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Phylogeny of the subfamily Salmoninae distributed in Korea based upon
nucleotide sequences of mitochondrial ribosomal RNA genes
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Complete sequences of the mitochondrial rRNA genes were determined among six salmonines in Korean Waters ( Brachymystax lenok,
Oncorhynchus keta, O. masou masou, O. masou ishikawae, O. mykiss, and albino mutant of O. mykiss). The purposes of this study
were to provide the basic information on levels of mtDNA polymorphism among these species for genetic characterization; discuss
phylogenetic relationships among three Oncorhiynchus sepecies; demonstrate the utility of rRNA gene sequence data as a genetic
marker for distinguishing among Korean salmonines. PCR/direct sequencing data indicated the following consistent results; 1) 12S
TRNA genes was 945 bases long in Oncorhynchus species, and 946 bases in B. lenok, including one insertion. 2) Of sequence
variation in mitochondrial rRNA regions, transitional substitutions were superior to transversion. 3) The significant differences were
not shown in the intraspecific variation values in these gene regions. The percentage sequence divergence values were ranged from
0.066 to 0.212%. 4) The interspecific divergences were greater than the intraspecific variation. Nevertheless, ribosomal RNA genes
were more conserved among species than the other mitochondrial genes, and they showed potentiality as an intergenic marker for
systematics. In addition, phylogenetic trees, constructed from this data, supported that cherry salmon was closer to chum salmon than
to rainbow trout, and that lenok was most distantly related species in six salmonid species.
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A F Ao FaF FAAYOR G837 HHME A
2L EARETY 7S =S FAATE A7 2 9 &
e U, 48, Add § 47 FAF7AE o] & A3 4 B9 A7t 93 87HE Aot
AEYH F28% MGAALE HFHA 23 glon AN T, FANEY FU - 21 ¢ IS - JASLY #A4F
3, BREAY T B dFFA 477 AYHo 23 Y. Ro)E FHIE 3lo), FIEZ=2 ol DNAY Uy £4 2 &
dutet Az 19709t F 8 diti 3l AoEFAIYE AA 3 AFAA G7AGEY Fo] AR o453 ¢l2H (Tho-
At ol A 24 2 F2S BAFT glon Loz mas and Beckenbach, 1989; Beckenbach, 1991; McVeigh et al,
7h)9F A FH FeAd dF T/ FAlo] FolAa gl 1991; Kitano et al, 1997), Wl A% =7 (Hwang et al, 19
d4 $avel dgtele 994 (Oncorhynchus) 152 0. 94), ™3 (Hwang, 1996), Yol (Nam et al, 1997)59 }F7} £
masou (X330}, Alntdo]), O. keta (Q9), O. mykiss(ZAMNE € » Qo
o)} 454 (Brachymystax) 2] €59} (B. lenok)7} ¥-&& N EZ=gol DNAYE #49 olFui T2 AXdN &
Ao len, ojg YA AFoFoEN o TudA & A% (copy numben)7t BT, 717t Fop ¥ R £4o] §o)3
4 go] APFoln EF vy LR} FAY4FoE 1 o @ DNARD 5~i1084 #E A& E Jvehde 5, fe
¢ d77 ASH U #A4% d7Y BAJAR AH4EE B2 AAdE AT Qg
2y, AF7A 479 diEe] el 5o o3 B F (Brown et al, 1982). B8, WEZE o} DNAS FA e W&
A A7 T uFA Aksd, ¥ AL s S FFE B FAA g S REFH A, 53 ribosomal gene® pro-
AXFASE - 343 97929 (Hong et al, 1994; Myoung  tein coding gened EE ¥ 9] nEE=glo} DNAUY U3
and Kim, 1996; Park et al,, 1997), A &3 A HA BHAAN £9 A A3, A7IMYE 28 HEFR F9T Yol d9¢ Anlg
27 2 ADFREHLS AY o|FoiAA] g1 e AAold. I YoM EFFAR GUIMGENT 2L EAYEHRH By

£ d7E AFFAR SAEFATRA AT g8 FYHAL.
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104 o]3 4 - utFH - o] HZ - WHY - AP Flf - o] AT

W A 45te Hoe] Wl A, £ F94 A7 B 4
o] 45 9lth (Bartlett and Davidson, 1991; Beckenbach, 1991;
Carr and Marshall, 1991).

E d7dHe $gue Al Addte doFe AvTzE
A& 4% 712488 97] 938t M EEZ =2 ¢} ribosomal RNA
(125 & 168) + A4 499 gr1xgHolE uE - BXF o A
/A2ty 43 Aolg ZARIRA dtgon, T, Aol
&3 A £79 F48 F934 L Avtdoly AzEQA 9
gebstnA e, of dgelAe F43 EXAA ALt
Az 1 E44& 2AEtnal g9,

olr mu J

ME U

AEE Ol F

£ 47 AL E dFe TEFARTY SR dFdd
A Z2HEL Aol A A F, 9o (Oncorhynchus keta), A vl
Aol (0. masou masow), 3] (0. masou ishikawae), A%
o] (0. mykiss), FANE0l2) gl HolA 2 FE9 (Brachy-
mystax lenok) 6%°19, Y4 HE APz st ¥ 23 (li-
ver, brain, muscle) S HHAT F EHE AE2A —80CAA &
4 BEsg.

DNA &2|

nEZcgel DNA ¥3< Chapman and Powers (1984) 9]
Non-idet & MFate AH§3Ac). FE2REE 23 1~5g&
0.25M sucrose-TEK (TEK; 50mM Tris, 10mM EDTA, 1.5% KCl,
pH 7.5) &F4 93 34 homogenize® F, & 2 AX debris
AAE A8 1,000Xgol M 1023 AL FHt AFAE F3)
18,000Xgoll Al & A2t T A E 3 PERER}E ROoT,
405m£9] TEKSl 5o A% F% 1% 9 Non-idet> Z lysisstgth
o] %2 DNA %% A& Sambrook et al. (1989)9] YutaQl v
wol mgtony 2a® DNAE —20CdA B@atgo

Ribosomal RNA 8 F%o| Z%

02~0.5 pg® template DNAS} mitochondrial genomed 2+ 9
4E2 HH S primer 0.5puM ; 349 dNTP 02mM ; 1X Ex Ta-
qTM buffer (TAKARA) ; 1.25 units®] Taq DNA polymerase { Ex
Taq™, TAKARA)O| € ¥+-§9& F S0uldA 2434, PCR
(polymerase chain reaction)¥r-$-& 353 wHE-S ¥} (94T, 18;
50~55C, 1%; 72C, 2%). PCR ¥$ 2 direct sequencing® $1 3}
649 primersE A Z3te] AHEAOH, 159 HINMNEL Ta-
ble 19 Jepd Tt

Direct sequencing

ZZ9d PCRAHL QlAquick PCR Purification Kits (QIA-
GEN)Y QIAEX II Gel Extraction Kits (QIAGEN) & AH4-3}¢]
AAF F, Table 19 AAF primers} ¥4 cycle sequencing&

Table 1. Primers used for PCR and sequencing of mitochond-
rial ribosomal RNA region

};aﬂﬁcer Position* Sequence
PROL Li%lIS S-CTACCTCCAACTCCCAAAGCH

12-IL 111295  5-CTTGACTTAGTTAAGGTTAAGAGGGS
12SAR-H 'HI1488 S5-ATAGTGGGGTATCTAATCCCAGTT-Y
128A-L1  LI5I0  5-TCAAACTGGGATTAGATACCCCACTAT-Y
12SBH :HI88 5-TCACTGCAGAGGCTGACGGGCGGTGTGT-3
26-1L 1L182  5-ACAGAGAGTTCTCTTGAAACTGGCT-3
26-1H TH2505  5“TACCTTAAGGTCCTAAGAAAGCCGGS'
1621 (12341 S“TTTAGTTTAGGCCCCCGAAACTAS

163L 112433 S-CGAGTAGAGGTGATAAACCT

163H “H3093  5-AAAAGACAAGTGATTGCGCTACC3
16SARL L3011 S-CGCCTGTTTATCAAAAACAT-3
16SBR-H : H35% 5-CCGGTCTGAACTCAGATCACGT-3

* The letters L and H refer to the light and heavy strands, respe-
ctively, and the numbers refer to the positions of the 3’ end of
the primers in the complete rainbow trout mitochondrial DNA
sequence (Zardoya et al,, 1995).

33ttt ABI PRISM Dye Terminator Cycle Sequencing Kits
(Perkin-Elmer Corp., Norwalk, USA) & AH&8H4 96T, 10%; 50T,
5%; 55~60C, 42 7te] Wg& 258 WHEIHH o, ol exten-
sion products Al®-& HAAZ] ¥ automated DNA sequencer
(ABI PRISM 3772 #7453t 559 PCREY %4
A7 Y& forward®} reverse FFFLE - A3}t

oI F24

Direct sequencing®l 3 ol p|EZEz] e} (RNA F3H%
499 H7144& DNASIS ver. 2.5 program (Hitachi Software
Engineering Co., Ltd) &2 A B3 4.21, PHYLIP ver. 3.5¢ pac-
kage (Felsenstein, 1993)& ©]4-3t¢] phylogenetic tree¥ YT
Parsimony #4]9= DNAPARS programe A}8-31%12.H, boots-
trap 10003] ¥HE-38 9t} Neighbor-Joining boostrap tree (1000
3] ¥E)E Kimura®) 2 parameter matrix®l &3 NEIGHBOR
program& A48 9t DNAML program< ¥ Maximum li-
kelihood ¥4 A global rearrangement option (73]) & o] 43}
Atk 919 AM7EA £4 BFoA consensus treeE B L topo-
logyE H]® 3tk DNA sequence similarity searches® NCBI
(the National Center for Biotechnology Information)] the
BLAST network service® B3 a3t £ dolA doz
A71M ¥ =5 NCBI GenBank databased] &&Hojglon
(AF125508~AF125513), wekA Wol7t Yehga] ¢ A4
o GrIMEe B AAA Fstct

2 o

B Adfd e fEZ=g o} DNAS 128 rRNA, Valine transfer
RNA % 16S rRNA 5 3709 #F22 9 24, Ad 2531 ba-
ses H71M¥-& PCR/direct sequencingdte] A1 (Fig. 1).
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1) 128 rRNA R&A I

D EZ =g o} 128 RNA +3 A9 complete sequence® A€t
o] Molg £AM% A, A Oncorhynchus 9 5%& 945 ba-
ses, Brachymystax% 2] 5019 3§ 946 bases®] 7|1 & 7141
AAc,

FUe @71l E AHER, Alndolg Ao e 3839
64199 F YR NA, FANE (e} Gumo] e 1448 S A
H7] Wol7t B&EULH (Table 2), ol 2HE 782 97188
(%)& 0.106~0212% ©] St} (Table 3).

}H, 2719 drjdole 1549 2§ AN A3 12~3870
9 AN GrlAFe) YeEten do&d £dE ERdE
BEE g7)xgo}l Ao] (transition) 2 AF Rolen, F4e F
2L Ud i g Eoj& o] JdEojg Aoj& Y FhE 47l
G712 8ol A3 (transversion) &2 Q3 F7ho] & £} T
37 TaHdey, 3 3088 dAAME A2 49 (Gin-
sertion) o] HREAT old] WE F7]X&E (%)E 1.270~4017
% ©] 2t} (Table 2, Table 3).

2) Valine transfer RNA &%

27H9] ribosomal RNA ¥ HAtole]l EA3E Valine transfer
RNA 492 72 basesd) ¥712 FAH ANeH (Fig 2a),
o]®] complete sequence’t W3 F A F (Carassius auratus,
AB006953; Salmo salar, U12143; Oncorhynchus mykiss, 1297
71; Crossostoma lacustre, M91245; Cyprinus carpio, X61010)-&
outgroupl 2 A48t similarityS FA £ 23 F riboso-
mal RNA 89520t ¥4 tf EEFo|Zth DNASIS programe
o]-&3to] (RNA 23 +Z& 18 A (Fig. 2b), anticodon?)
A& 348 ~368 (TAC) & 2 Jetkich 38, DHU.9YH TY.
CHY9L 47 1093} 25 ALe], 48T} 64 el o F 49
5ol A looptt stem?] Zold3R QUd F Aol BAY &
ARy, Al Mo @rIAFe] =AU 53] 208 HAANA

128 rRNA v 16S rRNA

945 or 946 bases 72 bases 1513 bases

Fig. 1. Two ribosomal RNAs and Valine transfer RNA regions
of mitochondrial DNA investigated in the present study.
V indicates valine transfer RNA region.

9 d7le Fd HE Sol4de RHolx YA

3) 168 rRNA R&8A} 2o

165 rRNA +3Ae AA 49F 5 2dZ9 F71449 1513
basesE €U (Table 4), €719 =39 F¢e AF Yehux
%3 A7)AEo] Yelued Aol HIEst oA SHF Y,
125 rRNAG 9o} uls] Age] nixr} ta &4 vehudxn 9
Brown et al. (1982)2 mtDNA variation®] 52 €79 &
of & Aol Aol Wlxst AEe] Wiy $ A3t Bu
g vl glen B AFNME FYF ddo] BAEHE B o}
el d3ojg Zo] f¢o] @ 2ULE AF Wixs} Ao
2 Z71gE ¢ F Y

16S rRNA #3A2 994X 65 533 ¢+d3le 4719 4
ol #&AH A goront 1687 54UL THF 297) YR AAN A
o]4 0] 253 gEoj&o] gEoje 43 FHdE g/iig S
AR ISk wd, doj&e dole s HA (44, 52, 236,
816, 829, 1126, 1191, 1258) A £49) & 23 7oy,
53] 4 2362 doj&ol &3te 3% BFoM AolE e
Wil gt (Table 4).

Alotgdols) A oje| A ZALE FY WolE AW ER, 12978
13249 F 9R)oA Ar-ojo] H]F Alutdojel A Heh 1
FAo] Z3A Yelde AL B F silen, T4 &y
= ME 7958 YA AMT AoGHE AT Fu) WHolyt HF
HAth (Table 4). oldlwal FFUaiNe FrxE& (%)& 0.
066~0.132% o)1 o, o]E7te} AV|A&E (%)L 1.388~3.701%
o] 1t} (Table 5).

Table 3. Estimated sequence divergence (%) between each
pairs (above diagonal) and total numbers of variable
sites (below diagonal) based on 12S rRNA gene se-

quences

Lenok Ishikawa Cherry Keta Rainbow Albino
Lenok - 3277 3383 4017 3066 3171
Ishikawa 31 - 0212 1481 1587  1.693
Cherry 32 2 - 1270 1693 179
Keta 38 14 12 - 2011 2116
Rainbow 29 15 16 19 - 0.106
Albino 30 16 17 20 1 -

Table 2. Sequence comparison of the aligned 12S rRNA region of six salmonid mtDNAs

Nucleotide position

, 111111223333333333344444566667777888888909
Species 33 6122347770011235589091156790449345666678834

28304544989681494457171456310148787101331256
Lenok TGCCCAACGGTAGTACTGGTAACTYYYTMCYGCRYYTTACTTGC
Ishikawa C TTAGC AACG-CGTCAA -GCAACTT ‘AYC ATT A -+« « « -
Cherry CATTAGC AACG-CGTCAA GCAACTT "ATC - “ATT A -
Keta CATTAGC AACG-CGTCAA GCAACTT AT -TGTCCC TCCAT
Rainbow C T "AGC AAC -—-+++C ACGCAACTTCA CA GTCCCG*+ + * + -
Albino C T AGCYAAC * — “C - ACGCAACTTCA "CA GTCCCG - .

Sequence identity is indicated by a dot ( * ), and a gap is indicated by a dash (—). Nucleotide polymorphisms are indicated by IUPAC

symbols (1984).
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a,
1 72
Lenok CAGAGTGTAGCTAAGATAGAAAAGCACCTCCCTTACACCGAGAAGACATCCGTGCAAATCGGGTCACCCTGA
Ishikawa @ cceveencovenes NS oS Govornrnnn
Cherry = +eveervrvennn NS o PP Gevvvorrns
Keta = ceeeereieniens P Avevrvnnns
Rainbow = s crecrcreennnn S P Geovonrnnn
AlbinO  rreeereerenenn P Gevovrenns
b.
C-G
A-T
G-¢C
A C
G-
T~4A
G-C
- T
A T""A
ATCS
T 11!
A AAGT
& 7 A A
C A~
c-G
T-4
cC-G
c C
c C
T A
T A C
Fig. 2. Sequence of valine transfer RNA gene region. a. Sequence alignment of tRNA™ genes. Anticodon regions were shaded.

b. The tRNA™ sequences represented in the cloverleaf form. Standard base-pairings (G - C or A - T) are indicated by
dashes.

Table 4. Sequence comparison of th aligned 16S rRNA region of six salmonid mtDNAs

Nucleotide position

IMIitiri1111l

Species 111111122233344444455556666667777777777788888888891111122233333
12222455579001236813601212335544481346771111345789901112335542689955901234
60289424728265129856130093560104574414341359364885731469098946301678771456

Lenok CCCCTCTAGCCCGACGCACACACTTCCCCCACTTTGTATAGAT CCCCGAGAT GAGT AAACGCAGCGCAAACTAG
Ishikawa A A AATAA-AC-TA* ‘T - T CTTTTA ‘A CCCGCTA *CTTTAAG ‘C* *GACG*C * * "CATATT '‘GTA ‘A
Cherry A--A-AATAA-AC'TA**T- - T *CTTTTA ‘A ‘C-CCGCTA ‘CTTTAAG ‘C * *‘GACG 'C * * *CATATTRGTW'A
Keta A+ TCTA:--C-TAT *TT ‘GT ‘CTTTTA'A‘C- ‘CGCCA ‘CTTTAA-"C- -+ C 'ATCA “AT "GGT - "A
Rainbow ATT -C -ATA ‘G 'CGTATGTCTG 'CCTTTTAG *CCT *CGCCATCT - A - 'CCA -AC *CCAA -C ‘TATTGGTAT *
Albino ATT -C -ATA -G -CGTATGICTG *CCTTTTAG ‘CCT -CGCCATCT - -A -ACCA ‘AC -CCAA -C ‘TATTGGTAT -

Sequence identity is indicated by a dot( - ). Nucleotide polymorphisms are indicated by IUPAC symbols (1984).

Table 5. Estimated sequence divergence (%) between each ) &t
pairs (above diagonal) and total numbers of variable
ctes (helow diagonal) based on 165 tRNA gene se- 01 30 300 494 f9RAE WA HE FHAS
Lenok Ishikawa Cherry Keta Rainbow Albino ZA mDNA 97|98 % Ze A4 d7¢ 394
Lenok ~ 3239 3305 2776 3635 3701 8 IRSE FAH, @UINE A22RE T4 gene treet
Ishikawa 49 - 0.132 1388 2379 2445 I BEY ARE 22T & QA T} (Hillis et al, 1996). 3
Cherry 50 2 - 1388 2445 23512 9 mtDNA 9745 AA genome? % 3~5% 5ol A )R
Keta 9} 21 21 - 1983 2049 ooh, Azt v - 4 2 ASH dF Tl AHLE £ s A
Rainbow 55 36 3730 - 0066 27} 23 " Aot 28y} Saiki et al (1988)9] <3
Albino 56 37 38 31 1 — PCR 7I¥o] &7/H€E o|F, PCR/direct sequencinge B& RZ
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FAAY £ 53 % I Gy ojfHm Jlon, o
A3 EAAESE $4718S T nEE=olg A 3
Ago] EXAAAZME 7544 g d1dHn e 4ol
(Bartlett and Davidson, 1991; Carr and Marshall, 1991; McVeigh
et al, 1991).

P EZ=2 0} ribosomal RNA F9& taxaZtel shg BEFHo]
o 723 547 43¥ Wo) 99x #4 7143 gle], PCR/di-
rect sequencing® Z& ERAAEEFH /1P & HL3v]d ufe A
3 BAAAZA H3FE € VAE FAA B I o] F
oJA Slt} (Hillis et al, 1996). ¥ AT ZAE 125 RNA%
tRNAY 99 ¢] complete sequences? 165 rRNAY H71AM 42,
SEue Agtel MYt Qe doFe e A2 AREA,
Agto] AL 9] “genetic information bank” 9] gHe]A 1 7}A]
7b S gor, O 4EFEY A2 #7 mDNA d71M€E
& o]g¥ Foz oY A AT 7127 B F Y& Ao
Atggd

mtDNA T8 g2 Fu) Wo) BAoA AHHOZ AE
go] g, Salmonidsel Al sequencing® 34 13 intras-
pecific sequence variation® 025% ©}% (Beckenbach, 1991), At-
lantic herring (Clupea harengus) 9| X< 44%, Pacific herring (C.
pallas) N A€ 18%, American shad (Alosa sapidissima)ol A H
T 037%9) intraspecific mtDNA sequence divergences?} E.3L¥
9.2 ™ (Bentzen et al, 1989), Billington™ Hebert (1991)€ o1&
9] mtDNA diversity]l W3 reviewo] A anadromous fish9] intra-
specific sequence divergence’} 0.1~1.8% 21 B3 u} gict, =
%, mtDNA A#EES} F4L taxadld F2AZT yolwth
taxaZtol 9 & ¥eS Jeedl, Salmo salarl A4 cytoch-
rome b A4 interspecific variation 4.8~54% (McVeigh et
al, 191)°1%, mtDNAY] AFELEHE T3 &M 7|4 (Sak
velinus) ¥ XA % (Hucho) HoNE 6.53~9.01% 9] #Wol7t &3t
o ZEU7IEY oEztele 27~425% 9] Wo7t EAFTGR KB
28 ¥ o1 (Grewe et al, 1990), Beckenbach (1991)€ A
o= o] Fo B reviewdl A interspecific sequence divergence’}
68% (Ao g Az NA 163% (FAMNE et FAelelzh)
Atole) W9lgtm Hndkl o m, McVeigh$t Davison (1991)& 8%
9 dojolE e cytochrome b AR G FHWol&o| 407~
1729% 23 B31g v 9o,

E d7dA 2AE BE 999 ZA Jeid dRrEY 434
HolE, d2olst & FEAE FRIA FEH F2 U
ojRog wRo| nlEEZ=g ol RNA FrAAE dolotgd 3l
ojA £t Aolg Vehlle EAAAYL EHd, 1 4%
oA FA%F vnd JdoiMxE {43 F43 EAIAER
e & eda Aasodn, a8y, 3 Bo)gol 5
golatz w¢ @A Jeun 3o, mDNAY o #32 49
o) ¥}3) ribosomal RNA 9ol xel G71xgo) v BEHolm
2, 0] 9o Bojng Foe AL B 277}
$Aol glew tg oy 744 A77t Bso Ao ¥ Ao
Ae®d,

AojolBo Fatiold e 71 BE AFs} o]FolW EHT
%9 oy, AFAAE g - FRFH e HAHA &
& A EAE ¢ g 2 F 713 dE A Ao] Ajnpde]
9 AR fABA 2T Aotk Fol&L 2 A 4744 group2
2 yyeold £ ded 1) FAME9 cutthroat trout (Oncorh-
ynchus clarki) & ¥3H8E Pacific trout group, 2) 2Hlg g4
o] 9] Pacific salmon group, 3) FAtAe], £, dol2 F4HE
Pacific salmon group, 2L 4) Alvtdo] groupelth (Kitano et
al, 1997). Pacific troute W¥¥0] America AFolA A43te
Wl AojedolE A9 F Pacific salmon HEHH Y A £XF
3, Almpgdole 3, A8 S HET ohAoldut Ao B
T3 Jdotn RugojA 1 Yok (Kitano et al, 1997; McKay et
al, 1997). Aletgdoje] A4 ol EXAFY oz U3 2
AEH QTN oA ot e] zart vl F43 2 ATHFHE
o3 mH| g Aoy ol Y grouptd AFH FARA A #F
NEY ATFEN UANE, A7 wel FFHE ZFHEC] B
93 Yok 53) Antdolg AFHA ERd RAXNE, AR
9ol A% (Stearley and Smith, 1993) 2 mtDNAS] 97 HEEA
(Thomas and Beckenbach, 1989; Kitano et al,, 1997), mtDNAS]
RFLPs (restriction fragment length polymorphisms) ¥4} (Tho-
mas et al, 1986) £ ¥ DNA g7INEE4 (Murata et al, 1996;
Domanico and Phillips, 1997) 91X Pacific salmonel ¢ <%
olgtn Walx oyt BAALEA (Utter et al, 1973), riboso-
mal DNA RFLPs &4 (Phillips et al,, 1992) 2 growth hormone
2] D intron (GH2D) Q71N EA (McKay et al, 1997) 4=
Pacific troute] o 7pgtta Bn@ w glch,

o]} BRIETS HEEANS $3te] E AT PR
P EZEe o} rbosomal RNA H714EAE2FH, phylogenetic
teeE TFAHAA ol F ARHA FABAES AvE 2,
PHYLIP program¥lAl 4ol & ASEAA &HA Ang
o7} BX)7j4olBthE Pacific salmondl &dte A9} of 24
g JeEhigien, o9 topologyT Figure 3914 Neighbor

Ishikawa
R RXD.O[

) Cherry

o Keta

Rainbow
][II)D[

Albino

Lenok

1 A i A

16 12 8 4 0

Genetic Distance (X 107

Fig. 3. Consensus tree constructed by mitochondrial ribosomal
RNA genes sequences. The numbers at the forks indi-
cate the number of times the group consisting of the
species which are to the right of that fork occurred
among the trees, out of 1000 trees.
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Joining ¥4 9) consensus treeS AHE-3te] et lct #H,
Stearly$} Smith (1993)& €507} §elFoze 714 dAFHQ
Folr 7189 ER2Ad YodME fdo] M W UL BT
g v glom £ A7 AT ojge AEE AEUE F
3eR=g

2 o

GEOJE HR G Ao, Autdo], do], FAME] T I
g gojolt ofF e JIATEZEHE A3 NZARE IV A
o, M| EZZ g9} ribosomal RNA &3z o] Grixgel g
HlE - 2439 nEE= 2o DNAY 12S rRNA (945 bases,
HEo)2o % 946 bases), Valine transfer RNA (72 bases), ¥ 16
S tRNA (1513 bases) § 3709 #3A 9o ZA, Hdf 2531
bases® E71X¥E PCR/direct sequencing3td ¥FUcH, ZE
A7ldelF Aozt €53 SASA UEEed, S - FUR
L EF 05%013t2 @A Jeht, g2 dde v)3] RNA f
Az 49d M Fr1Age] e BEHYS BT £,
s EZzgol (RNA f37 471482 dolF9 £ (genus) BA
o] A AT RFEAIAZ F&3A 2d & Jdegddd ARH
ol

nEZ=g ol (RNA E71MEAEE 7]122 T4€ phylogene-
tic treeE T ol FY AsHQY FAFAE FHE 2,
At ozt FAMFolBE dolg o 24 Aoz YERe
B, g8 7HE %80 W £9& AT 5 ATk

Mo
ror

& 2
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