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HOE B A 1 AR, MEHE T W] Stramenopiles il Haptophyceae HH BUSUARAEAE B35 Y MG X 2 (P<0.01) , WI/K IR A
pH 517K cbbL ID BB = i i 240G (P<0.05,P<0.01) , W4t Z & 1 5 Stramenopiles F11 Haptophyceae 1B 3R 1 2540 ¢ (P<
0.01) ,
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Abundance, community structure, and the driving factors of Carbon fixing

microorganisms in the Nam Co Lake
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Abstract; Lakes are one of the main ecosystems for carbon fixation; however, the microbial community for carbon fixation
in the lakes of the Tibetan Plateau have rarely been reported. In this study, the Nam Co Lake was chosen to study the
abundance of ¢bbL ID genes and their composition using quantitative PCR and a clone library method. We also discuss their
relationship with environmental parameters. The results showed that there was a high abundance of the cbbL ID gene in the
Nam Co Lake, and there was an increasing trend from the surface to the bottom, and the highest amount was in the bottom
sample of T2 (6.37x10° copies * L™ water). The community was mainly composed of Stramenopiles and Haptophyceae, and
a few Cyanobacteria and Cryptophyta appeared on individual layers. The Stramenopiles group had a higher diversity

(including 7 classes and 13 families) than that of the other groups, and there was only 1 family of another taxa. A
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correlation analysis showed there was a significant negative correlation (P < 0.01) of the occurrence frequency of
Stramenopiles and Haptophyceae. Water depth and pH had a significant correlation with cbbL ID gene abundance ( P<0.05,
P<0.01, respectively). Chlorophyll content had a significant correlation with the occurrence frequency of Stramenopiles and

Haptophyceae.
Key Words; Nam Co Lake; carbon fixation; microorganism; community structure; driving factor

WA IR S K AR BT R G A E B R BB TH R R G 2 — , R HEREZ RGRIGA R FZ5 0,
A=) R S ARG P 1 S, S A xR 25 M S TR e dE 2L, SR, TR 78 W01 B 0 24 o
A= IR S 5 AR 5E 8 Ak T A B

FE AR I A A 2R CO, B2 iR A%  FE-RARSCIR IR IS AR, IR TG A i 18 8 i = R
Higte 3-FRIEENIRIEFE 3-FR LN/ 4-F2 L T RGN R E BEHIBLAIAG A B4 Sk L MR ER IR S | g e 1 e
SRR AR Hod  RRSCIEIR (CBB) i 48] 12 AFAE T AL BEIOR [ FR A A R A ERE- 1,
5- R R AL/ N4 ( RubisCO ) J& CBB i 42 H i — > SCHE A, B Ak CO, [ 21 AE Wy Bl 1 55— 20 IR i
RubisCO B &7 KNN3 B PRSP RO ST R 3 . THRESEIH cbbL ZiiS RubisCO B A, 1T 73 i
4 FpEAY (form 1—IV) , = form 12 A SR i FE AR, Form [ RubisCO AJ LAt — 2585 43 W AN [H]
U2 forms TA,IB,IC F1ID'' | cbbL FEHNB L) 2 T RE L T LW EYRIF S AR FAEE &4 T A 3
(GRS I P2 =

JERTAFIH RubisCO 3 FA T4 2 AN Rl A: 5e 2R 1 B i 2 W I8 2 e (A JE A SR8
HEAT RIS ARG /0 . BT, AR T R SR R & 254 B A ST B R AR A I E FH C S — S
PERELI0 2] AR AN TROA UK 35 B R BIIA P, 5 ebbL ID RubisCO H& DX 1 (3 Ak 4 S 32 5 00 181 B i = 26
BEDT e T T A v A A LV R e e B T R A A WA R B R R £
AR, IXEEIIA 32 N A6 S AR /N A7 R T 58 8 SRR T W01 i A 0 A i 2 s R JHE 6 A5 F i i,
EAE Ay T JRL 65— A 118 75 7 s DT il A W A A 2 e A A0 B B, H i 2 2R R K R AR
TR Bt TR VR A LA R BE DK 2 (1N, pH BB R A R R A ) P A T | A LA R R A
TR R A ZREE R T (R K HR e Bl A 2 5 B A ST A0 A L ARGE L R R v DR T K [
B S U R O 2 R 22 R T R R T R DRI, PR 5 i R I I K sk B A A A O R A R AR AR

ABIEFE VAT s BN A S (51, 95 K rp [ e R TR R B I AL, R0 25 RN IR B A 1
1 MREBEFE

1.1 GIREEHEN

YAEEA T AL = R AR B, VUL A XY MR EE S LR N, A T 30°30'—30°35'N,90°16'—91°03'E 2
] 7K F BRI T I 2% 08 Bl PO KK 5 Al Ab 45 . AR SS9 TV 4K 4718 m, BUHTA A 1982
kem® )RR RS R R I, AR T A b VR o A R K I, AR T b X AR B2 AR SR, N AR A T 7K
Bt 90 m'P
1.2 BEACREELL K S E0

2012 4 9 HAEGIARFE AR 200G 1 J5 0] b 43 0 R4 4 ANRE SR K AEREAS , 3 il AR i 2 TO( N :30°47.782',
E:90°58.133") ,T1(N:30° 47.031', E:90°49.473") , T2 ( N:30°44.573' , E90°45.317") F1 T3 ( N:30°38.025,
£:90°28.634")  REENIEUNE 1 Fizs . HRIGEEAO7 B WK R EE , 2K RE R K 88 B4 R4 40 2 BUR 2 2 i
2L FH T LG FORGRAE , 52K FE 3 IRE R, RAE T B T VK& Ty M AR AE BF AL A I 52 56, #E 5
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Bra R 0.45 pm SLARIEBEUEAT I U8, BT FA 2 B o NIk It
&% (Millipore, €[ ) 1 918 58 R AT AR A ARl A 10 1) D8 JEE
TRAFTE 5 mL TR 7R A T (Coming, 2 [F ) , B T -80°C ¥K
R £ SRAEIKRE G [T, 1) 5% ey 7 24 ) 2 7
(¥ Hydrolab DS5 22 $UK 5T { 1% BF 41 T Bl 37 % 3 £ 1
AT A K BB AT R AR 2
1.3 FEACE DNA SRR (A = 2 AG:

G S B IR TE T 4R 15 L BT I, 2 J5 R DNA 42 —
A £ (MP) #E97 4 DNA 4250, DNA ¥ B R i iR B1 SABRECETHE

Nanodrop 2000 ( Thermo , —!j%— @ ) iﬁf/ﬁ‘ {D“J /THEO %Fﬁ %I % cbbl, Fig.1 Nam Co sampling sketch map

TO: % ¥ 0, Terminal 0; T1; 2% 1, Terminal 1; T2 2K %5 2,
ID-F(5'- GAT GAT GAR AAY ATT AAC TC-3") # cbbL ID-

R(5’-ATT TGD CCA CAG TGD ATA CCA-3")™ % B A
cbbL 1D FEH = BE AT i PCR AN, SR A% e 5 vk, L&A B bR i Be i BORL 10 A5 B R bR il ih £k .
JiA & 1 PCR ¥R AR C T, IR A SYBRGreenll ( 49, Ki%) , I FALAS A LightCycler ©® 480
system( Roche , J5[H) . WA R K 20 pL, 045 10 wL SYBR iR K ( Takara, K% ) ,10—20 ng DNA,0.6 uM
L/, VRSN, 95°C WAEYE 2 min, Z A S 35 MEFRAYE B PCR, 94°C A8 30 s, i kIRE 52°C
T8 T2°C R DENAF S, KT S5 R 2 B PCR AL A MR A T, RIS cbbL TA/B' LUK cbbI 1C
FE R = BE VAT RGN, K 7 vR AR R, cbbL TA/B BB KRN 54°C ;cbbL 1C (IR K R 52°C
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MH557362—MH557411

Terminal 2;T3 ;%35 3, Terminal 3
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2.1 YAREEIK T E R AR P
PUREEI K ERRIEE cbbL 1D (9= B fe e, T A HEA T cbbL 1D BER F BEAE 2.46x107—6.37x10° 4% I
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1C FE R 1 F BE B MK, KB E I F BEFE 5.16x10°—1.17x 10°#5 D1 L7 /K Z 0] (i K )Z R W E X & T
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Fig.2 ¢bbL ID,IA/B and IC gene copy number in Nam Co lake water
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4,208 01U Xiloy AR EILE 0TU r“ﬁlJ 50 Zk. R REAS R SO YRR B TE 81.8%—96.6% Z 1] (£
1), DB 2 rn | RESS AR R BRI SCE T ID DR 28 . REGR T 40 s (Kl 3) A ARF 1K
W ebbL 1D FER R mT K430 4 ASZERE, Hiip AN S5 8 B 28 (Stramenopiles ) 5 FEZEHLAL, B T 76 T2 5 60
m KR R AR (25% ) , B TR BEBEGS , f B ik 8] 100% , 7EAH AR BE T3 s K FE i i Hf SR 5 8 T
T2 /., 5 K E i 4N ( Haptophyceae ) , HoAE T2 45 60 m KR BN R B 5 (75% ) , Hep AE s 3G, fe i
BIR 0% , FEARRITREE T3 w5 KFEH B H BUIRAC T T2 #5, W3 ( Cyanobacteria ) H B R EAL, H HAE T2 &4
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R1 AKREHIK cbbL ID KEETERE R E H I E
Table 1 Occurrence frequency of chbL ID group in Nam Co lake water at different depths

12354 B % W % e/ % SEHEIE %o REHEEZE/ %
Depth Coverage Cyanobacteria Cryptophyta Haptophyceae Stramenopiles
0 m(T3) 94.12 0.00 2.08 10.42 87.50
5 m(T3) 97.06 0.00 0.00 6.06 93.94
10 m(T3) 82.35 0.00 0.00 8.82 91.18
20 m(T3) 94.12 0.00 0.00 0.00 100.00
40 m(T3) 83.82 0.00 6.25 0.00 93.75
JEJE(T3) 92.65 0.00 0.00 0.00 100.00
0 m(T2) 98.53 0.00 0.00 45.45 54.55
5 m(T2) 98.53 0.00 0.00 21.43 78.57
20 m(T2) 98.53 0.00 0.00 55.56 44.44
60 m(T2) 97.06 0.00 0.00 75.00 25.00
80 m(T2) 95.59 5.56 0.00 33.33 61.11
JR)Z(T2) 91.18 0.00 0.00 5.00 95.00

T3 .23 3, Terminal 3 ;T2 ;%3 2, Terminal 2

2.3 1D BRI

AT OTU BAHT IR AT IA 28, = EEHEAY Stramenopiles 1Y ZHEPE R &, HE 3 B9 Z MR
(#2), Stramenopiles 45 44 1~ R OTU, HET 7 14, 435 0& 8 FREEE ] ( Bacillariophyta ) %) 7 8 4%
( Bacillariophyceae) , JIfi T #: 49 ( Fragilariophyceae ) #1 [& i ¥ 2X ( Coscinodiscophyceae ), DA & 4 % 24
( Chrysophyceae) , B £ 20 ( Synurophyceae ) , ELHR 55 3 24X ( Eustigmatophyceae ) 1 #f 18 24 ( Dictyochophyceae )
HrprE B T AL45 4 258 K #7235 FF ( Achnanthidiaceae ) |, £E 3} ( Bacillariaceae ) , Catenulaceae F1X{Z2
Pt (Surirellaceae ) il 1 A ERHAZHE ; SN N IS 3 AT HF RHIS A ( Chromulinaceae ) , 4 ¥ At
( Chrysocapsaceae ) FIH#E#E 3R] ( Dinobryaceae ) ; Ho'E2 5 N HA 1 4R, B3t 13 4~FF, Haptophyceae 4 3
MMRFE OTU, J& T 4 {4 3 F} ( Chrysochromulinaceae ) , Cyanobacteria A 1 ~{t 3 OTU, J& T % 8k % &l
( Synechococcaceae) , 7340 2 83 OTU 5 Cryptophyta 1) Geminigeraceae AU i K,

AN, J& T Stramenopiles [ 44 25750, (54X LAY JE Fragilariaceae , 3 14 /MU FR OTU, d7i%280 31.
8% ; AN AEE WK Fragilariaceae [}z AH A Fragilaria crotonensis ( KF959640) 43 B H 2= [ 04 1 7H 2] , AL
H99% , HAK Bacillariaceae , 3£ 7 NMEFR OTU, Hi%JE11 15.9% ; AR FE K 1 Bacillariaceae 145 AH LRl &
Nitzschia of. pusilla ( HF675119 ) , X A~ Fh 8 25 76 1R 7K o 9 43 88 2170 R0 4 B 1 04 B 2F 1 7K 89 Nitzschia
draveillensis(KC736605) " HILYE Y Hy 98% ., 45 = £ (9 S Stephanodiscaceae, 3t 5 MU E OTU, di %K H
11.4% ., AAARFEWI K Stephanodiscaceae FEAHLIFIIE Stephanodiscus sp. (JQ217354) , AL A 99% ; Fi ke i
53¢ Lake Erie B9 Stephanodiscus sp. FHTC11(DQ514825) 2 FARIYE R 99% ., Surirellaceae , 25 3 ML FE
OTU, 1% 6.8%, YA IKH Surirellaceae IFEITIAFNIE Surirella brebissonii(KX120621) % A4
99% , Monodopsidaceae , 345 3 MUK OTU, H1ZZEH 6.8% , GHAFH /K H Monodopsidaceae T IR &R
IK AR Nannochloropsis sp. MDL3-4(DQ977732) ) AU A 99% , Dictyochophyceae 44—~ A HEL, 4 3
AREE OTU, 1211 6.8% , AIAEE 1 /K Hh iz BL 0 B LA 2 40 85 H H A brackish pond [1) Helicopedinella
tricostata ( AB097409) %> AN N 98% ., Catenulaceae HA 1 MUFE OTU, Hi%ZZEM 2.3% ., A ALE ) K
Catenulaceae FIRVT AP & Amphora indistincta ( KJ463463) [36] AR 99% . 7F 2 RAEE Y 12 TS
Ferft 5 AN B RHIHIA BT 4§ 300t b R B Fragilariaceae 767 20 SCHEHAT 40 16 T3 4
KRR B AR X L W e T T2 A )R R KRR, BRI R Ab, B0 R, R R W 2R U
Stephanodiscaceae i 48X J {4,
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Table 2 Nam Co lake cbbL ID gene OTU classification and their nearest sequences

ES €l B OTU %' HBLEE /% Genbank 5
Division Class Family OTU ID Identities Accession
Stramenopiles Bacillariophyceae Achnanthidiaceae T2-D-8 92 KT 943613
Stramenopiles Bacillariophyceae Bacillariaceae T3-40m-35 98 HF675119
Stramenopiles Bacillariophyceae Bacillariaceae T3-5m-63/ T2-DD-22 97/96 HF675068
Stramenopiles Bacillariophyceae Bacillariaceae T3-10m- 11/T3-40m-40 98 KC736605
Stramenopiles Bacillariophyceae Bacillariaceae T3-20m-49 94 KC736605
Stramenopiles Bacillariophyceae Bacillariaceae T3-40m-25 95 HF675067
Stramenopiles Bacillariophyceae Catenulaceae T2-DD- 14 99 KJ463463
Stramenopiles Bacillariophyceae Surirellaceae T3-10m- 18 99 KX120621
Stramenopiles Bacillariophyceae Surirellaceae T3-60m- 67 98 JX032961
Stramenopiles Bacillariophyceae Surirellaceae T3-60m-29 95 KX120655
Stramenopiles Bacillariophyceae — T3-40m-22 94 KY693719
Stramenopiles Coscinodiscophyceae Stephanodiscaceae T3-0m- 18 99 JQ217354
Stramenopiles Coscinodiscophyceae Stephanodiscaceae T3-0m-49/ T2-D-9 99/97 DQ514825
Stramenopiles Coscinodiscophyceae Stephanodiscaceae T3-60m-3/T2-60m- 3 96 DQ514825
Stramenopiles Chrysophyceae Chromulinaceae T3-0m- 65 89 KJ877675
Stramenopiles Chrysophyceae Chrysocapsaceae T3-10m- 12 89 EF165148
Stramenopiles Chrysophyceae Dinobryaceae T3-0m-34 86 EF165156
Stramenopiles Dictyochophyceae — T3-20m-59 98 AB097409
Stramenopiles Dictyochophyceae — T3-10m-44 86 AB097409
Stramenopiles Dictyochophyceae — T3-40m-27 86 HQ710601
Stramenopiles Eustigmatophyceae Monodopsidaceae T3-10m-70/ T2-80m-26 99/98 DQ977732
Stramenopiles Eustigmatophyceae Monodopsidaceae T3-40m- 68 91 DQ977732
Stramenopiles Fragilariophycidae Fragilariaceae T2-80m- 14/T3-0m-21 99 KF959640
Stramenopiles Fragilariophycidae Fragilariaceae T3-5m-59/T2-80m-33/T3- 10m-23 96 KF959640
Stramenopiles Fragilariophycidae Fragilariaceae T2-DD-35/ T2-0m-58 95/92 KF959640
Stramenopiles Fragilariophycidae Fragilariaceae T2-80m-4/T3-0m- 10 95 AB430674
Stramenopiles Fragilariophycidae Fragilariaceae T3-60m-41/T3-20m-44 94 AB430674
Stramenopiles Fragilariophyceae Fragilariaceae T3-10m-24 96 HQ912451
Stramenopiles Fragilariophyceae Fragilariaceae T3-60m-21/ T3-60m-28 99/93 HQ828199
Stramenopiles Synurophyceae Mallomonadaceae T3-10m-45 89 1X946355
Stramenopiles Synurophyceae Mallomonadaceae T2-80m- 16/T3-0m- 64 88 KM590889
Haptophyceae Chrysochromulinaceae ~ T2-80m-1/T3-Om- 11 99 MG520331
T2-5m-44 92 MG520331
Cyanobacteria Synechococcaceae T2-80m- 18 92 AM701775
Cryptophyta Geminigeraceae T3-0m-20 96 KP899713
T3-40m-47 93 KP899713
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Fig.5 Basic physical and chemical properties in Nam Co Lake water
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