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FEE  USUKLZ TE AT R P 0 — AN EEZE P LIRS LT S AR R K 9 - FELR T R S s R A R R SR X 42, SR P AL
UEMECER A, SDS-T - 5 i $2 75 AR B /K S DNA R B 16S vRNA FEPRUE A5 9347 PCR 471G, 43 1AL 22 P 0 oy 1
16S rRNA B[R sg e SCHE , FHFR I TE A VI Hae TXTBEALSRIE A BH L SR HEA TREDI A28 430043 5 7 S F1 8 A>T 48 43 e
JG( Operational Taxonomic Units, OTUs) , P SO/ 35 R KT 98% , BLAST HUXTFI R G4 T 40 2 B 38 BRI 43 e b 7 )3
J& T 5B T ( Crenarchaeota) 97 % 1 58 15 AN [ BR AR S 15 77 AL IR A B R T SRR (597 % ) o SEs /K T
9% 3 /M7 : Thaumarchaeota (81.2% ) .J” 5 B[] ( Euryarchaeota) (13% ) MR T8 | ] ( Crenarchaeota) (5.8% ) ,81.2% HI7i & T
5 EA R RE R 2 A T Al IR ) AT B R B SR A (97 % —98% ) ,13% WY S RET-15 B 73 25 2 # 7™ H e ity 14 e 41
FHREPERT 97% o WHFE & IHIR HUSOK 1 AT BEAEA #1400 43 1975 18 Thaumarchaeota [128HF | W] 5535 20 510 By H oy T 28
T, T ML B RO Tty BRI 2 PR PR HLE IR 22 5 K
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Archaea diversity in water of two typical brackish lakes in Xinjiang

DENG Lijuan'*, LOU Kai', ZENG Jun', XU Yinghua',SHI Yingwu', ZHANG Yuxing” "
1 Xinjiang Laboratory of Special Environmental Microbiology, Urumugi 830091, China
2 College of Life Science of Shihezi University, Shihezi 832003 , China

Abstract ; Brackish lakes are important intermediate links in the evolution of lakes with water salinity between 1 and 35
g/L. The salt content of lacustrine water is gradually increased due to drought, and water salinity in the lakes is
accelerating in recent years in northwest arid and semi-arid regions of China. Microbial diversity in freshwater and saline
environments has been well studied, however, little is known about the microbial community composition and distribution in
brackish lake. Sayram Lake and Chaiwopu Lake in Xinjiang are representative brackish lakes, and belonged to mountain
lakes and mountain-basin lakes respectively, with low-salt, weakly alkaline, high altitude and other geological features.
These conditions have a profound effect on the ecology of the lake, and may be expected to affect the composition and
activity of the microbial community of the lake. In order to investigate the composition and diversity of archaea in Sayram
Lake and Chaiwopu Lake water, in August 2010, water samples were collected and transported to the laboratory within 4 h
to minimize changes in the microbial population. The water samples were divided into two parts, one was used to
physicochemical analyses by physical and chemical test center ( Xinjiang Academy of Agricultural Science, China). The
rest of water samples (1000 ml.) were pressure filtered through Millipore Sterivex filter cartridges (0.22 pwm-pore size) to
collect microbial biomass for subsequent DNA extraction. Environmental DNA was directly extracted with SDS-phenol-

chloroform method from the water samples, and 16S rRNA gene was amplified by PCR with archaea-specific primers.
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Randomly selected positive clones were identified by Restriction Fragment Length Polymorphism ( RFLP) with restriction
endonuclease Hae Il , and the unique RFLP patterns were used for sequencing, alignment and constructing 16S rRNA gene
phylogenetic tree. In total, 72 and 69 positive clones were selected from the libraries of Sayram and Chaiwopu lake-water
respectively, 7 and 8 Operational Taxonomic units (OTUs) were obtained. BLAST analysis indicated that all clones from
Sayram were affiliated to the phylum Crenarchaeota, the 8 OTUs from Chaiwopu were classified into 3 phyla: Crenarchaeota
(5.8% ), Thaumarchaeota (81.2% ), Euryarchaeota (13% ). Of these, Thaumarchaeota was the dominant group.
Additionally , most clones that derived from the two libraries showed high similarity to ammonia-oxidizing archaea with 97%
to 98% of sequence identity. 81.2% of clones from Chaiwopu Lake are grouped into the phylum Thaumarchaeota, which
are a newly-proposed phylum of the Archaea, containing so far four species and all of them are chemolithoautotrophic
ammonia-oxidizers and may play important roles in biogeochemical cycles. 97% clones of Sayram Lake have high similarity
to the uncultured ammonia-oxidizing Crenarchaeota from soil and underground radioactive hot springs. Besides, 13 percent
of Chaiwopu Lake clones showed more than 97% of 16S rRNA gene sequences similarity to pure cultured methanogenic
strains that isolated from Micro lagoons and lagoon sediments. Coverage C values of the two clone libraries were 99% and
98% respectively, indicating that most of the estimated archaeal diversity was sampled. Results of this study showed that
the archaea diversity of the two lakes was comparatively low and archaea compositions are significantly different, but a large

fraction of them might involve in nitrogen metabolism or methanogenesis.

Key Words: brackish lake; archaea; 16S rRNA gene

TSR R FF K LEEAN T 1—35 o/L Z ARG v i e 20 = A0 A 7E T 52 2 T 59 7
FRHBIX. AL AT B T 52 T O B 3 e 2D B R AU A PR R B e, S O K Eh R A Y e, SR
IR UK BRI R R TR A A SRRV S I A R i —
AP PR AR WURE T AU AN oA 5 B S RUA A T s 6], Bz L R BIFSE IR 8
A=) 2 RV BT AT R T A AR B R A A

AT CTF WAL W 2R 15T R SR T FEIR /KT K 0 AR S R8s W SRk A Y
D PR TR 22 AR I e A i Banning[ﬁ] 25 0] FH A = W e T B R A -HH RS B M 38 BT ( methyl
coenzyme M reductase, merA ) F PR SC S oK i BR il 1 - B A B 22 25 4% ( Terminal Restriction Fragment Length
Polymorphism , T-RFLP ) , X} 5% [ Fb JE AT F1 BRI ) — A/ MUK I TR B 43 AT 26 B, KRS ) F H, F1 CO,
7 HYGE A (P B i E R b /N B BR A ) A7 AE T H e Jiang ™) 85068 e 1] 55 K A Pl AUk 389 7 96 081 (9 F
12.5 o/L) DL A0 od Ry B 2 AR il 52 6 B, & 58 fb 1 B (ammonia-oxidizing archaea, AOA ) & E AL 41 A
(ammonia-oxidizing bacteria, AOB) ZER AT ARG TR E T HEMIER . B P OC Tk 7K 4y
W AR DL AR A

B LRI NS B ) 2 S A ML B SRR N 4303 SR T L b T AR L - kN R R
555080 o VAR S TR A RO T SR R ARG P B W 4 R SR A3 A e AN A AR S i
FHE 168 rRNA K& LA 0 B SCPE X HK AR Tl T A S 2 REVE AT 200 4878 T ISR P I R R F 2
BEME B BB, R AR I T R 3R T IR R A R R G T RE S R S
1 #MEFT %

1.1 Mk
L1.1 FERRAE R AR

FEHAWIOL TR LU PG B, THENE JR 2 b VG p i, R IR S0 A TR MR D 2 T i 1 e LU s PAT T 389
T K 2073 m, PRI E 46. 6 m, WIAE KR 7.0 °C e 19.3 °C L, 55¢efi£ 0.3 € WI/K B 8—13 m, /K
FTETIE(pH (1 9.0) o SR T L& ARFF I IXARETZ 45 km 1Y A IR IETT 1 5955 68 20, b P
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HERZ 87°54" b4 43°30", Wi ik 1082 m, /KR 4—6 m, Fix i /K i 20 °C /K IEMARE  SEY pH {E N
9.0, F20104E7 HZE 8 H, /W THFEH AW (44°36'10N, 81°22'19E; 44°34'31N, 81°08'02E ;44°36’
54N, 80°59'35E; 44°29'33N, 81°10"12E ) FI4e55 £ 151 (43°31'41N, 87°53'25E; 43°31'41N, 87°54'12E; 43°
31'41N, 87°54"16E; 43°31'49N, 87°54"26E ) i 4 > B RAEZK T T 10—30 em AYi7K 1000 mL, 1A, % £k
BT 4 CHEAMRAE I B is M 5250 25 K e S o0 M 0y, — 0 T 34 M B a2, 0% — 1 B4 1 T304 6
DNA F$2HL,
1.1.2 /KB R 2

Ca™ Fll Mg™ 2R EDTA 45457 78 20052 s KA Na ™ R K@ GBETHIN A2 5 SO5 2R — A AL 22 4 0 52
CO; 1 HCOS R FHAm PR T 22 150 2 5 S RUCR FH L TG AU
1.1.3  EZEFIAES

e AliA i) & (OMEGA ) . pMDI18-T vector( Takara, &%) \PCR ¥ 44X ( Biometra) .Hae I BE il ¥4 P9 D il
(KR, i) BER SIS ( Bio-Rad) | L IK X ( Bio-Rad) \Top10 /&2 254 fifd ( Tiangen ) fE Il /K ¥ 4 ( Julabo.
uc).,
1.2 7K DNA A3 EC N 4ifk

. DNA $2HUS I8 Shaheen' " S5 (5 1, IR I WI AK RRAERIVE R 3, BAKLBRUWNF . BUKAE 1000 mL T
0.22 pm [ITCEIEREHEATiE 08, Z W E A 50 mL JCR B 045 T iNA 4 mL YR ( GTE buffer) |, Fi4r25
F) 2 mL B0 (445 750 pL) |, B IAE# (20 mg/mL) 236 pL LUK 1 mg/mL;37 C/KIE 2 h, F
) B A ZE FIE K (20 mg/mL) 10 wL ELHKE 0.2 mg/mL, HIAHKE N 20% (1) SDS 17 wL F15 mol/L NaCl
10 pL;53 CIKIE 2 h IAZERFR A i S0 S (25:24:1) 4245 11, 10000 r/min 850 5 min; IR &
A 273 FEARFRE P52 , 10000 r/min B0 5 ming B EIEA 0. 6 AP NEE 4 C % TTTE ;12000
r/min B0 20 min, 57 L IMAIRAIHS B ZEE(70% )1 mL, 12000 r/min &0 5 min, 75 5, B AR BTG TR
4 12000 r/min 2.0 30 s, AW HRER BB AAR , A AR XTI 20 pL TE 22 ik, —20 CIRA1E,
1.3 PCR ¥ 357 16S rRNA KL

4 I TEE S 19 21F (5'-YGGTTGATCCTGCCRG-3") F1 958R (5'-YCCGGCGTTGAMT CCAATT-3') 314
WK AT AY 16S rRNA 43R PCR W AR ZR (25 pl) :2xPremix Taq (7 Taq B 2.5 U) 12.5 pl, Taq
0.1 pL, EFHF5I4 (10 wmol/L) 4% 0.5 wL, #itlt DNA (100 ng) 1 pL,MgCL 0.3 wL,ddH,0 10.6 wL,
PCR §"HEFEF:95 °C 5 min;95 °C 45 s, 60 °C—55 C 45 s, 72 C 1 min 30 s,10 PMEHR; 95 °C 45 s, 55 °C 45
s, 72 °C 1 min 30 s, 25 MEH;72 C 7 min, DIJCEACHBMUES FAXTRE 4 4> PCR 36 FA 7l S5
REE AT =, ol R & a5 4 .
1.4 16S rDNA FLRESCEMFYEFT RFLP 4347

Falifb iy PCR 77¥) 5 PMD18-T #RZES: i3 WAL 5 E. coli DHSo A28 HIMI D, e L2 R 5 &
EHERIFE AL T FR T-# A 5 1 M13-47 F1 M13-48 § 3440 E R AR B, H ROk 0 675 355 BH 14
TR T, PCR ¥ 1 454.95 °C 5 min;95 °C 30 s, 53 C 45 s, 72 °C 1 min 30s, 30 MEFF;72 C 7 min,

VIRR 4 VI Hae T, 37 CE BT 44 se b 935 th 19 16S vRNA FE[H Fr B, B 1) 52 v #& % . PCR
7115 WL, Hae M 0.8 pL, 10 mol/L fi¥ Buffer 2 wL, ddH,0 #MZE 20 wL,2. 5% A5G HE SR FE TKORG: D0 A1) 7
Yy, K vk 3 b DY RRAH ) 9 e B T UH D — 28 iR & AR TN K AR RIS LR AR R T 99% 1)
A — A3 A E PR IE(OTU, operational taxonomic unit) RN — AR R BE N —A OTUM |
1.5 SeRESCEZ R T

PISC % 78 35 % ( Coverage C) FIH A £ 12k ( Rarefaction curve ) FE[RI DA BT A8 &2 1) 5 B SCIEE4Y . Coverage
C Hie 1 3RI/R 16S rRNA JE R 5 b SCE b T 2 BB AE AP 25 (OTU ) i #F 5 h &30 A I Fp 28 i el €=
1-n1/N, NACRFERESCE LS, nl ARFAESCEAH I —IK OTU W%, A B2 4 50 B R FH EstimateS
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8.0 (http://viceroy. eeb. uconn. edu/estimateS) , & Shannon-Wiener 8§ %%, Simpson +§ £ . ¥ 2] & +8 K A
Margalef ¥)7Fh 4= B BE RS BOVAR L PR v b SO 2R AR Ik S ISk ™
1.6  RGEH T MAZIRIF IR S

FIri 31 2 28K J5 7F GenBank ( www. ncbi. nlm. nih. gov) 3 22 54T BLAST FUXT, 98 2 v [R] Pk 45
FHSC R BRIE S L, T R G R E /00T, 121 MEGA 4.0 #4317 2 5 HXT, Neighbor—Joining 44 2 R 48
Z{iﬁ:ﬂj,@ﬁﬁ Bootstrap A 1000 WX R G & B E 1T, FIAH RDP 8. 1 ( Ribosomal Database
Project release 8. 1) (http://rdp. cme. msu. edu/index. jsp) FELIEITIA2E, A5G 2H)H T 16S rRNA FE[H
FFH C 4258 GenBank $UHi e | 4185 5% 5 : IN202405 28 JN202424,
2 ERMSH
2.1 KIS H

FEH RN L 55 LW A5 8 T ROBOK M (WK L BE 7300 2.7 o/L Fl 4.4 g/L)  W1IA R EE \pH {H &
FURNLEVE B BRSO . FE R b AR BB 12 HCO; , IR TR AR K ' s o S8 2RI 11 2 £%
1588 B v ORI T L JB T ARAR K ) Lt 2 B8 AR 2 3% WA o DA B
T3 Na* Fil Mg™  HEE S 6 rh Na* & im0 , 20 28 EURMIRY 4 A% INA b SO Al K™ & f AR — B (R
1o

F1 EBERPMLEEEHHKELER

Table 1 Physiochemical parameters of the water from sayram Lake and chaiwopu Lake

) WA . psXis R RE ¢ (Sample) /(mg/L)
v o =853 e BA Total G Fp— = [——
B Total . Total FEPET FHEART
. Temp pH . Nitrogen/ R . . .
Samples /o Salinity/ (mg/L) Phosphorus/ Main anions Main cations
mg,

(mg/L) (mg/L) SO €03 HCO; CI° Mg Ca** K* Na*
A 10.4—18.5 9.0 2714 2.98 0.015 1 83.6 605.5 360.8 387.5 12.9 24.4 346.5
Sayram lake
s Ly
SRR 10.2—12.9 9.0 4383 1.7 0.034 0.9 26.1 371.8 689.6 67.7 60.1 21.1 1257.4

Chaiwopu lake

2.2 PATUBOK I K Ay T o R S 3 o 38 S AP A
FE LA RN S 53 B 151 7K oty TR v B SCPE R 52 2R 53 0 R 99% T 98% (3K 2) A5 BiiA BEh 4 (161 1) AT
DL L T o RSP e TR AN TR T 1 I K rh 2 R 2B SR . R BRI AN S s R T TR 2 AR
BRE IR (3R 2) , BiE H) Shannon-Wiener $8 %1 Simpson 8 HUFYA &) BEF8 803 & F )5 7445, 10 Margalef #) Ff
FEERBARTREH

%2 WH™HE 16S rRNA EF T E SRt
Table 2 Archaea diversity index of two lakes in 16S rRNA gene clone library

FE AR SIT SUEE SR Frida i AR AR AL ¥I5]BEa AL Wi E BEHE AL
Samples OTUs C/ % H' D E [
FEFLAM Sayram lake 7 99 1.35 0.67 0.32 1.40
E A ]| Chaiwopu lake 8 98 1.05 0.44 0.25 1.65

2.3 UK 16S rRNA LR TRk SO RS R B T
2.3.1 FEEABH S

FEHRIH L B 16S rRNA KE[H su e SO, L5610 H 463 D Tafe 7, BEDLPEE 100 DT HER PCR X 5E 15
F 72 A PEVETERE T (LR 72% ) W HHEAT Hae TEEYI 2R, 363845 7 4~ OUTs, %M Tale T k47175
W E R GE R B 50T, 45 R W H A E A8 T 585 1T ( Crenarchaeota) (18] 2) , 454 RDP 42 WK HH S 2
A Group 1 AT LA BN SCERR 90,2 F119. 8% Group I fu$E5 MR RGEKB N2 X, Hp

http ; //www. ecologica. cn
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Tl sh-gj7 (JN202405) il sh-gj17 (JN202407) M1k

.
ST LA 30 127 ASERETHO A A TERE L o 7] T R e
FEEIY 41. 6% A 37. 5% , 5 sh-giS (IN202412) Fl sh- %3 5|

191 (IN202411) By, BB S Se iR B2 3] i
(HQ678241 ) M B HIINE (97% —98% ) . FiME T sh- 2 2| 4

gil13 (JN202400) BHAR Ky — % MBI EB K.

b 5 57 (JFT37828) ELAT 98% I 9 ML ALl oo
Group II @%Bﬂﬁl‘ﬁ%iﬂ,,ﬁ\?ﬂ*ﬁ{uﬁﬁ 95% , H.rp
FileT sh-gjld (IN202406) 5K T gtk B REAARKRERSASRRESERAE A%
7% '3F| El 4] ﬁa i% ?‘% /ﬁ %:(‘ ’ﬂj 7‘? E %T( AMO39532) ﬁ 98% EI ’J r%_ Fig.1 Rarefaction cure for Sayram and Chaiwopu Lake-water
FAANE ; JERE T sh-gj112 (IN202408 ) 5 — 75 Y 1 4
R S 77 R 1l T (FM897354 ) A AR 5 (99% ) .
2.3.2 SemmtRilh TR 2

P S s LRI T 16S TRNA BRI e SO 1 LA A i 496 > Sa ke +, BEMLPEE 100 4> o b 317 R )
PCR %7 , 158 69 AFHPESERE T, Fx HAE AT Hae 08, S 2455 8 A OTUs, H Ry B8 3 N1, 430l
SR ( Crenarchaeota) (5.8% ), Thaumarchaeota (81.2% ) ,J 1 #] ( Euryarchaeota) (13% ) (& 2), %
FEF ch-gj26 37433, 5 H T T B 7 0F Ab B B A, (R 5 MBI R VD TS v SR T AR A v A5 B 1 A B 3 O TR
(GQ302615) FFFNAHUM: R 35 99% , SakET ch-gj63 (JN202418) .ch-gj81 (JN202422) .ch-gj18 (JN202414) Fl
ch-gj21 (JN202415) REH—1M40 3, & HJE T Thaumarchaeota, H 5 4 W + 1 ) Nitrosopumilaceae
archacon (HQ331116) FFFAIMITERLE (97% —98% ) 5 Hoth ch-gj18 (JN202414) AARFSERE, & 51 DrobE 1
SBJE T T ] ( Euryarchaeota) i OTUs A 3 A~ AR ITFEFM ch-gj102 (JIN202424) ch-gj77 (IN202419) Fll
ch-gj78 (JN202420) , R4 K B 5 N 3, i 5B+ ch-gjl02 (JN202424) fi 37 % 57, H 5 M — R DT
o B B — BRI ER 7= e B8 Methanoculleus sp. MQ-4 (DQS518348) S AL N 97% s AT Sl 7%
GUFAPE SRS =5 (98% ) , 5 At 50— PR 480 43 ittt H 4 28 30 %) & 1 IR 480 B e 18 Methanobacterium beijingense
(AY552778) 45 99% AR AUM:
3 g

SR T A2 T P 3R A T8 1 5 386 AR e A b ) — AN AT i R AT R B KR IR vk
BRI, oy R 2 TR S TR — s AR AR AT AN TR KO D R SR T SR R B 2 T B A
SISO R T R TR AR o TR SRR BT TR 2SR IR A TE — SRR AR A A ) 2SR O i
5 2 R ) SA T TR 1D o A X A I HL IR ARER A R AT R g A R W v SR R AR Y
T AL R AT R S BT R T 16S TRNA SRR SCIE | & K AU /K v oty TR A B S 2 REERT &
R ESR AR TR L E A B B K A b B S A Ok SR T AR S B R b (L
FEREHTE AT 2 A5 K B T B8 3 41T, 4351 4 Thaumarchaeota (81.2% ) SR ] ( Crenarchaeota,
5.8% ) FIJ BT ] ( Euryarchaeota, 13% ), 5840 B MO TUSIIAAR b (5160 ) |, 3% HE R I8 o A e s 22150
SR B AR R B TR H B RR K K AU v v I Sy B T V0 v Sy B A RIS B 3 Ak B F
VEIIRUUR L So ok, S SR rb Tl TR 2SR5 T T A v oy TR 2SR A R AR AL O — 7 P o oy T T —
KBTI AEE TSR ok Y R At > A S SR B R A DB 3 7T BE 5 4 s SR X i Ak
UL B A2 R RSN, N2 1K % CFRIK TR 4 m, R 7 m) FLEAERK A TR, SBUKME 510 % 2
DU AR A H A i A S E T e Bk iR o ¢

EEEEI R, A SCE IR AE UK B E1 5 5 48300 3] Thaumarchaeota [ ], I H 58785 B8 30 o 48 X p0 2
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9411 A sh-gj17 (1N202407)
64 Agricultural soil ammonia-oxidizing archacon (HQ678241)
Guizhou Karst region rocks archacon (JF737828)
A sh-gj113 (JN202409) Crenarchaeota
93 - Thermal spring crenarchaeote (AM039532)
A sh-gj14 (JN202406)
A sh-gj112 (IN202408)
100 L Polluted soil crenarchaeote (FM897354)
100 @ ch-gj26 (IN202416)
100 | Cold spring sediment archacon (GQ302615)
@ ch-gj63 (IN202418) =
[ @ ch-gj81 (IN202422)

100 .
N \ECh-gJ 18 (JN202414) 'Thaumarchaeota

93 po

99

Nitrosopumilaceae archacon MY 1 (HQ331116)
@ ch-gj21 (IN202415)

100 ~Methanoculleus sp. MQ-4 (DQ518348)
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99 Methanobacterium beijingense (AY552778) Euryarchaeota
—IOOI.I_ @ ch-gj77 (JN202419)
86 1@ ch-gj78 (JN202420)

r— Nanoarchaeum equitans (AJ318041)
0.05 100 L Uncultured nanoarchaeote (AJ458436)

—

] Nanoarchacum

2 Neighbor-joining ;M #TiE T BB FISEE B MK HE 16S rRNA 5 FI RE A B R
Fig.2 Neighbor-joining phylogenetic tree based on partial archaea 16S rRNA gene sequence ( accession number from JN202405 to JN202424 )
amplified from Xinjiang sayram and chaiwobao lake-water samples
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