £
Ax=F 7} HAF A F(most parsimonious tree)S
2pasig o, BA) TefM o) 2h BAle) fjg AHEE A
AbEL7] 833)ed ‘100 repiclates’ S AM2-8led bootstrap 4
(Felsenstein, 1985y stgic).

BFE7he] g7|He] AL PHYLIP(version 3.5; Fel-
sentein, 1993)2] DNADIST programell A transition : tran-
sversions two-parameter method(Kimura, 19802 AlAl3}
gon, A ZA-L PAUP(version 4; Swofford, 1999)2]
‘branch and bound search algorithm’2 ‘collapse of zero-
length branchs’ option®} 37 A=ste] APsigdch. =3
neighbor-joining trees= two-parameter method(Kimura, 1980)
2 A4bg 97we] g 7122 PHYLIPE) NEIGHBOR
progiam-S: o] -8-3e] ALESIgl).
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1. ITS &71MYd &4

474 % bt 03 outgroup S FA|EE [ Fe] o
g ITS 13} ITS 29] #Hoj= 2+ 219-234 bpo} 269-271
bpeldlem, 5859 Aol EF 161 bpel AoZ eyt
TH(Table 2). ITS 18] Hej WA Wopi] Fa}, AU
B, abbAe) AR, A S ) 2 2 R3A
o] 219 bpolalon], AMAHAl el sbelF 11, =AY FAMS
o FEo] 220 bpol% I, outgroups! FR|Ho] 234 bpE
7HE 2 Aoz vepdet. 115 29 dels T8 Bl
2] F-F50] 269 bpol gl om, Ao} 271 bpHe] F4l
=it

B IEE ez g o] AgAapel M= ITS 13 ITS
22} Aoz} Zhzk 219-220 bpot 269 bpEA ITS 18] Z o]
AR 2 R3] E0)4 BRI 819](187-298 bp)
o] 2= o2 et e Downie and Katz-Downie,
1996; & 5, 1996; Shi et al., 1998; Ainouche et al., 1999),
ITS 2= v 2 Al 250 A9-(187-252 bpic} vt 2 7
2.2 FlEgdth (TS 13} ITS 29 AliAdel zz7]s o

Table 2. Size and base composition of ITS 1, ITS 2, and 5.88
region of nuclear ribosomal DNA in Morus species and Cudrania
species

ITS | 5.88 ITS 2
Varieties Size GH+C Size G+C Size G+C
(bp) (*6) (bp) (%) (bp) (%)

Moprus alba

Backasipmunja 219 585 161 534 269 636
Chungilppong 219 5835 161 534 269 63.6
Morus bombycis

Milsungppong 219 585 161 534 269 63.6
Ssarigol 11 220 582 161 3534 269 636
Morus Lhou(SER)

Busangwhan 220 586 161 534 2069 636
Jungyasang 219 589 161 534 269 636
Hyungsang 219 589 161 534 269 2306
Yulbon 220 582 161 540 269 636
Morus tiliaefolia

Mohusang 219 589 161 534 269 636
Cudrania tricuspidata

Sitkworm-thorn 234 556 161 559 271 543

HE Aol fapslAt ITS lo] AdiRes & Rog v}
e} gl eri(Bailey and Doyle, 1999; Wojciechowski ef
al., 1993; Kiss et af., 1988), B1}Fe] A= TS 7} &
ALz veht g2 e Hedvh e 5889 A
ol B 161 bpEA], 163-166 bps e]4l o} &3hy
F(Suh ef al. 1992; Baldwin et al, 1995; Downie and
Katz-Downie, 1996; Starr e al, 19993 2 x}olz} i)
21l Sphaerocardamum® 172bp Brks 4 Ao 1}
eldc}(Bailey and Dayle, 1999).

F712] GHC B]E&L ITS 1 M PR o] 556%
EAM 7P dgkem, By FE52 58.2-58.9%% e}
W= (Table 2). ITS 20iAe FXHEo] 54 3%EA ITS |
ol Aol 7ho] HAAE viehliglon, o2 HalR FE55
2 w2 63.6%cl1%det 1TS 13 ITS 2 499 G+ Hl&
8] z)e)is 2 E8 FFol oput Febr] Carext 7o) ITS
1 Fgo] %52 B9(Starr ef al, 1999)%} Fabaceae?} 7o]
ITS 2 9§ o] %2 79 (Wojciechowski ef al., 1993y o
AE} Adko] glo1} WO 75 2 o] o ASE
et gl BHE 58Sl M TR BRe] 559%E R &
gror} Wal¥ ZxE0 53 4.540%F el o] Y2 spacer
eddell vigle] w2 g B,

b 9 F5 ARV AEE 971A YA &
#% indel- 327d olgl o, H¥EE2 indel-2 1-3 bp2
A7 oI} FARVFRS] TS 1 HF-4ollA] 12bpe] 71 &
insertion®} vFelgH(Fig. 2).

by FFE7He) 1TS 939 97iME WelE 1TS 1
el ool A 0-1.8%F A Abgla) AR g7 AelAtaE-
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Fig. 2. Continued.
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Backasipmunja GIGCCOGGEEAGTETBGEEGTCSGATGATEGCCTCOORTG——-TCTTGECT-CRCEETTRGCCCAAAGTCGAGTCCTCGGTCACGETTAC(451-540)
chmgnpmng D I L L I T I T R T R T N e R A R R R
Jlmgyasang D I I e T L LR R N L T P

Hllsungpmng e M E S AR R P T S e N NE KA ER IS AR A DR n s BE b o d bbb nn o h b

Hyungsang TE AR RS VR e Pt ew etk R Rd AR S S F R AN 45 S0 N4 S A NSt A S LR S — by T g

Yulbon D PP

mhusang T R e R LR LR R R Rl R R T O - s
Silkworm-thorn .« AT.T--.C,ARRA-- G- -T+-BT+resrereness CGA.A.G. AT AT v ressrevreeCrehenns CTTor ees T6C.T

Backasipmunja CBTGGTGACAGGTGGTTGTCEATCECTCEGTACCCCETCACBTRC-B0CBEACACGAATCEABACTCTCTTGATTACCCCAACGCATOCC {541 -630)
Chungilppomg s« ccteresreeerenraniraenseasrassnnsagnssans B LT L N LN L LT T T P
Jmam R N R I T II
Milsungpmng L R L R R R L e R LR N P
SSarigol 11 R I R I I R D
Busangwhan N RN LR TR R TR PRI - TR I P Frrasstere s anas sy s

Hy-ungsang R R R R I L R N R I A
Yuan R R R N N N E R TR T .
mhusang R L I R LR LR TR I I
Silkworm—thorn T----CA N LR A"A.G_C“,T"""",T"AT"",A""T.M.G"".C.AG"_.G"“".T"“.GA

ITS 2 268

Backasipmunja C-GTTTGGGTGCCICTCATGTGACCCCABETCAGBEEEGCTACCCGCTGABTTTAA631-688)
Chungj_lpmng B R LR L R R P P
Jungyasang el R T T
Hi]_sungppong R T R R L R L T B
Ssarigol 1I e T
Busanguhan B D R T R A S A

Hy'mgsa_ng L N T T P E R A AR B N e R I aE N a o b .
Yul}x,n L T
[hhusang K - L R P I
Silkworm-thorn TA««G.A---+ T TOA A C---vov-r
Fig. 2. Aligned nucleotide sequences of ITS regions in 9 varieties of Morus species and one of Cudrania species. The dashes indicate gaps
inserted for alignment and the periods denote identical bases to the first variety.

Geta, AelF s} S8t 2] 18%E HHAE 0-13%% vehfo] SR8 g 77he- Ao st
Hojew, ITS 2 gAML 0-L1I%EA FE dcerdt ]3] o, WolilFa), JUBa WA 12]T Aol
{Aceraceae) 13F : 0-16.5%, Hamalelidaceaed] 325 : 1.4- Ae]F N2k o] 0%E Jehde] H7jdelst gl A
33.4%, Winteraceae®] 72 : ITS 13} ITS 27} ZHF 0-11.8% o= viepyte}.
£} 0-12.9%, Brassicaceae 63 : ITS 13} ITS 27} Z+2t o- Al B} Efol ga] o] 45T gl= oE it (style)
24.2%%} 0-19.7%) RISt (= 5, 1996; Li et al., 1999; o) e} 3 JEHA(stigma)} Helol 9% BFAACIA,
Suh er al., 1993; Baily and Doyle, 1999) ¥e]2] Zo} nuj 1917)ell w}2 2403 273 A o] WpL F2
F wek2 K (Table 3), BuH79) 1TS 2 48] g71M Y o] o Fof] Al e 2t Fo| BEF Helz oz o
Hol7} ITS 1 g B} w2 H o2 viehd, Liston 5 = AXE 7 el wet AAslglon, fejuiedel A
(1996)7 Cheng(2000)e] R 312} 712 43S vehlglot. el gl mdse] AuEI gl B F5E50
5.88 coding dSM e shte] 971 Aol U=z, shy o5 O&R(Morus alba L.), \LERF:(Morus bombycis K.)
2] d7|A)3e] FE ], F7H ol T4 sk (Fig. == BER(Morus Lhow(SER.) K)ol &3] alent oyl
2). Hog B2 RS 7MR5 A¢REH, 1951) 4
ITS 134 TS 2 A49E ¥t Bobr 570 97l Are] 45t wd syl Asse] §AA FdtA s} -
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Table 3. Pairwise comparisons on sequence divergence and
differences of nucleotides in ITS land ITS 2 region among nine
Morus varieties and Silkworm-thomn as outgroup

1 2 3 4 ) 6

ITS 1+ITS
Z{combined)
1. Silkworm-thom -

2. Backasipmunja

0.331 0337 0333 0337 0.329

Chungilppong 169 - 0.008 0.002 0.004 0.004
Milsungppong
3. Busangwhan 174 4 - 001G 0.004 0013
4. Hyungsang 170 1 5 - 0.006 0.006
5. Jungyasang
Ssarigol 1T 172 2 2 3 - 0010
Yulbon
6. Mohusang

168 2 6 3 5 -
ITS 1

1. Silkworm-thomn -
2. Backasipmunja

0.387 0400 G391 0400 0.387

Chungilppong 91 - 0.009 0.013 0.009 0.004
Milsungppong
3. Busangwhan 94 3 - 0018 0000 0.013
4. Hyungsang 92 1 4 - 0.013 0.009
5. Jungyasang
Ssarigol I 94 2 0 3 - 0018
Yulbon
6. Mohusang 91 1 3 2 4 -
ITS 2

1. Silkworm-thorn - 0283 0290 0283 0.283 0.280

2. Backasipmunja

Chungilppong 78 - 0003 0.000 0.000 0.003
Milsungppong
3. Busangwhan 80 I - 0003 0007 0011
4. Hyungsang 78 0 1 - 0000 0.003
5. Jungyasang
Ssarigol Ii 78 0 2 0 - 0003
Yulbon
6. Mohusang 77 1 3 1 1 -

Percent sequence divergence is presented above diagonals and
their numbers of nucleotide differences are given below diagonals.

797 AR FEH o)t o2 FrjMge W
o] 7} A ¢k, o] 59| KAl wi= WAAYAL ¢ste] 2
A 4% Hez gyl

3t noncoding °d 2] DNA 71 Lo coding 94
off B3t whE £22 AHFUS A2 ZIdE] ITS
dodo] AFEFo d] o] £H I glent, Aot A
¢kolx| Bailey and Doyle(1999)7} &15-8 nle} o]
A M) A g dEY v gk aeez g

A L o L I L

g3 el EAS Aulsl= DNA2 coding %3 Fel leiA] &
ZlMd wolet £ o] F2] ITS noncoding %ol Me] 2
e} v FEgiviy Bog ookst dr|Helg FAR 8
o 4 F93AE vy HPUaA 3y = 9& AL
2 7l He) o} F-H2] marker® o] &8 F U
genomet] 9] ©hE oJHo] || BN PL PAAYE
gHael A5 Fole Rl Qgst fd@A e 2
st E5t vhs g ALE A

2. BUS ET oA B4

Fdd3A BAME coding G2 FriMde] Helrt
Aoj ¢= 585 FEL Aty TS 15} ITS 29 F7)
MATE ARgsle] dlsloin) oL A & 5107) site B
14871¢] variable site?} vERsEoH | o] E & 2717} 277 ol
Abe] FEA FHE)e] slAkEE AlFele 34 (informative
site)2A] FetEjelo(Fig. 2). Informative siteS -$jd 2
AbAEE TS 1o] 520%Z 28]X ITS 27} 48.0%% =}
sl Aoz el

Busangwhan

82 Jungvasang
100

Ssarigol 11

73 Yulbon
Backasipmunja
Chungilppong

100

Milsungppong

Hyungsang
Mohusang
Sikworm-thorn
Fig. 3. The single most parsimonious tree based on the ITS
sequences of nuclear ribosomal DNA(CI=1.000, RI=1.000) in
Morus species. The tree was rooted using Silkworm-thom as
outgroup. The numbers above branches indicate the bootstrap
values in 100 replicates.

sof —  Busangwhan

~——Jungyasang
Ssarigol 1]
t——Yuibon
8 e Hyungsang
Backasipmunja
100 .
Chungilppong
— = Milsungppong

88 00,

12

Mohusang

Sikworm-thorn

Fig. 4. The single most parsimonicus tree based on PHYLIP
analysis of ITS sequences in Morus species.

The numbers shown above branches were bootstrap values for 100
replications obtained from the subprogram CONSENSE.
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