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L1.1 #HGEREMEE AN T 2012 4F 10 5 H

FKHEARI—5 k)| (43°06° N,86°49° E) %, iff
R 3740 - 4480 K, fE VK I 2 % B 3 ANIUFE s (B
14 ABLC) AR 2 m x2 m, SEATHURE 5 o
Bk AR BUR R N QK H RSN, BT R
VKA . 12 h 2 3B (B S A FE AR A A -
70°C B KA ; T T4 28 e B ST (90 B T B I -
20°C LR A7 B 4 AF b 328 AT B4k o I s . LB
A7 3 R B A5 TG B 4% E TR 58 A
1.1.2 £ E R F AL EE: KM (Escherichia
coli) DHSa; DNA #2 Bk 5] & (Mo Bio Laboratories,
Carlsbad, CA) . PCR =¥ 4l 4 ik 7 & (Qiagen,
Hilden, Germany) ¥J It H QIAGEN 2w ; TA 7 [ %
1k pGEM-T.PCR 4 14 1) 4= £ 3057 Je 7 384 51 ¥ 38 1y
H TaKaRa 24w ; Ho 42 50500 ¥ 4 k11 sl [ 7= 49 47 41
DNA 73 F & Marker J# 5§ RAR A A6 B (650 7[R
ANl e A E B OHLA Thermo 2 7] Fresco2l 7Y ;
PCR 1% 4 1 [& Biometra /A 7] Tprofessional ; ¢ i i 1%
Z 4 %y BioRad 24 ] GelDOC XR; 7K 3 Ha ik A%y 3£ [
BioRad /A 7] PowerPac Universal. Hi Jk fi SUBCELL
GT (20 x25 cm) .
L1.3 EFE 0 PHWEwE RN REREN
SOB K74k (g/L) (BEREERELY) 5 o) I HE (1K 20 g,
NaCl 0. 58 g,KC1 0. 186 g,100 x Mg’ " % 10 mL, %
fit T 800 mL £ & F /KT IFE AR 1 L, 121°C 5 R 4
KT 20 min) o BT PUAE W SN F & E B2
(100mg/mL) , X-Gal & IPTG & 7 ¥ J& 4> 5 4 20
mg/mL.24 mg/mL,
1.2 HRIEBAUERNE

SRR pH E (ZK: Bh2s =250 1) 3 Rk e 3 2%
BB AR B A ML R B R R R S RS
wR T AT SEANRERR I 3 AN EAT . S5 TR
H spss18.0 FEAT -
1.3 # 55 DNAEEREES K

SR FH B3 45 6 1 kAR 7 6 3 HURE S DNA
TPV B IR zhou 2577 DNA 2 HUE 42 I, W8 A7 %0
o 5 g BrABFEN PN DNA 24 & (Il K &
W )5 ,37°C 200 r/min 7K P 5 3% 30 min; 65°C /K
W2 h 5N 20% SDS ¥ 0, HE AR 0K AR 2R Al 3 Ik
JEAEKCEE AT 88 b 4T 10 min; B8y S S 05 < 5%
BE (25:24: 1) 250 438 DNA,3M S 4 B 4 I U
DNA ;70% T3 ¥ W5 K5 YE ¥ 2 I B Ja BT 100 pL
1 TE %W . [ K B PowerSoil™ DNA Isolation Kit
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(Mo Bio Laboratories, Carlsbad, CA) & 5] £ 32 H
DNA, H{ Wizard® DNA Clean-Up System i 7] & 4li {4,
FEMUAY S DNAS BEAFE BRI 6, 5 ) T3
PERIEE o $2I DNA 4°C R 47, SR 23 D60t 2 vk X
iz e J52 R 4 55 BE AT E

1.4 #54H 16S rRNA E [#F PCR i 1%

KT W90 A0 T R e R ST, RS TS 3
DNA B 73 3 BEAT 3 147 52 56 3 4% 5 40 1 16S
RNA #7355 o 25 — X 51 % h CYA359F Al
CYA781R(F 1), ¥ # 4k &£:10 x Tag PCR Master
mix 12.5 pL, 5[ 4% 0.5 wL (20 wmoL/mL), DNA
BidR 0.3 L, K 1 ddH,0 % 25 pl. #1f 5 2

F:94°C A £ 5 min, 94°C 2% {4 1 min, 52°C & M
1 min, 72°C A 1 min , 30 ME IR, 5 Ji 72°C 4E fif
7 mine 5 X514 % CYA-H3T1F f1 CYA783R, X
HE L PCR:F—4 P 56 H 27F 1492R 41 1% i# H
10 N AR R K H e A A TR b R G BE D 55°C 5
Ry W 514 CYAD3TIF.CYA783R, 7 #4 4K
% :10 x Tag PCR Master mix 12. 5 pL, 5/#) 0.5 pL
(20 wmoL/mL ), DNA Fifg b % — ik PCR ;=4
0.5 L, IK K ddH,0 2 25 uL. #fHHFRS%:94C
5 min;94°C 1 min,60°C 1 min,72°C 1 min , 35 M
;72°C 10 mine PCR P24 % HI 1. 5% () 550 i 0 vt
B2 VL K A U o

F1. BT #EIEME 16S rRNA ER ARSI
Tablel. The special primers used to amplify Cyanobacteria 16S rRNA gene

Primer Sequence ( 5°— 37) References

CYA359F GGGGAATYTTCCGCAATGGG Niibel et al 2%
CYA781R GACTACAGGGGTATCTAATCCCTTT Niibel et al
CYA-b371F CCTACGGGAGGCAGCAGTGGGGAATTTTCCG Gabriel Zwart et al 2!
CYA783R GACTACWGGGGTATCTAATCCCW Gabriel Zwart et al

1.5 PCR =445 {£ 70 16S rRNA EH X E#E

WX 5y W51 PCR =R A 5, H
QIAquick PCR purification kit ( Qiagen, Hilden,
Germany) 246 B ) G 204k - R4 T 7 42 41k 11 150 W]
P, | pGEM-T Vector (Promega) %44 %t 44k 1) 2 %
PCR /=4y 73 AT v B o BREC 1 €5 9P 1R V% 04K
19 T, M1 SP¢ ) v [ 1 BEAT PCR 7 8% %58 , i &
Fr B /N IE B ¥ v B 1 BEAT I . (BB — X 514
PCR 7=y KN4 g 450 bp, 55 —%F 514 PCR 741K
/N Jg 400 bp) .
1.6 HEFEHiITHHA

110 A w1 i Bl 585 2B RHECA I A wI
ABI377DNA [ &l i {¢ LR Fil ABI PRISM BigDye
terminator v3. 1 sequencing Ready Reaction kit (PE
Applied Biosystems) H#: /5. #1751 16S rRNA
FLR 51 SR Bl BioEdit 7.0.5 K fF Chttp://www.
mbio. nesu. edu/BioEdit/bioedit. ht) FZh & 1F, 48—
750 7 1 B BE S AT 7 A5 FASTA # X1 S0 A, K
F Ribosomal Database Project (RDP) 1I ¥t ¥ J& )
CHIMERA_CHECK program Chttp://rdp. cme. msu.
edu/seqmatch /seqmatch_intro. jsp) 5 M #ix & 14 7> 471,

55 820y Hr b LA A B ] CLUSTALX1. 83 %k
WEAT 7 H B BC, | PHYLIP-3. 68 #% {4 fil DOTUR-
153 B AE LA 97% (1) AH L BE cutoff 7K - £, K H]
furthest-neighbor method 14 2% 1 % & OTU ( 8§
Phylotypes) , 3f i1 % Shannon fI Simpson % #f %4 5
¥, LL } Nonparametric richness estimates (fi, % chaol
F1ACE 550 o [ R ] EstimateS Win 8. 00 # 4
BEAT ST 10 W A7 B2 i e 23 A A A C = (1 —ne
N™") «100, (N Jy 3 J 5 B K n AQ 3 4 3% i AX
HEL— K1 OTU %) vF 55 s B SCEE 1) Coverageo
L7 MEBEZRFLXEN

¥t g T4 A OTU iy AKX 3 J5° 41 4 NCBI
BLAST L ;¢ RDP’ s Naive Bayesian Classifier
(confidence threshold,80% ) v} #3E47 & A1 i 1y 41 T fic
732 VA Ja > JF 42 A8 3 GenBank K& [ JE rhre 45 A
OTU A% 3 & F> 41 55 K 1 GenBankRDP 11 %45 5
O S 2k 56 R BT 19 16S rRNA JE A FE 51 R
CLUSTAL x 1. 83 A JEAT IETC » 1 A4 R 5 1) o 53R
4K #2 ¥: neighbor—joining method, /8 MEGA v. 5.1
B A H p-distances 7% Fl Kimura2 parameter X{ 2 4}
R G HEAL A, 38 3 bootstrap 5T 4 HE AL B 4 32 2R
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Figure 1. Photographs of the sampling sites on the surface of the Glacier No. 1 in the Tianshan Mountains. Marked A, B and C

represented the different sample sites A, B and C, respectively.
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Table 2. Physicochemical properties of supraglacial cryoconite from the Glacier No. 1 in the Tianshan Mountains

¢ (total
Size of Available Available Nitrate ¢ (organic ¢ (total
¢ (water ) / pH (water: phosph—
Parameter granule/ phosphorus/  potassium/  nitrogen/  matte) / nitrogen) /
(% dw) soil =2.5:1) orus) /
mm (mg/kg) (mg/kg) (mg/ke) (% dw) (% dw)
(% dw)
cryoconite Mean 0.34 ~3.35 45.56 7.02 11.94 195. 60 88.11 8.40 0.380 0. 105
SD - 12. 45 0.45 3.46 56. 68 32.48 4.34 0.070 0. 035
50 m" Mean - 32.46 7.40 2.27 128.89 4.38 1.04 0.030 0. 086
SD - 10. 31 0.71 0.53 5.51 2.54 0.16 0. 001 0. 004
500 m Mean - 27.15 8.19 2.74 53.19 6. 05 0.94 0.170 0. 104
SD - 8.38 0.42 0.16 7.51 0.95 0.36 0. 069 0.012
1000 m Mean - 21.78 7.98 4.11 123.89 11.78 2.06 0. 101 2.900
SD - 6.15 0.38 2.61 57.54 6.39 0.98 0. 050 0. 009

SD: standard deviation. analysised by SPSS 18. 0 date editor;* represent the distance from the glacier forefield.

22 RU—SKINMLEAENDZHEEREEE
g

M PRl 5| 4 Ay 3 1) W 40 B 16S rRNA ST %
o, % Pkak T 55 AN BHE B BE T BEAT IR AR BR kA
MR B LA R 5 R 22 1 A IS, A3 301K 101 4%
Jr 4\ I TC AL g R B AR B, ) DOTURHL. 53 4K 1 1k
97 % AH AL A E BEAT OTU 1) &) 43, Fo 43 3] 12 A
OTU, JLrf 4 A~ OTU U&7 1 Dodkie. ZAEIEREL
G145 R B 78, shannon.simpson #8 £ 43 3 4 1. 522

0.346. 5 2 4% A B il £, 4 5 B 7 #K T 100
W, i & CoWid ol T oF g, &R C L
96. 04 % » 2 W] AL 7 SC P72 Wl P 40 H BEASIE 3 1 AT, 101
A [ AN GRS IR 55 K L — 5 UK 1D 2 e 4 K
I3 W6 VR VA SRR A AR R UK )1 SR TR 2B (18R 4R A

FIH BLAST 48 % d A 33 7 51> #R 48 f5 A 3G 7
IR K8, 78 H RS K B4k i 40
BEVE 450 o oy BT B, Rl — 59K 1K 248 16S rRNA
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Figure 2. Rarefaction curve constructed for Cyanobacterial clone
library from supraglacial cryoconite of the Glacier No. 1 in the

Tianshan Mountains.
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BRI SCERF IR E M EERLE T 2 M RAK
BKBE, B Oscillatoriales (81% ) F1 Chroococcales
(1% ) o UBAN, B SCHE 7 41 vh 3k A7 T Wl i 43 28 %
b 47 1) % 48 7 (unclassified cyanobacterium) Fl AN fig
T E e 710 JFE %) (unclassified bacterium) 5 438 71 &5
17% F 1% (il 3) SCEEh A — AN s b 1 g T
Chroococcales ; 1M J& T Oscillatoriales W) ¥ 5 %t %
FE, LB EE 4 A8, Kb S8 T Phormidium (1) v [
T 68 A4, 5 Oscillatoriales 7, [ 0 [¥) 67% , J& 48 X 4G
PR BE, R B T Microcoleus+ Pseudanabaena Fi
Oscillatoria ] 5 B T 43 55 % H BB 2% 5% i
7% (K 3) .

Microcoleus, 2%
— Pseudanabaena, 5%

\Osci.’.’amria, 7%
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Figure 3. Distribution of cyanobacterial phylogenetic groups from supraglacial cryoconite of the Glacier No. 1 in the Tianshan

Mountains.

2.3 RU—SKIIHMLENENRELE
W20 B 16S rRNA J [R5 3R A3 1) 101 A ve
TR HILL 97 % (A AR b E 45 X1 43 O 12 4> OTU,
RS OTU AR R 41 BL K 40 128 ) A A Fe 471 4
wRGKEW (K 4) . Ll OTUL. OTU2.0TU3
FIOTU4 JAREKH) 68 4w % F ) J& T Phormidium
J&s HJE T OTUL 5 55 A vi ke 1 5 70 & B B
Phormidium sp. Ant-Orange 5 # ML FF 18 3] T
99% s 4T OTU2 {5 2 A 5e B 170 ) 55 B R B
B S B 3f Phormidium  sp. Jy¥ 4 A F K
Phormidium autumnale JR2 & 51 1) AL BE #B 15 3] T
99% ,0TU3 11 9 4> vi BE 770l 5 70 & B # A Dry
Valleys [{] Phormidium priestleyi ANT. LG2. 4 J¢ %I FlI
dt #% Austre Lovénbreen ¢K JI| & T 1 £ 77 B
Phormidium priestleyi ANT. L66. 1 3 %t 5¢ R 1R i7, Al
UL E) T 99% , OTU4 ff) 2 N oi b 154y 85 A
B4 1% i) Phormidium sp. CYN64 J3 %) Fll Phormidium

sp. PMC301.07 J¢ %) 24 98% 99% I #1 1L 1 -
OTUS J& T ¥ 40 % Microcoleus J& , H. 2 PN 1 53k
B T M 1 () Microcoleus antarcticus UTCC 474 J§ %) A1
B R T 97% , e R B H EXANEK b 75
Phormidium 35 % K R AR L. A WF 5T 4Rk E, 8 40
Phormidium F1 Microcoleus {4y 2 B I A W] #ff el
it S SRS A ¥ 7 vk Cln 2 e g ik R P 31 45 i — A
WA X 7 5 A s i) 2K 8 . OTUG it OTU7 J T i 4l
Pseudanabaena, H:h OTU6 [ 4 N1 l%E 4 95
S8 B b8k 1Y) Pseudanabaena sp. w0831 Fl 4 & H
V% JK [ Pseudanabaena sp. CAWBG531 ¥ 5| #H
PAEEIL B T 99% H1 98% » OTUT K AT 1 A b1
5 Pseudanabaenaceae cyanobacterium HTJ2-KK1 [f]
16S rRNA & 5] )3 91 de AH 3T, AHAHRLPE H AT 93% -
OTUS 1 7 N1 )8 T Oscillatoria, 545 B A 5 %
Barton 3 &\ King George Island % South Shetland
Islands fili 7K /1 (¥ Oscillatoria sp. KNUAOO9 [¥) 5 1) 41
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WIPEIEF 96% Y . OTU9 J& T ¥ 41l 1 Chroococcales
H, 5 4> % H B & ) Chroococcales cyanobacterium
CYN67 1) F¢ %1 AH AL 1 & 3 98%. 5 4 5
Chamaesiphon subglobosus J7 %L HE L B T 97%
KEHFFAR W, (IR Svalbard VK1 2 i 7 L K
P Dry Valley 2225 3 46 7Y L B8 43 34 e 0k )11 L
HHAELEE VL Chroococcales 11258, (HIX A H 1Y
FBAE R — 5 0k )11 Z& i by 42 P AR 2o OTULO AN

OTUTL 1) 5a [ 7 J& T~ W 40 11 P A R A0 5 17 A4S 5
Be 7 x5 E M R G B Al ( uncultured
cyanobacterium) FI McMurdo JK 42 &5 filt /K yth 3 4 55 77
I W5 40 1% (uncultured Antarctic cyanobacterium) 5l
HIBLE I 5] T 99% A1 92% « OTUL2 XAT 1 A v [
T JE TR AN O S A B A0 T 5 R P e A AR
%1 (uncultured bacterium) [ AH L B A 93% .

#3. RUEBEARFARE—SK/INMLEME 16S rRNA EFATEXERL OTUMRFLE

Table 3. Taxonomic affiliations of representative clones from OTUs for the clone libraries of supraglacial cryoconite of the

Glacier No. 1 in the Tianshan Mountains, determined by phylogenetic analysis of 16S rRNA gene sequences

No. of Representative  Accession Closest relative cyanobacteria in NCBI Identity/  Geographic source of reference
0TUs
clones clone No. (GenBank accession No. ) % strains in GeneBank

0TU1L 55 BF77 KJ143684 Phormidium sp. Ant-Orange (AF263336) 99 Antarctic cyanobacteria

0TU2 2 BF83 KJ143686 Phormidium autumnale JR2 (JN230333) 99 Antarctic cyanobacteria

0TU3 9 BFo4 KJ143689 Phormidium priestleyi ANT. L66. 1 (AY493581) 99 Antarctic cyanobacteria

0TU4 2 BF60 KJ143691 Phormidium sp. CYN64 (JQ687330) 98 Isolated from Antarctica

0TUS 2 BF32 KJ143687 Microcoleus antarcticus UTCC 474 (AF218373) 97 Antarctic cyanobacteria

0TU6 4 BF2 KJ143683 Pseudanabaena sp. w0831 (KF208379) 99 Isolated from Arctic
Pseudanabaenaceae cyanobacterium HTJ2KKI1

0TU7 1 BF56 KJ143690 93 Unknown
(EF654068)

0TU8 7 BF17 KJ143688 Oscillatoria sp. KNUA009 (HQ201392) 96 Isolated from Antarctica
Chroococcales cyanobacterium CYN67

0TU9 1 BF89 KJ143691 98 Isolated from Antarctica
(JQ687333)

0TU10 16 BF5 KJ143682 uncultured Cyanobaclerium(]N857994) 99 Antarctic cyanobacteria
uncultured Antarctic cyanobacterium Salinity meltwater ponds  of

0oTUIl 1 BF7 KJ143685 92
(AY541545) McMurdo Ice Shelf, Antarctica

0TU12 1 BF93 KJ143692 uncultured bacterium (FR849448) 93 Northwestern China

G 2R Oscillatoriales ZE 0 & AL A AL, F L
3 bip R A RS 2 W AR Leptolyngbya) -

KW Yo B F7 8 23 1 R 2 T VRIS S A 358 Tk
W 2 REE SR A R D e T SR EE R B [H
R o R TR i il R A 8 o oK R
B < vl AR ORE R D) A AR R A
DhREAR 2 BIIR 2 OCvE o AWFITIE A 8 Rl oK
FEYE — 5 UK N 3 T A 2B W 40 P 16S rRNA KL 5e
W SO, R S5 R G R G o v ai R EoR 97% 1)
J 40 VA J T 0 40 R R 2 B0 A R T AN T T
Oscillatoriales  Fl 2 A~ H. Hop
Oscillatoriales (77 4 % L 3, 1X — &5 B 5 b B 98 8
Svalbard JK J1| 2 by 28 v 3 o T8 2 W 5 0 53 1 43 5
R AR — B o FEEE S AR vk K R o 2 S A

Chroococcales

Oscillatoria F Phormidium ™2 . % 3 AN @ h T 5
T L PR 22 4R I 0 40 T > DA Dy O ) R 2R AR )
J I FE 32K B, Katia Comte %5 22] 1F ¥ % peninsula
A1 South Shetland Islands UL A% Jt #% ] Ellesmere
Island 2 4 & 2| T K 2= 1) Phormidium J& W #k, 18 1T
JEAFFAER XL bRkl oy =26, % — K Z& Ph.
autumnale, 55 — 25 J& Phormidium sp, 55 =25 & Ph.
merrayio T PRAE M B AES RG22 040,
95 =28 Ph. merrayi YR W T MK EESRG .
W RGR A o Hr A ALYE CREALBEAE 97% - 100%
D) 5 AT AE — 5 UK N 2T M 2R R AN TR SO PR PR
Wy OTUL A1 OTU2 J 81 N i J& T 55— 25, OTU4 &
T 2K WA, JATER W B T 5 AT R AR
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- OTU1 (54.46%)

73 L OTU2 (1.98%)
L OTUS (1.98%)
OTU6 (3.96%)
001 OTUI (0.99%)

OTU4 (1.98%)

OTU9 (0.99%)

97 OTUS (6.93%)

99 | OTU3 (8.91%)
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Figure 4. NeighbourHoining tree showing the phylogenetic relationships among cyanobacteria 16S rRNA gene clones from

the Glacier No. 1 in the Tianshan Mountains and their closely related sequences downloaded from GenBank. Numbers at

the nodes indicate the bootstrap values (50% ) based on neighbour-joining analyses of 1000 resampled datasets. Bar: 5%

sequence divergence.
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Community structure and phylogenetic analysis of
cyanobacteria in cryoconite from surface of the Glacier
No. 1 in the Tianshan Mountains

.. 1 . . 1 . 1 .. 1 1
Xuejiao Ni *, Xing’e Qi , Yanling Gu ', Xiaoji Zheng ", Juan Dong *,
. L 1,0% 2
Yongqing Ni » Guodong Cheng
"School of Food Sciences, Shihezi University, Shihezi 832000, Xinjiang Uygur Autonomous Region, China
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Abstract: [Objective] The purpose of this study is to characterize the community composition and phylogenetic analysis of
cyanobacteria from supraglacial cryoconite of the Glacier No. 1 in the Tianshan Mountains, China. [Methods] We
amplified 16S rRNA genes from the extracted cryoconite DNA by PCR with 2 pairs of cyanobacteria—specific primers.
Amplificon was used to construct 16S rRNA genes clone library. The estimation of species richness, diversity indices, and
rarefaction curve of the 16S rRNA genes library were determined based on representative phylotypes (OTUs) . [Results]
Analysis of 16S rRNA gene sequences allowed grouping of 101 clones into 12 phylotypes (OTUs) using a cut-off of 97%
identity. The phylogenetic analysis revealed that most of sequences affiliated to the order Oscillatoriales and Chroococcales
except that three were unclassified. The clone library was dominated by representatives of the order Oscillatoriales (81%
of the total clones) , and the most abundant organisms within this order were in the genus Phormidium (68 clones)
including clones grouping into four phylotypes. The only clone of Chroococcales was closely related to the genus
Chamaesiphon with 97% similarity. In addition, comparison of soil chemical properties between different habitats
indicated that supraglacial cryoconite supported significantly higher the content of available phosphorus and potassium,
nitrate nitrogen and organic matter compared with the forefield of the Glacier No. 1. [Conclusion] The diversity index of
cyanobacteria were relatively high in supraglacial cryoconite of the Glacier No. 1 in the Tianshan Mountains. The
community structure was dominated by members of the genus Phormidium. This study may enrich our knowledge on
biogeochemical processes and ecological distribution of cyanobacterial populations in glacial ecosystem.

Keywords: Glacier cryoconite, Tianshan Mountains, Cyanobacteria, phylogenetic analysis
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