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Phylogenetic diversity of cyanophage psbA gene in the
different plateau lakes in Yunnan Province

ZHAO Heng, LIU Yushan, CHEN Tong, LIU Li

Faculty of Life Science and Technology, Kunming University of Science and Technology, Kunming 650500,
Yunnan, China

Abstract: [Objective] Cyanophages are ubiquitous in natural water ecosystems and have an
important ecological status and function. They play a role in controlling cyanobacterial
populations and community structure by infecting cyanobacteria, which indicates the great
application potential of cyanophages in controlling cyanobacterial blooms. This study aims to
explore the diversity and phylogenetic status of cyanophage psbA gene in the plateau lakes in
Yunnan Province, so as to lay a theoretical foundation for further understanding the ecological
role of cyanophages in plateau lakes and exploiting cyanophage resources. [Methods] The
psbA gene was used as a molecular target to study the genetic diversity of cyanophages in
Dianchi Lake, Fuxian Lake, and Xingyun Lake in Yunnan Province. [Results] A total of 100
psbA sequences of cyanophages were obtained from different lakes. The phylogenetic analysis
showed that the psbA gene from the lakes had close genetic distance to those in the East Lake
in China, the paddy water in northeast China, and the Japanese paddy floodwater, but were
more distantly related to those in the marine waters. The diversity of cyanophage psbA gene in
Fuxian Lake was higher than that in Dianchi Lake, Xingyun Lake, and Yilong Lake. The novel
psbA assemblies of cyanophage existed in the plateau lakes in Yunnan Province. The genetic
diversity of pshbA gene showed no significant difference between autumn and winter.
[Conclusion] The pshA gene of cyanophages in the main plateau lakes in Yunnan Province has
high genetic diversity and is closely related to the psbA gene of cyanophage in freshwater
environment. Moreover, there are novel pshA assemblies of cyanophages in the plateau lakes.
Keywords: plateau lake; cyanophage; genetic diversity; psh4 gene
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Agarose gel electrophoresis of psb4 gene amplified by PCR in water samples from different lakes.

M: DL2000 marker; A: Dianchi Lake; B: Fuxian Lake; C: Xingyun Lake.
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PCoA analysis of pshA sequences from cyanophage in Yunnan plateau lakes and other
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Figure 3 Homologous phylogenetic tree, GC proportion and the amino acid sequences of cyanophage psbA
gene in Dianchi Lake. The number of tree branches is the bootstrap value of the reliability of tree branching
by setting 1 000 repeated sampling of the dataset; The scale bar indicates that the number of nucleotide

substitutions at each site is 0.04.
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Figure 4 Homologous phylogenetic tree, GC proportion and the amino acid sequences of cyanophage psbA
gene in Fuxian Lake. The number of tree branches is the bootstrap value of the reliability of tree branching
by setting 1 000 repeated sampling of the dataset; The scale bar indicates that the number of nucleotide
substitutions at each site is 0.03.
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Figure 5 Homologous phylogenetic tree, GC proportion and the amino acid sequences of cyanophage psbA
gene in Xingyun Lake. The number of tree branches is the bootstrap value of the reliability of tree branching
by setting 1 000 repeated sampling of the dataset; The scale bar indicates that the number of nucleotide

substitutions at each site is 0.02.
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Figure 6 Neighbor-joining phylogenetic tree showing the relationship of cyanophage psbA nucleotide
sequence from Dianchi Lake, Fuxian Lake, Xingyun Lake and Yilong Lake. The number of tree branches is
the bootstrap value of the reliability of tree branching by setting 1 000 repeated sampling of the dataset; The
scale bar indicates that the number of nucleotide substitutions at each site is 0.04.
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Table 1

psbA reference sequence for constructing phylogenetic tree

Environment Location (s) Prefix of sequence  No. of GenBank accession No. Reference
label sequences
Marine Hawaii Hwi 20 DQ473720-DQ473739 [12]
Norway Nw 20 DQ787237-DQ787256 [23]
Mediterranean Sea MS 20 DQ401466-DQ401485 [13]
Red Sea RS 5 AY713428-AY 713432 [24]
Arctic Ocean AO EU258956-EU258959, EU258966, [15]
EU258967, EU258978, EU258980
Northeast Pacific NP 15 EU258960-EU25896, [15]
EU258968-EU25897, EU258979
Freshwater Japanese paddy floodwater JPF 40 AB482028-AB482067 [25]
French Lake Annecy and Lake FAB 20 KC626440-KC626459 [16]
Bourget
Lake Erie LE 20 EU404119-EU404138 [26]
East Lake, China EL 19 KF709165-KF709183 [18]
Paddy water in Northeast China NCPF 17 KX443367-KX443383 [27]
Cyanophage  Prochlorococcus cyanophage  PC 19 DQ473648-DQ473666 [15]
Synechococcus cyanophage SC 20 DQ473668-DQ473672, [15]

EU256551-EU256565
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Figure 7 Neighbor-joining phylogenetic tree showing the relationship of cyanophage psbA nucleotide
sequence from Dianchi Lake, Fuxian Lake, Xingyun Lake, Yilong Lake and other environments. The number
of tree branches is the bootstrap value of the reliability of tree branching by setting 1 000 repeated sampling

of the dataset.
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Figure 8 Neighbor-joining phylogenetic tree showing the relationship of cyanophage psbA nucleotide
sequence from plateau lakes in Yunnan Province and other environments. The number of tree branches is the
bootstrap value of the reliability of tree branching by setting 1 000 repeated sampling of the dataset. A: Paddy.
B: Lake. C: Marine.
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