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Summary. Two protein-coding regions (cyto- 
chrome b, ATPase 8, and part of  ATPase 6) from 
mitochondrial D N A  of Cottus kessleri, Cottoco- 
mephorus grewingki, and Cottocomephorus iner- 
mis--Baikalian endemic sculpins--were amplified 
via polymerase chain reaction, and sequenced. Two 
novel primers--L8352 (5 ' -TAAAGATTGGTGAC 
TCCCAACCACC) and H8773 (5 ' -GTAGGGAGT 
AAGCCCAATATGTT)- -were  used for the latter 
region. Phylogenies suggested by sequence diver- 
gence of  the genes of  ATPases appeared to be dif- 
ferent from those computed from data for cyto- 
chrome b. The time of  species branching was 
estimated as 1-2 million years (Myr) on the basis 
of  merged sequences. Hence, members of  the Bai- 
kalian cottoid species flock are much more distant 
from each other than members of the cichlid fish 
flocks of  the great lakes of  Africa (0.2 Myr). To- 
pology of  the phylogenetic tree does not contradict 
the relationships derived from morphological data. 
However, genetic distances suggest that C. grewingki 
and C. inermis are not sister species, contrary to 
general belief. 
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Introduction 

Lake Baikal (East Siberia) is believed to have existed 
for 30-50 million years (Myr) (Logachov and Flo- 
rensov 1978). It is inhabited by many hundreds of  
endemic organisms, among them more than 20 scul- 
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pins--Cottoidei (Sideleva 1982). Detailed studies of  
molecular phylogeny and dating of  the most im- 
portant geological events in the rift valley of  Baikal 
may shed new light on the mechanisms by which 
flocks of  endemic species appear in closed aquatic 
ecosystems. Species flocks of  Lake Baikal have been 
a subject of great interest to many biologists for 
decades (Brooks 1950), but it is only now that phy- 
logenetic relationships within such flocks can be 
studied by DNA sequencing methods. 

Phylogenetic relationships between organisms are 
most often studied by analysis of  their mitochon- 
drial DNAs (mtDNAs) (Billington and Hebert 1988; 
Chang et al. 1989). The rate of  mtDNA evolution 
is relatively high--some 2% of base substitutions 
per 1 Myr, 5-8 times higher than that of  genomic 
DNA (Brown et al. 1979). 

Two methods are generally used to compare se- 
quences of  mtDNAs. One is based on comparison 
of  restriction fragment patterns. The second is direct 
sequencing of  polymerase chain reaction (PCR) 
products (Kocher and White 1989). Direct sequenc- 
ing is more informative, but requires selection of  
conservative targets for oligonucleotide primers. 

We started the present studies in 1989, when al- 
most no data on mtDNA of fishes were available. 
Therefore we had to select by partial sequencing a 
region o f m t D N A  suitable for amplification. A 607- 
bp-long fragment of  Cottus kessleri coding for lysine 
tRNA, ATPase 8, and part of  the ATPase 6 gene 
was sequenced by the Maxam--Gilbert method to 
yield the necessary information for successful PCR. 
We also used the primers proposed by Kocher et al. 
(1989) to amplify a part of  the gene of  mitochondrial 
cytochrome b. PCR, sequencing, and likelihood 
maximization treatment of  the sequences of  the 
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abovementioned genes gave phylogenetic trees and 
estimates of the times of  branching for three Bai- 
kalian cottoid species: C. kessleri, Cottocomephorus 
grewingki, and Cottocornephorus inermis. 

Materials and Methods 

Isolation ofmtDNA. Eggs (2-3 g) were extracted from fishes and 
placed immediately into cold (4°C) Buffer A (0.2 M sucrose, 10 
mM Tris-HC1, pH 8.0, 1 mM EDTA). The preparations were 
stored on ice for no more than 48 h prior to treatment in the 
laboratory. Essentially, the method of rapid isolation of mtDNA 
was based upon the procedure of Jones et al. (1988). All opera- 
tions were performed at 0-2°C. Eggs were homogenized in 10 
volumes of Buffer A in a plastic vessel with a Teflon pestle. The 
homogenate was twice centrifuged at 15,000 x g (15 min). The 
supernatant was centrifuged for 30 min at 12,000 >< g. The su- 
pernatant was discarded and the precipitate (mitochondria) was 
resuspended in 400 ~tl of Buffer B (100 mM NaC1, 50 mM Tris- 
HCI, pH 7.5, 10 mM EDTA). Mitochondria were either lysed 
immediately by addition of SDS to 0.2% and Proteinase K to 
100/zg/ml (10 min incubation at 37°C), or stored at -20°C. The 
lysate was extracted once with phenol and twice with chloroform. 
DNA was precipitated with two volumes of ethanol, dissolved 
in 500/zl of TE (10 mM Tris-HC1, pH 7.5, 1 mM EDTA), and 
treated with RNase A (10 #g/ml, 1 h at 250C). After the treatment, 
the solution was twice extracted with chloroform, and DNA was 
precipitated with two volumes of ethanol and dissolved in 50 ~1 
of TE. 

Restriction and Electrophoresis. EcoRI and HindIII restric- 
tion endonucleases were used. Five microliters of stock mtDNA 
solution was used for each reaction. Electrophoresis of DNA 
fragments was performed in 0.4% or 0.8% agarose gels, at 
15 V/cm in 1 x TPE (Sambrook et al. 1989). 

Cloning in Plasmid Vector. The 3.3-kb HindIII fragment of 

mtDNA of C. kessleri was cut out of the gel slab, eluted, and 
cloned in plasmid vector pUC18 as described by Sambrook et 
al. (1989). 

Maxam-Gitbert Sequencing. Cottus kessleri mtDNA or cloned 
fragments of mtDNA were treated with an appropriate restriction 
endonuclease (EcoRI), 32p-labeled using Klenow DNA-polymer- 
ase I (Sambrook et al. 1989), and sequencing reactions performed 
according to Maxam and Gilbert with acetone precipitation as 
described by Baram and Grachev (1985). The sequencing gel was 
8% or 4% polyacrylamide, 7 M urea, 1 x TBE. The gels were 
exposed to x-ray film for 48 h. 

PCR Amplification. PCR amplifications were performed in 
50-~1 volumes of 10 mM Tris-HC1, pH 8.8, 50 mM KC1, 0.2 
mg/ml bovine serum albumin (Fraction 5, Serva), 3 mM (for the 
ATPase 8 region of mtDNA) or 1.5 mM (for the cytochrome b 
region) MgC12, 0.3 mM of each of the four dNTPs, 0.24 ~tM 
primers, with 2 units ofTaq polymerase, and 50-100 ng of target 
DNA. Thirty-five cycles of amplification were performed ac- 
cording to the following program: 70 s at 94°C (melting), 100 s 
at 55°C (annealing), and 120 s at 72°C (polymerization) using a 
thermocycler from Lina Co. (Angarsk, USSR). The primers used 
for the ATPase 8 gene were L8352, 5 'TAAAGATTGGTGACT 
CCCAACCACC; H8773.1, 5 'GTAGGGAAGTAAGCCCAATA 
TGTT; and H8773.2, 5 'AGGTAATAAACTAATAGGTT; those 
for the cytochrome B gene were L14724 (Meyer et al. 1990) and 
H15149 (Kocher et al. 1989). The four-digit numbers refer to 
the positions of the 3' ends of the primers in human DNA; L 
and H refer to the light and the heavy chain, respectively. LPCR 
sequencing was performed according to Murray (1989); an ap- 
propriate 32p-labeled oligonucleotide was taken as primer. Ten 
to twenty cycles of  PCR under the abovementioned conditions 
were performed with ddNTPs in 20-~d reaction mixtures con- 
taining preamplified gene fragments. 

Analysis of  Sequences. Optimal tree topologies were computed 
using the maximum likelihood method with the DNAMLK pro- 
gram of the PHYLIP package (version 3.3; Felsenstein 1990) on 
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Fig. 1. a Electrophoretic patterns of the re- 
striction fragments of Coitus kessleri mtDNA; 
1% agarose gel, 1 x TPE,15 V/cm. E, diges- 
tion by EeoRI; H, by HindIII; H+E,  by 
EcoRI and HindIII. b Electrophoresis of the 
ATPase region of mtDNA amplification prod- 
ucts; 1.5% agarose gel, 1 × TPE, 15 V/cm, 
3-~1 aliquots of reaction mixtures. (1) L8352 
+ H8773.2. (2) L8352 + H8773.1. 
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a Micro-VAX computer. The branching pattern was confirmed 
using the DNABOOT program of the abovementioned package 
with 150 replications and several random number seeds. Xenopus 
laevis mtDNA sequences were used as outgroups. 

Results and Discussion 

Mitochondrial DNA of C. kessleri was cleaved by 
EcoRI (Fig. la). Linear DNA thus obtained was 32p_ 
labeled at both ends with Klenow DNA polymerase 
I and [a-32p]ATP, and the product cleaved with 
BspR1. Figure 2 shows a part of  a Maxam-Gilbert  
sequencing gel for the longer of the two radioactive 
fragments obtained. The 230-bp-long sequence ob- 
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Fig. 2. Part of a Maxam-Gilbert sequencing gel of the longest 
radioactive fragment obtained from a Cottus kessleri circular 
mtDNA by digestion with EcoRI followed by treatment with 
Klenow DNA-polymerase I combined with [a-32p]ATP and TTP, 
and cleavage with BspR1. 

tained was aligned to the known mtDNA sequence 
ofX. laevis (Roe et al. 1985) and found to be highly 
homologous to a region ranging from the 3' end of  
the gene oflysine tRNA through a complete reading 
frame for mtATPase 8 and part ofmtATPase 6 (Fig. 
3, positions 76-305 in the sequence for C. kessleri). 
The latter two genes overlap over 10 bp in X. laevis. 
It is interesting that the length of  a similar overlap- 
ping region in C. kessleri is exactly the same, where- 
as the two genes overlap over 40 bp in bovine, and 
over 46 bp in human mtDNA (Roe et al. 1985). 

Attempts to run PCR with oligonucleotide prim- 
ers L8352 (sequence derived from C. kessleri 
mtDNA) and H8773.2, complementary to a con- 
served part of  X. laevis ATPase 6 gene (Fig. 3, po- 
sitions 10,280-10,300 ofX. laevis), failed (Fig. lb). 
Therefore we cloned the 3.3-kb Hind3 fragment of  
C. kessleri mtDNA carrying the EcoRI site (Fig. 1 a) 
in a pUC 18 plasmid and sequenced it by the Max- 
am-Gilbert procedure over a total length of  607 bp 
including the abovementioned 230-bp fragment (Fig. 
3). On this basis we chose the primer H8773.1. To- 
gether with L8352, it served to amplify the 417-bp- 
long mtDNA fragments of  C. kessleri and other Bai- 
kalian cottoids (Fig. lb). The fragments of  the C. 
grewingki and C. inermis mtDNAs were sequenced 
by linear polymerase chain reaction (LPCR) ac- 
cording to Murray (1989). The three sequences thus 
obtained are shown in Fig. 4. These sequences differ 
from each other at 23 sites, and only by a single 
amino acid substitution (Table 1). 

Primers L14724 and H15149, complementary to 
the gene for cytochrome b proposed by Kocher et 
al. (1989), we used to amplify a 382-bp-long frag- 
ment in order to obtain a link with the real time 
scale proposed for a wide variety oftaxa (e.g., Brown 
et al. 1979; Kocher et al. 1989). These sequences 
were obtained for the three cottoid species by means 
of  LPCR (see Materials and Methods) and also sub- 
jected to analysis (Fig. 4). Base substitutions occur 
at 26 sites; the proportion oftransversions is some- 
what higher than that found for ATPases (Table 1). 
The most important difference is the higher rate of  
amino acid substitutions (four vs one). This finding 
does not contradict evidence implying lower rates 
of  amino acid substitutions in fishes compared to 
other vertebrates (Kocher et al. 1989). Substitutions 

Table 1. Numbers of base substitutions in pairs of species (above 
the diagonal, transitions; below the diagonal, transversions in 
ATPase 8 + 6/cytochrome b regions) 

C. kessleri C. grewingki C. inermis 

C. kessleri -- 15/12 11/11 
C. grewingki 5/7 -- 10/11 
C. inermis 5/5 1/7 -- 
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tHNA Lys 
X. 1. STmS -x~ATC~C4k~_d~u~TAT A I ~ T ~ k C T 2 ~ C ~ I ~ T  

C. k. 1 (~%Ac ACTTTGAAAAu",I~ATCATCAI2CIAATAt~-I"£~~~AAAT 

tRNA Lys 

ATPase 8 
9 8 T 8  A ~ K 3 ~ A I 3 ~ a _ C ~ A ~ A ~ A ~ A A T C ~  A ~ T ~  

118 AT(3CCTCA~CTCAdiTCCC~CACCTTGA~ATCCTAEITCTTCTC~T(~ATTA~TTTTC 

9988 TTAACATTTATCCCACCAAAA~TTTTAAAACAC~TTTAAT~UiACCAACTACACAA 

173 CTCX~CCATTATTCCCCCAAAAGTAATA£~DCCACACu---~L~CCAAA~CE~CTCCJiA 

<- ATPase 8 
ATPase 6 -> 

9993 AC CACA~NTCT~AA~AAACT~ACC/~T(3AAC~TA~ u" F £~.,- ~"£~ACC 

238 A~ ~ C C ~ ~ ~ T A A ~ C C T C T T C I 3 A K X 2  

10053 AATTTATG~/~CCCT~TAATTTT/g3~TATTC C~/JF~'ATC~3CAATf2GCTATA~FIGA~ Z 
. ~ . ~ . - ~ . ~ . ~ . ~ e ~ . ~  .~ -~ - ~ : ~  ~.~*.~.  ~ ~ 1 , - ~  ~ . -~ -~ ~-~.~-~ 

29B  A A ' ~ ' ~ A T ( 3 d ~ C C C C A C / x ~ ~ C T C ~ A A T C ~ C C ~ A T  OAC'~C~CCCT 

10113 TTACT u-i¢£'ATTTCCT~ACC CATCCAATCAAA~AATAACC~AC TAATCACCTTAC 

357 TGa%ATTATATACCCra~ICCO[X3ACAACTC (3~T~AC TAAATA~CO~I~'F~TTA61CCCTTC 

101T3 AATCATGATTCC"I"rCA CAATTT CACAACAA TTTTTTACCAATTAACT~CA~C 

415 ~ A T T T A T T ~ A ~ C C A A C A A C ~ C C u ' F  I'A~~C~GTC 

10230 AT~ T~L~£~CC CTATTATT~ACAT CATT~T~ATTAATAT CTL~° F £'AACCTATTA£~ 

475 ACA/kA'I~AI3CAI~2~AACCTCCCTTATGATCTTTCTCATCAi2C, A T ~ A ~  

10290 C~ TTTATTACa j t - ~~AC4%CCAACTACTCAAC"~ATC C T T ~ T ~ ~  

585 ~ T T T A ~ C C C C A C C A C ~ - C A A ~ - ~ -  Fx~CCT~A£~f~C~--"xGCAA 

10350 T~TTAT~ATT 

595 CACCCCTTT~ACT 

Fig. 3. Sequence of a 607-bp fragment of Cottus kessleri mtDNA (L strand) aligned with Xenopus laevis mtDNA. EcoRI site is 
underlined; bold letters, sites interacting with the primers L8352 and H8773; asterisks indicate identical positions. 

in cottoid fish mtDNA mostly occur at the sites 
identified by Kocher et al. (1989) for cichlids. 

It is generally believed that the sequence of  mi- 
tochondrial cytochrome b is very conservative and 
changes slower than that of  other proteins, among 
them mtATPase. Therefore, the greater difference 

between the amino acid sequences of the cyto- 
chrome b of  cottoid fishes compared with the se- 
quence difference in their mtATPases is somewhat 
unusual. However, comparison of  the sequences of  
cottoid mtDNA with those of  cichlid fishes (Fig. 4) 
exhibits a difference typical of  other distantly related 

Table 2. Morphoecological features of three Baikalian sculpins (Taliev 1955; Sideleva 1982) 

C. kessleri C. grewingki C. inermis 

Habitat  Near-shore, depth to 200 m Upper part of slope, depth 
20-300 m 
Near bottom-pelagic 
1.8 mm 
Up to 2,000 eggs 
Brown-red 
Compressed from sides 
16-19, hair-form 

Ecological group Bottom 
Egg size 0.8 m m  
Fecundity Up to 10,000 eggs 
Color Greenish 
Form of head Round 
Number and form of gillrakers 4-6, hill-form 

Upper part of slope, depth 
20-500 m 
Near bottom-pelagic 
1.5 mm 
Up to 3,500 eggs 
Silvery 
Compressed from sides 
11-19, hair-form 
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ATPase region 
110 189 

am tT~ taAa  ATfl gec gAG t r a  AAc CCC Gee cee TaA TTT  ATC tT d -ae aT rTt aCalTaAIlcA arrlTTe e"l'"l"'l°'l 
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[ ~  8BT 
I I am CCC CCA AAA aTA ATA aea ele Act TTC eel AAt alA COt tet gee CAAl~ag at& ael lcgleeg AAA ACI CCC gGl 

ecc eel AAA flTl ATA ace CAC Ace TTC CCA AAC alA gel leg ere CAAIAaC Beg 9AA AAA gee AAA AeA ecc TeA 
CE ............ 

am Aae TflA CCATflACAcTAA ~ ]47 
Ck ACe TaA eCATaACAaTAAaC CTC TTC aAC CAA TTT Ara AGe eee ACA ere eTA GGA~ATY~CCT eTA ArC 0ee CTC ~ee Arc 
e ,  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . .  c . . . . . . . . . . . . . . . . . .  

ci . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~ . . . . . . . . . . . . . . . . . .  i l ;  
Ck ACe CTC CCT rflA ArT ATA TAC Cea ace egg ACA ACT Caa TBA eTA AAT AGe egg TTC TTA ace CTT CAA age TaA TTT 
e£ .,r , .r ........... a ..... T ..... C ..... C ..... a .................................... 
Ci ..T ..T ........... a ..... T ..... C ..... e ,.A ..a .................................... 

508 

Ck ATT AAC CflC TTT ACe CAA CAA CTT CTC CTC cee TTA Aflr CTC age BaT CAC AAA TaA BCA ace eTa eTA ACe Tee CTT 

Cg .......................... T .............. a ....................... e ........ r ... 
el .......................... T .............. a ....................... C ........ T . .. 

522 

Ck AT8 ATe TTT CTC ATe ACC A 
eg ........ C . .T . .T .... 
Ci ........... T ..... T . 

Cyt b region 

~ so 
Ck CC CAC eec eTA eTA AAA ATe agA AAC aeA eTA ~YT aAe CT CCA ace CCC Tea AAT ArT Tea arA raA T0A AAC TrY 

C~ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . .  

el . ,A . . . . . . . . . . . . . . . . . . . . . . . .  

Fig .  4.  A l i g n m e n t  o f  c o t t o i d  m t D N A  A T P a s e  a n d  c y t o c h r o m e  

b r e g i o n s  t o  m t D N A  o f  A t l a n t i c  c o d  ( A T P a s e  8 gene ,  J o h a n s e n  

e t  al .  1989)  a n d  t o  m t D N A  o f c i c h l i d  f i shes  ( c y t o c h r o m e  b r e g i o n ,  

K o c h e r  e t  al .  1989) ;  C .k . ,  Cottus kessleri; C.g. ,  Cottocomephorus 
grewingki; C.i . ,  Cottocomephorus inermis; G . m . ,  Gadus morhua 
( A t l a n t i c  cod) ;  J . r . ,  Julidochromis regani (a c i c h l i d  fish). D o t s  in  

c o t t o i d  f ish  s e q u e n c e s  i n d i c a t e  b a s e s  i d e n t i c a l  t o  t h o s e  o f  C. kes-  

sleri m t D N A .  S m a l l  l e t t e r s  i n  G . m .  a n d  J . r .  s e q u e n c e s  i n d i c a t e  

158 
J r  ACa GOc CTt TTC e ta  ace AYA gAC TAt ACe TCT BAC ATC 
Ck Gac TCC CTC CTC aGT CTT TBC TTB ArT ATe CAA ATC eTA ACe G ~  CTC TTC CTC ace ATA CAC TAC Ace TCT flAC ATe 
Cg . . . . .  T . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
el  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

888 
, : , r  ace ACe GeC TTt Tee re°  QTe Gee CA° ATe TOt eat  aAe a re  AAe TAe GOt TflA ere ArC era  AAtItTs|eAe ace AAe 
ek aeA AeA Gee Tre TeA Tea 0re aoe CAT ArT TOe eaA OAT a t e  AAe rAe aOA raA e r r  Arc eae AAeleTeIeAe Glee u e  

CB . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  U e l  . . . . . . . . . . . . . . . . .  A . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  T 

J r  aac (]ca TCc r r e  eTC TTC ATT Tat Art TAC gAg ATt alto CBA aaE tTa TAg TAt aae Tee TAt tTA TAt AAA aAA 
Ck aaT ace TCT TTC TTC TTC ATT TaC ATe TACIATalCAC ATe a@A CGA Gag CTT rAe rAe age Tee TAC eTA TAg AAA aAA 
e, T, , . . . . . . . .  a . . . . . . . . . . . . . . . . . . . . . . .  e r . . . . . .  
el iii iii iii iii iii iii iii iii iii ii,11.'iIiii . . . . .  o . . . . . . . . . . . . . . . . . . . . . . .  e , . 

,oo roAl A--.a, a - -Nero  eTo eT  ArA ,TA ,e 

e, . . . . . . . . . . . . . .  U .AQ~A A . . . . . . . . . . . . . . . . . . . .  [ I I I I I 0 [  a A , . . . . . . . .  el . ii~ e . . . . . . . . . . . . . . . . . . . . . . .  A . . . . . . . .  e 

m i s m a t c h e s  w i t h  a n y  o f  t h e  c o t t o i d  s e q u e n c e s .  S i m p l e  b o x e s  

o u t l i n e  c o d o n s  w h e r e  b a s e  m i s m a t c h e s  r e s u l t  in  a m i n o  a c i d  s u b -  

s t i t u t i o n s  b e t w e e n  G . m .  (o r  J . r . )  a n d  a l l  c o t t o i d s .  D o u b l e  b o x e s  

i n d i c a t e  t h e  s i tes  w h e r e  a m i n o  a c i d  s u b s t i t u t i o n s  t a k e  p l a c e  w i t h i n  

t h e  c o t t o i d  g r o u p .  T h r e e  f i shes  g a v e  i d e n t i c a l  s e q u e n c e s  i n  t h e  

ca se  o f  C. kesslerL t w o  f i shes  i n  t h e  case  o f  C. grewingki, a n d  

o n l y  o n e  s p e c i m e n  o f  C. inermis w a s  a n a l y z e d .  

species. Comparison with m t D N A  of  Gadus mor- 
hua (Atlantic cod) also suggests that cytochrome b 
is more conservative than mtATPases.  

One may speculate on the apparent greater con- 
servativeness o f  ATPases compared to cytochrome 
b in cottoid fishes. Presumably, these molecules  al- 
low certain numbers o f  amino acid substitutions 
that do not  affect functions. The fact that this num-  

ber is smaller for cytochromes b compared to ATP-  
ases in cottoid fishes may be due to specific pressure 
o f  selection characteristic o f  habitats where speci- 
arian takes place under very slowly changing con- 
ditions, as happens in Lake Baikal. 

Evolutionary trees were built for the three Bai- 
kalian cottoid species using the two sequenced 
regions separately and the merged sequences (Fig. 
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Fig. 5. Phylogenetic analysis of the ATPase region and cyto- 
chrome b sequences of three cottoid species. Quantitative data 
are summarized in Table 1. The lowest tree is the result of merged 
sequences analysis. Time scale was derived from Kocher et as. 
(1989, see text). 

5). These trees were chosen as having maximum 
likelihoods using the DNAMLK program of the 
PHYLIP package, version 3.3 (Felsenstein 1990). 
Estimation of the times of branching (Fig. 5) under 
the assumption that the rate of Baikalian cottoid 
mtDNA evolution was approximately the same as 
that of mtDNA of mammals (Brown et al. 1979) 
suggests that separation of the three species hap- 
pened some 1-2 Myr ago. This time period is much 
longer than that of the branching of cichlid fishes 
(0.2 Myr) from Lake Victoria and Lake Malawi 
(Meyer et al. 1990). It corresponds to the beginning 
of the deep-water stage of the development of Lake 
Baikal when the lake existed as at least two separate 
water basins (Logachov and Florensov 1978). 

Morphological evidence suggested that C. gre- 
wingki and C. inermis are sister species, whereas C. 
kessleri belongs to a different subfamily (Taliev 1955; 
Sideleva 1982). Table 2 gives an outline of a few 
morphological and ecological features in support of 
this viewpoint. However, rooted trees constructed 
on the basis of the sequences of cytochrome b sug- 
gest that C. grewingki and C. inermis are very dis- 
tant from each other and are not sister species (Fig. 
5). Cottus inermis appears to be even closer to C. 
kessleri than to C. grewingki. Similar trees com- 
puted for the sequences of the genes of ATPases, on 
the contrary, suggest that C. grewingki and C. iner- 
mis are closer to each other than to C. kessleri. 
Merged sequences suggest a tree similar to that in- 
ferred from the sequences of  ATPases (Fig. 5). How- 
ever, species grouping places the branching point 
into the interval where the exact branching order 
could hardly be resolved within the confidence in- 
terval estimated using the bootstrap method (Fel- 
senstein 1985; Hasegawa and Kishino 1989). The 
only conclusion is that the three species have 
branched (if they are monophyletic) at the time when 

haplochromeines of Lake Victoria separated from 
those of Lake Malawi (Meyer et al. 1990). Hence, 
cottoid fish of Lake Baikal are much more ancient 
than cichlid fish of the great lakes of Africa. Pre- 
sumably, this is due to the fact that Baikal is also 
much older (Brooks 1950). 
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