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AT 9 K T A5 AS [ (R 7K Ak 22 100 0 SR 3
BAcE, SRS AU Y R S SRR AR
Y IRt g st s, S B
(R4 Z FL S A0 B ST o (H B A AL R e 4
PR AT EAZ A ) BAG , PTREN T ORHEIE AR S IR T
FEpRFAIE R R Rk, BRI A 2 ek
T it A 2B AT 2 A2 1) & S A R EE A
R, BEAE ARG (LR BN, i
KRR —E B AR, W FIROKTT S, M
A= W01 43 A 0 22 R 2 ph PR DR 28 0 28 ] R 2 3
[l s B, SR IRV B R R 0T 5 g Eh A B s I
ok, ol BRI 25 A Z R T R SIRAK I AAH TR
BRI FIER I Z (8] 0P RE i 22 R, oL
FRR IR TR TR E Sl Al S A R L

T 7 1) b Ak 5 9 R DR AR LIS, A EE
18.1 g/L, Jm BRI, TSR S T 28 T IR KT
JFKI, B AL R X
SR AE I ZREE L R 2 M X% L TR
Yegp R AR S TR AT EARRIE R . Ak,
Jb b X R R 52 SR RN TR Bl , 7K
DAL R I, ARSI, IRZEUK I 1)
AL RS o T I AL 3 [ g S R S e R
AR ARY , HLER B4R A B E AT, A1
ERWE AL kg, PR A AR LA SRR M
P2 AR E B A SCEEE T 5 5 TR B A 1 2
J& T VA AR T AS R R R O o A L P A
(RIS IRER T | BREPG 48 (46 it 5h I A R W 1A
BT ER I 5 BRI TR 2 RV XS BRZE, SR T
16S rRNA J [ {14 =g sl 7 4 ARWEFE oK i 15 1
WA R B AR TR S5 22 5, TR BIESE
R AE AT B I R AR ST REAT T SR
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1.1 REE

T 2014 4F 6 J1, TEHMEM(HE, HiBE)R
2 SR R CR A WK, TEBIK HER L
100 m > 1F AT 1 K BEK T, 43 il 45 5 B ook
1000 mL 5 /N/KFE, [RIES, SEBUHIT 584 45~
I (75 1648 ) I BEATL A% O 53 A T o H A
X HBE B 3 /N, BlS bW (L vea) .
A6 Tyt £ 50 (B VY 48 ) R ] b R 080 (B P9 480 ) 1 R
WAL B 5 T TR IR T LT B, SR R TR 1) ik
SRS AFES, S 25 SRR R AR 535
# ARG, frich QH (FIEFH). CK (FRELM).
YC (iz¥Ehi) . HMC (fEithEhil) . GC (hjihih
). RAEMIEE—R> 0.22 um JEEIEIE)S , T
VKB B A, —80 °C M TIRAT . B— A
THEEOE S, AT pH fa-fb Rz .

AR EE R R A EEPA R (). (1) 10
FBRAKEE A I ) S TR T AR 5 (2) 0T
AR & LE A 105 °C HEAEHHE 2 h, R EIE =R
JERRE, EEMTHRE, HEEMEE; 3) MEg—K
FE4r5IEL 100 mL FEEERY 100 mL /NE
RIGTEZRTUR L2s 15 (4) wizs TREA A, N
)W FR SRR AR AN, BRET, B
BRI A BB EFREAZE IR (5) ZERILT
105 °C LA R4t 2 h, B EEIEGHRE, FEM
THE, HEEE,

R

K, W Bebh Rk n) S (g), Wo: 5%
MER(), V: KEERETI(L).
1.2 DNAHRE. PCR ¥4 K mil &5

(1) A Lad uE AU DY BLRE -, 8 OMEGA



IS ESE | fUEYS, 2017, 57(10)

1473

2 ) E.ZN.A soil DNA X5 &2 FE K 2 DNA,
1% B IR B BRI R UK AL 2R 453 9 DNA; (2) K DNA
FEYIEAT PCRYTEE, 5101 16S rRNA JE[H
519 344F 915RM™ | PCR 20 puL fZ Wik % .
5xFastPfu buffer 4 uL, 2.5 mm dNTPs 2 uL, 1E
M54 (5 pmol/L) 0.8 uL, S 5[4(5 pmol/L)
0.8 uL, FastPfu 4§ 0.4 uL, itz DNA 10 ng,
Ah ddH,0 % 20 plL. >R AxyPrepDNA % 7]
WA & P Rl PCR 724, 43 Tris-HCI
JiE, 2%35 AEHE FL UK AS I (3) 5 PCR 791 1]
Promega /A & i) QuantiFluor™-ST % {4, 2¢ Y & it
RGEHEATREM o Fie BRI P T 0 AR L EG 157
HATIRA , 4 lumina MiSeq PE250 “F- & k47
W
13 FFIBdRL T R gttt

MiSeq W7, K452 B X 7 41 £ s P4
(] INF A7 Jou 4 i kAT B RO - B BRI A RUF
A v A AT R P4, dnsit i 20 DL BB
5L 5IHEELFS) . AR BT 200 bp.,
WL EORT 0 )51, 133 overlap X A5 HC H R
KF 0.2 FF,

fdi Fil Usearch (vsesion 7.1 http://drive5.com/
uparse/) ¥ FT RS L 16S rRNA PR E 51 A bl BE
T 97% M bR RN 73 A AR 1 73 26 B IT(0TU), 5
SILVA FEH 165 rRNA J K7 51 508 R R4 T HE X
8 Mothur # 44T OTU R0, FHIEMR
Hirhzk . H4E SILVA (Release119 http://www.arb-
silva.de) M e i i S5 R GI%E OTU JEF 5Fi R
YERN AT, R R A HIVERRIE, JfiF
T2 Rt S . pH. B AL RE 2[RI Bz 7K b AH 5
P53 M. WHFFBE(Chaol . Ace). WHAEZ Mg

#5(Shannon) I Fy 8 B 45 %5 i it it £ A T Mothur
(version v.1.30.1 http://www.mothur.org/wiki/Schloss_
SOP#Alpha_diversity)if# .

2 HERFQH

21 BAEAFRS

5 AMHHw LR R Bl GC>CK>
HMC>YC>QH; H QH #fik, GC #mi(3k 1), 5
ANMEAY, YC /Y pH b 5.1, R, HARMIN
Bt . 2481t, 5 MWIZEMBEE T . CK-QH
151.8 km; CK-YC 1395.9 km; CK-HMC 958.1 km;
CK-GC 957.7 km, CK Fl HMC fUBE B A #T, {Y
11.1 km; CK 1 QH MEE g tiiir . QH 5 CK i
P AR, 5 MIth iR s HMC 5 GC AL,
YC A%,
2.2 WHEREZSRME AT

RN P AR R, GC, HMC, YC, CK
5 QH FEAY 11153 20781, 2202915117, 10804
15785 )74, 4l AT 230, 90, 98, 86. 69
A~ OTU H (3 2). Fc AT 51 3% 1) AHALEE 25 i s i
(& 1), FrareAm & BT e, &
WIRAE S0 P IR BE K5 Coverage $5 54 AI 15
i FIFEREE R (3R 2).

x1 BHEARERK. pH T LEST

Table 1. Altitude, pH and degree of mineralization of
the samples
Items QH CK HMC GC YC
Altitude/km 3196 3059 1310 1303 311
pH 91 78 79 73 5.1
Degree of 18.1 330.8 3154 362.3 2453

mineralization/(g/L)
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x2 BEAGTENFFINZH. OTU BHREESHIEEY

Table 2. Diversity indices, reads numbers and OTUs numbers of the archaea in the 5 samples
Sample ID Reads OoTU Ace Chao Coverage Shannon
QH 15785 230 230 (230, 233) 230 (230, 0) 0.999937 4.80 (4.78, 4.81)
CK 10804 90 90 (90, 90) 90 (90, 90) 1.000000 2.95 (2.92,2.98)
HMC 22029 98 101 (99, 110) 100 (98, 110) 0.999728 2.84 (2.82, 2.86)
GC 20781 86 88 (86, 94) 89 (86, 103) 0.999759 2.63 (2.61, 2.65)
YC 15117 69 75 (71, 90) 74 (70, 92) 0.999471 2.49 (2.47,2.52)
250 Chaol fEEIRI—EWEHF: QH>HMC>
QH e o N
. CK>GC>YC, H. QH i F B W] i i T HAtb A
Ao e R S g Al £ R AR — B A A
150 ¢ AT ZAEPETT S, Shannon SR T U0 fdk.
= ” QH>CK>HMC>GC>YC., M{ATi . QH ML HEtE
- HMC . .
GC e T HAMAEAS , FAMREAS B A1 I NS AR
50 | 23 WHEESH
ol W 2, CK [ FHI A I AT 1]

0 5000 10000 15000 20000 25000
Number of reads sampled
label: 0.97

1. HEHRZ%
Figure 1. Rarefaction curves of archaea.

XFEFEARN R FRE, R 1 it n]
DIEH, QH MFE & THMAEA, HMC, GC 5
CK AL, FEHRAMLAIE YC, OTU, ACE 5%k,

100.00% 97.29%

Ll O

99.49%

s

P

(Euryarchaeota)#', GC.HMC . YC 435 H 99.99% .
99.49% . 99.89%M/¥ 44 A T Euryarchaeota 11,
W/ BOA A Archaea_unclassified H, 1 QH &
Euryarchaeota #MAA S F41IH A Thaumarchaeota
GRS, AR 1.75%.

JEAKF- b, QH HHARSFEARZ BRI N
HEFTE (A 3), QH M XdgER T T,

99.99% 99.83%

O

QH CK HMC

GC YC

mArchaea unclassified ®Euryarchacota ® Thaumarchaeota

2. BHEH. FTEEB.
Figure 2.
Gouchi Salt Lake and Yuncheng Salt Lake.
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Figure 3. Heatmap at genus level of archaeal composition in the water of Qinghai Lake, Chaka Salt Lake,
Huamachi Salt Lake, Gouchi Salt Lake and Yuncheng Salt Lake.
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HHA 4 MEATH R ES X, FACE 7 4
JEHN 5 MHEARRTIL, HAFREERER, 5350
Halobacteriaceae_unclassified Halobellus
Natronomonas ("gEh 8 .40 1% J&) . Halorubrum (3£
Z11# &) . Halonotius, Euryarchaeota_unclassified .
DHVEG—-6_norank.

QH it ¥ & J& & : DHVEG-6_norank .
Methanomicrobia_unclassified . Methanobacterium
(H %e 20 % )& ) . Methanolobus (FH b8 M J& ) .
Candidatus_Methanomethylophilus . Miscellaneous_
Euryarchaeotic_Group (MEG) norank, AMOSI1A-
4113-D04_norank. Methanosarcina (1 %¢/\ & EK
J&) . Miscellaneous_Crenarchaeotic_Group_norank.
Hrif, DHVEG-6_norank (S4axt{t#y, FXFEE N
70.46%, it TG ; HAL DHVEG-6_norank
TEHAD 4 DFEA A 1

HA 4 ¥4 CK, GC. HMC, YC ', MK 3
ﬁluﬁﬁ, Hm XA 4 FEARRIERE S, 1
S A A R R 2 4 )8 . Halonotius Y54
He KA , AIXS 25 40.07%—-48.08%:;
Halorubrum ¥k, AHXTFREN 12.94%-34.47%,
H. Halonotius 5 Halorubrum g3 B4 g AHIE .
55 B>~ Natronomonas
TEBBEAHMIXT F R 1.79%-6.66%, Ttk 3 4
JR B A B G, AP EGE . EAR AR
(Halorhabdus)7t CK, GC. HMC 1 A EE ,

Halobellus. Haloarcula,

#3 BHAHHEFESZHMESMKTLE. pH.

IM7E YC FrAxs RN, 4 0.60%., CK A
iyt #E & , 4 Halobacteriaceae (GhATHERL) T AR
B2 AR T K5 W T J&  Halobacteriaceae
unclassified ., Halobacteriaceae uncultured; HMC
HA MR 4 8 o Halolamina (539 4 #)s)
(7.64%)#11 Halovenus (1.62%).

Brit=z 4k, CK. QH. GC. HMC, YC H:A
oA 15.92% ., 87.27% . 9.10% ., 10.70% ., 9.40%
MR SR 2R B BB, B AT T i 5T
fte QH FRESR A S JL N PER, 70.46% 10 A
DHVEG-6 H,

HIEAEI (6] 3) Oy RERL BE RS R al B i, CK.,
HMC. GC. YC [y g#cin, FFHEKF
REE AR R T QH S 4 MRS EE AR
i, ARG HA 4 4 p il AR S5 22 0
PR K.

24 HEBRERZSHESEKTLE . pH FITERE
HHR

H1 3 n R (1) MRS W 2 FEERIAH R R
$ry PAECH 0.1603, KT 109%60 B &M, B
AR, A AFEM BRI R: (2)
pH Xy T AR B 52 0 7E 10% 09 2 PR /K- T i
WA, HERECH 08132, Uil —H ZIAIfFATE
S R IE AR DG 5 (3) AR EE X T AR5
Wi 7E 5% . 2 K T il A, (ARG R B

=3 T LU EPS Lok

Table 3. The correlation between the archaeal community diversity and the salinity, pH and altitude of the lake
Test object Correlation T-test Confidence interval (95%) P value
Archaeal diversity and salinity —-0.9045 -3.6724 (-0.9937, 0.1098) 0.03494**
Archaeal diversity and pH 0.8132 2.4199 (-0.2445, 0.9872) 0.09418*
Archaeal diversity and altitude 0.7312 1.8568 (-0.4256, 0.9808) 0.16030

*: Passed the test at the 10% significance level; **: Passed the test at the 5% significance level.

actamicro@im.ac.cn
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-0.9045, VLA AL L 5t T AL L 2 A A
K, BARIERGE, A AR

3 it

AW FFEAR AL T ROK G I 4 AR
RIS 25 RERW1 . LT B Ehi . BV A Tk
Tyt Eh i) . AR, SR AEEXT 165 rRNA BEH 1
PR S T AN RS
FEME, IR HUES T & 0 R TR 45

T V1805 T 50— ML TR BRI K A B e R i )
PIRER S5 H A AR . AET TR B, BT A A
AL R B 17 O« Euryarchaeota ()7 il & 1]) A
Thaumarchaeota (75 1 B 1) 1485 R IAH —
TB4F S A Crenarchaeota ((REI]), H 5
TR IS : AL 401 Euryarchaeota
Mi%ess %31 Thaumarchaeota, H: 5 Hrim#E BoK
AT S 52 A R ), B8 LRI 1 P 81 423 1
AT Crenarchaeota, iX iJ BE/2: HH T2 55 G A2 5L
AW T WAL, BiE4A Crenarchaeota
MK 4 ANFRIIRE S AP A3 R S 2k
RO 5E B N 52 T PR ARVD AR R I . A TE AR
USR] . 3T IR, G
AL H @ A Haloarcula (3h &7 &) .Halorubrum
(Fh4LE &)k Halonotius, 1A 5% H & B Y HoAh
B AR WA K2, X 0T A8 i T AT 250 st
SER M ATIE SR . Fi R I R —, MR Z
R T AR I RE IR I

4 ARV A TR VR A LS A AR X B
L, ZREPEZERAK. T QH [y RS 451
5 44322 RER K. ZREEAREULEK . pH .
WAL RE ARG R BRI, bR RS 2
FEMEZIRAR T, M QH N EUKil], #bEA T

Fofth 4 ASERAEF AR, RO, 1R RO S
0T ) e E B D, R B R e K
R RS 2R E R R

QH KL JE DHVEG-6_norank J&—
FPgER T, ICHTAEAR 241 = B PR BE (G IR DT
R RO | TS K R e A BRI A
TR TR T ) bl 2 B, A TR A I (o 1 R
KR 2 —) g i 23 07, (8 e
FEMRAR . BRI, DHVEG-6 RETE L+
B AE AN, T AR B 0 BE R S K P Y
RAGERFBEIGER, A7 2o B [ AR ™. 78
A, HEMHAE QH R BAAAENAE 4 43k
AU B AR R R, A A R B T T
FeEHA 4 DRI A TE 200 2 5 B BHE R
A, IR T AR . A AR
WATATHGE , AR TR ABESE

M RBO TR, pH ml s 2 2 i 2
FEPE, pH B, RS RS . X AT AR R T
RSy WEE T B 2 o TE IR BB PE R RS T AR A7 . T
A58 & B, Halorhabdus A 44K pH [l K
5.5-8.5, fid i pH Jy 6.7-7.1%; 17 YC i1 pH Jy 5.1,
{AFRATAELL pH PREE T if 2 & /i Halorhabdus,
i Halorhabdus T )5 65 m] GE2: 76 AR Y pH
NAAE, R T RE SR T A K pH i R
Wil 5.1-8.5, MidA 3 MEEAS pH PR HA KA
FlN, H Halorhabdus f2& A3

FAh, AR R R AR AR, TSR
NS IRER I . ALt . A 2 I ) b PR
B . MR ZEIEER AE it A7t PR B AR ik
V7, i o 12 N[5 I 5 3 A S e SR SR PR e
A S E AR AR, FT UL 4 SRR 3R
B B R L VR S5 B 2 R A B A O
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P, SARSCHIA SR R B4 R — 2.

BIAWFFERI, IR P LA R R e
R FBEE T30 B8 o A okl h g T AR
AR B R, A7 AE— S
ERORA T R T A R Tl
B IR G n A U, I HIEAH N EAT R
HRE R BCE S TR R A L TR, A
R a8 T 5 NI AL K I
TEE -5 A ER A AT TR R S AL, HEBA
R VS AL Z R AT 5 BRI
T3HN, AU Py K BRI R A R AR 2
W, EAIRCETERETR . O RS, A
AR FRBE BT R HE AN W 2 B2,
HApARAR—ERE Tl NI e 15w
FEPEATOCR , R URTRIRAE SR Y BT . R
R, TRER. BEEbh . EAERE RV T8
Btk ] BE 23 15 97 B 22 B ] B SR R O R B
Yrfb
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Comparison of archaeal community composition between
Qinghai Lake and other salt lakes in China

Tingting Yin®, Hongyu Wen®", Zhenya Yuan, Xiuying Wang, Guozhen Wang

School of Life Sciences, Jiangsu Normal University, Xuzhou 221116, Jiangsu Province, China

Abstract: [Objective] We compared the difference of community structure of archaea between Qinghai Lake (the
largest inland saltwater lake in China) and several other salt lakes in China. [Methods] Chaka Salt Lake in Qinghai
Province, Huamachi Salt Lake and Gouchi Salt Lake in Shaanxi Province, and Yuncheng Salt Lake in Shanxi
Province were randomly selected as the sample pool. From each lake five samples were taken and analyzed with the
high-throughput sequencing technology for 16S rRNA gene. [Results] The dominant genera of Qinghai Lake were
DHVEG-6_norank, Methanomicrobia_unclassified, Methanobacterium, Methanolobus, Candidatus_Methanomethylophilus,
Miscellaneous_Euryarchaeotic_Group(MEG) norank, AMOS1A-4113-D04 norank, Methanosarcina, Miscellaneous_
Crenarchaeotic_Group_norank. Among them DHVEG-6_norank (70.46%) was absolutely dominant whereas it was
hardly found in other salt lakes. On the contrary, the dominant genera in the other 4 salt lakes are Halonotius,
Halorubrum, Natronomonas, Halobellus and Haloarcula. Degree of mineralization was the most influential factor
that affected the structure of the archaea communities in Qinghai Lake and other salt lakes. The community
structure of Qinghai Lake with a low degree of mineralization was significantly different from that of the other 4
salt lakes. The second factor is pH that affected the abundance of some species. However, no significant correlation
between the altitude and the community structure was found. [Conclusion] The community structure and diversity
of Qinghai Lake was significantly different from that of other 4 salt lakes and it was mainly influenced by the
degree of mineralization.
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