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Molecular systematics of two enigmatic fishes in the genus
Schizopygopsis in the Qinghai- Tibetan Plateau -

QI De'Lin, GUO SongChang, ZHAO Xin-Quan ™
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Abstract The genus Schizopygopsis (Steindachner) is widely distributed in the upper reaches of dmost al the main
rivers and lakes in the Qingha- Tibetan Plateau. The wide distribution range and the peculiar ecologica secidizations of
these fishes are of biological interest. The Schizopygopsis, therefore, isan ided modd with which to invegtigate the e
ciation, diversfication and evol ution of freshwater fish endemic to the Qinghai- Tibetan Pateau. Although eciad attention
was given to the biology of the genus Schizopygopsis in the past , the taxonomy of Sp. malacanthus chengi (Fang) and
Sp. anteroventris (Wu, Tso, Zhu and Chen) remain controversa owing to their morphological smilarity (for exam-
ple, arrangement of pharyngeda teeth, sheath morphology of the lower jaw , character sate of the pharyngea bone, and
gill rakers). Inthepresent study , the complete sequencesof the mitochondria Cyt b genefrom seventeen individual's rep-
resented Sp. malacanthus chengi, Sp. anteroventris and other five gpeciesof Schizopygopsis as well asfive closed ecies
in the same subfamily Schizothoracinae were sequenced. The sequences were subjected to maximum parsmony (MP) ,
maximum likdihood (ML) and Bayedan andyses. The molecular phylogenetic anadlyses showed that Sp. mal acanthus
chengi and Sp. malacanthus didn’ t cluster together and there was a relatively high (2. 06 %) divergence between them.
Sp. anteroventris was placed in a dade geneticaly disant from the other ecies of Schizopygopsis. Results from the
molecular data, coupled with other morphological characters suggest that Sp. malacanthus chengi should be eevated to
ecific gatus, keeping the pecies name of Sp. chengi , while Sp. anteroventris should be retained asa distinct eciesin
the genus Schizopygopsis [ Acta Zoologica Sinica 52 (6) : 1058 - 1066, 2006].
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[ Schizopygopsis (Steindachner) ],
(Schizothoraci nae)

(
, 1991) ,
( , 1964 ;
, 1981; , 1984 ; ,
1991; , 2000) ,
[ Schizopygopsis malacanthus chengi
(Fang) ] [ Schizopygopsis an-
teroventri (Wu, Tsao, Zhu and Chen) |
(Fang, 1936; ,
1991, , 2000)

Sp. malacanthus chengi

Fang (1936)

(1991) )

, (2000)
( Sp. malacanthus)

Sp. malacanthus

(1991) Sp. anteroventris,

(1991) 12
Sp. anteroventris

(2000)

Sp. anteroventris

) DNA (mtDNA)

(Avis and Saunders,

1984)
(Burridge, 1999; Xia et d. ,
2001; Reed et d. , 2002; Xieo et d. , 2005; Car-
ranza and Amat , 2005)

b (Cyt b)

, (Lovejoy and
Araljo, 2000; Xiao et a., 2001; Crepi and Ful-

ton , 2004 ; , 2004) :
PCR

Cyt b ,
1
1.1
(1991) (2000)

( Sp. malacanthus chengi)

(Sp-. anteroventris)
(' Schizothorax )
(S. prenanti)

5 ( 1
1), ,
- 20 ,
- 70
1.2 DNA
1.2.1 DNA
20 mg,
«C )
( ) 1.5m EP ,
DY K -
DNA , DNA
ddHO, . 1% ,
DNA 4
1.2.2 mtDNA b PCR
(PCR)
L14724, 5-GACTTGAAAACCACCGTTG3
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Fig.1 Sampling localitiesfor the two enigmatic species in the genus Schizopygopsis and speciesfrom the other gen-

era in the Shizothoracinae
The map from http: //www. guang. org/ map. htm

H15915, 5-CTCCGATCTCCGGATTACAAGAC3

(Xiao et d. , 2001, ) mtDNA Cyt
b PCR 30
bl 1.0 u TakKaRa EX Tagq (TakKaRa) , 1
MIdNTPs (2.5 mmol/L) , 3.0M1 10 x Taq buffer
(TaKaRa, Mg*"), (10 mmol/L)
0.54l, 0.2u g DNA

PCR : 94 4 min, 94
1 min, 50 1 min, 72 1 min, 35

, 72 5 min PCR

, 2ul 1.0%
, BB ;

, PCR Purification a CA Soure PCR
Purification Kit (Casarray, )
D YEnamic Dye Terminator Cycle Sequencing
Kit (Amersham Biosciences Corporation)
Tpersona Thermocycler (Biometra)

101, D YEnamic Dye Terminator
(Amersham Inc.) 21, 5pmal , 25- 50
ng, 10u1
. 95 8s,9 15s, 50 15 s,
60 90s, 31 , 60 90s,4 5min
/ )
Megabase 500 (Amersham Pharmacia

Biotech Inc.) ,
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1 mtD NA
Tablel Sampling locality, drainages, sample size and mtD NA haplotypes
Fecies Collection location Dranage Sample sze Haplotype
. . ! 1 S. prenanti
Schizothorax prenanti Tchang, 1930 Banma, Qingha Make River
o L . . 1 Pt. kaznakovi
Ptychobarbus kaznakovi Nikolsky , 1903 Zadoi , Qinghai Lancang River
. ) . . ! 1 Gd. pachycheilus
Gymnodi ptychus pachycheil us Herzenstein, 1892 Xingha , Qingha Yellow River
. . . . ! 1 G. eckloni
Gymnocypris eckloni Herzengtein, 1891 Guinan, Qingha Yelow River
. . . . 1 G. przewalskii
Gymnocypris przewalskii Kesder , 1876 Gonghe, Qingha Qingha Lake
. o . ! 1 Pl. extremus
Platypharodon extremus Herzengtein, 1891 Madoi , Qingha Yellow River
) o ) ) o ! 1 Sp. kialingensis
Schizopygopsis kialingensis Tseo and Tun, 1962 Langmus , Schuan  Kiding River
4 Sp. younghusbandil
Schizopygopsis younghusbandi Regan, 1905 Lhasa, Tibet L hasa River -2
4 Sp. microcephal usl
Schizopygopsis microcephal us Herzenstein, 1891 Geermu, Qingha Tuotuo River -2
. . . ! 2 Sp. malacanthusl
Schizopygopsis malacanthus Herzenstein, 1891 Chengdoi , Qingha  Ydun River
L . . o 1 Sp. malacanthus2
Chengdoi , Qingha  Qingshui River
. o . ! 1 Sp. pylzovil
Schizopygopsis pylzovi Kesder , 1876 Xingha , Qinghai Yelow River
. ) . ! 2 Sp. pylzovi2
Datong, Qingha Beichuan River
. . ! 2 Sp. m. chengi
Schizopygopsis mal acanthus chengi  (Fang, 1936) Banma, Qingha Make River
L . . 1 Sp. anteroventris
Schizopygopsis anteroventris (Wu, Tsao, Zhu and Chen, 1979) Zadoi , Qinghai Zhagu River

L14724 H15915
L 15138 (5-ATGATGACCGCCTTCGT GGG
TA-3) H15560 ( 5-GCGTAGGCAAATAG
GAAGTATCG3) (Xieoetd. , 2001,

) . Oyt b

1.2.3 DNA
CLUSTAL X (Thompsonet al. , 1997)
STAR Editseq 5.0 MegAlign 5.0

DNA

(DNASTAR Inc.) MEGA 3.1 (Kumar et a. ,
2004) )
Kumira

PAUP *4.0b10 (Swofford, 2000) Mr

Bayes 3.0 (Ronquist and Huel senbeck , 2003)
(Maximum likelihood, ML)
(Maximum parsmony, MP)

(Bayesian)

ML , Moddtest 3.06 (Posada
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and Crandall , 1998) , 10.40% (21 ) 1.98% (4 )
(Heurigtic search)
(9 mple addition sequence) TBR (Tree bisection ,A T C G
reconnection) MP 25.7% 30.5%, 26.8% 17.0%, A+T
, (56. 2 %) G+C (43.8%) ,
(Randomraddition- sequence) TBR G , Cyt b
MrBayes 3.0 (Cantatore et a. , 1994)
, Bayedan GTR + | +I 2.2
(Bootstrap test) Kumira
, ML MP 100 , 5
1 000 1.33% - 5.34% ,
Sp. kialingensis  Sp. younghusbandil ,
2 Sp. kialingensis  Sp. pylzovi2
2.1 Sp. malacanthus chengi
23 mtDNA Cyt b 0.35% -
(1 140 bp) , 17 17 4.38%, Sp. younghusbandil
1140 , 376 , Sp. pylzovi2
(32.98 %) |, 202 174 Sp. anteroventris
4.38% - 5.53%,
, Sp. kialingensis ,
87.62% (177 ) , Sp. younghusbandil ( 2
2 mtDNA Cyt b ( Kimura )

Table2 Percent sequence divergence among haplotypes ( Kimura’' s two parameter distances) based on the complete ssquence of

cytochrome b gene

Heolotype i1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1 S. prenanti
2 Pt. kaznakovi 20.34
3 Gd. pachycheilus 23.37 18. 26
4 G. eckloni 20.97 14.23 17.52
5 G. przewalskii 20.97 14.23 17.85 0.79
6 Pl. extremus 21.77 15.49 18.84 6.40 6.30
7 Sp. kialingensis 20.84 15.1517.83 7.48 8.18 7.27
8 Sp. younghusbandil 20.24 14.37 18.33 6.10 6.60 7.40 5.34
9 Sp. younghusbandi2 20.1114.4818.21 6.20 6.69 7.40 5.24 0.26
10 Sp. pylzovil 21.08 15.60 18.20 7.19 7.88 7.18 1.51 4.76 4.67
11 Sp. microcephal us2 21.1515.3217.92 7.07 7.76 7.16 2.60 5.23 5.13 2.24
12 Sp. microcephal usl 20.80 15.00 17.35 6.78 7.47 6.88 2.42 5.04 4.95 2.06 0.53
13 Sp. pylzovi2 20.57 15.1317.72 6.79 7.48 6.78 1.33 4.57 4.48 0.35 2.05 1.87
14 Sp. malacanthusl 20.48 15.13 17.98 6.69 7.18 7.18 2.88 4.86 4.76 2.70 2.97 2.79 2.51
15 Sp. malacanthus2 20.1014.79 17.63 6.59 7.28 7.08 2.60 4.38 4.28 2.24 2.51 2.33 2.06 0.44
16 Sp. malacanthus chengil 20.8315.1317.72 6.99 7.68 6.98 1.33 4.38 4.28 0.53 2.05 1.87 0.35 2.33 1.87
17 Sp. malacanthus chengi2 20.70 15.02 17.61 6.69 7.38 6.68 1.60 4.09 4.00 0.80 2.14 1.96 0.62 2.24 1.78 0.26
18 Sp. anteroventris 20.62 14.0517.26 6.79 7.29 7.60 5.53 4.68 4.58 4.96 5.04 4.85 4.76 4.86 4.38 4.38 4.09
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Sp.m.chengi 1

58/-/196
e Sp.m.chengi 2
Sp.pylzovi 1
—160/94
Sp.pylzovi 2

78/73/100 Sp.kialingensis

Sp.microcephalus 2
100/99/100
Sp.microcephalus 1
100/100/100

58/—/61 Sp.malacanthus 1
Sp.malacanthus 2
99/100/100
Sp.anteroventris

100/100/100
Sp.younghusbandi 1

86/94/99

99/100/100
Sp.younghusbandi 2

100/100/100_ G eckloni
71/80/97 G przewalskii
85/78/97 Pl.extremus
Pt.kaznakovi
Gd.pachycheilus
S.prenanti
01
2
Oyt b
A. TIN+ G ML (-1InL 4367.47) B.
MP (Treelength=619, Cl =0.5958, Rl =

0.6723) C. 50% Bayedan
ML MP BP (%)
(<50 %)
Fig-2 Phylogenetic treesfor two enigmatic species in the

Bayesan PP (%)

genus Schizopygopsis and species from the other genera in
the Schizothoracinae based on mitochondrial cytochrome b
sequences

A. Maximum likelihood tree ( - InL =4 367.47) based on Likdi-
hood settings from the best-fit model (TrN + G) sdected by hL RT
in Moddtest 3.06. B. The sngle most pardmonious phylogenetic
tree (length=619, Cl =0.5958, Rl =0.6723). C. Ffty percent
maority consensus tree derived from Bayesan andys's based on the
common model GTR + | +I . Numbers at nodes indicate bootstrap
vaues (BP, %) from maximumrparsmony (left) and neighbor-
joining (center) , and pogerior probabilities ( PP, %) from
Bayedan (right) methods. Dashes (- ) at nodes denote low star
tigticd support ( <50 % bootstrap) .

2.3
Model Test 3.06 (Posada and Crandal,
1998) TIN+ G
: Base= (0.2596 0.2907 0.1589) Nst
=6 Rmat = (1.0000 21.0559 1.0000 1.0000

7.1203) Rates= gamma Shape = 0. 2586 Pinvar = 0

PAUP * 4.0b10 (Swofford, 2000)

ML (- InL
4367.47) ( 2) , Sp. malac
anthus chengi Sp. pylzovi

, Sp. kialingensis

Sp. microcephalus  Sp. malacanthus  Sp. youn-
ghusbandi Sp. anteroventris
(ML MP BP 86
94, Bayesan PP 99) , ( Gym-
nocypris) ( )
( Pl. extremus)
(Sster group)
MP
, (Tree length) 619, (Conr
dgtency index , Cl) 0.5958, (Retention
index, Rl) 0.6723 ML MP
50 % Bayesan
( 2
3
3.1
Cyt b :
0% - 4.06 % ,
6 % (
, 2001; Yanget a., 2002; , 2004)
5 (Sp. pylzovi,
Sp. kialingensis, Sp. microoephalus, Sp. malacant-
hus, Sp. younghusbandi) Kimura
1.33%- 5.34% ( 3.08 %) ,
(' Schizothorax)
2.51%- 9.80% ( 10. 10 %)
( Ptychobarbus) 5.23%-
7.60 % ( 6.41%) ( )
, Cyt b
('Sp. malacanthus chengil - 2)
0.35% -
4.38% , Sp. malacanthus chen-
gil Sp. pylzovi2 ,

Sp. malacanthus chengil Sp. younghusbandil

, Sp. malacanthus chengi Sp. malacanthus
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2.06 %;
Sp. anteroventris
4.38% - 5.53% ,
Sp. anteroventris  Sp. younghusbandil
, Sp. anteroventris
Sp. kialingensis ,
Cyt b

,  Sp. malacanthus chengi
Sp. anteroventris

3.2
, (
)
: Cyt b
2 , Sp. malacanthus chengi
Sp. pylzovi ,

Sp. kialingensis Sp. microcephal us
Sp. malacanthus
(ML MP BP 100

PP  100)

99, Bayedan
Sp. malacanthus chengi
Sp. malacanthus
, ( 2000)
Sp. malacanthus chengi Sp. malacanthus

(1991)

( Sp. anteroventris) ,
, (1991)
; (2000)

Sp. anteroventris

, Sp. anteroventris

3.3

, 1999;

, 2001; , 1998,

1999) ,

(Heeta.,2001; Pengetal.,2004; Goetad.,
2005) )
3.4 ( , 1999;
Yuetd. ,2000) , 1.1 -

(0.15 )
(
, 1996; Sp. malac

anthus chengi

, 1998, 1999)
Sp.- malacanthus

Sp. malacanthus chengi Sp. malacanthus

,  Sp. malacanthus
chengi

Sp. malacanthus

Sp. malacanthus chengi Sp. malacanthus

, Sp. malacanthus chengi
Sp. malacanthus

(1991) Sp. malacanthus chengi
) Sp. chengi
(Fang)
Sp. anteroventris
(1991) ,
(1991)
Sp. anteroventris
( , 2000)
(1991) ,
( Sp. anteroventris) ,
: 0 1)

Sp. anteroventris
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: 2, ; 2)

Sp. anteroventris
; 3)

Sp. anteroventris

; 4) Sp. anteroventris

DNA

(Xieo et a., 2001;
Bernard and Michael , 2004; Guo et a. , 2005)
, DNA ,
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