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THEAH 2 min, 30 NMEI, &ELL 72 CHEEMH 10
min, ATLHKIERFAMEXR, EE 3 kK. BPCR ™=
5.0 pL F 1. 0% 30 A8 WEEE B H 3K . SR FH 8 A LR
REMEER.
2.5 16S rRNA EEXERHE

B 5 uL IBEFH DNATE 1. 0% BB BE IR |
PL5 V/em B B E Tk B 3K 2 30 min, SR 5E R AR
BERFEMELE RN B & (2 950 bp) T /D
TIY TG, # B TIANgel Midi Purification Kit (R
WALz #Efr B dk difb, R A pGEM® — T Easy
Vector System | (Promega, USA)i#%E# PCR 7=,
HEEEYHAERZSMM E. coli JM109 (Pro-
mega, USA), IEFEFEE (100 ug/mL)FtE &
E BE 75 0 % PR PR SRR .
2.6 MREEFEKESHESN

Mk R B R TR BB T7( —
TAATACGACTCACTATAGGG—3") fl SP6(5' —
ACGATTTAGGTGACACTATAG — 3) # 17 H &
PCR,PCR 7=y FH PR il 1 % BR VI B Msp 1 (TaKa-
Ra,Japan) ST £ V), R N & RN 10 X T buffer 1
puL, Msp15U,0.1% BSA 1 pL,PCR /=4 5 uL,
dd H,O B4R 10 pL., BEYIRN T 37 CTKIE 4
h,65 ‘C/K# 20 min kA VIR . BV =¥ HH 3%
THEMEEEALAE 5 V/em BESS EEE A K 30 min,
BE B R AR ) 15 B PhotoShop 814, 43 17 7
YABYE AL T E SN S B R, KR
RSB A s e AT, W F TAEH A& TAY
TR BHAERAE TR
2.7 DNARJIMEREZREST

FRER1E 1 7 5 J DNAstar 845 1o 6, 4 L 1 =
97 %M hEl— 2 & (phylotype) , BB 1 &£{CEF
Ft A7 JG 2243 47 . R A3 Bellerophon™ il CHIME-
RA_CHECK"™ 84/ #13t Z B iix & K75 . ¥ 3k
81 A % 5 % iz Bl BLAST (Basic Local Alignment
Search TooD) ¥ 7 NCBI %048 & (http://www. nc-
bi. nih. gov/) ™ H HEAT AR LI B X . Bk ik A B
S ERTH, 5 R RAHRETI —EH Clustal
X Version 1. 83 P84 17 L X, £ MEGA 4.0
(Molecular Evolutionary Genetics Analysis) 3 {4 &
F4B 4 (Neighbor-Joining) # 8 & 8¢ # 4L W1, &
AL B4R M AR HE Kimura BRI fEEDS ) 4 BE
(bootstrap value) &N 1 000 LTRSS RS HE LI 19
N AR E N,
2.8 Zitaw

SRR B i 48 (Rarefaction Curve) TEAR i 1l 2

WXERERGF R T AR MY S HEE M
“Analytic Rarefaction 1. 3”84 #£ 47 Rarefaction £
£k 53 #7 Chttp: //www. uga. edu/strata/software/in-
dex. htmD) ; % A8 35 % Coverage CU¥7 2 34k fr iy &
B9 SCPEXS SR A ) AR AR AR B, AT A =
HATHE . C=1—(n/N), H n HEBAESHBAEH
(OTU), N Ko b7 9 Fe b S8, C 0 B 5 4 R
KAEHL Shannon index (H) - P4 SCJE BT AR R 193058
A EZHEERE GTEARWM T . H=—2p In p»
Hebop, B A OTU AR 3 89 38 BEER LU 2 i
RN IS
2.9 BEHBRFIERS

FACEE T F 3 GenBank £ JE , $4E E &
X5 N JF737808-JF737834,

3 H£R59%

3.1 XRD o %

HARRE XRD BEH YA K, KR K HEET
BARMTTYWHENE &R GE D SRERER
¥hBam A s a Mo Ke,

R1 EAERAWXRD HHER (wt%)
Table 1 XRD analytic results of rock samples {(wt%)

GCE TR 2] H=A A% #Bka
D1 — 100. 00 - —
D2 — 98. 86 — 1.14
D3 — 100. 00 — —
L1 97. 94 1.72 0.34 —
L2 99.18 0.82 — —
L3 99. 25 0.75 — —

3.2 HE 16S rDNA M EH
MHABAEDL—-D3) LA KAE(LL—-L3) FAHE
A PRI 100 MHERE T . MEAS S A KE
T 16S rDNA SCE (%3 300 M IafEF) . Fxf
HATEG Y] 47 AL, 183 14(H =& W 16S tDNA 3U%)
M I3CE KA 16S rDNA SUE) MR B, die B
MIZE 7T WL (B 20, 7 3 = & FA KA & B 16S 1DNA
SCEE A B e T 250 B A3, 600 3 A 3 1R B Y
TUER RS, B 5 R8T /K SF , U6 A BT 20 17 B9 o B
BRAURrRmaE AR T EENESEE. A
& M A KA 16SrDNASCE B 7 3% K (CoverageC)
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DOL-A74
_ﬁ.&{_”{———Uncultured compost archaeon clone 1A01,DQ365050
Uncultured crenarchaeote clone ArcC-s_cG07,EU307013

DOL-A3
98 Uncultured crenarchaeote clone ArcC-s_cD08,EU307029

10_0EDOL-A69
Uncultured archaeon clone TP-SL-A-7, HQ738974

ML potans
98 Uncultured archaeon clone TP-SL-A-48, Hq738997
DOL-A146
_-‘SL{:Uncuhured archaeon clone 1PZ20.1,FJ957957
5 mnl: DOL-AS
Uncultured archaeon clone TP-SL-A-64,HQ739007

86 DOL-A98
@ltured archaeon clone HDBA_SIPS648, HM187461
70 Uncultured archaeon clone TP-SL-A-16,HQ738982
94 Uncultured crenarchaeote clone BuhD-Ar5,FM897350

62

Uncultured crenarchaeote clone ArcC-s_c¢G10,EU307011

95 : DOL-A77
78 Uncultured archaeon clone MD3043A-31,GQ926190

Uncultured crenarchaeote clone REF_D_6,HQ316975
Uncultured archaeon clone TP-AM-A40,HQ645143
Uncultured crenarchaeote clone QA47,FJ790597
- DOL-All
99! Uncultured archacon clone VA52,F}790533

DOL-A12

DOL-AT0
58 Uncultured archaeon clone HBA200,FJ490648

68 ————————— DOL-A100

14 5

Uncultured archaeon clone IPZ23.1,FJ957959

DOL-A29
.i EUncultured crenarchaeote clone Ar183,HQ141807
Uncultured crenarchaeote clone F34,FJ468483

99

B3 A=

Uncultured archaeon clone VA3,FJ790533
mot Uncultured crenarchaeote clone QA27,FJ790594
9 DOL-A64

EREHTHE 1S DNA FHEZ LB

Fig. 3 Phylogenetic relationship based on 16S rDNA gene sequences of clones from dolomite (in bold type)

BE(EU307029) B FH LR 9800, R IE T LIEH R
B LA L, B 16S rDNA 5L SCEF A
R S EEIE T o T MR A

HEE DOL—A64 fl DOL— A1l RFET X #E
32. T W e R, 5 3R B vh oAl B B R AR DL R
¥w T 98%, kIR T 7 5 b 5 3 B8 B9 B K & A
(GenBank #§3& : FJ790533,F]790535), & 7T L 3EH
HAE, [z a2 A T v R T B T B
AEARUT 31) 5 B 340 3 VR T 0 Ath &% i & AR 1 BRI, L Aan
FH & DOL—A70,.DOL— A74 1 DOL— A77 7E5(4E
P o 0 A AR B B 43 0 SR IR T TR K L L 3 I R T T
Y ( GenBank 1 #&:. HQ654831, DQ365050,
GQ926190) ,
3.4 ARBEREDTH 16S rDNA SHEFF
3.4.1 16S tDNA A3 batss £

13K A FRETHE 168 1DNA HEMREXF
5l , 5 GenBank $U3EFE L X #518 H & E H LT 5 (F
3, HAMRIE R 96% ~100%, H 10 MFEFH(82. 7%
FEREOAMER=97%.F 3 M (17, 3% W) FF 5
FRLER N 96 %0, AT AR TR T3 78 B4R FE b 04 A AH 10
P RAT R HE, RO KA 16S rDNA UE

i oy T T R R B TR AT K R 2SR
3.4.2 H 1 16StDNA 2% KA o #7
EELEEWERE OERRARKETAHKA
16S rDNAFTESCER 13 MBS E TR & H I
(Crenarchaeota) , X FIH =B REHEE R 3.
HEA LIM— A7, fRET AKEXF 33.3%
By LR S, AR B LIM — A76(2. 3% 0/ 5 5U4E
PR AT F R AL R 97 %, BERR IR T35
/K% & JF % # + 3E (GenBank # #&: FJ957962,
FJ957957), A A LIM — A123(26. 7% 3¢ &) Al
LIM— A81(3 % FLk&E) FI R4 FE Hr & AH LU 51 19 AH A
Ik 99% AR I T RS R T Ak A TR
(GenBank 4 i . HQ645136, HQ645114), it [H #Y
LIM—AS50, LIM— A51 #1 LIM — A81 7 ¥4k JE
B4 35 AH B 3 268 ok U T B 8 I R T 2R K A R
+ 3% # & (GenBank #i#£: HQ738974, HQ739002,
HQ645114), FHEFEF LIM — Al14 (RFE T 8% W52
ECHEREFEANEMLUFIIRE T HERAR
B BAN BB LIM— A88 Ik IR T 4k + 1
) T R B O — A
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Table 3 Phylogenetic classification of representative archaeal 16S rDNA sequences obtained from limestone

s e S —— na
LIM—A7 (JF737822) 2.70 Uncultured compost archaeon clone 1A12 (DQ365061) 98. 00
LIM— A50 (JF737823) 0. 60 Uncultured archaeon clone TP—SL—A—7 (HQ738974) 99. 00
LIM—AS1 (JF737821) 1.00 Uncultured archaeon clone TP—SL—A—57 (HQ739002) 96. 00
LIM—AS57 (JF737823) 33.30 Uncultured archaeon clone 2PZ8. 1 (FJ957962) 97. 00
LIM—A63 (JF737826) 6.70 Uncultured archaeon clone N8 —E7 (FN691539) 97.00
LIM—AT74 (JF737827) 8. 30 Uncultured crenarchaeote clone A02—arc (GQ249641) 96. 00
LIM—A76 (JF737828) 2.30 Uncultured archaeon clone 1PZ20. 1 (FJ957957) 97.00
LIM— A81 (JF737829) 3.00 Uncultured archaeon clone TP—AM—A3 (HQ645114) 99. 00
LIM—A88 (JF737830) 5.00 Uncultured archaeon clone W5P2—D12 (GQ871411) 100. 00
LIM—A103 (JF737831) 0.70 Uncultured archaeon clone UMV3A164 (HM584831) 99. 00
LIM—A11l4 (JF737832) 8.00 Uncultured crenarchaeote clone ArcC—s_cE12 (EU307019) 96. 00
LIM—A123 (JF737833) 26.70 Uncultured archaeon clone TP—AM— A28 (HQ645136) 99. 00
LIM—A136 (JF737834) 1.70 Uncultured crenarchaeote clone QA47 (FJ790597) 97. 00

EoRGHBRER TRENBYTER G A% 165 1DNA "B E B EREMHE I,

LIM-A88
Uncultured archaeon clone W5P2-D12,GQ871411
Uncultured crenarchaeote clone BuhD-Ar5,FM897350
Uncultured archaeon clone N8-E7,FN691539
LIM-A74
Uncultured archaeon clone 1PZ20.1,FJ957957
LIM-A76
[——Uncultured archaeon clone TP-SL-A-57,HQ739002
LIM-AS1

Uncultured crenarchaeote clone BuhC-Ar48,FM897345
Uncultured crenarchaeote clone Sliv-Ar22,FM897354
LIM-AS0

55 Uncultured archaeon clone TP-SL-A-7, HQ738974
Uncultured crenarchaeote clone A02-arc,GQ249641

Uncultured crenarchaeote clone QA47,FJ790597
3 LIM-A136
o4 Uncultured ammonia-oxidizing archaeon ,HQ678248
24 Uncultured archaeon clone HBA131,FJ490641
Uncultured archaeon clone 2PZ8.1,FJ957962
LIM-AS7
LIM-A7
Uncultured compost archacon clone 1A12,DQ365061
95 LIM-A103

0] Uncultured archaeon clone UMV3A164 HM584831
Uncultured archaeon clone Elev_16S_arch_961,EF023071
7i—Uncultured crenarchaeote clone Ar183,HQ141807

26 Uncultured crenarchaeote clone BuhC-Ar44,FM897347

LIM-AS81
Uncultured archaeon clone TP-AM-A3,HQ645114
Uncultured crenarchaeote clone ArcC-s_cG10,EU307011
LIM-A63

Uncultured crenarchaeote clone ArcC-s_cE12,EU307019

85
87

92

47

92' LIM-A114
l?| [—Uncultured archaeon clone TP-SL-A-5,HQ738972
T00 Uncultured crenarchaeote clone ArcC-s_cC09,EU307034
_ 69|ELIM-A123
0.01 43=Uncultured archaeon clone TP-AM-A28,HQ645136

B4 AREREHE IS DNAFIREZELZEH

Fig.4 Phylogenetic relationship based on 16S rDNA gene sequences of clones from limestone (in bold type)

BT HERE,RRA LIM—AL136 fIEIET7H FER LIM—A7 fl LIM—A103 ZESEFE 89 B 4
P EEhAE LA EBE P TET LR 51 43 51 Sk J8 T 3 IR A1 36 K 10 ( GenBank #fi i .
(FJ790597) B & — 4% (GenBank # i : F1790597), DQ365061, HM584831)
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—H LR, MEYFRE RN G R AEEE &
WmFES LN SR SBREE. & RKREAE
FUTl HE, 4k 1992 4 Delong FCV B AT
MG REEXEERNFAEE M ETELE
FEoHHEAERKMEBHERE Y. L EER
grlo o BRIR SR R GRS A IR B b i S
AR, AMHFRERRN  ERMEHNFHXHASR
AMAREREFREPEEERAFLE.

REBZEMAKERETELZHERE LR
BHMAKRTA, XHHFEFNHESEERER LR
K. ALAEMEELHEEREREB LT S Bt A
THRETHESHEBREMRE TAKE, X MMAEL
FEHEHEMGER -,

REHAS AL, B A MAKERE W HET
5 #J& F R i 7 (Crenarchaeota) , R Z ™ &
I'T(Euryarchaeota) ,¥]#1 & | ] (Korarchaeota) F1 44 2k
] (Nanoarchaeota) B & B /T 51 . A BF5 B 3K 15
Bl M RHE T 5 2 B R R T IR, B T BT R
AT 55 5% B8 1 4 S L RIR BL L B AR B 5 R R B 3K AR
WEEEH -2 WTE, BoaMaRERELTE
HIRBFFIKZk B F&M T EREAE/RERE
15 Hh + 58 B BRI SRS K A RS LA RS
FEBRER T ES ) UREAAR(WERENA
1), RAAZEMARERETHEZ R L EMN ARG
WP EEER, A PECEE MR T RET
— oA v PR B, YR okl AR AR ¥ % . Horath
and Bachofen™ B 53 BT /R B 87 1L Bk A = 55 A A 1B
Yy e, v B SR AR I B R T, B A AR
oA R FR % ; Wong EVHIRMBENH &
ARELMMEDEBF BN R LR REAHE
flh R, XEHRERH SAT LR RMEA,
W R EITERBREEAEAR TR RAERRN
R

RERENTREEBEN - MEEHRRT, ELTE
BANEBEMRREELEWRIRE., 4 XZHBR Y
BN LR A BN RRERARR A
BUXEMMRAEERAPEZEEEEEH Y,
Leininger %)Ml Francis 25 & Bl R 1 B 78 K #b A1
BHASRERGENEYRBEARPEEEEEENIEH.
AT RR KR ERERTE D R ER N EE
TR, BERERTFHRYREFRHPRIEHARE

qnfel, i R — LRt

S TR X IR A RAEMEY SR FE
B, A By A B R AL G 1R R R 5 48 #
FFEEMRIERME ), WE RFREY (NE
AW LR R E TR RN R E
UM RREE) . BRI A R E A FRMEYREE E
EESTHBRENAR, A AR E EENHRT
MmAEFE CARFHRAEVREFRBEERYR. BR
AFBERBEERN FFRERNEAFREDRMAY
BERYFAEFRTEABR, EIEETERES.
AR ERERMOE LRAFRRERFERF. A
RIS RE AR W AR R AN 3L A LI B AR B K o A1 IR
BB R IR, ML ar G s M B iEs., — 8
P38 2510 AR AR ) BB G B A, M TR E
FHEEIE NN T RAL S BEACE SR TR
AT e s KRR B R RAEMAEY
FERBMEEXNAR X B KK REAITEPE
ETEREH BRERRESHEBRE S QXL
ERRHESREME . KRR RFTE I, 57 it
—F .
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Archaeal community structure and diversity of the carbonate rocks in karst
regions, Guizhou:A case study of the Nanjiang canyon

TANG Yuan', LIAN Bin?, CHENG Jianzhong'

(1. State Key Laboratory of Environmental Geochemistry, Institute of Geochemistry , Chinese Academy
of Sciences, Guiyang,Guizhou 550081, China;
2. School of Life Science, Nanjing Normal University, Nanjing, Jiangsu 210023, China)

Abstract Guizhou is one of the three largest karst regions in the world where vast expanses of karst develop
well. The carbonate rock area is 13X 10* km?, covering 73% of total land surface area of the province. Car-
bonate rock is very challenging for organisms to live in it owing to its features, such as arid environment, nu-
tritional deficiency, and great temperature fluctuations., However, there are various microorganisms on its
surface and in its cracks, which play a crucial role in biogeochemical cycle. The Nanjiang canyon is a typical
karst canyon, which is praised as "Karst Ecosystem Museum". It is located in Kaiyang County of Guizhou
Province, southwestern China. And there are a lot of exposed carbonate rocks in this area. In order to study
the archaeal diversity of carbonate rocks in Guizhou karst areas, we investigated the archaeal community
structure in dolomite and limestone rocks from Nanjiang canyon using 16S rDNA gene clone libraries com-
bined with Restriction Fragment Length Polymorphism (RFLP) analysis. Genomic DNA of rock samples
were collected using the UltraClean™ Soil DNA Isolation Kit. PCR amplification of the archaeal 16S rRNA
gene was performed using universal primers 27F and 958R. The PCR products were ligated into the pGEM-
T Easy Vector System | and transformed into competent E. coli JM109 cells and then constructed the dolo-
mite and limestone clone libraries. Randomly selected 300 positive clones from each clone library were identi-
fied by RFLP with restriction endonuclease Msp I. In total, 14 and 13 genotypes were obtained from dolo-
mite and limestone clone libraries, respectively. The rarefaction curves indicate that the major part of the di-
versity in the clone libraries was covered. The coverage C values of dolomite and limestone clone libraries are
95.4% and 91.3% , and Shannon— Wiener indexes are 2. 14 and 1. 93, respectively. The diversity of indexes
shows that the diversity of archaea is much lower than the bacterial and fungal diversity, and the archaeal di-
versity of dolomite is slightly higher than that of limestone. The phylogenetic analysis reveals that all clones
from the two clone libraries are affiliated to the phylum Crenarchaeota. The similarities between the repre-
sentative clone sequences from carbonate rocks and their closest sequences deposited in GenBank range from
96% to 100% and all of the matches are from uncultured archaeal clones. Meanwhile, most of the archaeal
sequences are closely related to environmental clones from soil and rock environments.

Key words dolomite, limestone, archaea, diversity, karst
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