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Figure 1 Domains of life and their corresponding biomarkers

2.1 BARSARAE A, R SR

B IR A A R L A, RRN S A HLR
PR AR A A R R A bR R A, T R
PIUE. 2018 4F, Zumberge 45 AU HE 1 B 2 1Y 4> 6.6~6.35
AR T AR BRI T —FloB AR Ak &4 26-H R T
1 45 (26-methylstigmastane, &jF% A 26-mes), TMij 26-mes #IA
KA 3R FH I 4 (demosponge) 3 ) 1 AE W BR AL B .
] 26-mes — 2 & P IE A I — Fl T 5 5 240 49 1) 2B P ks
1k G ¥y 24- 5 V9 BEJH K e (24-isopropylcholeststane, ] 7% 4
24-ipc). X W AR Y AR AR S W0 TR B R A R T A
6.6~6.35 ZAFEHT, ARSI ATREC 2 B, LU 1 dly
EG AR AR AT (5.35 ACAFHT, FER LRI IE L2 —
{CAE. ST AR S Y AL 0 56T, An S e 4l
ATAE, MR T AR 0 2 4 3 Y A e

FHh, EERUIRA IR, EYhs & &Y dhg
B 1 5T 1T S B AR A S AR BRARES. AnAE A TAE R 4
TR RIRTERT, AT LATEARERE el KR A A,
RIIR B R B T A B G S W b
(chlorobactane). 1B ARG EE L8 M E B, JRH&A
KEA TR, o e e A S R G )

2.2 Bt AP st
T — B 25 S H R LA P, i e e

2280

OH
foeEg
5E Archaeol
oH
gﬁiﬁiﬁiiiiﬁiﬁiﬁﬁﬁif
Caldarchaeol

e, RXENTEA ERIW LAY @ . s, A bk
B YRR YRk A Ty B T (XA
AR AT B 8 A SR Al WA (R AT T A B LR )
SER I RIS, I ARAE 08 0 SRR A LIS, A LI A A
JEA L S I A RRFR A 55 A AR R L A .

221 KE# &

B i B (Dickinsonia) 2 5 3 - Az ) A LA i
AR B 5 22—, AT H AT A B A B, A
FJE 9 Kl K AR 8 1.4 m R4, 35 KAl oy 1) vh
A=A, KRG NP E LB E SR %.
ER B RS MK S s R AR
Py E R A AR VA ST AR, MK K 5 B
FE PO K 55K T b AR O B gt Ak A U R B, T T
TN E A Y. ERATAHT RS, &I b
RTINS TE R FR (A D i bR AR J2 58 4 4 FR),
MR & T E RIS S0 PR (glide symmetry), A il C
B4 I A s B e B AR TR 2T STk R s v A
TS, T LA VRS X B R R A YR o 2 B K S
PEGLEA

Bobrovskiy % AUI7E 2018 4F X 2 #7117 b X R AR
PR B T 380 H Ak AT TR AT T AT, 0 B kR s o A R 2 Ak
FEENIR A A7 R AR B8 5 W — 2 R A P S, FLiZ X
b JZ 00 R AR AR X TR 5T S 7E Al A JE T LA R
T 2R bE, P ISR R T A Coo- i b2, 1



KA T A A AR IR 53 19 A Wy b s AL & W) ) 32 202 (85%~
93%) K IR T J5 AL B0 Cop- IS 2. PRITAT, UESE T K H4
WK b AR VT RE L2 S5 A= 3, W aRWIsRM Ry Ay
HE R FB 4 B 5 BA B Z G 2R 406 & L FRATT Z Ak
HERA 2. A, RATEARER & B8 T —23)
Y, XA RA R R A E YRR R T 2 —.
222 faREEHAE

Bobrovskiy % A\ MTE 2018 44 F I [RIAE (49 05 25430 #r
T oy — A Tz R R A A —— A0 R R
(Beltanelliformis). & E4E pg 5 R v 20 BE LT 2 104 Je 9 2E
Pt P & B TR (K 2)1), HAME N R Bk, 20
TEA LR S A B B s o, — 28 . By
B R R R B s Y, oA A O R A T S O
IV A A W) T 2 1520 Bobrovskiy 4 AR £
TARE Wi X ORAE T A DL B0 R FRE A Ak AL [RIRE
EA A R B A YL P R T R R 2R B Coo- 1S 42,
VL Bt ek i R SR AR W R 2R e T E AL A AR AR T BRI
AL A FE LS e 0 LUAE DU LY BB & D T 60 4%, ThiAE
LEREYIRTIRY K 2R IR T 40, Wisganm. o, tba

HH B4 L R e e S B R R I Bt 4 1) AR R i 2 R

3 HA:Wrbr AL PG R P

AW A A ARt A T R T B, R
X T SR A AR X A /D 9 i S B2 AT A T B L e
FOC BRI GA B AR Z A fln, B ix Le 4
BUAL S W02k F ST B AR ) B B, A2 S5 IR TS
e H—Jrim, [F—F AR S A YT LR A AR T2
WA, XA PETELE AR T A E .

3.1 {5YnE

Tl AT LA, £ U e A 2 07 O
M, &R E YRS A WTE N RSB A T I, £E
2 25 5 rh L B R B A A S A I B 2T, R, AR AR
SEHER TS Y 9 THE. X T 40 HUBR 200 RE G, B
RIS et 2T TARSE . AITE RS AR S B, S
DI 1 S0 25 5 4 o 050 7 3o 5 3 9 700 2 i R 5 14
Y B, MCRERRAELE . TR ST AT 4

B 2 AA/REER L (Beltanelliformis). 4RI (53 KRR AEY A Z—. 77 FIA0 = i X 35 Ry 28 B L e 4000 S T 2R . RDE Ak o
FERE, i BA7 A TRl B RE 8, TR T AR AN A 2%, 2 BREAG™ . A BB K BARTE 8~40 mm Z [H]. SR & LI A9 SR AATE 25T /E
B HRE A B KR, BRSO 0 RO AR S EAR R & IR, R UV ATITEAL 1 T RS2 [ 25 A K Y, A I DR 52 7 1) BB S B 48
718 i BT BR R A0 e B — B BT RE . AR 2 v B R A AR N R LAY JE AN AT LU AR, Bl — 26235 MG 8 [ SS0IR A A7 v 438 1
KT LR, JEE D TAREEA S W T, AR ENRZREME R GIK. LHR 2 cm

Figure 2  Beltanelliformis, one of the typical Ediacara-type fossils. Collected from the Ediacaran Doushantuo Formation in Hubei Province.
Beltanelliformis are disc-like fossils preserved as carbonaceous films with concentric wrinkle marks and thickened outer margin, commonly
occurred as colonies. Single disc is 8 to 40 mm in diameter. The uncompressed organism is probably spherical. Discs never overlap with each
other, indicating a benthic lifestyle. Well defined disc outlines show that the outer shell possessed some degree of rigidity. Beltanelliformis are

comparable to modern green algae in both morphology and size. Recently, researchers have extracted hopanes from Beltanelliformis fossils,
arguably confirmed its cyanobacteria affinity. The scale bar is 2 cm
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Exemplified by the Ediacara biota, Precambrian strata yielded some most enigmatic fossils in the history of life. They
exhibited unique body plans that perished on the eve of the Cambrian explosion. The phylogenetic affinity of the Edia-
cara biota has long been a matter of debate. Their affinities wandered across various phyla of life, including algae, cten-
ophores, cnidarians, annelids, molluscs, protists, terrestrial lichens and even an independent kingdom, Vendobionta.
Finding the roots of modern phyla back in the Precambrian is frustratingly difficult, due to the relatively scarce fossil
records back in time. Fortunately, biomarkers derived from biomolecules can be preserved as fossils too. These tax-
on-specific molecules served as windows into the primaeval world. They provide precious information about life per-
ished in deep time from a unique perspective. In 2018, cholesteroids, a group of sterols characteristic of metazoans was
detected from the iconic Ediacaran fossil Dickinsonia, provided another line of evidence for its animal affinity, along
with existing morphological and ontogenic evidence, we can arguably confirm that Dickinsonia, as a member of metazoa,
is more closely related to us than we thought. Hopanes extracted from disc-like fossils Beltanelliformis, illustrating that
they may represent colonies of cyanobacteria. Two types of sponge biomarkers, 24-isopropylcholestane and
26-methylstigmastane, were found in 660-635 million years old rocks, potentially the sign of the earliest animals. How-
ever, learned from previous applications of biomarkers in the research of early life, two major hurdles must be overcome:
contaminations and the possibility that the same biomarker produced by different taxonomic groups. Modern contamina-
tions may come from various sources but can be minimised by adopting biomarker-clean protocols of sampling, e.g. the
hydrocarbon-clean drilling method has been implemented on acquiring biomarkers from Archean rocks which are typi-
cally deficient of organic matter, hence prone to contamination. The latter hurdle is more serious and could significantly
undermine the reliability of biomarkers. It is unlikely to fully investigate the triadic relationships between biomarkers,
possible precursors and producers for all the groups of organisms. 24-isopropylcholestane and 26-methylstigmastane,
once considered to be biomarkers exclusively for sponges. Their occurrences in the Neoproterozoic rocks were viewed as
the first appearance of sponges. However, this evidence is probably no longer valid, because, for both biomarkers, their
precursors were recently found common among Rhizaria, a supergroup of mostly unicellular protists. Even more cau-
tions should be exercised while dealing with extinct groups, since we may never know what precursors they were capable
to produce. As a result, biomarkers alone would not be enough, there have to be other lines of evidence to be convincing.
When biomarkers contradict existing body fossil records, trust latter seems to be more promising at this moment.

biomarker, evolution, precambrian, fossil
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