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1.1 ##
L11 HRXERLE: Y E KK 10 5RIEK

1055 m, 51 7K 9 H A7 1 A0 &S SR 7KK
Witk 4 -7 L/S, B4k JE1.034 g/L, J§ T HCO,-
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K2L, 3L9112 Lo FOCREMFEM T 2 h 2 N 4C
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AL ST AR B A B S R 98 S T 50 mL G 2R N
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8.0) ", BT —20°C {5 -

1.1.2 EFEiXFFLE: PCR ¥ 1 % (Eppendoff,
M) JPCR glifb ik & (4 T, L) I s 41X
(BioRad) « HL Jk 1% (Bio-Rad) « pMDI18-T vector
(TaKaRa, Ki%) «Alu T [ N ) 8§ (TaKaRa, K
) JAfa T BRI P9 D) (TaKaRa, K3%E) 45

1.1.3 10 Itk 4b FHEHR M ZE K H SP2305 1,
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s FBEAT I A o A A R FH AR V2 3 AT S AR R
K XG4 U 7R A K &R SR A FDA25 7 %y
UL 23 B s TR R T A e, bl By i WL S
ik 061,

1.2 IREH S DNA gYEEL R & E 16S rRNA £
PCR ¥ &

FRBERE S A DNA RIS STk 7 4138 10 77
e FHMH B MG 109F (5-ACKGCTCAGTA
ACACGT3") Fl 934R (5°-GTGCTCCCCCGCCAATT
CCT3") &4 1 14 16S rRNA ¥ 4» FE K. PCR Jz |
24:95°C, 6 min; 95°C, 1 min, 59°C, 45 s, 72°C,
1 min 30 s,10 ¥4 ;95°C , 45 5,53°C, 45 s,72°C,
1 min 30 5,25 ME#;72°C , 10 min. UL ICH /K N =
FUE g B PR XT J, Al 3 AN SPAT S8 5
1.3 16S rRNA E[F X EHE

PHEE) 3 ANFATH PCR &R A — k)5,
HEAT 19 35 MR Bl BE B r vk AR WL K B 4
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o BLE R 43R (100 g /mL) 24 7 2k BH 1t % 1k
T osl
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W 75 GIS Bt o3 At Al B N BEAT N T HE 893 #r
AR [ il 17 4y 20T N2 ) o o P P Afa TR A D)
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% ] CHECK-CHIMERA (http://rdp8. cme.
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ke A AL B e 19 AR SR 4. ] RDP 8.1
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Genetics Analysis )

JQ724823;  JQ7248831JQ724839;  JQ724841-
Q724845 ; JQ724848J(724851 ; JQ724853-
JQ724855 .,
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2.1 58KF10 SREBUMERDH
BALPE A 1.

1 BEAFI0SREUER

Table 1 ~ Physicochemical parameters of the water from the No. 10 sulfur cold spring in Urumqi
Elements (ng/L) Gases ¢ (Anions) / (mg/L)
Hg He (%) Ar(%) N, (%) Rn(Bq/L)  CO, (mg/L)  CH, (mg/L) HS F
28 0.002 1. 66 87.5 28.6 10. 28 0. 145 1.63 2.59
2.2 BEARSF 10 SRKIKEE 16S rDNA X EFE 5 dor
- Afal = Alul

#r

A5 B SC I BE AL PRI 115 AN BH A v B 75 R
JI Alu TRT Afa T PRRBREITE 2 IR EATRED) . 2257
B B BL R AE N R i B ) i 1) HE Ok B4
J& 5 FEAF E) 44 TR [ 1 I D) vk iy 84 (OTUs) o«
HoAR A7 B2 i £k s (B 1) 5 by Al 1) 90 45 21 (1) B
A B2 T LAt 24 i B T HOK T 100 I i 42 2
T rog (B ), w55 C =88% , K 13 2 (141 [F]
FF) i D) HY 2 1 9 B 1 1R Afa T RED), 73 20 () 3 A
JE ith e WY, 2 e e 7 B T 80 I, il £k i T
G, MR C =96% , H LR W], 1% SCE [ R %%
CREARERWARE, 115 Db 7 2L P Mk 1
BTN 4R O B SRR AR 8 A S i 2k
VI 2 FETE

01 9 17 25 33 41 49 57 65 73 81 89 97 105
Number of clones

1 5EARFI0STHRARKEEEARENERE

Eis (Alu 1F0 Afa 1)

Fig. 1 Rarefaction curve for No. 10 cold sulfur Spring water—

derived in Urumqi Archaeal clone library. Error bars represent

95% confidence intervals.

2.3 HE 16S rRNA AL O
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W 5~ kAT Mg U 23 A AT B 44 AN B R OF B Y
HIP A E A FIF 4. 74 GenBank (¥ JiE
toe H 34T BLAST EE S, i 4 2L 16S rRNA JE [A]
v B SCPE ) R G0 B 40 A1 S RDP I 26, 4 5 &K
FF 10 SR KA T 16S TRNA KR P ST 5 O A4~ 2K
B, W [T ( Euryarchaeota ) F1 #F ]
(Thaumarchaeota) « H o, |7 B [T/ % CHEF K
PEFAEHE 5 HEASCIET 94, T8% » 7y 3y B 1A o 3¢
JE W) 4.35% o SR, bE [ LQ143 (JQ724851)
LQ84 ( JQ724833 ). LQ65 ( JQ724826 ). LQIS
(JQ724812) \L.Q37 (JQ724817) F it & il if RDP 14
b & RS RE o AT TR AT IE N B0 ) 28
(R 2) .

J 7 B 17 (Euryarchaeota) , 3L 40 4% 42 A4~ 5%
B, a8 BA 3 (B 2). w8 B 1 LQI45
(JQ724853) i1 LQ46 (JQ724822) KJ— 4% (5T
W TT 4.59% ) 5 3o 3 410 A B0 1 T8 Bk 2 3l ok A
Tl LR A TR A b S R SR I ANMEA aFW
(freshwater) 2% B (AB554239) , (HQ916507) , 43 %
HA 98% AL #E. v B 1 LQ42 (JQ724819) .
LQ108 (JQ724838) %5 4 /AN FL K AL il — A~ KK 43 3
3 H.H )& T Methanomicrobiales (14. 68% ) . L 77
B+ LQ108 (JQ724838) 5 1.Q42 (JQ724819) ¥y i —
M - BREBEED AR RN
Methanomicrobiales E2 2% £ 7 (1) 70 % 7 (FJ822573)
JF VR D 2 T G BE 95 1K) Methanoregula. sp J
B AH AL Pk ik B 99% A 98% . 3@ FE T LQIS52
(JQ724855) F1 LQ50 (JQ724823) ¥y — A4y %, H
gr5 5 Kiva b G K5 3% 7 B (IN853719) ,
(JN853610) H. 45 97% H1 98% If) ¢ %1 #H ALl ¥ . LA
LQ126 (JQ724844) \LQ115 (JQ724841) % A £ 1
12 AN 56 B8 R A il — AN 4 52 (29.36% ) « B 5 B T
LQ84 (JQ724833) i 4k ME B izt , J& 1) i 11k
KA, AR % T 125 F LDS Clustero W% T
LQ115 (JQ724841) Fil LQ87 (JQ724834) 5 Mackenzie
J[Hf LDS Cluster 258 (DQ310440) £ 7% 51 AH Aol 4 43
A £ 94% F1 92% o« i Hb vi [ 1 LQ60 (JQ724825)
[i] Mackenzie 3] 7 LDS Cluster 25 #f (DQ310419) H
H 98% I F A AHALIE . 78 B LQ3 (JQ724807) 5
%k H F High Arctic ] ¥ 4 55 78 LDS Cluster
(EU782017) J¥ &1 AH A 55 s Ky 87% o 3d [ F

LQ18 (JQ724812) . LQ117 (JQ724847) %5 20 A~ F: A
RRIRC T T W T e K — A 43 3 (44.95%) 5 &
GERE 5335 ANy 3. Hor, v B 7 Q21
LQ89 %53 Ny — 3, e v b TR ) — 4 3o b
F LQ10 (JQ724810) &5 rmy i IR 4 i~ b ) ot 1
(JN836407) (1) 1 At 1o A7 AH T » J7 HAHBLE 2 97 % -
LQ81 (JQ724835) ) fi i AHAL T 7 41 (98% ) >k A T
PRAT A EE . 5k 1 LQ29 (JQ724815) .
LQ122 (JQ724843) Fi1 LQ45 (JQ724821) [i] Mackenzie
W[ H RCV cluster (DQ310454) J5 %1 AH ALl 14 4 5
94% 88% 89% . il ¥ LQ27 (JQ724814) F1 LQ14
(JQ724811) 5 #& 47 & RC-V Cluster (JF262368) ,
(JF262400) , J37 51 A ALY 53 31 K9 87% > 84% - i
T LQ18 (JQ724812) I LO65 (JQ724826) 5 H fth 5
F1) 43 B B MR O B DY S B T R ) R
15725, LQ8 (JQ724808) A1 LQ37 (JQ724817) ¥4 i
JCEBE e S AN X (3.67%) . T B T LQ37
(JQ724817) J& T A& & 2K B, 1 w0 B 7 LQS8
(JQ724808 ) 5 Mothra i F1 4 h W& #h H
(GQ267141) F.A7 87% (1 AHALE -

Z7 715 % 17 ( Thaumarchaeota) ¥ £ ¥5 — A4~ 3
M, AN SCE M 4.35%. 30 B T LQ1I34
(JQ724848 ) 5 #f 2 vb I Nitrosopumilus sp.
(HQ331116) H 5 93% [ 7 5 ML 1k, H 5
Nitrosopumilus maritimus SCM1 (JQ346765) ) %) A
LT IA 2] 92% -

3 itk

AW R 5 E R SE 10 5 R E16S
rRNA JEDR v B S0 P, RS R A 0 i 45 R BRI A7
HE A A E T AT T
(Euryarchaeota) F1%7 15 % [ ] ( Thaumarchaeota) , §i %
U IR (94.78% ) o %4 15 W1 Y 45l
T AR P I L VK (DGGE) X 12 S5 /K v vy 11 B 94 45 44
IREIT— 20 27 Ah, ASHIE 5 o K 0 e 3 387 &1 43
f 7 o T TSRS OF HL 55 1) b 2 8 57 1) A A
Nitrosopumilus maritimus SCM1 E. 45 92% 1] #1
Pho X —45 R 5 Li 45 N7 i J w9 74 S b i A6
I 25 AR, AR A BIE 5T vh 43 2 1R AR 3 R 2 Tl
I"] (Euryarchaeota) , HAAS W 21 SR o B4 1715 1M 75 98K
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#2 BEKRF 10 SRKMAFEHERE 16S rDNA REXEFELR
Table 2 The cloning results of 16S rDNA clone library from No. 10 cold sulfur Spring water-derived in Urumqi

Archaeal division Representative clones Ql{a— Percent Closest 'relalivesarchaea Gen.Bank Fden— Phylum
No. of Clones accession number ntity of Total /% in NCBI accession no. tity/% °
) LQ46 JQ724822 ANMEH aFW HQ916507 98

ANMEAaFW 148145 J8724853 5 4.35 ANMEH a¥W A3554239 98

LQ42 JQ724819 Methanoregula. sp FJ822573 98

LQ108 JQ724838 Methanomicrobiales E2 JF789587 99
Methanomicrobiales 16 13.91

LQ50 JQ724823 Uncultured euryarchaeote JN853610 88

LQ152 JQ724855 Uncultured euryarchaeote JN853719 97
Unkown 1 LQ84 JQ724833 8 6.96 Uncultured archaeon EU750878 85

LQ115 JQ724841 2 LDS cluster DQ310440 94

1.Q87 JQ724834 1 LDS cluster DQ310440 92

LQ60 JQ724825 3 LDS cluster DQ310419 98

LQ3 JQ724807 1 LDS cluster EU782017 87

LQ9 JQ724809 2 Uncultured archaeon EF014560. 91 Euryarchaeota
LDS Cluster LQI126 JQ724844 5 20.87 Uncultured archaeon DQ841227 91

LQ105 JQ724837 3 Uncultured euryarchaeote GU257154 88

LQ138 JQ724850 2 Uncultured euryarchaeote GU256995 91

LQ43 JQ724820 3 Uncultured euryarchaeote AJ867621 91

1.Q147 JQ724854 1 Uncultured euryarchaeote GU257031 85

LQ59 JQ724824 1 Uncultured archaeon DQ310419 96

LQ10 JQ724810 1 Uncultured euryarchaeote JN836407 97

LQ21 JQ724813 1 RC-V cluster DQ310463 94

LQ89 JQ724835 2 Uncultured archaeon EF014584 89

LQ34 JQ724816 1 Uncultured archaeon JF431553 88

LQ137 JQ724849 1 Uncultured archaeon FR820763 85

LQ129 JQ724845 2 Uncultured archaeon FR820768 91

LQ113 JQ724839 4 Uncultured euryarchaeote GU256996 92

LQ90 JQ724836 6 Uncultured archaeon DQ310386 95

LQ29 JQ724815 6 RC-V cluster DQ310454 94

LQ45 JQ724821 3 RC-V cluster DQ310454 89
RC-V Cluster 42.61

LQ122 JQ724843 1 RC-V cluster DQ310454 88

LQ72 JQ724828 1 Uncultured archaeon DQ146754 87

LQ69 JQ724827 2 Uncultured archaeon EU750888 89

LQ117 JQ724847 4 Uncultured euryarchaeote JF262391 94

LQ1 JQ724806 2 Uncultured euryarchaeote HM598506 88

LQ81 JQ724831 2 Uncultured thermoplasmales  AJ306410 98

L.Q27 JQ724814 1 RC-V cluster JF262368 87

LQ14 JQ724811 4 RC-V cluster JF262400 84

LQ41 JQ724818 2 Uncultured archaeon EU750838 90

LQ82 JQ724832 3 Uncultured euryarchaeote DQ417464 94
Unkown TI LQ18 JQ724812 1 261 Uncultured archaeon AJ867622 85

LQ65 JQ724826 2 Uncultured euryarchaeote AJ867622 86
Halobacteriales LQ8 JQ724808 1 0. 87 Uncultured halobacteriales GQ267141 87
Unkown III LQ37 JQ724817 3 2.61 Uncultured archaeon FJ755717 90
Nitrosopumilus LQ134 JQ724848 5 4.35 Nitrosopumilus. sp HQ331116 93 Thaumarchaeota
Unkown IV LQ143 JQ724851 1 0.87 Uncultured archaeon AB301876. 85 Unkown

Total 44 115 100
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LO65(10)724826)
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99 99 Sytgiolobus sp.(X90780)
rolo us sp.(X9955 Sg
A al dlsphacra sp.(AB087499)

—| I.-[L(A)ll\l34 SR I (HQ331116) 1
itrosopumilus sp.(HQ3 .
9551 ANitrosoarchaeum sp.(ABS46961) Nitrosopumilus(4.35%)

I3 QTSR

57]L A Uncul turcd enayarchaeme(]NSSﬂlQ)
99 L QSOSJQ?Z

o' AUncultured eur}dr(,haeote(JN 853810)

A Rich minerotophic fen(EU155985) Methanobacteriales(13.91%)

ANitroso; Eumllus n%z:\sr}:umus(JQMé?SS)

A Rhizoplane of plant(FI1822573) |
—|99 LQBOGTIgl methanoregula(8.7%)

A Uncultured Methanoregula s (JF789587)J
AUnculturcd enryarchaeote(GU12048 T|
)

) LUm.u tured eu%dr(,haeote(GU120524
) % O a8z, ANME-1a-FW(4.35%)
83 A Mud volcano(I IQ9 16507)

76 A Holocene sediment(AB554239)
89 LQ9(JQ724809)

I QJ( Q724807)

A High Arctic Iakc(ﬁU?SEOI 7)

AUncultured eu?/archaeote(AYl 33918)

LQ126(JQ724844)

LOIDS(IQO724837)

LQ138(JQ0724850)

LQ 3(JQ724820) LDS Cluster(20.87%)
87(]0'?27834
115(JQ724841

AMackenzm R1\'er DQ310440)

L Q|47(JQ724 4)

99 — LO56(1Q724824)

LQ60(JQ724825

99! AMackenzie Rive(DQ310419)
LOS84 1?724833)]Unkown I (6.96%)

LQ21(JQ7248

AMackcnnc chr(DQ310453)

LQ89(JQ724835)

LQ34SJQ7248]6)

LQ137(JQ724849)

LQ10(J(Q724810)

9 A Uncultured enrydr(,hd.eote(JN 839407)

Q129(J()724845)

9 L%l ]3(7](%724839)

A Uncultred eng/archaeme(EU32S125)
93— L0Q29(JQ7248]1
926 A Mackenzie Rlve(DQ310454)
LQ45(J(Q)7248
| 012 §Q724843

9

FI

73(10721%28) RC-V Cluster(42.61%)

9JQ724827)

Uncmlurcd curyarchaolc(] F262391)
.| E LQ117(JQ7248.
. ;JQ 1(JQ724806)

LQB81(JQ724831)
A Uncultured thrmoplasmales(AJ306410)
A Uncultred en? archaeote(JF262368)
LQ27(JQ7

LQ14(JQ72481 ])
A Uncultured enryarchaeote(JF262400)
LQ41(JQ724818)
A High Arctic 1ake(EU?50838)
L Q82(Jq7248

lurcd cu)ryarchacolc{ DQ417464)

Unkow [1(2.61%)

91

99

LQ143(JQ724851) JUnkowlV(0.87%)

—
0.1

sulfur spring water. The numbers at the nodes indicate the bootstrap values based on neighboroining analyses of 1000
sample date sets. Uncultured Verrucomicrobia bacterium (FM253566) was used as the outgroup sequence.
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Archaeal community structure and diversity in Urumgqi
No. 10 cold sulfur Spring analyzed by culture-independent
approach

Ping Li"?, Jun Zeng’, Yunus Zulipiya', Xiaoqi Gao’, Xiuhuang Dong'’?, Juan

Xue®?*, Kai Lou”

' College of Life Science and Technology of Xinjiang University, Urumqi 830046, China
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Abstract: [Objective] We explored the composition and diversity of archaea in a cold sulfur spring water in Xinjiang
earthquake fault zone. [Methods] Environmental total DNA was extracted directly with enzymatic lysis method from a cold
sulfur spring water. We constructed clone library of 16S rRNA gene amplified with archaeal-specific primers. A total of
115 positive clones were selected randomly from the library and identified by restriction length polymorphism (RFLP) with
enzyme Alu I and Afa 1. The unique RFLP patterns corresponded clones were selected for sequencing, BLAS alignment
and constructing 16S TRNA gene phylogenetic tree. [Results] In total, 44 operational taxonomic units (OTUs) were
determined from the library. BLAST and phylogenetic analysis indicated that these OTUs were affiliated with
Euryarchaeota (94.78% ) and Thaumarchaeota (4.35% ). Only one Thaumarchaeotal clone was detected and most
related to the genus Nitrosopumilus with 93% similarity. Euryarchaeotal clones were abundant and diverse. Of them,
42.61% of clones belonged to RC-V cluster; 13.91% of clones, 20.87% of clones were classified into LDS cluster and
Methanomicrobiales respectively; 4.35% of clones had high similarity with ANMEda¥W, which were involved in
Anaerobic oxidation of methane (AOM) . In addition, we also detected some (13.05% ) unknown Euryarchaeotal clones.
[Conclusion] Euryarchaeota in the environment were diverse, and possibly with a large fraction of potential novel
species.

Keywords: sulfur cold spring, archaea, 165 rRNA genes clones library, Earthquake fault zone
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