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ABSTRACT. To assess the genetic diversity, structure, and population 
dynamics of Schizopygopsis pylzovi, we examined the changes in 
mitochondrial DNA sequences (the mtDNA control region and the Cyt 
b gene; 1835 bp) in 304 individuals from nine populations. The samples 
were segregated into 112 haplotypes, with high haplotype diversity and 
low nucleotide diversity. The haplotype diversity was highest in the Minhe 
(HS) range of Huangshui River and lowest in the Weiyuan (WY) range 
of Weihe River. Analysis of molecular variance showed that 69.64% of 
the total genetic variance was contributed by within-the-group variation 
and 30.36% was contributed by among-the-group variation. Pairwise 
FST revealed significant divergence between the populations. The FST 
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between the MT and WY was highest, and that between the YZ and 
YJ was lowest. The neighbor-joining phylogenetic tree demonstrated 
that all geographic populations were not monophyletic, but overlapped 
each other, indicating that the duration of geographical isolation was 
not long enough or the populations had not yet reached significant 
genetic isolation or differentiation at the monophyletic level. Tajima’s 
D and Fu’s Fs were negative and statistically significant, indicating 
that S. pylzovi had experienced certain population expansion events, 
which is consistent with the hypothesis that the headwater area of the 
Yellow River was dramatically affected by the geological and climatic 
upheaval during the Quaternary ice age. Our analysis indicated that 
the management units corresponding to the WY population should be 
managed and conserved first. In situ conservation is first recommended 
to protect the original habitat from further destruction.
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Genetic structure; Genetic diversity; Conservation strategy

INTRODUCTION

The Yellow River is an important river in China, which flows from west to east. This 
region is rich in biodiversity due to its unique geographic features. The upper reach of the 
Yellow River is famous for its distinctive fish fauna. Thirty fish species are reported to reside in 
this area, many of which are endemic. However, few studies have been conducted to examine 
the species of fish present in the Yellow River, particularly the endemic ones. Schizopygopsis 
pylzovi is categorized into the subfamily Schizothoracinae of family Cyprinidae under the 
order Cypriniformes. It is mainly distributed in upstream regions of the Yellow River and 
its tributaries (Wu and Wu, 1992). The species is often found near gravel crevice habitats 
on the bottom of rivers and gently flowing waters, and feeds on tiny aquatic animals and 
plants. It has an important position in the food chain for freshwater ecosystems on the Tibetan 
plateau. S. pylzovi has a short breeding season, slow growth, late maturity, low fecundity, 
along with other biological characteristics typical of fish. In recent years, owing to human 
activities and environmental impacts, the habitat of S. pylzovi has been deteriorating and 
shrinking significantly, leading to a drop in its population (Qi et al., 2007). S. pylzovi is one of 
the key protected species of Gansu and Qinghai Provinces. In this context, evaluation of the 
germplasm resources of S. pylzovi is urgently needed.

Habitat fragmentation changes population genetic structure and dynamics, and is an 
important cause of population degradation and loss of genetic diversity. The level of genetic 
diversity and population genetic structure is a result of the combined action of various factors, 
such as evolutionary history of species, its distribution pattern, and ways of its migration 
and breeding. Studies on the genetic diversity of species can help in understanding its 
population genetic structure and dynamics, and could, therefore, contribute in formulation 
of reasonable protection strategies (Avise, 2000). Understanding of the prevailing spatial 
distribution and genetic diversity of population, as well as the determination and conservation 
of the evolutionarily significant unit, is expected to be crucial for effective protection and 
management of S. pylzovi.
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Molecular markers have been used in the assessment of genetic diversity and 
population genetic structure of species (Craft et al., 2010; Simplicio et al., 2015). The 
population structure and genetic diversity of Zelkova schneideriana from seven populations 
were analyzed using two chloroplast regions; the results suggested that Z. schneideriana 
should be protected by an in situ conservation strategy (Liu et al., 2016). Genetic diversity 
of Lepturichthys fimbriata collected from three sites in the Yangtze River was determined 
by analyzing genetic data from 14 polymorphic microsatellite loci. A high genetic diversity 
was observed in this analysis, but significant differences were observed among the three 
populations (Zhang et al., 2012). The genetic structure and integrity of the native, critically 
endangered Singidia tilapia was analyzed based on the mitochondrial DNA (mtDNA) control 
region and eight nuclear microsatellite loci (Paul et al., 2011). In this study, no mtDNA 
introgression was detected between the native and invasive species from Lakes Kanyaboli 
and Namboyo; however, low levels of nuclear admixture was observed primarily in species 
from Oreochromis niloticus to O. esculentus.

mtDNA, which is a maternally inherited genetic material, has higher mutation rates. 
Mutations that are fixed, forming the polymorphic loci, can reflect the population genetic 
structure and are ideal as molecular markers for studies on population genetics and phylogeny 
(Billingtong and Hebert, 1991; Wu et al., 2010; Cheng et al., 2015). Zhao et al. (2006) observed 
no significant differences in cytochrome b gene (cyt b) in 16 individuals of two Schizopygopsis 
species from the Yellow River and Chaidamu Basin. The genetic differentiation was, however, 
observed using the mtDNA control region in 99 individuals of S. pylzovi collected from four 
locations (Qi et al., 2007). Other researches have, to date, mainly concentrated on shape 
characteristics, classification, ecological environment, and mitochondrial genome, etc. of S. 
pylzovi (Wu, 1964, 1984; He and Chen, 2007; Duan et al., 2009). However, very little research 
has been conducted on the distribution patterns of genetic diversity and differentiation of S. 
pylzovi, and particularly on the whole distribution region.

The objective of the present study was the comprehensive evaluation of S. pylzovi 
population genetic diversity, genetic structure, and population demographic history by 
analyzing mtDNA sequence data (the control region and cyt b), with an aim of understanding 
the influence of human activities on the population dynamics and water system change history 
in the upper reaches of the Yellow River. The study is expected to offer insights that would be 
useful for framing the conservation policies and for preservation of S. pylzovi.

MATERIAL AND METHODS

Sampling and DNA sequence

Specimens were collected with gill nets during the spring of 2013 from Yellow River 
at an altitude of 1500-3500 m, covering the entire region known for the distribution of S. 
pylzovi (Figure 1). All the specimens were immediately preserved in anhydrous ethanol for 
laboratory analyses. A total of 304 individuals were obtained from nine locations, including 
the Linxia (XH) range of the Xiahe River, Luqu (THS) and Hezheng (YT) ranges of the Taohe 
River, Minhe (HS) range of the Huangshui River, Weiyuan (WY) range of the Weihe River, 
and Yuzhong (YZ), Yingjing (YJ), Maqu (MQ), and Mentang (MT) ranges of the Yellow 
River. For our S, pylzovi analysis, we considered these nine groups to be distinct populations 
based on the distribution range.
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Figure 1. Map of the upper reaches of the Yellow River showing the sampling sites for Schizopygopsis pylzovi.

Total genomic DNA was extracted from the muscle tissue using phenol/chloroform 
extraction (Sambrook and Russell, 2001). A segment of 694 bp from the mitochondrial control 
region was amplified using the primers (GEDL200: 5'-CAC CCC TGG CTC CCA AAG CCA 
G-3'; GEDH860: 5'-AGG GGT TTG ACA AGA ATA ACA GGA-3') reported by Zhao et al. 
(2011). The mitochondrial cyt b (1140 bp) was amplified using the universal primers L14724 (5'-
GAC TTG AAA AAC CAC CGT TG-3') and H15915 (5'-CTC CGA TCT CCG GAT TAC AAG 
AC-3'). The polymerase chain reactions (PCRs) were performed in a 30-µL volume that included 
21.25 µL molecular grade water, 3.0 µL 10X PCR buffer, 1.5 µL each primer (10 mM), 1.5 µL 
dNTPs (10 mM), 0.375 µL Taq polymerase, and 1 µL template DNA. The PCR conditions were 
as follows: initial denaturation at 94°C for 5 min followed by 30 cycles of denaturation at 94°C 
for 30 s, annealing at 53°C for 30 s, extension at 72°C for 1 min, and a final extension at 72°C 
for 10 min, followed by a hold at 4°C. The PCR products were analyzed on 1% agarose gels by 
ethidium bromide staining and purified using TaKaRa DNA Purification Kit from TaKaRa Bio 
Inc. (Shanghai, China). The purified DNA was sent to Shanghai Invitrogen Biotechnology Co., 
Ltd. (Shanghai, China) for bidirectional sequencing with the PCR primers.

Data analysis

The peaks obtained in the sequencing were checked by the Chromas 1.45 software; 
forward and reverse sequences were assembled and edited with the SeqMan program 
(DNASTAR Inc., WI, USA). The DNA sequence from each specimen, generated in the 
present study, was compared and aligned using ClustalX 1.8 (Thompson et al., 1997). The 
phylogenetic congruence of the mtDNA control region and cytb datasets was examined by 
PAUP V4 (Swofford, 2002). For sequence comparisons, pairwise genetic distance estimation 
and neighbor joining (NJ) tree construction was done, based on the Kimura 2-parameter (K2P) 
distance model, using the MEGA version 5.0 software (Tamura et al., 2011). The number 
of haplotypes, nucleotide diversity (π), haplotype diversity (h), and mismatch analysis were 
estimated with DnaSP 4.0 (Rozas et al., 2003). Analysis of molecular variance (AMOVA) 
was used to assess the population structure and geographical pattern for distribution of the 
main genetic variation using Arlequin 3.0 (Excoffier et al., 2000). The pairwise genetic 
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differentiation (FST) values were estimated to assess the genetic divergence among all the 
populations (Schneider et al., 2000). The statistical significance of the total and pairwise genetic 
differentiation was estimated by comparing the observed distribution with a null distribution 
generated by 10,000 replicates. Population expansion history was inferred by neutrality test 
statistics of the Tajima’s D (1989) and Fu’s Fs tests (1997) (Rogers and Harpending, 1992).

RESULTS

Sequence polymorphism

The 694-bp sequences obtained from 304 S. pylzovi individuals were aligned with 
the mtDNA control region. These sequences had 63 variable sites including 21 singleton and 
42 parsimony informative sites, and no indels. The average nucleotide base composition was 
30.9% adenine (A), 30.8% thymine (T), 23.3% guanine (G), and 15.0% cytosine (C), which 
was consistent with the mitochondrial nucleotide composition characteristic of the control 
region in other vertebrates. The A+T content (61.7%) was obviously higher than the G+C 
content (38.3%; Fu, 1997).

The amplified cyt b fragment was 1140 bp. The sequence contained 201 variable 
sites, including 89 parsimony informative sites and 112 single mutation sites. The nucleotide 
composition comprised of 25.4% A, 30.9% T, 26.7% G, and 17.0% C. The composition reveals 
that the cyt b is an A+T-rich region of the mitochondrial genome.

Population genetic diversity

The partition-homogeneity test of 304 individuals revealed no significant incongruence 
between the control region and cyt b (P = 0.27). The apparent congruence justified the combination 
of the two partial sequences in phylogenetic analysis of 1835 bp of the mitochondrial genome. 
The genetic diversity of S. pylzovi was analyzed based on the combined data (Table 1). One 
hundred and twelve haplotypes were found in 304 individuals, high haplotype diversity (h = 
0.985 ± 0.002) and low nucleotide diversity (π = 0.0055 ± 0.0008) were observed, but there were 
obvious differences among the populations from the different geographic regions. The haplotype 
diversity was highest in the Minhe (HS) range of Huangshui River and lowest in the Weiyuan 
(WY) range of Weihe River. The nucleotide diversity was highest in the Yongjing (YZ) range of 
Yellow River and lowest in the Weiyuan (WY) range of Weihe River.

Table 1. Population codes, sample size, and parameters of genetic diversity in nine Schizopygopsis pylzovi 
populations.

Code Location Sampling size Numbers of 
haplotypes 

Haplotype 
diversity (h) 

Nucleotide 
diversity () 

MQ Yellow River, Maqu 43 21 0.951 0.0035 
MT Yellow River, Mentang 27 8 0.897 0.0033 
YJ Yellow River, Yongjing 25 6 0.833 0.0041 
YZ Yellow River, Yuzhong 35 17 0.934 0.0052 
THS Taohe River, Luqu 51 13 0.959 0.0041 
YT Taohe River, Hezheng 17 8 0.926 0.0042 
XH Xiahe River, Linxia 36 13 0.838 0.0037 
HS Huangshui River, Minhe 48 28 0.982 0.0052 
WY Weihe River, Weiyuan 22 3 0.623 0.0007 
Total  304 112 0.985 0.0055 
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Population structure

AMOVA among the populations of S. pylzovi revealed that most of the molecular 
variance (69.64%) occurred among individuals within the populations; the rest of the variation 
(30.36%) was due to the differences among the populations (Table 2). Significant genetic 
differentiation was observed among the nine populations (FST = 0.30364, P = 0.00). Pairwise FST 
values revealed significant divergences between the populations (P < 0.01); FST value between 
MT and WY was highest (0.6156) and that between YZ and YJ was lowest (0.0706; Table 3).

Table 2. Analysis of molecular variance (AMOVA) among the Schizopygopsis pylzovi populations.

Source of variation d.f. Sum of squares Variance 
components 

Percentage of 
variation 

Fixation 
index 

Significance 

Among populations 8 281.218 0.98728 Va 30.36 0.30364 P = 0.00 
Within populations 295 667.943 2.26422 Vb 69.64   
Total 303 949.161 3.25150    

 

Table 3. Pairwise FST values (below the diagonal line) and associated P values (above the diagonal line) among 
the Schizopygopsis pylzovi populations.

Group MQ THS XH HS YZ YT WY MT YJ 
MQ - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
THS 0.4231 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
XH 0.3149 0.2331 - 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
HS 0.2674 0.3224 0.2085 - 0.0000 0.0000 0.0000 0.0000 0.0000 
YZ 0.2024 0.2955 0.1138 0.1083 - 0.0000 0.0000 0.0000 0.0090 
YT 0.4488 0.3689 0.3618 0.2052 0.2523 - 0.0000 0.0000 0.0000 
WY 0.6022 0.4367 0.5183 0.4345 0.4439 0.3723 - 0.0000 0.0000 
MT 0.1064 0.3544 0.2424 0.2084 0.1386 0.4274 0.6156 - 0.0000 
YJ 0.1789 0.3823 0.1939 0.1433 0.0706 0.3105 0.5923 0.1608 - 

 

Phylogenetic analyses

With the close genetic relationship between Gymnocypris eckloni and 
Platypharodon extremus as an outgroup, the NJ phylogenetic tree was constructed using 
the combined data (Figure 2). It showed that each geographic population did not form 
its own single group, but the different populations were overlapping each other. On 
comprehensive analysis, we observed no significant genetic differentiation among the 
geographic populations.

Historical demography

The population expansion of S. pylzovi was estimated by mismatch distribution of 
the haplotypes using the neutrality test statistics of the Tajima’s D and Fu’s Fs tests. The 
mismatch distribution was unimodal and departed from the expected equilibrium distribution 
(Figure 3). Tajima’s D (-1.922, P < 0.05) and Fu’s Fs (-122.767, P < 0.01) were negative 
and statistically significant. With the ecological environment and water system of the Tibetan 
plateau experiencing violent change during the uplift of the Tibetan plateau, a recent population 
expansion of S. pylzovi seems to have occurred.
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Figure 2. Phylogenetic tree of Schizopygopsis pylzovi constructed using the neighbor-joining method inferred from the 
combination of the control region and cytochrome b sequences (1835 bp) among nine populations. Names of the haplo-
types follow population codes showing the population from which they were found and were numbered sequentially.

Figure 3. Mismatch distribution of the haplotypes after combining the control region and cytochrome b sequences 
(1835 bp) of Schizopygopsis pylzovi.

DISCUSSION

Genetic diversity, which is the basis for biological diversity, is the assurance of 
evolutionary potential and is also directly related to species conservation and regeneration. 
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The haplotype diversity (h) of S. pylzovi inferred from 304 individuals was higher (h = 0.985 
± 0.002) than that of S. prenanti (Song et al., 2008), Gymnodipty chuspachycheilus (Su et 
al., 2012), and Gymnocypris przewalskii (Chen et al., 2006). It was also higher than that of 
S. pylzovi, which live in other regions (Qi et al., 2007). However, the nucleotide diversity (π 
= 0.0055 ± 0.0008) of S. pylzovi was lower than those of the abovementioned species, the 
reason being that the fish living in Tibetan plateau was impacted by bottleneck effect during 
Quaternary glaciation. This is consistent with the opinions of Qi et al. (2007) and Zhao et al. 
(2006). The genetic diversity of WY population was the lowest among the nine populations 
in terms of the haplotype diversity, nucleotide diversity, and genetic distance view. The cause 
for these observations could be that Weihe River falls into the Yellow River in Xian, which 
is located in the middle reaches of the Yellow River and is not conducive to the survival of 
Schizothoracinae fishes. Some geographers think that Weihe river is an ancient river from 
the Yellow River that separated before the Cenozoic era (Clapp, 1922; Lin et al., 2001) and 
that the Yellow River trail was swerved from Liujiaxia due to the upliftment from Yuzhong 
to Niaoshu mountain in west Qinling mountains. Therefore, we speculated that S. pylzovi 
was continuously distributed in the upstream of the Yellow River before the Cenozoic era; 
however, populations of fishes were separated in Weihe River after the geological uplift. 
Gene interchange between the WY and other populations of S. pylzovi was cut off, so the WY 
population genetic diversity was reduced by the founder effect. These results are consistent 
with those obtained for Gymnodiptychus pachycheilus weiheensis (Zhang et al., 2013); these 
authors believe that the WY populations may have suffered serious bottlenecks in the history. 
Group analysis of the bases in S. pylzovi mitochondrial gene reflects this historical fact.

AMOVA showed that most of the genetic divergence (69.64%) occurred among the 
individuals within the populations. This high genetic variation might have been caused by 
population diffusion (Serena et al., 2005) because of the climate of the Tibetan plateau. Since 
the Quaternary period, changes in the formation of species, diffusion, and genetic structure have 
been very important (Avise et al., 1998; Hewitt, 1999). Significant genetic differentiation among 
the populations (FST = 0.30364, P = 0.00) was observed. Statistical tests revealed that FST values 
between two populations were significant and a certain degree of differentiation was noted 
among the populations, which might be related to the poor spreading ability and related gene 
communication channel of S. pylzovi being blocked (Avise et al., 1987). Based on the sampling 
figure (Figure 1) and the pairwise FST values (Table 3), it is obvious that the pairwise FST value 
provides a positive correlation with geographic distance. The FST value between YJ and YZ was 
lowest because of complete gene exchange for the shortest distance in the mainstream of the 
Yellow River and the absence of any barrier. Individuals from same local population were not 
monophyletic as revealed by the phylogenetic tree (Figure 2), suggesting that S. pylzovi from 
a common ancestor group had gene exchanges between the groups. The time of geographical 
isolation between the existing drainage patterns of the formation was not long enough for the 
populations to reach significant genetic isolation or for differentiation of monophyletic levels.

Neutral inspection is sensitive to the time of geographic expansion; large negative 
value (Fs = -122.767) hints at recent population expansion events in S. pylzovi (Su et al., 2001). 
Mismatch-distribution of the haplotypes was a clear unimodal map (Figure 3); it also showed 
that a population expansion event had happened. The results of system geographical patterns 
of the pedigree and population genetic structure can provide a scientific basis for species 
conservation strategies and fishery management measures. Due to the unique geography of 
the upstream regions of Yellow River and geological and ancient climate changes experienced 
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in the Tibetan plateau, many fishes showed strong adaptability to plateau hypoxia, low 
temperature, strong radiation, and other special environmental conditions during the long-term 
evolution. In recent years, with changes in the natural geographical climate, water pollution, 
soil erosion, and wading engineering constructions, many of spawning grounds, feeding 
grounds, wintering grounds, and migration routes of S. pylzovi have been seriously affected. 
Furthermore, a large number of adult fish are poached because of the over-consumption of 
wild products in the market. Six national conservation areas for aquatic germplasm resources 
were built to reduce the negative influence of hydropower project and for the protection of rare 
and peculiar fish populations and maintenance of fish diversity in the upstream regions of the 
Yellow River. These conservation areas aim at sustainable use of fish resources. The present 
article comprehensively evaluated the existing distribution of S. pylzovi for genetic diversity 
and genetic structure at the population level and found that the genetic diversity was higher 
except for the WY population. Because of the low genetic variation in the WY population of 
S. pylzovi, the authors suggest that in situ conservation measures must be taken.
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