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The complete sequences of mtDNA control regions of six salmonines were determined: 1089
bp in lenok (Brachymystax lenok); 999 bp in cherry salmon (Oncorhynchus masou masou) and
Ishikawa’s cherry salmon (O. masou ishikawae); 1002 bp in chum salmon (O. keta), and 1003 bp
in rainbow trout (O. mykiss) and an albino mutant of rainbow trout. The estimated interspecific
sequence divergences from PCR/direct sequencing data ranged from 5.42% to 16.49%. The
organization of this region is similar to that of other vertebrates. A 81 bp tandemly repeated
sequence, associated with length variation was observed in the 3' end of the salmonids control
region in this study. In addition, The phylogenetic tree based on the control region sequences
supported that cherry salmon was closer to chum salmon than to rainbow trout, while lenok
was most distantly related species among six salmonines.
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ZAl%- (central domain)e} ¢fZ-o] Wl WHolojPo=
U e]xm] of7]el|= CSBs (conserved sequence blocks)
¢} TASs (termination associated sequences)®} 72
ZA 47} Ze8FIYry By elx 9lo}(Zardoya et
al., 1995b; Shisa et al., 1997; Nesb et al., 1998). =3}, u]
ool o AL el uls] @7 3te]
At E> vbEA gL Wel: AT 23] kA
< vehisgta 28 A 9le} (Zhuetal, 1994), = A<t

28§44 A4 B4 W Fo) A8 5 et}

Turner, 1997).

| EFxz]o} DNA control regionel| A 2] Z o] o] 2}
BAY AFHATA - EFFA AFE o] o
(Gadus morhua) (Arnason and Rand, 1992),  7}Ake]
(genus Acipenser) (Brown et al, 1996), *o] & (Perca
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(Nesbg et al., 1998)ol| 4] A F=| o]z ont, o] $4k
AR B A AT

Aolfii v, Qr, Ateh FlME olu] eaHy
Bl Fo3t AgiAd ez HgHe w2 A7t AW

o] 23 glom, $ejuelNE 2o AUxAS 4
3 el X FAYE AAEE F FPHoR

3]
FE 7)1 o)3 gl o Feleh B Sk Aol
= o)< (Oncorhynchus) ]3¢l O. masou (AFA o], A
ulede]), O. keta (% ¢]), O. mykiss (F-A 7} F-e]) 2k & 5o
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ikawae), )7 4] (O. mykiss), T3] 41 2] A A o]
A (albino) @ =6 (Brachymystax lenok)S A}-4-3}9]
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Table 1. Species of the subfamily Salmoninae used in

this study
: No. of  Standard
Species Common name fish  length (mm)
Yolmogi
B. lenok Manchurian trout 30 120 to 268
Chum salmon obtained
0. keta Keta salmon 50 tissue itself
O. masou Ishikawa’s cherry
ishikawae salmon 30 23910340
O. masou masou Cherry salmon 30 179 to 264
O. mykiss Rainbow trout 30 330 to 390

Albino rainbow

trout 30 92 to 147

oA A - wESRA B o) g3)sich

2. W] EZx g o} DNA £ 2 control regiong]

=
=

n|EZcz|o} DNA #2]+= Chapman and Powers
(1984)°] Non-idet Wl 7N =Fate] A48l o, =
F =2 o} DNA control region®] ==& ¢J3] PCR (poly-
merase chain reaction)2 A A3t} 223 DNA 0.2
~0.5ug=} )% primer 0.5uM; Z+2+2] ANTP 0.2mM; 1
x Ex Taq™ buffer (TaKaRa Co. JAPAN); 1.25 units2]
Taq DNA polymerase (Ex Tagq™, TaKaRa Co. JAPAN)
7} & "ledS &= 50ulE A &2=A s 2™, denaturing
(94°C, 1), annealing (50~55°C, 1) 2! extension (72
°C, 23) cycles 353 HlE-3}¢it). PCR BE-S 2 direct
sequencing g ¢]3 8719 primers2 A 2}sle] A}&-3)9]

on, 259 §7]49-2 Table 29 fehi it
3. Direct sequencing

=223 PCRYHH-S QIAquick PCR Purification Kits
(QIAGEN Co. USA)Y} QIAEX Il Gel Extraction Kits2-
ALg-3te] A F, Table 22] 443k primers}l 7]
cycle sequencingg 3313t} ABI PRISM Dye Termina-
tor Cycle Sequencing Ready Reaction Kits (Perkin-
Elmer Co., Norwalk, USA)& A}4-3}e] 96°C, 103, 50°C,
5%; 55~60°C, 4%7+¢] k& 253] HbE3siglon, o
o=z extension products:= ¢ eF-g XA ZE automated
DNA sequencer (ABI PRISM 377)2 A 7] =3}

R EEEER

Direct sequencingel] &]3] ¢dozl m|EZx==g]o} DNA
control region®] <$37]4<49-& DNASIS ver. 2.5 program
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Table 2. Primers used for PCR amplification and sequ-
encing of mitochondrial control region

oize

Primer .
name Position* Sequence
. 5’-CATATTAAACCCGAATGA
CB3R-L 1 L16181 TATTT-3’
. 5’-TGGTGTCAATCTTATTGC
DL-1L 1 L510 CCGTTAC-3”
DL-2L 517 ZA—:I'?’TTGCYCGTTACCCACC
. 5’-TAGGGTCCRTCTTAACAG
DL-2H 1 H1033 CTTCA-3’
PRO-L - L16615 5 —CTIACCTCCAACTCCCAAA
GC-3
12SD-1RV : H1075 ?3—,AAGGCYAGGACCAAACCT
12SD-2RV : H1312 5 —TC,GTRTGACCGCGGTGGC
TG-3
. 5’-ATAGTGGGGTATCTAATC
12SAR-H :H1488 CCAGTT-3’

* The letters L and H refer to the light and heavy strands, res-
pectively, 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., 1995a).

(Hitachi Software Engineering Co., Ltd.) .2 # &3},
maximum parsimony (MP), neighbor joining (NJ), maxi-
mum likelihood (ML) B} 0.2 Al Eg-2e3 BAS A
A8k PHYLIP version 3.5¢ package (Felsenstein,
1993)2] DNAPARS, NEIGHBOR % DNAML program
< o]-gste] Z7ke] phylogenetic trees A3k o,
NJ Al E52 MP AES 2Ade: bootstrappings
10003] ¥FE-3}¢icl. v &=z o} DNA control regions]
Ao vlEAd 7 Fx RAL Zardoya et al. (1995h),
Sbisa et al. (1997) 2 Nesbg et al. (1998)2] 25 Ax
o] DNASIS ver. 2.5 program-2 o] -£-3}o] $3)5}9] o}
2 ATelM dejal delfe] mlEZE=2]ol DNA con-
trol region®] 97|49 =F GenBank databases] 5
=2x]o]x ¢t} (Accession number: AF125514~AF
125519).

2 =

28 BE o] Fol|A] tRNAPPSL tRNAPheA}o]o]] &
A)31= noncoding control regiong 2435 A3} coding
regionel] wlsl ko= <t P77t Y53 =
A vebdE & & dslen (v =2 =2 DNA NDs,
cytochrome b, rRNA §-312} ool o3t 24, njatm),

223 control region2] complete sequence= Fig. 1¢]|
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Table 3. Pairwise sequene divergence estimates (above
diagonal) and numbers of substitution (below
diagonal) based on control region sequences

species L | M K R A
L - 16.49 16.49 15.14 1353 13.28
146
I (94/52) 0 542 7.08 7.08
146 0
M (9a52) (0/0) 542 708 7.08

136 52 52

K (84/52) (33/19) (33/19) °84 584
123 67 67 56 0.03

(77/46) (46/21) (46/21) (37/19) :
A 121 67 67 56 3

(75/46) (46/21) (46/21) (37/19) (3/0)

Above diagonal includes pairwise sequence divergence estimates
in percentage distances corrected by Kimura's two-parameter
model (1980). Below diagonal includes numbers of total substitu-
tions and transition/transversion in parentheses. Species compar-
ed: L, Brachymystax lenok; K, Oncorhynchus keta; M, O. masou
masou; I, O. masou ishikawae; R, O. mykiss; A, Albino rainbow
trout.

Jel gl rlEZ =2 o} DNA control region& 7l
A 9719 Al el AAlF 2 A7kl o)t

2 o) Wolg vehiglor, & ATl AFels
(Brachymystax)e] dEoj7} 7}&F 71 1089 bases, <1¢]
£ (Oncorhynchus)2] AFAo]9} Alwlede]= 999 bases,
defel M= 1002 bases, F#| 7ol e} ] ol A=
1003 bases2 %A}E 9T} (Fig. 1).

2 JFex] dojzl m|EZ=z]o} DNA control re-
2 BBl wudl A3 2ol T ALT
rich region© 2 x, dEojoX= 1 H]go] FHd<l
67.22%%) o, Wol4e] AbHols} Alukeie] 63.96%
o= 64.57%, TR/ Eo]= 65.11%, L] == 65.20%
= vepie

R £709) A7IHelol] SlelA, chEzkel ARl s}
Autedele] 171498 100% LA SR, FH) 4ol
o} vl WA Ale]olli= =HA] 372 A o] (342, 620 I
105087 7)ero] WAFolek uhE Amol4e] A
o] deoj&e] FIbe FEEH FEEE, 101719 9471
A3 104708 AR 9 AAo] 2APHo] wulgk 47
o Aol BT & Ak Aol o Fel FhHol4
< Yl = specific sitex= O. masouel| 4] 437]], O. keta
ol A] 247), O. mykissel|A] 347]2] specific sites7} FA}
Hom, 53] 100 G719 A A= Aol 35 R T
N EolHQ Q71N e YRl ol4ke] Az e
AR 7 Q71 AFHE (%) 5.42~16.49% ] oA}
(Table 3).
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Fig. 1. Control region sequences of mitochondrial DNA from six salmonid species. All sequences were confirmed by at
least two sequencing reactions in each direction. Nucleotide polymorphisms are indicated by ITUPAC symbols. In
each case, the sequence of Brachymystax lenok is shown in full. Dots ( - ) denote identical bases; dashes (—), gaps
inserted for alignment purposes. Particular features including TASs, CSBs, Tandem repeats are also shown.
Conserved sequences motifs are underlined. Albino represents albino rainbow trout.
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Fig. 1. Continued.

BAE control region?] G771 Q& F2A A A]
AR, 5 0z $1X|gE Wo|d g F7|A3
o] w2 polymorphic sitesE vt &3t glglon,
Zoll wle} 4~6/08] “TACAT" wj o] ZAI5gich 3}
2] conserved regionS X1} 3 @k A 7] CSBs
(conserved sequence blocks)7} T&F¢l:=1d|, CSB1S
677~699, CSB2%= 752~770, CSB3-2 795~8122] 9]
el o] ATk A, 3 UDZol| = T 7HH] FHe
o) Fz wdsel glsle, 9479 24 9

e T Té‘“ wa&w E.‘TéF‘?.“F‘Fé T “TE*’*%E“ i zﬂ*m 080
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W kel olelM FzF BelAd& veligiet (Figs. 1,
2). §3] dEoo] 7%, Fo] wHEA Y (Type 1)o] 2
copy2 =] glgler, o|zeld] oL FEI:
A8 Zolxto] 5 MolA| Hi=H], o] 5> primers DL-
1L¥} DL-2He] &3] FZ% PCR @] 7|5 2
He M= gddt Afeo]E bt (Fig. 3). 7+ 7HA] b
WA= d7]12]3F 9 AFY/AA ] 27t FH5e]
A o] vrepyton, Z47ke] W el 9] X]ef vehbs 7]X|3
FFozRE dEFoj-dol&e] deo]F (salmons)-e]
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Oncorhynchus sp.
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CSBs Tandem repeats
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Hypervariable region
Brachymystax lenok
CSBs Tandem repeats
‘ tRNAPr ‘ ‘ m m m ‘ | ‘ 11 ‘ ‘tRNAPhe

Hypervariable region

Fig. 2. Schematic diagram of the salmonid mtDNA control region. Conserved sequence elements and tRNAs are indicated
by boxes.

= Ea3be
-— =} B20 bp

Fig. 3. Amplified fragments produced by primers DL-1L
and DL-2H. Lane M, 1 Kb molecular size marker
(BRL/Gibco); Lane 1, B. lenok; Lane 2, O. masou
ishikawae; Lane 3, O. masou masou; Lane 4, O.
keta; Lane 5, O. mykiss; Lane 6, Albino rainbow
trout.

48] FolF(trout)®] groupinge] HEalA e]Feoix] 3L
o} Type 12] A%, 77~81702] nucleotide & F-A] = o]
Ql5em, 9433 95591 sl M BE FolH S|4 <l
94712 vehhglon, vl dejge] dolf £5
A FolHolglm, FAAFeIe Fulet 37 4]
2] (954, 983 I 999)el| A F-o]H <l @7]2AS vEP
o %ol 046 W 157] SAelA e ol
FE3 Fs] e HRAD F Axe] 917
3 Type 112] Aol M= F2be) st == I o4
o] 7] Ak E AAle] Yeht=vl, A Ee]elA]
Moz wr} 7] “ATTAAGTGTGTTC"?] Atsl& =3ts}
3=

Type 1ol 4], ABole} dojd F3beli
(30/96)°] Wolg Mo, dol&e] HolF FEL 7

(1031, 1034, 1036, 1044, 1059, 1064 = 1077)2] 2]l
A, Aol Fo]F 2T 44 (1035, 1061, 1097
1103)2] {A|A 27 G715 dE e TR

a #

lEEselol DNA 97149 Shai4el B A7
S 9 A5 AN 1 Fegel ) AR
A 2448 A& AA genomes] o 3~5%eol A1}
Qoh, A7t Wl - B 2 AT AT Fol A48T
T e Asrxe F3] "uIgE AA elg (Hillis et al.,
1996). o]e]] E o For] FA}El control region®] com-
plete sequences:= $-2jube}l ddalel] AAlslT 9l <o)
Foll dIg Hzo A=A, Aol A2l “genetic
information bank’e] F=¢o] 228 & 4 9SS o=
7hae

2 ATolA 2AE E7h Wolge o) vEze
2lo} DNA 53 B %7& Wol zALe] Ao} wll-g- f-AL
&tk Grewe et al. (1990)= m|EFZx=g|o} DNA2] A
FaALFME B3 dojobme] FE9| 7|4 (Salvelinus)
T} 24 (Hucho) 7hel| &= 6.53~9.01%2] W o|7} &3}
), FE )& obg el = 2.70~4.25%2] We|7t &
A3t} skgle}. Beckenbach (1991)= ¢dojol & o] Fo
I3t reviewES EdA] Z712] sequence divergenceZ}
6.8% (O. tschawytscha$} O. kisutch7hel|A] 16.3% (O.
mykiss&} O. gorbuschazh)Ale]le] WS Jepddw 3
91.9m, McVeigh and Davison (1991)-2 8%2] ¢Jo]o}l&-
°] cytochrome b %12} °J 2] FzhHolgo] 4.07~
17.29%%}x1 B 318}l 2 o< (Oncorhynchus) &
E71e] D-loop H71M dellM o] AFFHAA Ao,
27} sequence divergences’} o]} Almpdo]zlel| =
0.0640, A7 Fofe} de] E Aluede]7lel = 0.04302
2 ®B3¥ 8} gl (Kitano et al., 1997). 181} Martin
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O. m. ishikawae
1000.0 [
O. m. masou

1000.0
O. keta
1000.0
— O. mykiss
_ 1000.0 L

Albino rainbow trout
B. lenok

| | | | | | | | J

8 7 6 5 4 3 2 1 0

Genetic Distance (x 1072)

Fig. 4. Phylogenetic tree for six salmonines based on mitochondrial control region sequences. The numbers at the forks
indicate 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.

et al. (1992)-2 Armorhead, Pseudopentaceros wheeleriel] A FRA-S E3) tandem repeatse] HFES9} 7] 2A
A1€] restriction analysisol|A] D-loop el H 2] o] w2 AEEFoldartere] & P oA 5] )
H7]1A|FE-0] CO 1A ] Weloll w3 10uv} ¥4 A R dAFEE Basieda & ATz F2tel
ety Busiglon, n|EZ ol BE oo FolA| FEE o] o7t yehgedl, dofdel &3l FE
control region& ZlelA] ool 7V Fon] A 29 Aeldel: WY QAR AR - AAe o
e 2B eg Heldye dubHel 5Ae 1eE b Aol ont, dEeel 9] dej&e] Fibel| vehi:
ol2dt FzhH el &2 A genomee] Aol A A Zolate] Fa 491e 37 Wrhe] 81bp o] WHES
ol=r}. k9, m|EZ=g]o} DNA control region®] Fx ot oz FAME Y ot HEEA G| Fr|2AdL
Al BAL a3 £ o, W HFFENA 7]%7‘313 FEE FU5AEE Bolar slo] defoldt o] fe] =
2 %293} conserved elementSo] RuEgon, B x| elAk 2 ALgE o)A 4= gl oz]e}l AtaF o)Xl

TolA = =7}x]2] conserved sequences’} T3 2401 Aot FAlR ool A 2] 71 W 77} o] Folxl
a2 H el e ez xAE A (Desjardins and EFEEe shtelu o]E2] ABH A A7
Morais, 1990). m}2tx] W] EZ=2] o} DNA control region 7129 AFEL A5 uEl AFEHE ZHE HIE

o] 97)78&¢] P2 coding region®] P71ARET = 3 Yok olel wel, AEAAE A - BReHo
)

A AbelbA ek AL control regionel] Al B = SAEA 2L WA BAE Qkw gler), 1 % 7}
24 ooz <lsl Wolrk AT dolelA v A A HmAL o) Alnkelels] AEA fATAe] B
g xe A7ATE] AAHNY] AR Ao Aolek. Alutdole] AFEA HFol A, Fehat
AL5.=] o] 7l e} 9] ol (Stearley and Smith, 1993) ¥ w|EZ=g] o}

Tandem repeatol] 2]3F mtDNA Z o] ¥ ool TsjAr| L, DNAZS] 97]A]dE4] (Thomas and Beckenbach, 1989;
American shadol| 4] B3 71 1.5Kbpe] HlE-o] 2]3} Kitano et al., 1997), n]| €Zxz]o}] DNA®] RFLPs (res-
7] o] ¥ o] (Bentzen et al., 1988), Z4=] 2l Cyprinella triction fragment length polymorphisms) 24 (Thomas
spilopterasi| A] 260 bp2] ®lFE-(Broughton and Dowling, et al., 1986) 2 3 DNA ¢ 7]A] g EA] (Murata et al.,
1994) 2 HzIAlojoll A 78~82 bp H7|A G HEE-o 2 1996; Domanico et al., 1997)e| A= ejFHf Aol H
Q1&g Z o] o] (Brown et al., 1996) S-o] H.i1% w} glo}. (Pacific salmon; g1, &de] @ 24o])e] v T4 o)z}
=3} Arnason and Rand (1992)% Atlantic cod (Gadus 3 93 gleh B A Fe A, 37 et ukExde] ¢
morhua)ell A 40bp 38 ¥FE-S ZA}38}9] 27, Neshg et 7124 H v e 3 BAE S Alnpdeie}l AR e
al. (1998)- percid mtDNAs|| A ]34 ZH-2- 10bpe] 1k 7F dejel FHolA HE A o 4 e, Ao ¢
FA1Gel| 23t T - &7F Ho|delE Bagk v gl 7IMEAR 2R Y AFFE AN olE F2He] A3}

S
3+, Turner (1997)%= Percidae®] control region] <37] Al §ATAS AHE AT A=, PHYLIP program
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oA ol Al AF4olA okzkel Aol ldert, A
atd o}zl ARG R doje) o AU Vel
oot (Fig. 4). 184}, S & AEA (Utter et al., 1973),
ribosomal DNA (rDNA) RFLPs ¥4 (Phillips et al.,
1992) %' growth hormone 22] D intron (GH2D) 7|4
o B (McKay et al., 1997)e| A= e]H e 4o F (Paci-
fic trout; F*] 7] 4] ¢} Oncorhynchus clarki)el] & 7}7+
S A AnEe wusimole. Ankdelt &,
Qe WEG oprloleln FhHoz Fxaiid
(Kitano et al., 1997; McKay et al., 1997), o]&]3t A}
o Bxez s 2 A%A QTN ool A=)
AAs] aFFHa glov, T AR v EgE AR ot &
o2 Aoz} oo FAFAE WY 2 A+ ZH
7b A =fe] B 5 Us AoRZ AGFAH, Ant
doje] AFEFIHQl HAE HEs] e $siA
o B2 Asrt BEEelAof & Ao
5 2

A5olg R AR, Alulele], o), 777 4ol
S elvet dejobat ol Fe) mlE=Z=g]e} DNA con-
trol region®] G71Ad =4 2 F2A WS w|w
2459}

AZol4e] PBoli dol4e] FEI} thae] 7]
$w ARl oJa) Ses TEEgen, el
12 7bel| = 5.42~16.49%2] 97|X|3-8& Vehld
g, AP el Almtde] o] @7IM G 100% U235k
o, —“'rXVH%“—"i?Jr o] e Atolell = w2 3702] Ao|nt

o

< Jehfgl e, o))t control regions| A 2] 7]
‘E’i"]% dejotat of fo] A2 A 831 AHEH
A 4 glezfet Atg s ezl
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