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Determination of virioplankton and panktonic bacteria
abundance in the Napahai plateau wetland by flow cytometry

ZHANG Zhong-Yao WANG Shuang SUN Ce WEI Yun-Lin LIN Lian-Bing
ZHANG Qi JI Xiu-Ling”

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

Abstract: [Background] Virioplankton is one of the most important components of microbial
communities. The study on the temporal and spatial distribution of the virioplankton contributes to the
protection and development of local microbial resources. [Objective] Virioplankton and planktonic
bacteria of water samples were counted, aiming to investigate the virioplankton distribution in the
Napahai plateau wetland. [Methods] Water samples from seven sites were obtained in December 2013
and September 2014. Virioplankton and planktonic bacteria abundance were determined using flow
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cytometry. Here we reported on virioplankton relationships with environmental factors, such as bacterial
abundance, chlorophyll a concentration and other environmental factors. [Results] Virioplankton and
planktonic bacteria abundance in rainy season was higher than that of in dry season at the seasonal
distribution. Virioplankton abundance in dry season was influenced by bacteria abundance and
chlorophyll a concentration; whereas virioplankton abundance in the rainy season was influenced by pH
and temperature. [Conclusion] We found high virioplankton and planktonic bacteria abundance values.
Virioplankton abundance was correlated with bacterioplankton abundance and chlorophyll a
concentration in different seasons and sampling points. The phage, rather than the algal or phytoplankton
viruses, was the dominant population in dry season of the Napahai plateau wetland.

Keywords: Virioplankton, Planktonic bacteria, Flow cytometry, Chlorophyll a
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0.5% 5 min 80 °C ( 16°C)
10 min SSC ( 20°C 30°C)
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0.22 um (
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Table 1 Determination of elements in dry season (mg/L)
Samples N P Zn Fe Mn Mg Ca Cu Na K
SDW-1 6.74 1.430 0.265 33.00  0.625 8.87 413 0.068 0 773 24.80
SDW-2 1.35 0.158 0.033 831  0.238 6.92 34.1 0.008 0 3.14 3.30
YNW-1 404 0773 0.032 7.99 0430 6.00 22.8 0.011 0 17.80 6.14
YNW-2 33.70 9.190 0912  123.00  3.970 23.00 92.4 0.4120 7.20 1.83
YW-5 0 - - - - 5.90 457 0.035 4 9.90 3.04
YW-6 0 - - - - 5.00 45.6 0.004 0 9.80 3.47
YW-7 0 — - - - 6.12 44.9 0.006 0 9.85 2.88
YW SDW YNW - mg/L.

Note: YW: Raw water; SDW: Wetland water; YNW: Silt water; —: No elements detected, units are mg/L.
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R2 BEKELRENER

Table 2 Determination of elements in rainy season (mg/L)

Samples N 2 Zn Fe Mn Mg Ca Cu Na K
SDW-1 1.34 = = 0.838 = 3.45 29.5 = 2.32 0.790
SDW-2 2.67 = = 0.552 = 4.14 43.0 = 141 0.592
YNW-1 0.00 = = = = 4.45 34.4 = 9.08 5.120
YNW-2 0.00 = = = = 5.20 33.2 = 7.20 1.830
YW-5 0.00 = = = = 4.86 26.0 = 4.62 2.660
YW-6 2.67 - - - - 5.04 23.1 - 4.40 2.110
YW-7 0.00 = = 0.074 = 4.78 28.2 = 4.56 2.660
%3 2. WEkHpH. BE 1 0.22um
Table 3 Temperature and pH of water samples in dry and 2 3
rainy season 16553-K) FL110°-10
Dry season Rainy season
Samples pH  Temperature (°C) pH  Temperature (°C)
0 2
SDW-1 55 9.0 7.0 27 FL110°-10
SDW-2 6.0 9.0 7.0 27
YNW-L 66 75 6.0 19 242 HRMISAENT NS ST AR £
YNW-2 5.5 6.0 6.0 19 SYBR Green |
YW-5 6.0 8.0 6.0 23
YW-6 5.5 9.0 6.0 25
YW-7 6.0 5.0 6.0 22 ( 1)
( 2
x4 EBEFFWZFKHE Chl-a 2T
Table 4 Chlorophyll a content of water samples in dry and
rainy season
Chl-a 10° -
Chlorophyll a content (mg/L)
Samples
Dry season Rainy season 10° _ .. .
SDW-1 0.098 0.121 . ol
SDW-2 0.010 0.075 Bacteria
YNW-1 0.768 1.056 :
YNW-2 1.732 1.875 S0k ‘ N
YW-5 0.105 0.263 : 9/" Virioplankton
YW-6 0.207 0.162
YW-7 0.144 0.190 10k
24 RNEAELGENZIRES ZFHFAEFEE

241 MHESEOSEERTBBHE
0.22 pm
16553-K)

(

SSC

1 FFREEEE R E A

PR TR
10° 10! 10? 10°

1
10*

Figure 1 Position of virioplankton and planktonic bacteria

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1011

B2 MREsSEEMFIHRESFHAENRERAE
Figure 2 The fluorescence picture of virioplankton and planktonic bacteria in the Napahai plateau wetland
A SDW-1 B SDW-1 C SDW-2 D SDW-2
Note: A: Planktonic bacteria of SDW-1 in dry season; B: Virioplankton of SDW-1 in dry season; C: Virioplankton of SDW-2 in
rainy season; D: Planktonic bacteria of SDW-2 in rainy season.
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2.57x10°-4.63x10°  /mL
1.14x10°-8.75x10°  /mL 25 KRR pH. BERTESBHEEMES
3-5 SPSS 17.0 pH
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Table 5 Virioplankton and planktonic bacteria abundance of water samples in rainy and dry season

Dry season Rainy season
Samples Abundance of Abundance of planktonic Abundance of Abundance of planktonic
virioplankton (cells/mL) bacteria (cells/mL) virioplankton (cells/mL) bacteria (cells/mL)
YW-5 3.54x10° 2.87%10° 2.31x10° 1.14%10°
YW-6 5.78%10° 3.58%10° 2.91%10° 5.68%10°
YW-7 8.46%10° 4,63%10° 2.25%10° 8.75%10°
SDW-1 1.65%10° 2.57%10° 6.86%10’ 3.95%10°
SDW-2 1.35%10° 3.06%10° 1.07x10° 6.74X10°
YNW-1 3.36X10° 2.82X10° 5.46X10’ 3.77%10°
YNW-2 2.22%10° 4,55X10° 6.67X10’ 3.47%10°
2300 291
E ? = Rainy season Mg pH Na
% 250 | ™ Dry season 931 Ca pH Na K pH
=
- K pH pH
<200
g pH
= 150
B
:‘5 100
=] [ S 35T W
° o 26 FIRES LTHREMNE. MEKIETHRE
e HSFERMEFESIMEEZDEYT
2 0
<
Chl-a
3 REMWEZHFSFTHER (P=0.036 7<0.05
Figure 3 The variation curve of virioplankton abundance 2
; ; r=0.808 4)
in dry and rainy season
—=— Virioplankton —=— Virioplankton
9 [ —— Planktonic bacteria 130 E _ 33 —— Planktonic bacteria 10 §
= gl 145 2 Z2 30k 17 3
= 2 = 18 E
2 4 {40 £ | 2.
22 6t 123 £z 2 6 SE
2 £ {30 £ £ EZ 20+ 10 2=
=2 9 51 T =< & > = [=—]
o / 125873 ‘*5815 75%8
S 2 4r e’ 0 T 14 <&
23S 12055 5= =
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=} 110 = 2 5L =
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Figure 4 The variation curve of virioplankton and Figure 5 The variation curve of virioplankton and
planktonic bacteria abundance in dry season planktonic bacteria abundance in rainy season
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Table 6 Correlation matrix in dry season

Element N Mg Ca Cu Na K pH Temperature

N 1.000

Mg 0.992 1.000

Ca 0.868 0.902 1.000

Cu 0.989 0.993 0.925 1.000

Na —0.176 —-0.279 —-0.371 —0.233 1.000

K —0.066 —0.086 —0.234 —0.118 —0.036 1.000

pH —0.398 0.443 —0.638 —0.454 0.621 —0.276 1.000

Temperature —0.383 —0.401 —0.445 —0.400 —0.207 0.413 —0.160 1.000

Chl-a pH (r=0.906 P<0.05)
P=0.008 394<0.01 (Y >
( 3 WHEE%®
r’=0.908 4 1)
FC
pH
¥4 O GEESE = — ] o AN
SPSS 17.0 Chl-a

N Ca Mg (r 0.490 0.586

0.442 P >0.05) Na

(r=0.251 P>0.05) (
K (r=—0.447 P>0.05)
Ca (r=0.034 ) [21]
P>0.05) Mg K 2.91x10°  /mL
(r 0.625 0573 P >0.05) 10°  /mL
N (r=—0.522 8.46x10° /mL
P>0.05) Na 4.63x10°  /mL
x7 WMEHEXIER
Table 7 Correlation matrix in rainy season
Element N Mg Ca Na K pH Temperature

N 1.000

Mg —0.288 1.000

Ca 0.171 —0.346 1.000

Na —0.667 0.515 —-0.119 1.000

K —0.589 0.343 —0.185 0.852 1.000

pH 0.565 —0.863 0.541 —0.758 —0.707 1.000

Temperature 0.799 —0.655 0.079 —0.915 —0.694 0.793 1.000

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1014

TEY I8

Microbiol. China

[22]

pH

3.15x10’
[11,15,23]

/mL
1.05x10° /mL
(3 (1991)
Otsuchi Bay
1.2x10°-3.5x10’

Hara

/mL
[11]
(119.5°-129°E  25°-39°N)

3.38x10°-2.26x10"  /mL (
/mL) 5.83x10%-1.23x10° /mL (
/mL) [15]
2006 2007
2.22x10°-9.97x10’
/mL

6.24x 10°
1.22x10°

/mL
1.99x10%-2.66x10’
14 472 [24]
gg =3

3.52x10° /mL  2.02x10°

[
(39.62+35.35)x10*  /mL] (%)
( 1.40x10%-
/mL)

/mL

24.43x10°
a b c¢ Chla
Chl-a
Chl-a

(P=0.036 7<0.05)
Chl-a

pH

(P=0.008 394<0.01)
Chl-a pH

Chl-a
(12] Chl-a

7 (YW-7)
108 /mL

pH

REFERENCES

[1
[2]

[3]

[4]

[5]

[6]

(7]
(8]

[9]

Fuhrman JA. Marine viruses and their biogeochemical and
ecological effects[J]. Nature, 1999, 399(6736): 541-548

Bratbak G, Heldal M. Viruses rule the waves-the smallest and
most abundant members of marine ecosystems[J]. Microbiology
Today, 2000, 27: 171-173

Wang F, Zheng TL, Hong HS. The important role of marine viruses
in microbial loop[J]. Marine Sciences, 1998(4): 41-43 (in Chinese)

[J]. ,1998(4): 41-43
Zhang QY. Virioplankton[J]. Acta Hydrobiologica Sinica. 2002,
26(6): 691-696 (in Chinese)

. [J]. , 2002, 26(6): 691-696
Bettarel Y, Sime-Ngando T, Amblard C, et al. Viral activity in
two contrasting lake ecosystems[J]. Applied and Environmental
Microbiology, 2004, 70(5): 2941-2951
Bergh @, Bgrsheim KY, Bratbak G, et al. High abundance of
viruses found in aquatic environments[J]. Nature, 1989,
340(6233): 467-468
Proctor LM, Fuhrman JA. Viral mortality of marine bacteria and
cyanobacteria[J]. Nature, 1990, 343(6253): 60-62
Fuhrman JA, Noble RT. Viruses and protists cause similar
bacterial mortality in coastal seawater[J]. Limnology &
Oceanography, 1995, 40(7): 1236-1242
Wang H, Bai SJ, Cai WW, et al. Modulating marine ecosystem
by marine viruses—a review[J]. Acta Microbiologica Sinica,
2009, 49(5): 551-559 (in Chinese)

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1015

[J]. , 2009, 49(5): 551-559
[10] Breitbart M, Rohwer F. Here a virus, there a virus, everywhere
the same virus?[J]. Trends in Microbiology, 2005, 13(6):
278-284
[11] Lu LF, Wang M, Liang YT, et al. Distribution of virioplankton,
heterotrophic bacteria in the yellow sea and east china sea[J].
Oceanologia et Limnologia Sinica, 2013, 44(5): 1339-1346
(in Chinese)

[J1. , 2013, 44(5): 1339-1346
[12] Wang HL, Yang JF, Tu XX, et al. Spatiotemporal distribution of
marine viruses with related to environmental factors in the
Xiangshan Bay[J]. China Environmental Science, 2011, 31(5):
834-844 (in Chinese)

[J]. , 2011, 31(5): 834-844
[13] Zzhang QY. Advances in studies on biodiversity of
cyanophages[J]. Microbiology China, 2014, 41(3): 545-559 (in
Chinese)
. [J1. ,
2014, 41(3): 545-559
[14] Bai XG, Wang M, Ma JJ, et al. Virioplankton abundance in
winter and spring in Changjiang River estuary by fluorescence
microscope counting[J]. Oceanologia et Limnologia Sinica,
2007, 38(4): 367-372 (in Chinese)
[J]. , 2007, 38(4): 367-372
[15] Liu JJ, Zeng JN, Du P, et al. Abundance distribution of
virioplankton in Yangtze River estuary and its adjacent East
China Sea in summer and winter[J]. Chinese Journal of Applied
Ecology, 2011, 22(3): 793-799 (in Chinese)

[31. , 2011, 22(3): 793-799
[16] Hu JM, Li J, Yuan H, et al. Easonal landscape pattern change

and its driving forces of the Napahai Wetland[J]. Geographical
Research, 2010, 29(5): 899-908 (in Chinese)
[J1. , 2010, 29(5): 899-908
[17] Guo XH, Xiao DR, Tian K, et al. Biomass production and litter
decomposition of lakeshore plants in Napahai wetland,

Northwestern Yunnan Plateau, China[J]. Acta Ecologica Sinica,
2013, 33(5): 1425-1432 (in Chinese)

[J]. , 2013, 33(5):
1425-1432
[18] Guo XL, Tian K, Ge XX, et al. Distribution of organic carbon
density and carbon storage in plateau wetland soils in
Napahai[J]. Journal of Soil and Water Conservation, 2012, 26(4):
159-162 (in Chinese)

[J]. , 2012, 26(4): 159-162
[19] Liao J, Shen CM, Yu XS. Climate changes and its influence on
Napahai wetland[J]. Journal of West China Forestry Science,
2016, 45(4): 136-140,146 (in Chinese)

[ , 2016, 45(4): 136-140,146

[20] Ji XL. Bacteriophage diversity, abundance and its role in the
production of disolved organic carbon in Napahai Plateau
Wetland[J]. Kunming: Doctoral Dissertation of Kunming

University of Science and Technology, 2015 (in Chinese)
DOC
[D]. : , 2015
[21] Pei D. Temporal and spatial distribution of virioplankton in
Donghu Lake and preliminary study on its genetic diversity[D].
Wuhan: Master’s Thesis of Huazhong Normal University, 2007

(in Chinese)

[D]. : , 2007

[22] Contreras-Coll N, Lucena F, Mooijman K, et al. Occurrence and
levels of indicator bacteriophages in bathing waters throughout
Europe[J]. Water Research, 2002, 36(20): 4963-4974

[23] Hara S, Terauchi K, Koike I. Abundance of viruses in marine
waters: assessment by epifluorescence and transmission
electron  microscopy[J]. Applied and Environmental
Microbiology, 1991, 57(9): 2731-2734

[24] Zhang Z, Gong XY, Hu Y, et al. Abundance of bacterioplankton
and virioplankton in the central and northern South China Sea
in autumn[J]. South China Fisheries Science, 2016, 12(4): 9-16

(in Chinese)

+4
Fif ) )

1. , 2016, 12(4): 9-16
[25] Jiang FJ, Hu ZL, Hu CQ. Correlation between spatial-temporal
distribution of bacterioplankton and environmental factors in
the Dapeng Bay[J]. Journal of Tropical Oceanography, 2011,
30(1): 96-100 (in Chinese)

). , 2011, 30(1): 96-100

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



