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Abstract: Glycerol dialkyl glycerol tetraethers ( GDGT) are membrane lipids that have become a useful tool in palaeoclimatology,
the GDGT-based proxies have been applied to reconstruct paleoclimatic variation in marine, lake, peat bog and soils environments
due to their sensitivity to environmental parameters, such as temperature and pH. Several calibrations based on the distribution of
GDGTs in lake surface sediments have been established in global and regional lakes, they have been widely utilized to reconstruc-

ted environmental variation in paleolimnology. Compare to the ubiquitous occurrence of GDGTs in lake sediments, GDGTs analysis
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of the lake water column is limited, however, increasing evidence has demonstrated that the contribution of GDGTSs from the lake
water column to lake sediments is not negligible. It is thus vital to address the relationship between the distribution pattern of aquat-
ic origin GDGTs within the lake water column and environmental factors before we apply the GDGT-based proxies in lake environ-
ments to reconstruct paleoclimate. In this paper, we first introduced the GDGTs distribution in the lake water column, to see wheth-
er there was a correlation between GDGTs distribution and water depth in terms of the GDGT concentration and the fractional abun-
dance of individual GDGTs. We also reviewed the biological source of the archaea derived isoGDGTs and bacteria-derived brtGDGTs
of the lake water column, respectively. Further, we found that temperature was still one of the main controlling environmental fac-
tors that influence the fractional abundance of GDGTs and other related GDGT-based proxies in the lake water column, however, it
is worth noting that the coupling relationship between temperature, water depth and dissolved oxygen in the lake could complicate
the GDGTs distribution in the water column.

Keywords: Lake water column; archaea; bacteria; water depth; temperature
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Fig.1 Chemical structure of isoprenoid GDGTs, hydroxy GDGTs and branched GDGTs discussed in this text

(For isoGDGTs and OH-GDGTs, arabic numbers indicate the cyclopentane rings. For brGDGTs, roman

numbers indicate tetra-( | ), penta-( I ), and hexamethylated ( Il ) brGDGTs, letters indicate the
absence (a), presence of one (b), and two (c) cyclopentane rings, while the prime symbols indicate
6-methyl brGDGT isomers in which the additional methyl groups occur at the a and/or
-6 position instead of a and/or -5 position of 5-methyl brGDGTs)

PR A2 i B AODETE. PRt BV R WA DU A - ) GDGTs AHSCHE b ke T gl FR8 AL G 45
I, AR 2 R 22, s B WNA/K S i 75 1 GDGTS , 3 SEAL 5 ) 14 A= 1) R 5 LA B g B35 0 7 i,
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AT 1 ESCE WA T 1 GDGTs BTG HE— L4748 , %8 T 0% 3 14 DL K XA AR %) GDGTs 1y &
BETUHR, AL A W EIT R WA KA GDGTs IS AT 5E.

5 2000 4F 5 74 BRI BT A9 W1A TTRU GDGTSs A TAEMI LS 1IA/K i GDGTs MBFse TAELG T
2009 4" A e FLR A3, 95 BB AR WA (b3 L K r A5 i X i (PR 2,3) , 3 B 1 RO
BV BB (suspended particulate matter, SPM) ()7 203k 548 GDGTs™ | 5 % i B W4 3K 28 ( sediment
trap ) T-Bok & HE K 1A b (9 TR BORE ( settling particles ) LAZKBUAS [ ] 43 BE A9 GDGTs #E 47 (£ 1) . fi5h
X PR 427 B AE A R KR GDGTs #F5% , f 3 IR/ K ITA B8 97/ 3578 32 WA DAL BOK IR
AHXT R 3% (Pond ) 5. 30 H BIFTFRIVIRKE , WA KK GDGTs BFFY A4 SC S n) AL 46 LR LA Jr i . &
FeoKA& GDGTs 434 REAE WA , % F IR WIAARRUR AL KK, H GDGTs 43 R BAF AR 2 57 IR 1E,
PERIPR T A 45 HR, WA 7KAA GDGTs S A J& A5 A 7RI 18] 22 53, FL3 A A JC 245 PERN . 56T L 1 [l A,
A CEEEIX 10 AR HT ATENAK K GDGTs BF5Jr 1) i3 J& , 1 e/ KM GDGTs (153 A B X B R
It 2L 3B KR GDGTs 43T IR R 4 5 SeMERR T GDGTs iy Mt o 1t a1 A o8 SR ARl R A4 TiE

180°W 90°W 0° 90°E 180°E
P 2 2BREIT /KM GDGTs WFFE RN (2% Skt il 1)

Fig.2 Distribution of GDGTs in global lake water column from previous literature, refer to Tab.1

5
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PRIRK IR TR LRI (DO) S BN 25 57, 227

PR WB R EI AL MK RR R B 5. % 0§
BRI, B IR GDGTs 7EF KWW AT 434 , SR 1T v
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B GDGTs [ 3 1 25 540, 75 {8 P A (A 45

H RS 1]

P 3 BT WA KA GDGTs K i) SCF A e
(RUEF ISI Web of Science,

SEWIAKAR GDGTs 23 A3 FEAE , A3 23K AR [R) 2E 9 0k FI 2020 468 2 1)
FeTR (T ve AT ) GDGTs e FiE 5 4 241 475 k3 3 Nben p

. . 2.3 Number of publications on GDGTs
AT BRI KA, R 50 R A [ in lake water column (from ISI Web of
VREE KR GDGTs WF5T k. Science extracted on August 2nd, 2020)

1.1 #3H7k 4k GDGTs iR BBk R T WA 5T

ANTFIZE AL TE B I A 25 3R 7R K RO [A] )2 7 2 0] & i GDGTs, i) i B A 7 3R P B8 K 1R
Tanganyika 17K % 1000 m &b , tAERI A [F 26 GDGTs Ak &4 it oA " SR b T A )2 (A7 7E Tk
JEE BT IR R SRR S I 2 Y e R R R & GDGTs BUE W/ E K s g,
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NI 20 GDGTs Y B AEA [R) )2 ALK AR H B 2% 572, I HAR [ 7K A4 rf GDGTs e i B /K R 2 AL iy SRR A
SRR (3 1), TEHELEITA S O 35 b T Bl PR AR R 3, 7 ST O AR 2 0 0 35 A, MO AR SR e i
Frak s FREABI. LA, % IR BIAR SCRHBIA K HE GDGTs #e B B XT LA 5 K 22 6 TR — 15090 52 1, TR G 3¢
A RN GDGTs #e BERF T, Ot R XA R T o GDGTs e J8 ml 7 3 o 48— B B S 4

1 AN[EIIAK R isoGDGTs 5 brGDGTs ¥ B /K TR 1 A8 1k,
Tab.1 Variation of the isoGDGTs and/or brGDGTs concentrations with water depth in

water column from different lakes

— R/ mﬁ/ri/ S e Bl K RAE A KT
m km isoGDGTs brGDGTs Trap SPM
Chala i 98 4.5 KLl i B v v [28]
Brienz i 260 29.8 SLE IR RAR FEAR v [16]
Lugano ] 288 4.69 BRI FEAIK FAA
Lucerne 1] 104 113 FEERM e hn Hn v [39]
Superior ] 406 82413 FE SR e B v v [40]
Tanganyika i 1436 32900 W 4 19 = eI F= U X v [31]
Challa ] 98 4.5 Kl GDGT-0 s, Hof — X v [36]
b A W e ke hn e A
Rotsee ] 16 0.46 B RIA REAR FEAR X v [21]
Lower King jihi 3 8 0.016 A2 9 - £ B v v [41]
B3 m
Challa i 98 4.5 KLl — i v v [37]
Lomond ] 190 71 PRSI A NTE S v v [42]
i pioeay 20 23 F S i FNTE S Ham v v [34]
Interpollen i 44 - Wi i FEAR X v [33]
Lugano i 288 4.69 GEE0] — Ma. Ma"shn, v v [32]
Ma’ 38 fin Ji5 BEAIR

Basin Jth 32.6 0.14 TR Hh - Ham v v [43]
R 6 325 EEFRERKH - - X v [44]
Malawi ] 700 29604 B 53 180 St fE s - X v [45]
L 3~127 0.1~8.2 AL B - X v [46]
AN 10 036  AFHIKHES — ENTES X v [47]
Sl 3~127 0.1~8.2 Sl — Haom X v [48]
Challa ] 98 4.5 KLl - B v v [38]
Montcortés ] 30 — FEFRN - AR v Vv [49]

N[5 25 2 A A Y 2R 308 2% 28 RS 19 R ——Chala (ULFR Challa) 177 B2 T 1R i GDGTs BF5¢, 455 &
FRIZWIA KR s B 1s0GDGTs LI AN brGDGTSs 1 FE 47 Bif K TR 52 388 B 4, -7 SR J2 WA o A 3%
A4k M2, T isoGDGTs Y€ B (9 14 R 22 0 (58 725 T2 8 brGDGTs!™ . SR T3k 46 UL 245 S 2 4% T GDGTs
i Lo§ 2 (core lipid , CL) #8705 , BV EMIFET I MM 2 I , WEARAE T K9 GDGTs 343 Ry T JE X He Ak
%, B JF A 2 S TN GDGTs 588 Mk (intact polar lipid, IPL) B2 3843 1925 4k, BV A: 40 1% M3 A
i AT B S SR A0 ) GDGTs ™. % 4% 5 %, GDGT-0 5 Hiflh isoGDGTs {44y 52 BT AR —F iy A48
b, it 2 IPL iF 2 CL #54), GDGT-0 764 BRJZ MHE 4 A & A A8 b, (AR KR TR MR B PR AR , MR i 2 1 3%
B FER TPL GDGT-0 ()9 J8 S ORI 5 SR TR GDGT-0 LIAMEHA isoGDGTs 4k & Wyl 75 S iR 2
BT A0 S B, (B AE TR IR U2 L X 8L isoGDGTs [k B S B FAA  AEAD 8 Tk Ak 3t & 820 . Bl
FEXT Chala 1A [F PR /K 4 IPL brGDGTs L1 K CL brGDGTs ¥¢ i A8 (L i RIF I v S B, B SR W 25 4% 252 B K ¢
BT A (LS 35 0 1 0 ) B 5 R R G AR K R VR 0 R SRR, SRR R TPL Y CL AR L i
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IPLY% 3 fH KA 219 35% AR 2 10% 7. S A 24 4l T Chala ) brGDGTs B H 7k A 78 K A v i1 25
TS, e BRI LZEUHE B 5 L3 brGDGTs fh 44y, He J8 249 B K 88 I, 76 7K PR TR0 1oy DR 48 2 R B ey ™
£5 X AEYH Chala 17K /& GDGTs #e i i 78 1T L & B, AR TH 267 GDGTs 4k & 4y bt /K TR A5 Ak 14 22 LA I AH
l7] , (B K 22 Bl /TR 2 B T A R 3.

BRAEYH Chala W1LAAL , 77 HABBAIA K At A 2ERMLAE , BT isoGDGTs 5 brGDGTs 1 34 B /K B3
INERKHIA Lucerne 117 L K AL S5 K WA Superior 3§10, 4 4R 75 2 A W11 40 B8 6% [7] bt 2 3k 75
J& GDGTs ¥R FEAS AL IBFIT , AR B 5 — 2% GDGTs 1b & W 4347 51 i 7 A [ 28 8388 719 o o 43 ) S0 ) 2]
isoGDGTs 1 &% brGDGTs B /K KN A B4, T 4 6045 7K A B 6 90 Maalawi 391 DA K% v 3 JE B IX k1L
W Y is0GDGTs , 9k Malawi 3] 951 2 K 7 isoGDGTs v B2 Fifi K R34 8 — e VR B Je SR IR
W a3 J5 % {035 55 1 Lugano W, BF5¢ Bk At TPL brGDGTs L)} CL brGDGTs ¥ BF Y Bk s fin , H:
r IPL brGDGTs S I 57 53, IPLY% 3 i )2 /K AR 1 30% 34 Z MK IR B 70% . Ak 235K b 3% ( Basin
) 1R R R E ARG R A K A brGDGTs (4 J -t 25 Bt K VR T 2 B i 34, Y 7K A T 3
B R, TWEEENE, BRI A T isoGDGTs 5 brGDGTs [k B A A 12 B RE K T in i 21
G ARRFR I AT B A SR AR, R /KA B TR A 3 26 1k & 0 00 ik B A 3 Al 38 B W, A SE Bl v R R 5 %
P GDGTs ¥ e L Bl FUE 2 5 , S 2 T A #a 3.

SR 5 9 52 90 B ) R BT e AN O, A RITR BE /K A v GDG'Ts e JBE b % J3E 335 00 ) 30 5 5 A 53 B,
TEARD A LR Mt 3, 8 00 & B 329990 Lugano M L K 225 32 171 Brienz i , 3% W14~ 3721k
TR 22 5 0B 00N, Toib AR TR R ZE KA isoGDGTs Hl brGDGTs (19 B ¥4 Bt A TR T ARG . 1tk
b 75 S B K W Rotsee 117", LAt HH R BRFIIT F) — S W S % B0 AR ). 2Y8R 1R SEBRAT S
AR IR S R B, AR BRI K A4 isoGDGTs Al brGDGTs B/ B S —BAR AL I BRGR ,  n 32 T [ 4E 1 b
X A D —— 0, BRI KK IR B 20 m, {H KA brGDGTs 19 43 #ii A 25 i 38 1 “ DR BE SN 7,
TRIZ/KR brGDGTs fy e J& 52 2 R 2K AR, SR T isoGDGTS F) 434 W I A & BRI B G2 [RIAE7E 38 k1)
Indrepollen {#], 7K 4 Hf brGDGTs 1 isoGDGTs Fifi 7K AL Ak 1) i F A B AR N [R] , B & K IR A B8, isoGDGTs ¥
B S ISTHE IS ARG R34 i) brGDGTs WIAE R 2K R 35 BNV (E , B 5 — B AR SR AR v 8 (E 5 422 S W I o7
SUREAT [T SR E R SE A, K IE%T GDGTs Vi BE F 82 Wi BT J- S B 17 B8 38 Ay 34 sl 20, n b 26 9%
TR ( Lower King 3% ) , ol G8JE KA /K R 30 , I 8L brGDGTs #e 28 b dge A, 76 LI A 4 K &2
BEHIA], JCFRAKAAR brGDGTs 143 B 342 i 13 2K AR, SR T 6 U0 DU A 1) JrE S ik ) BE , 3R 2K R brGDGTs ¥ JiE
=Y/ R N R Y r SR

25 L AR R M X R TR ZE A KM GDGTs YR BE 55 /K BRIG 2 MBI 5 R & B, B SRR A 7k
& GDGTs B Bl 7K I & A= A8 Ak, S PR3 i ok s > B 3, I R R A R GDGTs Y 28 (b X 3R 77 7 22
5.OORT T EE R AR, TERELETA K AR GDGTs ¥ BE R 7K VR (AR LI AN 8.3, N 7545 = Lomond 8 LA K 11175
EVR LA, X AN KR GDGTs e B LT 8 32 K S, 5K IR Z A 7 A 3 e 217 I
AN 18 GDGTs YR BE 19 AR A0 1T RER Tk 4 I PP I IA K A4 GDGTs By A4k, 38 75 i#E— 25 43 T K /4 GDGTs
2 AR AR
1.2 #5H7K & GDGTs H R 4F{EFF 5T

GDGTs 20 i 1) 22 5 EEARIAEARRIZE R GDGTs £k & 1 1A X e B L RO X i B o o i A & 1 (e o
HH 4 B A8 Ak, -, Ik &k GDGTs (4 40 56 48 k7 1 TEX,, . MBT/CBT %5 {1 45 fb, L 76 — & B2 B I R Bk fk
GDGTs 243 AR A (015 B, , P L AT 43K 43 B B3R isoGDGTs 5 brGDGTs 4 s AE A [l R FE A A v (14 43 AR 441
1.2.1 # 38 K 1K isoGDGTs 4 A7 £ AE# % LAFF R GDGTs RS 55 1Y Chala W 4 ], Bl 227 iff 53 R 18
isoGDGTs A0 A WIFEA R 2 ALK AR 1 78 (LA AE. JH: AR F R 4 B I BiF 98 TAE A 57 CL isoGDGTs 20 43 1y A%
A, 45 5 7 A SR B A 1 R KR, RS AT ER 25 M 1 GDGT-0 54578 25 1 IR AEAR 5 4
archaeol , W 4 AT ¢ BE 22 1 R K, {EL7E S0 IR 2 R T 389 % A S 38 388 M, 60 591 2 7 7 AR R 350 10 B S U2 A0
GDGT-0 ¥ BEHE A 2, 2975 ) )2 & 8RR A8 9%, = T crenarchaeol , B 9K J5 3 B R B Bifi /K I
B AR X 5 E S8 AR CL isoGDGTs L K TPL isoGDGTs B HF 5845 58— 3, B2 2k kv CL

cren-
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GDGT-0 Ak B (534 (B AL TR PR R Y SR 2 (T, CL crenarchaeol fA¥E B B 35 T+, R IZ L B E
By SR K IR ARZE 34 1, CL crenarchaeol 32 #TREAI% , # )2 CL GDGT-0 9k B 35 1 F, AT iy
Chala WK AR A2 9 EELH 7 . (AL, GDGT-0 LUK crenarchaeol £ Chala 7K 4 i Ji
BRIy XA AP TPL LK CL 443 K BRAS I AR —31 0. ok Bk ik 3 AN RV I R 4R BRI LA
b AR DL RERZ DT 25 R R IPL GDGT-0 7% b3 B UK A DL SR IR U2 A7 A Rk AR =7
o5 BT SB35 15 5 80% LA & 90% LA -, 4K CL GDGT-0 By AR X ¢ JBE (A5 140 R 42 1 S B s {1, ik 1)
90% LA I ; #8 2 crenarchaeol 1) IPL DA M CL 7EFS IR B2 LR e ERIRA , {2 CL crenarchaeol 7548 8K 2 M
R RE BB T CL GDGT-0, M4 2 FZEIL IR , IPL crenarchaeol 5 CL crenarchaeol AH%ik BEAR 42238 %
1.2.2 #38 K K brGDGTs 4 A A AE#F 7% (AR ZTEIE Y Chala 17T JR A TAE  AFFEHIMI A0SR oK, A TA) )2
{7k A4 brGDGTs 35 LIAHXT i W A 1 oty 325, AL TIT A9 X il 8 ) it /K R ik 20, T T B 7 R ) o 2 b
AL BT S WA WA AR R BRI A brGDGTs K SRR A 15 B (1 4) | SRS R0 A Ak
4385 brGDGTs [YSEFAN, AR AR b o0 A fe Z2 B AL A T B A 2, BTl B 2 B A 5-PP 0
brGDGTs L) J 6-FJE brGDGTs Stk A, 33 Pk G W 1 Ve J8E A8 AN [R) 1) 7K 445 43 J2 I 0 25 5 B 0% S A2 Ak, 461
ANTENLI 5 1 A KSR EI 1 (2013 — 2014 45 ) ,5-HUEE brGDGTs RFUALG 4, T b, ITb iy B 7EK IR
35~60 m &b AR T 6-F1 5 brGDGTs RALAH, Wa', Ma’ Y ik 2 W AR IS &R K 44 (60 ~ 80 m 4b ) & 5 T
TEER 2 DIKARS 2 (2014— 2015 42) , Th, b (YU BERCER 1 ANk M43 J2 I 1 1 25000, 3 HOs e BE T
Ma’ M’ BUAEAKTR 25~35 m Ab, WA 51 F45 14502 m B Ak e ™

(R IRBRA AR LR R R R R R

\.\\.\.:..../. ] :.....\,\ @\/
~ s 4 )

KGR m

««««« A brGDGTs/(ng/L)
. 0~0.25

0.25~0.50
0.50~0.75
0.75~1.00
1.00~1.25
1.25~1.50
1.50~2.00
2.00~3.00
3.00~4.00
4.00~5.00
5.00~6.00
6.00~7.00
7.00~8.00
8.00~12.00
12.00~16.00
16.00~25.00

KB m

KRG m

L S e SR S B
91011121 23 456 7 8 91011121 91011121 23 456 7 8 91011121 91011121 23 456 7 8 91011121 A
2013 2014 2015 2013 2014 2015 2013 2014 2015 4

&l 4 2013— 2015 4FH] [ R Chala AN R PR EE /K R brGDGTs i1 43 A F5AE (AR 41 SCHR [ 38 ] 46 240
Fig.4 Distribution pattern of brGDGTs in water column from Lake Chala, East Africa during the
period of 2013 and 2015( modified from reference [ 38])

B Chala ILLSN % 5 1K BIIA Lugano WA TR BE /KK brGDGTs fYHF 545 L R , A [R5 brG-
DGTs b G YIxl /K AR AL ma N7 25 5. B0, A4l Ao i TR G4 (a Ma' LUK Ma”) i BE 727K IR
AFERL R R 3 A A PIBEK A B R] i A8 A 3, Fovb Ma Bl K BRIZ W, 7 T R AUk
PR s B e s 1 a0 2 BN — R A AR, T K I 1 )2 & SR AR BE AR, BEK IR 23 a4, O A
KSR A 5 P (redox transition zone , RTZ) b 535 B fe i {8, (H7E RTZ {7, Mo/ v BE PR B A, BE S
e 7 1 M B K PR TR ™ A5 R R A S 70 WA K A P A 0 B e e v T A, OR
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AL IAE K RIEFB IR EUR AL (> 90 m) LGV B I 7K T2 W10 0, 26 I 0He 28007 780 S5 by k3 35 U 1% 2
{37 DR A8 A0 T 1 BTk . e A L AT A E T 45 SR T, K AR brGDGTs 4520 43 Bt 7Kk 78 Ak (9 47 0L LR
7], 386 brGDGTs Ak 437 /K R [F1JZ 057 9 M e JiE e R i, 7 4 DR R K IR 22 S i A A8 Ak, il b 2%
Basin Wy T R2504E 9 LUR PR DL A s i T a™ (8 R fb Ak 2 4 2 T07E 33 74380 96 40 52 BB
IR IR A A 2, T2 TR 12678 brGDGTs 4k & Wb /K IR 19 22 BVEAR Ak 7E— e L | 5
BOM G HIFE b MBT  CBT 25 ik 5 % A A4k

T B R, AKAK GDGTs He i 15 4% 41 3 (19 748 Ak R 34 I 8 — B, B/ I 7T BE 25 5% GDGTs ¥k B 1748
b EX AR BERF GDGTs 454150t 2x KRR (k. 0, B+ Lugano 111 & Brienz Wl %] HLWF5E K& B, K 14
1 isoGDGTs 4% 2H 5 il 7K A 12 BRI AR AR 3, (AR O B2 A A8 AL IR 3, B DL e A GDGT-0 Sy =1
FE G5 AL BRTE SR 1) Rotsee ], /K14 GDGTs ¥R J¥ th 2 BU R AR FRAIL A9 & #e {0 isoGDGTs LA f& brGDGTs
L4 (AR G FEE B K TR 10 725 Ak 1) R B35 GDGT-0 L % T a MR SR 2 12 39 311 S T ¥ 3 7K A v i J5e A # 2
A3 RIREIEZE Superior LA AL, BARLEAR A ZET , KK isoGDGTSs ¥ 4 52 BB /K TR 4 A iyt 34
{H 5 Chala 17K f& 78 £k 18 3449 GDGT-0 L& crenarchaeol ™ S [R] 42 , 33 5 245 1k 400 ik BB 1) 730 s U o
PEIT , R AR G v 3 R 2 s, 7 HL IR ] EAE T Superior 117K/ H isoGDGTs IR — | K 22 i 2F oy
AT Chala 7K ARG isoGDGTs AT A7 HA A 23 i B 4 J5E 0 Bk, D9 w2 2 /4 W A8 4k ™7 T i,
is0GDGTs 1A WA TR0 35 W Ab B I K AR [R) 207 1) 40 A . o, 768 1 Lucerne ] A K 4% Tangan-
yika 357"t % B LA, UK A i GDG'Ts e J35 447 Wil /A T 70 384 1, (L 4% 20 43 22 18] B9 AR X o 138 28 AR 9 R
E N2 BRI DL B 1) crenarchaeol g FEEL 4. 53 AME HAMMIIN K DK KT GDGTs e JE 9 8l 8
B4 F GDGTs £ AL A WA 4 A, AU 35163 Lower King s ™ A EAERIHEA " BB Indrepollen ]
UK AR Y 9 Malawi 91 2.

2 A7k GDGTs & #5kiE 5 Hr

2.1 #sAsk{k isoGDGTs 4 43KE N7

SR T H B 9 isoGDGTs ZEMIA KA P M He, JLTP- 8 Ak A BT 2457 SR T i A B WF 5 B 45
KA E A7 isoGDGTs By MR AEAE 22 57, B T /K IER IR R 0L 3R 5 S 4025 5 iX — M H LA A, isoGDGTs
ANTR B HE SRR ARG R R 3 I 2 22 T 1 N IR SR A Ar AR A D TR R, SIS, WAk ik
PIR VLR W Al T2 4> A % 27 T 1 Thaumarchaeota™ ™ | [ 1 76 & £2 #0351 1, Thaumarchaeota J& &
isoGDGTs [y T B AW A 2 — Y . Hi 1 Lucerne WK IR SPM JUBWIHH 3548 L K% £ J2 DU isoGDGTs
B 2 AR B — B, R WX 2 Ak A W) T AR R ) — 2B W ok U, T R VK BE (Y crenarchaeol T 3 1
Thaumarchaeota F2 7R R K 1K isoGDGTs (1 5B AR Mg I 2 — . £ Bl v e LA Bl I 2 R 45 4% 1A o
FEA AL EERIKIFIA Superior 7K A Ao Hy 1 £ A%, , 45 SR i % Thaumarchaeota J2& /A [R) %R B 7K 44 /P iy B4 119 32
By, AR RGR R b5 SRR Sy B 2317 1 Nitrosopumilus maritimus JE% 5L AE M5 T1EY)
LSRR b, 25 G KR R BE Y GDGT-0 5 crenarchaeol 28U 14 43 A AL , 7 35 HE I Superior #1457
TREE KK isoGDGTs FERIH T Thaumarchaeota Y FTHR . SR HE B 75 9 , Superior W /K A 16S rRNA fi)
ZE L R B Euryarchaeota {437 FE R EBK A4, 7E ULAR Y — K FLRTAL (1) EL I AT 3K 15% , 2 B 1A AN TR
TR KR o A A7 e B 22 5

A WA FREE 2 43 7 T GE i B Methanogens /2 isoGDGTs 1 EHAE Yk IEZ — ", Bk GDGT-0
LAGE, 72 BHGE B A A LA 28 B 1 isoGDGTs L4, 44 GDGT-1,GDGT-2 LKz GDGT-3( [l 1) %7 iy
RIS s 7 s oy B 6 S )2 B0 R BTk AS 7] EE 491 64 1s0GDGTs > 7 B s vy T4 B 1) At
HEWIBRE P AN T B (archaeol ) LA R ZEALBLLASN , 7= B BE T B D BEE R merA WA H , B 7= H e oy
FE AR5 9 40 A B AL TR o R . RIS OB —HE I IE A A A A 2 7 e R R
TEDR KA, 72 s iy R GDGT-0 1) AR Mok IR ™ . ST bt A 24 # 1 GDGT-0/ crenarchaeol 547
DLBPA 7= e oy B8 1) SRR R JEE , 12638 Ak 1 A5 ) 2 B 2 7= R e oy B8 3 A GDGT-0 T TG ¥ & i crenarchaeol ,
T2 vy ) T ) B S A A, I KRR T 2 B B R B L = B el s k| B
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SRR T W BRI bl T Bk 2

KR FATE Chala W 955 25 5 A0 B R AN R R BE KA isoGDGTs DL Kl IR VR AL fETE 2 = TEXTK
A isoGDGTs 220 73 AL AT 5T h &K B, Chala #)7K 4k FJ2 & 42 crenarchacol 55 GDGT-0 ik AH 2 A K, H
B K I, TR AR GDGT-0 [ i S8 2% 1 T), §-3U crenarchaeol (5 Ho I i T ™. Chala ik
RS FH: 2l B SR KRS 52 89 i B E 2 & 1 Thaumarchaeota I1a DA K L1b 5 £%, Xt R Z)ZN
GDGT-0 L) % crenarchaeol [ FEZLA Y IR , 17 2 T /K AR IRFHR IR A2 HH B ¥R (1) GDGT-0, /B 25 4 n] B
e PR T HoAth v B A9 SUEk , £0.45 A iy B Thaumarchaeota 1.2 1 /% 7 B4 marine benthic group C(MBG-C) , DA J 3K )@
FI R EER T  Halobacteriales 257 [ 5 X 1% T A [F) 8 8 /K MR P8 7R 25 1 9 amoA ThRESE IR 43
i &I, amoA VEEAEKIA L& AR S T HREZEF DE  EEEEPRIKEN amod FRI%)Z 000 T
287 = LA T Thaumarchaeota I1a DL L1b, MR KRR S22 AN 7] 15 97 %5 15 B Thaumarchaeota 1.2 71
L) 2 miscellaneous crenarchaeotic group( MCG) 2% 2 {3 5 Wk B GDGT-0 {442k U5 . @4t b vk %R [
1A K AR T isoGDGTs A: ¥ 5 BT ST AME & I, & iR isoGDGTs Fib Az 5k V5 EAT Z2RE 0 45 A, WA MA T v
R, RV R —I0 , A [R) 2057 A1 25 0 A5 A [R) 2 B A ol 1, DTG 2 U [F] R B K A4 T isoGDGTs ¥k
BE UL K45 41 53 iy A2 A
2.2 j#BiA7k{E brGDGTs & #15k B 4 47

L isoGDGTs AN[A], brGDGTs EL A& Az ¥y 3 5 5 4~ 10 i A W 72 , B4R 76 BF 55 000 30 & B Jfe 7 IR AU L
brGDGTs 3¢ 8 B &7 , IR & i brGDGTs f4 e IR 4 220 > JE 4% LB it Saxniis Mosse Y85 51 i )
16S rRNA L) J¢ brGDGTs () 43 71 & ¥, FR ¥T I Acidobacteria J2& 40 W 25 BF 1Y) 32 22 24 43, 25 & % 6 o< ) 1D
brGDGTs AR FE 45 isoGDGTs 5 4L Y, #EM Acidobacteria fRAG 1 g J2&: 1% 6 7% =5 ¥ JE brGDGTs Ay &£ %3k
JE . B LA AT R AR RS 5 brGDGTs UM 7= 1) (14 BAAARTH ) 137 25 2H A, 38 7R & i brGDGTs 21
P BB R4, BV KB 200 T ) 5 R 2R N SR sl AR ME SR L LT e, A5 2 5 8 3 $R HURRAT 1 Acidobac-
teria JUAE T TR BRAERR 1AL 20 53, KI5 brGDGTs Wb 20 TR # 2], I MR AT I8 Acidobacteria % 4fEN
S brGDGTs Fe A Al R A8 A R I 22— TR 810 S 7 8 - SR 8 R PR v o 4 0 v R 10
SO G AR AR T A PR BT B AR R R L H AT R A1 K & brGDGTs
AWK IR BB IR A A BR.

HERH 1 Lugano W AR ESR L, K A Ma w8 AR A3d0 S R 431, DT IR IR S B i e
FAEZ WA A s Ma Y 40 18 7] BER IR L 7 U IR iR e IR U2 28 7 L 5 ) T "™ 430 ¢ B0 2 /K R et
90 m (¥t 75, PR IHCH A A S bl A 16 7 K A TR ) DR AE A B A 1 A I K AR 1 43 T LE i 45 S
TN AR FEREE KA Acidobacteria ()53 FiFFAE 5 brGDGTs EZ A —34, H A KIEA R R AL AL d
brGDGTs fy725 4k 20, F WA 7E Lugano MR FF 141 J2 brGDGTs [y 78 L W) R IR 22— SR B 45 1 28 0 St
brGDGTs Z4f# 7 Yy be ke (i SRR Rl 7 2 25 MR BT, & A brGDGTs (40t AG W] GBS 55 7K A v 1 R ot S AL
YERT, ZWZ A KR T AR R 268 brGDGTs 1 AR W) R U7 AE 22 5, HAT ZRE0E ™. S A Chala ik {4 16S
RNA BT R K AR 588 brGDGTs AL & WA EE( [ b 1Th) SERATRETT SD21 J K48 DUE Y A1
FMEAEH AR AT WLAE Chala WK (& b, AT 56k brGDGTs 1) 2 B /E WK IR, SR 1M 7E Lugano W17K fA v
B Wa Ma S ERFFE ] SD21 A B 52 A G

3 ®Mmi#iA/kiE GDGTs M EE

3.1 FHHREE

3.1.1 # AR GDGTs 3 W R A5 AR GDGTs Jp A i 2= 15 M 22 57 A AN R 2 RUIIA A il 7
XFt3E Lower King {b3% Wi4E 2 LN & 8L, K H2 SPM rf brGDGTs Bk BE LA K GURR WA 245 Hh brGDGTs Y
i A A A W] SR A 2 P AR, R AR ZR 1K IR 2SI IR, brGDGTs 3 k- fie e, 24 g 14 AR ft el
ST B G, R A i 0 B G 6 D PR A o ) DR DR AT G, (5 2 R A S, brGDGTs #5417y
(R VG B AT S 0 00 3 (4 A A B 2 S L v 8 R G R L LI 9 — A S 3 R v TR 9
[FJRRF I 7K A4 SPML LUK STCRR I AR 2 % U ST 78 , %A /KA isoGDGTs ¥ JBE L bz 3 5t 4 oo (L ) AR 7K
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PRS0 4—9 JIHAN], A 31 F L3R Lower King Jin JE 9455 , VR HEDZ T BE i Me B2 11 isoGDGTs W] RE55 LA
KNI EORAT S BRI BN R GDGTs 34 B ZE 151k 25 5, B T R Ik 264k &5 1 i)
AR 22 A O AR 2T PEAR AL T B 1 A TR o BB DL R 3% A 1 R BAOE L J2 B MR A TH K 44 GDGTs
SRR TR I AMA A 2% LA b T AR K AR is0GDGTs L) 2 brGDGTs fy IPL L) K CL
IYIWEST, A 45 5 /R AR RIZEA GDGTs /) IPL CL F#84) ¥ 2 30 B 5 1) 229 P A8 4k, DT 5 | R AH CF8 4
i IPL isoGDGTs% L K TPL brGDGTs% 1) i 35 48 Ak , {8 25 b B AF 5% % 52 A 30 717 K BT , A X ER K T80 31 5
532 ABE N Z 2T s A s
3.1.2 M AEA E B A GDGTs 3 R A #F 5 5 3R/KBIT0AE L, YK 170 58 BE R 7 R A1 R B K IR
GDGTs [ 25 AR AL ERAE. Bl anEm -1 BRI Lucerne W, Fi32 2 /KK isoGDGTs #k BE 1 i (B L MAE & 22 5
KA Z 2Z ], FEAEWIACR AT 1 A 6y 38 B0 5 5 (8, T BR K A& isoGDGTs fe 5 {2 W) 78 B A Fin ek 21
Lucerne 7K A isoGDGTs ({215 P43 A AR KB 25 A5 GDGTs $8 A5 AS AL , B Uit TEX o 16 b5 7E 28 J22 7K 4 de
T e T 2 A5, R (R B R ZE Rk, VR TR AK A TEX o 164 ) £ 85 R0t BAE 3 A A,
TR FIREEZKIAR GDGTs #e B UL K AH G ARAR & Az 4T PEAR k. IR AE LS Lower King i35 194053 25 5
SR AN FEVRE KA brGDGTs 1745 P AR AL B I AR — 2, B JE R IR K brGDGTs ¥ BE (14 715 ¥E A8 (b 77 e
225% 2K brGDGTs ¥k B 7E 45 22 AU =22 [R5 i, 12 BE IS 2K A brGDGTs ¥ I &5 T3R8 )2, {HAE
HR B RARHZE WK AT B 2 KR brGDGTs [ NS 7 T8 2 (B 7 VS 55 4 28 R FK
{4 brGDGTs ¥ B W5 2 KA . BAMA T B AL, KRR Z FUIRJE brGDGTSs 454143 (AR e 4]t
TEAEZE e 22 5 AR 1 Ie3RA) Ta, a UK a RANLAWLEAR T vk B AR S o s . SRk
& Superior WI3ELE 3 4F 1 Wi 45 5 o , TR R K G B WA DT RN 3R A, 76 UL ) P9 isoGDGTs 5
brGDGTs 13 it 5T AU I (mass (lux) Z ¥ BoRdE % — S R0 AR URE  EA B ME BB 20 B %
(9 b T g L I (BRI AR 58 B — B, A7 — 5 O IR (B3 5 A0, I ELAE R [ 24 3 R i U
A U] S PR 22 5 EAM S B3R Lucerne #17K (A TEX o T8 47755 M AR AL AR ) /2 , Superior AN [R] /K PRITTER
TFRAS Y TEX o FEARAE AR AR &k AR . J54% 2% Lomond WA [F] 7 #1 /K A GDGTs th S B —
B 2T AR, FFIT S 7R T 2 M K A4 rh brGDGTs 78 A ] 2575 2% BIUR K, (B 7E W30 09 16 36 2 b, 7K A4
IPL brGDGTs 5 CL brGDGTs {1y EIAE 3 A I, H AR RZE35 crenarchaeol ¥ 55 19 75 H Y U AE 7K A4
AR BFFE 8 s A AN R KRR 35 2 P TPL GDGTs 5 BUAR [7] 9 2545 A8 AL LA, %62
KPR GDGTs 38 2547 P AR (L LA B 0 B3 T JE . I A 3R B, R [ K G T B 4 0 2 o
brGDGTs 3 izt JL-F- #RIE L Bk B e i, (HUR A K R brGDGTs 3t 1) 28 5 ME AR fb I AN 58 4 — 3, JIRFR K AR 11
brGDGTs 3@ ft 5 /5 , Al SPM Ht brGDGTs 194347 A7 5 A ZE 5 M AR AL LR , BL AR A1 A brGDGTs )
W2 RIFRRE  (HFR KA brGDGTs F{E H IR A2, MK AR A brGDGTs = {8 ] H BL7E 2 21
6 ALy, 1T W KRR RZfE brGDGTs M4 Y AS (b 77 % B35 22 57 . o] A b3 Basin a3 /K AR R R E
i) brGDGTs 3 12 1 i s 76 5 2 2 S IR, (PR 5 26 Bk 2 1 IR AR 43 S22 B, JK AR [ 432 /9 brGDGTs 3 2t
YR B TR I EOK SR, W I 2 R VR AN DU brGDGTs i8S IR (R
SSBR LR B A ES, BV T AEAR R

SR HAR AT WA K AR ) GDGTs A3 A Y2 2T i m, X & AR E T SN Z RIS R E.
BTN TP KRS FE AR B 2% SR K AWING L K44 GDGTs (¥ 3 LA % 45 20 43 )LL) 1 35 25 Rk 22 1 22 501
HAREE, HRAARZE CDCTs Wk A A RZ VB R 25, fE 5% CDGTs WeE 2 i TR it
S L P AWK A brGDGTs 1 78 AN ] A (3t 2 A i 3 A8 e
32 BERZE

FEWNAREE KR ST DO W LA K pH (B2 [RIHAAAAE— 2 IR G O &R, B TC i 0 37 1A B — 380
BERE XK GDGTs 4343 952 MR, 17 H A ™48 B SC_E R, B A8 38 A 132 UE 4 7 T B2 5% i 9 3F 7k 44
GDGTs {5347 , (H AR ZWFFe 45 R34 2 WK ik GDGTs SUskn R L 19281k , 1 Se i AR 5L F GDGTs [ 43Ai ok
ARSEFEHR TR 0 L B R A 5 SR e
3.2.1 # 3 KK isoGDGTs #f L3R JE & WA % (i T4 AE Chala 1 IKZ 2 L B UTEI 3R #% HH 3 T TEX
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Wk ST B TR B 5 30 7 S R — 35, DR DU K AR P 9 isoGDGTs 1 filg 2 B Kk 44 1 8 i VLB, (E R oA 3
ORI B AR S TN IR AL RR I 2 S B RO ER LA W ST 45 SR 2 K W, SPM
TEX o 847 TR 5 HIR L S5 WK BB R PR Z R, RZ KA TEX F8 A5 Ik &2 IR AR T R 2K
PRI AL SR, T /K AR RS TEX o JIT IR 2 1) 050 P8 DO B2 15 /K AR 1 S S0 L 8, 9 1PV 25 0 ] B2
FRFEREE KA GDGTs AL I 22 51 1y, 3 B TR R 277K AR isoGDGTs Az 4 s 1]t AS IS AH ]
DRI st AT A A 5 AN [ B ) 1 A 3L £ 5. (ALK 3% Superior 1 BIF 5 45 SR W 22 B, SPM ) TEX y 4547 7E
TR R B3 22 DA SR AT I Y R A 550 WK AA IR R AR A, {H 3T TEX g TP ST A 35 2 A8 AR /1N, PR ikt B e 7
HZWK B 2, o A B K S R, AT RE S Chala /K44 isoGDGTs Bl —3 ™" ik A
HOCHK IR TPE A5 5. M Z T, Superior #5110 BLH) 0 1245 H Y TEX o 36 45 AR 21 SPM )
TEX o, B8 550 [ 75 BE (928 1k , B 76 4 Z L0 B 4 A F e o5 (1 A9 B, TEX o 18 B th JG 25 A 53U 3 K 1
T AEAR T B AR DU AR TEX 58 hR TR E 0I5 5 [F]— b 25 R JZ DU Y TEX o 46 b7 BTk &
AR — 0, BB KR 40 m K IRAR BRI . oK E 95 2% Lomond W] Y45 50 8 /i, A7 F /K ¥ 30~ 60 m
Qb SPM, H: TEX o 5 FRIK &2 1 U B -5 S /K IR 2 Pl JE 3 4230 . 25 s #8131 7K & SPM. 1 isoGDGTSs [
3 A SRR 1O YL BT B AR AL, 4 R FE T 1s0GDGTs 1) TEX o 1 b ST 52 19 1L BE A R4 3G 7% 2 iR JEE

SRR ZE ZARA S , 37 7 B Thaumarchaeota (115 25 24 R AIE 7] BB AE — & B B2 TEX o 45 42 T K & 1
FE R HERGPE. B3R K MR Lucerne 3G IT 25 5 7R, BLARVR)Z KA1 TEX o 48 b S22 BURA f (0 25
ASACARAE (R TCTE A AR M 7K 3 24 R BE A A8 Ak, A A FAAERZ LT Thaumarchaeota A2 K55 22 TR 7K
1 TEX oo IR R 5 SRR B2 35X 5 Chala 3145 5850, /K14 TEX o JIF 8 8 1 R A 2455 K ik
RIS, WL S W54 B Thaumarchaeota RS 1 22 BRZ (9 IR B2, e AMEJE Y Malawi 5 70 2 BR, 7k
1 TEX g BT 2 B IR BE , 75 22 2K R LA T IR0 SR B, (E7F 2 J2 /K00 D) B2 725 T DL o7 S 0 3 2, A
Ay R BR3[BT B A TR O T )
BT TAERARIE , AR5 A5 J7 T A TIEDE /R TEX o PR AR B 7% T o TR RN F S0 EL R, E B P T K
PR b7 32 525 1 B Thaumarchaeota B4 2570, R RSB # R S TEX ( 2 18] 52 BL G 5E , K B0 H
REA: KA W R AT TR TR AR AL 5 T K 20 1 2 vy B W) K 2238 O I Wk 2 119 e, BTk & 1)
R B 707 . TR i Malawi 351 HE SR K A TEX go IR A2 010 9 152 50 S0 80 55 , 7T A ph /0 0% 12 R OK 2
1 A5l B REVE LR isoGDGTs fY43 A ). Beabh , ZEPPAS A& isoGDGTs Wi 37 35 B By 3 i i 75 B2 25 1 oAt
B SR, B0 AR B TR K W SH IS JE MR T (9 285 SR SR, K AR TEX o FF A BEFS A5G 7 AK A4 D87 ST % 19 15
BB, TEX o {BAAF F 2 /KA 5 520 I B 230, 7 /K PR YR 32 2 JIT Ik S 1 T 5 D) 2 B v /K4 %) T A7 5 0 3tk
JEE 8 A 25 I ] A5 /K AK isoGDGTs A Hoft AR 2 oty K IR i sk A 6
3.2.2 #38 A& brGDGTs ) 5L if & R A #F 7% A63E Lower King {d SPM (45 R R, brGDGTs 434 AUA
SO0 AR A AL , 30 T LAFE 78 IR R A 20 PEAR LA , SR T DT B A 3R 4% 5 19 brGDGTs H1JG 75 A 2 12
TR AR5 S, R WK P brGDGTs 1] g G i UL s (A7 B LA rh . RS 7R 1K 43 J2 it 40, DA
YIRS Y brGDGTs AT LA WL 2 /K AR IR, R T 2 ) Y 5 920 /K Il 22 ) 46 58 42—, (R S
MK IR -5 L2 brGDGTs Ak AW Z B B AF AR IR SEPE ™ . R AR Chala 17K A& brGDGTs fy454% , 4% MBT
LK% DC( degree of cyclization, ZsXH B LFEAR ) REA 88~ K IR AR B, , iX SEHEHR 1 5 7K il =2 (W] 7715 Gk 35
BIIEARSEIE R, I HL2E B Bk K VR B R I R o 2 05, 5 7K T 0 4R S 1 45 AR 5, 38 I 90 3P K 4 o B AR
brGDGTs (14 24 1 71T LI M4 5L SH I 1 g A M PG £E A7 . R 5 0 B 0 2, 2T brGDGTs W &2 1) i
5550 SR LA B KR 22 TR IR — 5 i Je 1, Ferhis Je AR 5~6 A KRR 3 A4S, X AT BE 2
TFWIA7KIR brGDGTs 7 i g = g i T A FH 5990 U4 brGDGTs , Wi 25 X i B 7 25 S [) A o oy A5 5,
KIS H SR B AR B 2%, BRI K AR [ A brGDGTs AN, WA & i 4 58 DA R Ui R 1 5 2 4h, 2 Bk
brGDGTs'™" | WA i3 8 T 5 S M348 =2 18] P48 S A4 7 Loweer King 03 oA i3

AN RS S TR AR M 7K AR brGDGTs 3B 4315 B 45 28 A IR A 40 A7 X oy [ It ot X2 Vg K AR Y
WFFE KB, SPM (1) MBT4y,, 1 MBTgy, F8FR7E 9 F 3 IRl KGR 2 SRS B 3, 33K 5 S0 K A g 174 28 A X
— 3, AR AR RTE 1 H IR A ARG, 5 1 A A R 1 K IR AR A 28— 30, H ko R i A
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TR T SPM (1 brGDGTs K H A PR S0 A A5 20 S ORI A8 467 . SR T o B2 RIS , AR X
PSRRI LA 25088 7 /K R A8 Ak, (R0 9 AR [0 A 443 38 22 TR S AR 7 Sl 7, 28 AR B0 G A LAt 8 3 o
H kA, Blndt3E Lower King fh#, 5£F 22Kk SPM Pk & i 225 LR 25 4 5.4° C, T 9% s 8 22 ) 7T 3k %)
28.3°C Y AR HLIX W AL T brGDGTs 45 Hh i 245 5 2%k 8°C , TS bR 4 ik 25 Wl ik 16°C .
3.3 kiRFAK{k DO REEE

WFSE R BRIRIE LT , KA DO BRIV 5t 23 BRI AS [ TR BE K 1 GDGTs (9434 il an 5 Chala 7k
PRIRERPREUZ 07 is0GDGTSs e B B 12 AR P AN B 2, 3 FLUR IR 07 i B RES SR i Aff 7 25 577
AN [ A 1 brGDGTs K22 A4 11 K I 35~ 43 m i SR K (0,<2 mg/L) HIIRHR KA, F W76 %)
TRV A B brGDGTs 14 21 B it 1 S0 2 858 7). [RIRE/E B, Indlrepollen 7K 1A vt % BRS (BRI A
isoGDGTs f) S ¢ B B DO [ TN , H 7 SR 2 IR 0 1A 80 e i (0, W9 28 2 ) S LA o S 1) B AT
25V R DO e 11l VL S S R 14 KA TEX oo B 75 B2 5 22 10 240l 285 SR S 30 7 b, v 8 B 1 5
FEFRWIA X LS5 5 R KA B2 SPM ORI R 35 i 1) TEX o 5728 B HH 5035 1) 22 W P4, T 2 19 0
S RZAREMA AR T A TGS R TEX 57Kk DO e J3 22 [l to 77 76 2 W 2 19 974
5, FEONARIZVURPIN TEX (552 KA DO R 520 , DM TE S S FRBE 0 T TEX o 75 bk 52 151 i
AT LA 122 Y (A IR LR 7 47 1 T Thaumarchaeota (R0 45 52 AT LUK 13 G 4R (1A 4
SR BIF ST S 4 B B WA A T T LS TP Y isoGDGTs ZH 4%, 4 i 2% 46 25 Mk B 37 BRI, GDGT-2 il
GDGT-3 #e J& W4 i, T GDGT-1 {9 J& ok 20> , T S TEX oo {5, 5 B0CH: B0 52 0 1 9 A8 4670 1AL £ A1)
TEX g 78 B30 52 5L E I 55 % 18 DO ¥ 38 (19 501
3.4 HftEE

BRIRIE (DO e J3E 45 R AAD, oA R B A5k pH A 58 FR AR K 5l 25 i K 44 GDGTs
(434 110 Chala 3, BARIET brGDGTs 115 DC LUK CBT 5 b5 55 1 B 22 18] (M1 SC MR AR i 35 (0 pH &5
MBT 2 [a 41 5 A s (AR DG e 7 L (B e W0 T R (B B BF S S , R RIVRBE KA brGDGTs 53R pH LA
K DO e 2Z B 5C R IR B2, (A R0 R K AR 53 J2 AR K AR IR A, 2 WA A Chala i1, 15 % 7] fig
FEA SRR KA brGDGTs S5 ) 1 38 PR T, K MR 43 22 10 45 2800 458 J 5 | R 199 440 T 30 746 7 ol 2 5% i /K A
brGDGTs ({735 > . (EASFE R , MK e — & RS2 AR WK ik b GDGTs 14343, 5 51 /& brGDGTs
() 1/ 11 HeAR AT LA RO R Bk i s i 1/ 11 Heqf 2 R 26 WA 838 3 L T 2 9 brGDGTs i wh ) 25
I, T 26 AT S A1 U , 2 F RO K A& GDGTs 434 45 A T2 S0, 7l A5 3% 9130
IR, T 552 K AR 6. A, KR A B B 5 A 5 D B e — e R LS 5 K
& GDGTs 9434 , Wi e AR 30 K LA AN R BE K s, KBRS T T =2 () 43 5077 76 26 W i (9 I SR G 1
2, brGDGTs 443 (1748 b 1T LA Wi iF K A p 48 A6 R R A PR I AR AL, 3875 /K AR b DO Wik BEARAE | T K
F 8 SR A L B S AR 43 2 S P — AR EE 4345 brGDGTs 41T B4 B K A B ™

4 ZEig

ARSI IR A ) R A R 1 D Tk IS Ak 4 A 1 TR K A Y 43 AR AR, 43 0 A B8 R R T R Y
isoGDGTs LB 2 A 19 brGDGTs AEMHIAN [RIER BE K A H (14 43 i AR , A48 v B L X 45 261 43 A X vk B /K TR 1 7
AL BLITST , LAV S S5 A K A AR [ 2680 GDGTs (R A= Wi IR R8T , LA S0 83 1 7K & GDGTs 43
MEEBRFE RS, BRI TAELIRE B2 P RN TR, $iH7K & GDGTs M58 TAER L i
e, (HLTAGX 10 AESRXHBIA/K A& GDGTs M58 2B, GDGTs JL-F- 437 2E WA AK A I A T2 A0, 7K BR R Ml K 1R
GDGTs e & LU Ke 25 2103 Y724k, JF B [RIZEBSWINE GDGTs B/K IR AL i MU A — B0, R 2 B &< B 3
2 K e e AR A T AE SRS N T R A BT R Ak, 3T R SR [ A K A GDGTs 194
FRIRLA IR 26 ORE &5 VE TR AE) 22 5 0. ETOKIAK isoGDGTs (1A MR IR ) &L, Bk T /K i
20 A B9 771 B Thaumarchaeota | 7= 5815 & Methanogens DA A, FHoAth 28 B 44 58 & B 40 MBG-C A1 MCG L) K2
I S ARG A isoGDGTs. 7K brGDGTs (AR YIsRIR , rTRE S T3 LL R fe s i aR 45 R 264, Bk &
HKIRF TR Acidobacteria W BTHR , SRTTAE R LWV , KR FHRAT & Acidobacteria )35 brGDGTs ¥ i 2 [A]



1346 J. Lake Sci.(#3a#2) ,2021,33(5)

W R IEA T2, K TR AT B AT REH A2 2SR K 44 brGDGTs 1) = Z AR IE.

MR 1A/ GDGTs WFFE it A7 A 2 HoAth AR TR e e i) [m) R, 4511 a0 ) FH /K A4k GDGTs 437 a2 2 U/
IHEEAE S BUAT S A B4, RIZE T SPM s & UURMIH 3R ' GDGTs iy 4045 TR & (IR EE , B 4K 5 ST iR E )
B AR 5 S B 2 a] S A T) b A, 55 T S R S RN 2 A B AT a1, DL ROAS (R v B
(B2 —2, I ANy s AL SF AR, thAMBIIA /K A& GDGTs BARA: Wy iR I, LA KA [R) A= M9 % R GDGTs %if
T B AL BRI D8 2 o 7 1051, 3645 99 9A JE) 1 148 GDGTs X7k & GDGTs stk 3 L K WiTH K & GDGTs %t
WA TR 0 STk ) R A S TR ik — .

S Bl B A IR R R BE AT 5 AT Bt 1 A AR SR B i 2 P AR AR e A B

5 S 3k

[ 1] Schouten S, Hopmans EC, Sinninghe Damsté JS. The organic geochemistry of glycerol dialkyl glycerol tetraether lipids: A
review. Organic Geochemistry, 2013, 54. 19-61. DOI. 10.1016/].orggeochem.2012.09.006.

[ 2] Weijers JWH, Schouten S, Hopmans EC et al. Membrane lipids of mesophilic anaerobic bacteria thriving in peats have
typical archaeal traits. Environmental Microbiology, 2006, 8(4) . 648-657. DOI. 10.1111/j.1462-2920.2005.00941.x.

[ 3] Liu XL, Lipp JS, Simpson JH et al. Mono- and dihydroxyl glycerol dibiphytanyl glycerol tetraethers in marine sediments:
Identification of both core and intact polar lipid forms. Geochimica et Cosmochimica Acta, 2012, 89. 102-115. DOI. 10.
1016/j.gca.2012.04.053.

[ 4] Naafs BDA, McCormick D, Inglis GN et al. Archaeal and bacterial H-GDGTs are abundant in peat and their relative abun-
dance is positively correlated with temperature. Geochimica et Cosmochimica Acta, 2018, 227 156-170. DOI; 10.1016/].
gca.2018.02.025.

[ 5] Baxter AJ, Hopmans EC, Russell JM et al. Bacterial GMGTs in East African lake sediments: Their potential as palaeotem-
perature indicators. Geochimica et Cosmochimica Acta, 2019, 259 155-169. DOIL: 10.1016/j.gca.2019.05.039.

[ 6] De Jonge C, Hopmans EC, Stadnitskaia A et al. Identification of novel penta- and hexamethylated branched glycerol dial-
kyl glycerol tetracthers in peat using HPLC-MS?, GC-MS and GC-SMB-MS. Organic Geochemistry, 2013, 54. 78-82.
DOI:; 10.1016/j.0rggeochem.2012.10.004.

[ 7] Becker KW, Lipp JS, Zhu C et al. An improved method for the analysis of archaeal and bacterial ether core lipids. Organic
Geochemistry, 2013, 61 34-44. DOI. 10.1016/j.orggeochem.2013.05.007.

[ 8] LilJJ, Xie SC. Application of microbial membrane tetraether lipids in lacustrine environments: A review. Bulletin of Miner-
alogy, Petrology and Geochemistry, 2015, 34(2) : 277-284, 309. [ =iy, WA 2l 4y IO BRI AR 1L 5 W 72 933R
PSRBT HE RS . 67 A MR i A, 2015, 34(2) ¢ 277-284, 309. ]

[ 9] LiJ, Yang H, Gao C et al. Application of hydroxylated glycerol dialkyl glycerol tetraethers: A review. Quaternary Sci-
ences, 2018, 38(6) : 1462-1470. [ ZEG5HE, Hpuk, Wil as. FRHHM e 5 Hramh DU BE AR S (b & W ek . 450022
5T, 2018, 38(6) : 1462-1470.]

[10] Naafs BDA, Inglis GN, Zheng Y et al. Introducing global peat-specific temperature and pH calibrations based on brGDGT
bacterial lipids. Geochimica et Cosmochimica Acta, 2017, 208: 285-301. DOI; 10.1016/j.gca.2017.01.038.

[11] Castaieda IS, Schouten S. A review of molecular organic proxies for examining modern and ancient lacustrine environ-
ments. Quaternary Science Reviews, 2011, 30(21/22) . 2851-2891. DOI. 10.1016/j.quascirev.2011.07.009.

[12] Schouten S, Hopmans EC, SchefuB E et al. Distributional variations in marine crenarchaeotal membrane lipids; A new tool
for reconstructing ancient sea water temperatures? Earth and Planetary Science Letters, 2002, 204(1/2) : 265-274. DOI.
10.1016/50012-821X( 02)00979-2.

[13] Wuchter C, Schouten S, Coolen MJL et al. Temperature-dependent variation in the distribution of tetraether membrane lip-
ids of marine Crenarchaeota: Implications for TEX86 paleothermometry. Paleoceanography, 2004, 19(4) . PA4028. DOI.
10.1029/2004pa001041.

[14] Weijers JWH, Schouten S, van den Donker JC et al. Environmental controls on bacterial tetraether membrane lipid distri-
bution in soils. Geochimica et Cosmochimica Acta, 2007, 71(3) : 703-713. DOI. 10.1016/j.gca.2006.10.003.

[15] LiJJ, Pancost RD, Naafs BDA et al. Distribution of glycerol dialkyl glycerol tetraether (GDGT) lipids in a hypersaline
lake system. Organic Geochemistry, 2016, 99, 113-124. DOI. 10.1016/].orggeochem.2016.06.007.



B dh RS R KA R v BB S A BT R i R 1347

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

Bechtel A, Smittenberg RH, Bernasconi SM et al. Distribution of branched and isoprenoid tetraether lipids in an oligotro-
phic and a eutrophic Swiss lake: Insights into sources and GDGT-based proxies. Organic Geochemisiry, 2010, 41(8) .
822-832. DOI: 10.1016/j.0rggeochem.2010.04.022.

Niemann H, Stadnitskaia A, Wirth SB et al. Bacterial GDGTs in Holocene sediments and catchment soils of a high Alpine
lake: application of the MBT/CBT-paleothermometer. Climate of the Past, 2012, 8(3) . 889-906.

Li JJ, Kong LY, Yang H et al. Temperature variations since 1750 CE inferred from an alpine lake in the southeastern mar-
gin of the Tibetan Plateau. Quaternary International, 2017, 436 37-44. DOI. 10.1016/j.quaint.2016.12.016.

Watson BI, Williams JW, Russell JM et al. Temperature variations in the southern Great Lakes during the last deglacia-
tion; Comparison between pollen and GDGT proxies. Quaternary Science Reviews, 2018, 182, 78-92. DOI. 10.1016/j.
quascirev.2017.12.011.

Tierney JE, Russell JM. Distributions of branched GDGTs in a tropical lake system: Implications for lacustrine application
of the MBT/CBT paleoproxy. Organic Geochemistry, 2009, 40 (9). 1032-1036. DOI. 10. 1016/]j. orggeochem. 2009.
04.014.

Naeher S, Peterse F, Smittenberg RH et al. Sources of glycerol dialkyl glycerol tetraethers ( GDGTs) in catchment soils,
water column and sediments of Lake Rotsee ( Switzerland) - Implications for the application of GDGT-based proxies for
lakes. Organic Geochemistry, 2014, 66: 164-173. DOI; 10.1016/j.orggeochem.2013.10.017.

Tierney JE, Russell JM, Eggermont H et al. Environmental controls on branched tetraether lipid distributions in tropical
East African lake sediments. Geochimica et Cosmochimica Acta, 2010, 74(17) : 4902-4918. DOI. 10.1016/]j.gca.2010.
06.002.

Sun Q, Chu GQ, Liu MM et al. Distributions and temperature dependence of branched glycerol dialkyl glycerol tetraethers
in recent lacustrine sediments from China and Nepal. Journal of Geophysical Research Atmospheres, 2011, 116 (G1) .
G01008. DOI; 10.1029/2010jg001365.

Pearson EJ, Juggins S, Talbot HM et al. A lacustrine GDGT-temperature calibration from the Scandinavian Arctic to Ant-
arctic; Renewed potential for the application of GDGT-paleothermometry in lakes. Geochimica et Cosmochimica Acta,
2011, 75(20) : 6225-6238. DOI; 10.1016/].gca.2011.07.042.

Dang XY, Ding WH, Yang H et al. Different temperature dependence of the bacterial brGDGT isomers in 35 Chinese lake
sediments compared to that in soils. Organic Geochemistry, 2018. 119 72-79.

Russell JM, Hopmans EC, Loomis SE et al. Distributions of 5- and 6-methyl branched glycerol dialkyl glycerol tetraethers
(brGDGTs) in East African lake sediment: Effects of temperature, pH, and new lacustrine paleotemperature calibrations.
Organic Geochemistry, 2018, 117 ; 56-69. DOI; 10.1016/j.orggeochem.2017.12.003.

Sinninghe Damsté JS, Ossebaar J, Abbas B et al. Fluxes and distribution of tetraether lipids in an equatorial African lake :
Constraints on the application of the TEX86 palaeothermometer and BIT index in lacustrine settings. Geochimica et Cosmo-
chimica Acta, 2009, 73(14) . 4232-4249. DOI. 10.1016/].gca.2009.04.022.

Blaga CI, Reichart GJ, Heiri O et al. Tetraether membrane lipid distributions in water-column particulate matter and sedi-
ments: A study of 47 European lakes along a north-south transect. Journal of Paleolimnology, 2009, 41(3) . 523-540.
DOI; 10.1007/s10933-008-9242-2.

Sinninghe Damsté JS, Rijpstra WIC, Hopmans EC et al. Intact polar and core glycerol dibiphytanyl glycerol tetraether lip-
ids of group I.1a and I.1b thaumarchaeota in soil. Applied and Environmental Microbiology, 2012, 78(19) . 6866-6874.
DOI; 10.1128/aem.01681-12.

Schouten S, Hopmans EC, Pancost RD et al. Widespread occurrence of structurally diverse tetraether membrane lipids;
Evidence for the ubiquitous presence of low-temperature relatives of hyperthermophiles. PNAS, 2000, 97 (26) . 14421-
14426. DOI: 10.1073/pnas.97.26.14421.

Schouten S, Rijpstra WIC, Durisch-Kaiser E et al. Distribution of glycerol dialkyl glycerol tetraether lipids in the water col-
umn of Lake Tanganyika. Organic Geochemistry, 2012, 53 34-37. DOI: 10.1016/j.orggeochem.2012.01.009.

Weber Y, Sinninghe Damsté JS, Zopfi J et al. Redox-dependent niche differentiation provides evidence for multiple bacterial
sources of glycerol tetraether lipids in lakes. PNAS, 2018, 115(43) : 10926-10931. DOI; 10.1073/pnas.1805186115.
Zhang ZH, Smittenberg RH, Bradley RS. GDGT distribution in a stratified lake and implications for the application of TEX
86 in paleoenvironmental reconstructions. Scientific Reports, 2016, 6. 34465. DOI. 10.1038/srep34465.



1348

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

J. Lake Sci. (#ia#F3) ,2021,33(5)

Hu JF, Zhou HD, Peng PA et al. Seasonal variability in concentrations and fluxes of glycerol dialkyl glycerol tetraethers in
Huguangyan Maar Lake, SE China: Implications for the applicability of the MBT-CBT paleotemperature proxy in lacustrine
settings. Chemical Geology, 2016, 420 200-212. DOI; 10.1016/j.chemgeo.2015.11.008.

Pitcher A, Hopmans EC, Schouten S et al. Separation of core and intact polar archaeal tetraether lipids using silica col-
umns ; Insights into living and fossil biomass contributions. Organic Geochemisiry, 2009, 40( 1) ; 12-19. DOI. 10.1016/].
orggeochem.2008.09.008.

Buckles LK, Villanueva L, Weijers JWH et al. Linking isoprenoidal GDGT membrane lipid distributions with gene abun-
dances of ammonia-oxidizing Thaumarchaeota and uncultured crenarchaeotal groups in the water column of a tropical lake
(Lake Challa, East Africa). Environmental Microbiology, 2013, 15(9) : 2445-2462. DOI. 10.1111/1462-2920.12118.

Buckles LK, Weijers JWH, Verschuren D et al. Sources of core and intact branched tetracther membrane lipids in the la-
custrine environment: Anatomy of Lake Challa and its catchment, equatorial East Africa. Geochimica et Cosmochimica Ac-
ta, 2014, 140 106-126. DOI: 10.1016/j.gca.2014.04.042.

van Bree LGJ, Peterse I, Baxter AJ et al. Seasonal variability and sources of in situ brGDGT production in a permanently
stratified African crater lake. Biogeosciences, 2020, 17(21) ; 5443-5463. DOI; 10.5194/bg-17-5443-2020.

Blaga CI, Reichart GJ, Vissers EW et al. Seasonal changes in glycerol dialkyl glycerol tetraether concentrations and fluxes
in a perialpine lake; Implications for the use of the TEX86 and BIT proxies. Geochimica et Cosmochimica Acta, 2011, 75
(21): 6416-6428. DOI: 10.1016/j.gca.2011.08.016.

Woltering M, Werne JP, Kish JL et al. Vertical and temporal variability in concentration and distribution of thaumarchae-
otal tetraether lipids in Lake Superior and the implications for the application of the TEX86 temperature proxy. Geochimica
et Cosmochimica Acta, 2012, 87, 136-153. DOI; 10.1016/j.gca.2012.03.024.

Loomis SE, Russell JM, Heureux AM e al. Seasonal variability of branched glycerol dialkyl glycerol tetraethers ( brG-
DGTs) in a temperate lake system. Geochimica et Cosmochimica Acta, 2014, 144 . 173-187. DOI. 10.1016/j.gca.2014.
08.027.

Buckles LK, Weijers JWH, Tran XM et al. Provenance of tetracther membrane lipids in a large temperate lake ( Loch
Lomond, UK) : Implications for glycerol dialkyl glycerol tetraether ( GDGT)-based palaeothermometry. Biogeosciences
2014, 11(19) : 5539-5563. DOI; 10.5194/bg-11-5539-2014.

Miller DR, Habicht MH, Keisling BA et al. A 900-year New England temperature reconstruction from in situ seasonally
produced branched glycerol dialkyl glycerol tetraethers ( brGDGTs). Climate of the Past, 2018, 14(11) . 1653-1667.
DOI: 10.5194/cp-14-1653-2018.

Qian S, Yang H, Dong CH et al. Rapid response of fossil tetraether lipids in lake sediments to seasonal environmental vari-
ables in a shallow lake in central China: Implications for the use of tetraether-based proxies. Organic Geochemistry, 2019,
128 108-121. DOI; 10.1016/j.orggeochem.2018.12.007.

Meegan Kumar D, Woltering M, Hopmans EC et al. The vertical distribution of Thaumarchaeota in the water column of
Lake Malawi inferred from core and intact polar tetraether lipids. Organic Geochemistry, 2019, 132 37-49. DOI: 10.
1016/j.orggeochem.2019.03.004.

Yao Y, Zhao JJ, Bauersachs T et al. Effect of water depth on the TEX86 proxy in volcanic lakes of northeastern China. Or-
ganic Geochemustry, 2019, 129, 88-98. DOIL: 10.1016/].orggeochem.2019.01.014.

Cao JT, Rao ZG, Shi FX et al. Ice formation on lake surfaces in winter causes warm-season bias of lacustrine brGDGT tem-
perature estimates. Biogeosciences, 2020, 17(9) : 2521-2536. DOI; 10.5194/bg-17-2521-2020.

Yao Y, Zhao JJ, Vachula RS et al. Correlation between the ratio of 5-methyl hexamethylated to pentamethylated branched
GDGTs (HPs) and water depth reflects redox variations in stratified lakes. Organic Geochemistry, 2020, 147. 104076.
DOI: 10.1016/j.orggeochem.2020.104076.

Cao M, Rivas-Ruiz P, Trapote MDC et al. Seasonal effects of water temperature and dissolved oxygen on the isoGDGT
proxy (TEX86) in a Mediterranean oligotrophic lake. Chemical Geology, 2020, 551 119759. DOI. 10.1016/]j.chemgeo.
2020.119759.

Weber Y, De Jonge C, Rijpstra WIC ez al. ldentification and carbon isotope composition of a novel branched GDGT isomer
in lake sediments: Evidence for lacustrine branched GDGT production. Geochimica et Cosmochimica Acta, 2015, 154

118-129. DOI: 10.1016/j.gca.2015.01.032.



B dh RS R KA R v BB S A BT R i R 1349

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

Keough BP, Schmidt TM, Hicks RE. Archaeal nucleic acids in picoplankton from great lakes on three continents. Microbi-
al Ecology, 2003, 46(2) . 238-248. DOI. 10.1007/500248-003-1003-1.

Kan JJ, Clingenpeel S, Macur RE et al. Archaea in Yellowstone lake. The ISME Journal, 2011, 5(11): 1784-1795.
DOI:; 10.1038/isme;j.2011.56.

Ochsenreiter T, Selezi D, Quaiser A et al. Diversity and abundance of Crenarchaeota in terrestrial habitats studied by 16S
RNA surveys and real time PCR. Environmental Microbiology, 2003, 5(9) : 787-797. DOI. 10.1046/j.1462-2920.2003.
00476.x.

Woltering ML. Thaumarchaeota distribution in the water columns of Lakes Superior and Malawi: Implications for the TEXg,
lacustrine temperature proxy [ Dissertation ]. Duluth; University of Minnesota, 2011.

Kish JL. Planktonic archaeal communities change seasonally in Lake Superior, 2010.

Lliros M, Gich F, Plasencia A et al. Vertical distribution of ammonia-oxidizing crenarchaeota and methanogens in the
epipelagic waters of lake Kivu ( Rwanda-democratic republic of the Congo). Applied and Environmental Microbiology,
2010, 76(20) ; 6853-6863. DOIL: 10.1128/aem.02864-09.

Bauersachs T, Weidenbach K, Schmitz RA et al. Distribution of glycerol ether lipids in halophilic, methanogenic and hy-
perthermophilic Archaea. Organic Geochemistry, 2015, 83/84. 101-108. DOI; 10.1016/j.orggeochem.2015.03.009.
Naeher S, Niemann H, Peterse F et al. Tracing the methane cycle with lipid biomarkers in Lake Rotsee ( Switzerland ). Or-
ganic Geochemistry, 2014, 66: 174-181. DOIL: 10.1016/]j.orggeochem.2013.11.002.

Li JJ, Pancost RD, Naafs BDA et al. Multiple environmental and ecological controls on archaeal ether lipid distributions in
saline ponds. Chemical Geology, 2019, 529. 119293. DOI. 10.1016/j.chemgeo.2019.119293.

Wang MD, Tian Q, Li XM et al. TEX86 as a potential proxy of lake water pH in the Tibetan Plateau. Palaeogeography,
Palaeoclimatology, Palaeoecology, 2020, 538 109381. DOI. 10.1016/].palae0o.2019.109381.

Sun W, Zhang E, Chang J et al. Archaeal lipid-inferred paleohydrology and paleotemperature of Lake Chenghai during the
Pleistocene-Holocene transition. Clim. Past, 2020, 16(3) . 833-845.

Peterse F, Hopmans EC, Schouten S et al. Identification and distribution of intact polar branched tetraether lipids in peat
and soil. Organic Geochemistry, 2011, 42(9) : 1007-1015. DOI; 10.1016/j.orggeochem.2011.07.006.

Weijers JWH, Panoto E, van Bleijswijk J et al. Constraints on the biological source(s) of the orphan branched tetraether
membrane lipids. Geomicrobiology Journal, 2009, 26(6) ; 402-414. DOI; 10.1080/01490450902937293.

Weijers JWH, Wiesenberg GLB, Bol R et al. Carbon isotopic composition of branched tetraether membrane lipids in soils
suggest a rapid turnover and a heterotrophic life style of their source organism(s). Biogeosciences, 2010, 7(9): 2959-
2973. DOI: 10.5194/bg-7-2959-2010.

Sinninghe Damsté JS, Rijpstra WIC, Hopmans EC et al. 13, 16-dimethyl octacosanedioic acid ( iso-diabolic acid) , a com-
mon membrane-spanning lipid of acidobacteria subdivisions 1 and 3. Applied and Environmental Microbiology, 2011, 77
(12) : 4147-4154. DOL: 10.1128/aem.00466-11.

Sinninghe Damsté JS, Rijpstra WIC, Hopmans EC et al. Ether- and ester-bound iso-diabolic acid and other lipids in mem-
bers of acidobacteria subdivision 4. Applied and Environmental Microbiology, 2014, 80(17) ; 5207-5218. DOI. 10.1128/
aem.01066-14.

Jones RT, Robeson MS, Lauber CL et al. A comprehensive survey of soil acidobacterial diversity using pyrosequencing and
clone library analyses. The ISVUE Journal, 2009, 3(4) . 442-453. DOI; 10.1038/ismej.2008.127.

Zimmermann J, Portillo MC, Serrano L et al. Acidobacteria in freshwater ponds at dofiana National Park, Spain. Microbial
Ecology, 2012, 63(4) : 844-855. DOI: 10.1007/500248-011-9988-3.

Preheim SP, Olesen SW, Spencer SJ et al. Surveys, simulation and single-cell assays relate function and phylogeny in a
lake ecosystem. Nature Microbiology, 2016, 1(9): 1-9. DOI: 10.1038/nmicrobiol.2016.130.

Qin W, Carlson LT, Armbrust EV et al. Confounding effects of oxygen and temperature on the TEXgq signature of marine
Thaumarchaeota. PNAS, 2015, 112(35) ; 10979-10984. DOI; 10.1073/pnas.1501568112.

Hurley SJ, Elling FJ, Kénneke M et al. Influence of ammonia oxidation rate on thaumarchaeal lipid composition and the
TEXgs temperature proxy. PNAS, 2016, 113(28) . 7762-7767. DOI. 10.1073/pnas.1518534113.

Hurley SJ, Lipp JS, Close HG et al. Distribution and export of isoprenoid tetraether lipids in suspended particulate matter
from the water column of the Western Atlantic Ocean. Organic Geochemisiry, 2018, 116: 90-102.



