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m Others

& 1.
Phylum (A)-, genus (B)-level distribution of dominant prokaryotes in hypersaline sediment from Huama

Figure 1.
salt lake.
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BiRe S, 2F4 WITE &b e b A KR8 18
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Figure 2. Screenig of salt-tolerant strains of fosmid
library.
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BB 43 i 2 B AR AN B R IR BT = 5 4R
Salt tolerance of some salt-tolerant strains against different salt stress. (A), (B), (C) and (D) respectively

represents the strains tolerated salt stress caused by addition of different content of NaCl, CuSO,, ZnSO, and
CdSO,. Standard deviation indicated the range of biomass of the strains grown in media supplemented with
different concentration of salts. All experiments were performed in triplicate.

JERIFFA i i1 EREN FP81145:3 65971 bp £ DNA
FF4I, ZH%E3R59 39 4> Scaffold, N50 g 2727 bp
M GC fritly 44.95%, %% 374 E#E58
GenBank 1415 53¢ 5 (SRS1411976) . Unigene A9
GO KR W(K4), XLEEFpH)Jm T 4 Wit &
(Biological process) ., 4fifif12H i¥(Cellular component)
F143F-2RE(Molecular function), PAZ: 54T
(metabolic process). #ilfiflil#(cellular process).
211t (cell) . 40 At 20 43 (cell part) 2 4% & (binding) ) it
N FE .

5

COG HferH4# Unigene 43k 12 25 (11 5),
HhZ258%. BREEWERENRFE
(translation, ribosomal structure and biogenesis),
Hwm & H . &4 MmB L (replication ,
recombination and repair)fH>CIEH , 4 iz sh ik
(cell motility), Jfl PN 53 Fi B2 i (intracellular
trafficking, secretion and vesicular transport) Az /X
AR A . B iz AR (secondary
metabolites synthesis, transform and catabolism)%%
BoiNice PS8
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Figure 4. Functional classification of annotated transcripts by GO.
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replication protein), 2 ~3& [ & T JCHL A B R i
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VR ER AR M B 1 (tellurite resistance protein) | 451
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R, XA RE S R R T RE I TE T AL H . 23 A
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FEVRNE . WRRFRRFRBUIEEE . ASIE N . S5 E
143 B 1y ATP [l (ATPases involved in chromosome
partitioning) . JRBTFERLEE . 12 RiEHENg E2 Mol
Yy %% 2 A 2 5 A J& (plant  senescence-associated
protein) ) 12 S5 HoAth A= 1 40 M Fy i 5306 458 S5 1o
(F 1), WAL, AR KA AT T &
Tt HAth 3 B AE DG T RE A



XUHFHESE | fE 244, 2018, 58(10)

1749

COG function classification

14

Number of unigenes

Cell cycle control, cell division,
chrom osome partitioning

c
S
w
Z
5]
2
[=}
=]
(]
e
=1
=]
=
.2
=]
5]
=1
el
=]
et
o
)
ol
o
(5]
=
o

Figure 5.

Coenzyme transport and metabolism
Replication, recombination and repair

Translation, ribosomal structure and biogenesis

[ 5.

3 ik

AT R, AEBRACAE B3 Wi s LA™
AR IR T iR S . B ATk
B, (ERRIEAE S bWl . ARl s K DL AR
R TTER I T DU R 3 DL B ) MR
TR TR AR, RUET 102K 13k
AR Z ORI HA AR, SR
(T B R 3R K S R 2 DR L
T VAR RE B T A3 10, LU AE 35 W Sk AR 42
AR h LU T R T 1 e m
XA AE SR AN [ R T 1 A S B LR R AR B
I 2 25 S 1k S BO AR V& LA [R] 20 280K L

Cell motility

Function unknown
Cytoskeleton

Posttranslational modification,
protein tumover, chaperones
Secondary metabolites biosynthesis,

transport and catabolism
secretion, and vesicular transport

General function prediotion only

Intracellular trafficking,

EF COG MUIEFEMINRED %
Functional classification of annotated transcripts by COG.

2 R AE )R

TEIEKF- L, i E) 16 AMLFEF1 139 DL
Pd o LIERFPIR R R & (f 26%), #helwig | b
FFEE AR A IR K . WESF PRI, %350
/K v i B L Halonotius % - & (41.93%) ,
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FEBEA, XAMEIAISHEN) 225 0T Gl b TR WL
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*1. RERAFIIBEMBERSF
Table 1. Detection of putative salt-tolerant genes of the metagenomic sequence
Amino tS(:Ir:rs:nce of
Query_ID acid Identity Function annotation in Nr References
homologous
length
genes
PROKKA_00095 216 0.63 60S large subunit ribosomal protein L10 (Piriformospora indica . [20]
DSM 11827)
PROKKA_00104 213 0.80 40S ribosomal protein S5 (Neurospora crassa OR74A) + [21]
PROKKA_00082 122 0.77 40S ribosomal protein S20 (Mucor circinelloides f. circinelloides . [22]
1006PhL)
PROKKA_00070 191 0.67 Ribosomal protein L6 (Coniophora puteana RWD-64-598 SS2) 4 [23]
PROKKA_00054 156 0.79 Ribosomal protein S13 (Auricularia delicata TFB-10046 SS5) + [24]
PROKKA_00006 174 0.95 Inorganic pyrophosphatase (Acinetobacter gerneri) ++ [25]
PROKKA_00007 174 0.87 Inorganic pyrophosphatase (Acinetobacter gerneri) ++ [25]
PROKKA_00024 942 0.99 Transposase (Salmonella enterica subsp. enterica serovar ot [26]
Kentucky str. CVM29188)
PROKKA_00027 189 0.99 Transposase (Acinetobacter baumannii) ++ [26]
PROKKA_00029 151 0.95 Transposase (Acinetobacter sp. NIPH 899) T+ [26]
PROKKA_00123 230 1.00 Transposase (Acinetobacter baumannii) ++ [26]
PROKKA_00038 194 0.67 Tellurite resistance protein (Acinetobacter radioresistens) + [27]
PROKKA_00067 196 0.94 Actin-3 (Pyrenophora tritici-repentis Pt-1C-BFP) ++ [28]
PROKKA_00068 207 0.54 Calmodulin (Meyerozyma guilliermondii ATCC 6260) ++ [29]
PROKKA_00073 205 0.99 ATPases involved in chromosome partitioning (Acinetobacter " [30]
baumannii BJAB0715)
PROKKA_00094 229 0.59 Elongation factor 1-beta (Marssonina brunnea f. sp. . [31]
‘multigermtubi’ MB_m1)
PROKKA_00083 150 0.74 Translation elongation factor EF-1 alpha subunit (Rhodosporidium . [31]
toruloides NP11)
PROKKA_00084 702 0.58 Heat shock protein 80 (Piriformospora indica DSM 11827) + [32]
PROKKA_00093 137 0.73 Lipid transfer protein (Uromyces hobsonii) ++ [33]
PROKKA_00105 147 0.81 Ubiquitin-conjugating enzyme E2 (Botryotinia fuckeliana B05.10) 44+ [34]
PROKKA_00111 135 0.77 Plant senescence-associated protein (Dacryopinax sp. DJM-731 " [35]
SS1)
PROKKA_00125 85 0.87 Antitoxin YefM (Wohlfahrtiimonas chitiniclastica) + [36]

“++” means that homologous genes of unigene exhibited tolerance against salt stress; “+” represents that homologous genes of

unigene tolerated other stress.

A S ) 1890 7 35 DR 4 SC PR v i ik 1) 37 AT
ERFRR, XTI ER Rk 5-5 FEAT i R 4
COG HiRE/ M iion, 7 12 32+, Unigene #%
w|EBIRE . ARG E D . 2. mEA B
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S UL ML N o3 W AN B s i i D RE R I I 22 . T
T VRO N Halocafeteria
seosinensis A1 M £h i (Thalassiosira pseudonana
1 Salpingoeca rosetta) it Hb #5544 F 95 & PR, 78

Harding
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FERiA S P REERE H. seosinensis 22 5 F ik Y FE R
AT IR . ARG i B 1 BRI A PN 4y
WAL i i Th e R 2 . XU LA 2 e
LR 2 5 AR T 3

1E 5-5 WARZEFENAUF S ki s 61 4
Unigene, 12 MVEE7ESE N 4w i5 19 28 11 AN A W R T
RN . ASUREE . 2 R IEERE U SR A R
FI55 (£ 1), B8 SCHkdRiE, X2 Unigene (Y [m] 5%
PR At A i 6 3B B UIAH G, an oL AR R
il 2 55 7K R A i ek e 5 200 | s B A il 14 38 2
Ehhin s R B PP actin-3 & AN
AN O R Ry A S LR AN e { S B A R L
B i ot i 1 2 P9 R 1R I (Thellungiella
salsuginea) i iE%% iz 25 11 TsnsLTP4 HY3ik 32 Eh Wy
B AN IR K AR IR B A Y G
TR, iR IXZRELR UBCL W21 N
N RN, O 2 R 4 S A A P Y
FREBY AT L, X8 Unigene 25 MR RTE
WA YT R T T RE R A EEAEA . N
B 50440 30 2ok e 5 A8 B Bl S 2 ) o 3 R 3 ok £
T AE BT R DR R 1 T R R A g S L

Z& b, AR umina Hiseq 2500 7
Dy ARERGE T BRILAE D 3R TR b A A=
W 1 B I 25 A o b R DO AR 2 R TR A 1
fosmid SCHE, GfivEH 37 RRMTEREAAR, J AT AR A
Pk 5-5 [ HMIG R K 2H 7 41 vh 3R A 2 VR TE T AR
i FAh 3 5RO D RESE R, BT IR A S HT M
FEPR R iR A D BE 5 LB B S

)
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Microbial community and salt-tolerant genes of hypersaline
sediment from Huama lake revealed by metagenomic sequencing

Kaihui Liu", Bo Zhang, Xiaowei Ding, Xueying Yang, Baiwan Deng, Afeng Lan, Hao
Peng, Mingyue Niu, Yang Mi

School of Biological Science and Engineering, Shaanxi University of Technology, Hanzhong 723001, Shaanxi Province, China

Abstract: [Objective] The aim of this study was to investigate prokaryotic microbial community structures and
salt-tolerant genes in hypersaline sediments from Huama salt lake, Northern Shaanxi, China. [Methods] We
constructed 16S rRNA library and fosmid library using metagenome of the sediment, and detected prokaryotic
microbial distribution and salt-tolerant genes by high-throughput pyrosequencing and bioinformatic analysis.
[Results] In total 18978 high-quality reads for 16S rRNA were assigned to 23 phyla, 155 genera and 5221 OTUs.
Euryarchaeota and Proteobacteria were the dominant phyla. Sixteen dominant genera such as Halorhabdus,
Halorubrum and Pseudomonas and 139 infrequent ones like Halomonas, Psychroflexus and Acinetobacter were
explored. A total of 37 salt-tolerant strains were detected from the metagenomic DNA fosmid library containing
4126 strains. The salt-tolerant strains like 5-5, 2E4 and 2F4 exhibited strong tolerance against stresses caused by
NaCl, CuSQ4, ZnSO,4 and CdSO,. High-throughput pyrosequencing of the metagenomic fragment in the strain 5-5
explored 61 unigenes, 23 homogenous genes encoding salt-, or other stress-tolerant proteins in other biological
cells, such as inorganic pyrophosphatase, transposase, tellurite resistance protein and calmodulin. [Conclusion]
Hypersaline sediments in salt lakes harbor diverse bacterial and arhaeal community and rich salt-tolerant genes.

Keywords: salt lake, metagenomic DNA library, prokaryotes, salt-tolerant genes, high-throughput pyrosequencing
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