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Steps of reconstruction of the earliest Life:

1953-1983 Stanley Miller imitation experiments yielded
A G VDS, E PL,T,I-10 natural amino acids

1976 Manfred Eigen and Peter Schuster noted that
A andG are encoded today by the most stable
and complementary codo=s_C/GGC

1987-92 Jaime Lagunez-Otero and ENT discovered that
consensus of mMRNA i$5CU),

1997 Thomas Bettecken and ENT speculated that
(GCOJ(GGO), could be the first duplex gene.
This duplex is the most expandable still today.

2000 Evolutionary Chart of Codons is derived
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EVCOLUTI ON OF THE TRI PLET CODE

E. N Trifonov, Decenber 2007, Chart 101

Consensus tenporal order of am no aci ds:
UCX CUX CGXAGY UGXAGR UuUY UAX
Gy Ala Asp Val Ser Pro Qu Leu Thr Arg SerTRMArg Ile @dn Leu TRM Asn Lys H s Phe Cys Met Tyr Trp Sec Pyl
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4 GGG-|-~|-—|]--]--CCC . . . . . .
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6 GGU-~-|---|--|-=-|--=|---|]-~|--ACC .
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23 . . . | .o GAA--' ----------------------- I _____ uuc
24 . . . GUA [--mmmmm e |
25 . . .| . . . CUA——— [

26 . . . GUU [--mmmmmmm s [---|--- |---]--AAC .
27 . . . . . . . CUU-eee || || -AAG
28 . . . Lo . | CAA-UUG | | |
29 . .. L Lo . AUA--——--|-- uau | |
30 . . .o . AUU-----—- [---]--AAU |
31 .. . . . . UUA-UAA |
32 .. .00 .. . uuu--------- AAA

CONSECUTI VE ASSI GNVENT OF 64 TRI PLETS CODON CAPTURE
aa "age":
17 17 16 16 15 14 13 13 12 11 10 9 8 765432 1



Gly Ala Val Asp Ser Pro ...

1 G GC--G CC
2 | G ™ uc-GAC

3 GGA---|-wmn|-me| - Slele

4 GGG - |- |- |- |- CCC

At every step of the evolution of the codons
middle purinesremainpurines(R—R),
middle pyrimidinesremainpyrimidines(Y —Y).



The conclusion about two alphabets
IS strongly supported by respective
rearrangements of substitution matrices:

AFILMPT V C DEGHKNQRWY

|
A 11 | 1 4
F |
| 11 3 |
Ala L 1 3 1 |
alphabet M 13 1 |
P 1 |
T1 |
V 311 |
C |
D | 3 21
E | 3 12
G1
Gly H | 231
alphabet K | 1 2
N | 21 21
Q | 12 3 1
R | 12 1 1
W | 1 2
Y 4 | 2

Rearranged PAM120 substitution matrix

(original matrix in Altschul SF, JMB 219, 555, 1991)



TheGto A andG to G distance analysis of modern protein sequences
suggests that the very first miniproteins had the structure

GGGGGGGandAAAAAAA

encoded by the duplex

XRX XRX XRX XRX XRX XRX XRX
XAX XAX XAX XAX XAX XAX XAX

At a later stage they fused in mosaics:
..GGGGGGRAAAAAALGGGGGRAAAAAA..

The unit size Is estimated to Beamino acid residues
(J. Mol. Evol. 53, 394-401, 2001; J Biomol Str D34, 163-170, 2006)



Using the two-letter alphabet one can rewrite
modern sequences in their (presumed)
ancient version

AFLIIMVRKREDQNFFVTAMAQQNEI

AFLIIMV RKREDQN-VTAMAQNEDGR

AAAAAALGGGGGRABAAAALGGGGGEE



MOST COMMON
PROTEIN SEQUENCE MODULES (PROTOTYPEYS)

Al eph  GEl VLLVGPSGSGKTTLLRALAG_LGPDGG

Bet h L SGGORQRVAI ARALALEPKLLLLDEPTSALD

Gimel DVVVIGAGGAGLAAALALARAGAKVVVVE

Dalet RRGIGMVFQEYALFPHLTVLENVALGL

Heh PVIMLTARGDEEDRVEALLEAGADDYLTKPF
Vav LLGLSKKEARERALELLELVGLEEKADRYP

Zayin LLLKLLKELGLTVLLVTHDLEEA

Berezovsky et al. 2000-2003

The underlined motifs are omnipresent




Omnipresent 6-9 mers of 15 prokaryotes from different phyla

ALEPH ATP/GTP binding BETH ATPases of ABC
. VDHGCTTL transporters
2 CPPGTGKT
3 CHVDHGLT 20 Al ARAL
4 GSCGKTTLL 21  LSGGQQQRV
5 | DTPCHV 22 LADEPT
6 CPSGSGK 23 TLSGGE
7 PTGSGLT
8 NGSCKTT
9 GKSTLLN
10 SGSGLT
11 TGSGKS
12 POVET Other omni:
13 PNVGKS
14 GVGATT
15 GIre<IT 24 FIDEID
16 DHGKST 25 KMSKSL
17 CKTTLA 26  WITTPWI
18 CKTTLV 27 NADEDGD
19 KSTLLK

Omnipresence is a new measure of sequence conservation.
These elements are the most conserved ones,
coming, presumably from last common ancestor



All 20 aa fragments of all proteins of prokaryotes make a

sequence space

Those fragments that are close relatives (matching >60%)
are pair-wise connected. This makes

networks

that allow tracing evolutionary relatedness
of protein sequence motifs

A tyr trp B met C arg trp D cys
E leu F met leu ile val Gie H lepA
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In binary form all 27 omnipresent motifs
have common consensus prototype

AGAAGGAGGGEGAAAAGAA
| ncl udi ng extensions of Al eph and Bet h:
AGAAGGAGGGGAAAAG Al eph
AASGGCGGEGEGAAAAGAA  Bet h

This explains the common tree
for all ommipresent el enents



OMNIPRESENT
ELEMENTS TWO RECONSTRUCTIONS MEET

AAAAAAAGGGGGGGAAAAAAA

BINARY
MOSAIC
RECONSTRUCTION
OF ALEPH AND BETH
ALEPH: IDTPGHVDHGKTTLLN
k v
BETH: TLSGGqQQRVAIARAL GGGGGGG & AAAAAAA
e
FIRST
AAAAAAA| GGEGEEEE AAAAAAA PEPTIDES
AAAAGAA| GGAGGEEH AAAAGAA
COMMON BINARY
PROTOTYPE BINARY
OF ALEPH AND BETH ALPHABET
(AAAAGAAGGAGGGGAAAAGAA
EVOLUTIONARY
CHART

OF CODONS



Remarkably, the ALEPH and BETH are complementary:

ALEPH AGAAGCGAGCGCGEGAAAAG

THTH-
VWOVVWWOO000OSYY  HL3d

Same for the reconstructed common prototype of Aleph and Beth:

AGAAGGAGGGEGAAAAGAA

SRARRRRRRRNER
VWOVVWVWOODDVODVVOV



Two most widespread modules ALEPH and BETH, apparently,
represent the earliest duplex gene

that encoded Iin the earliest past two vitally important activities
Involved in energy supply (ATP binding and ATP-ase).



"... If variations useful to any organic being ever do occur,
assuredly individuals thus characterized will have the best
chance of being preserved in the struggle for life;
and from the strong principle afheritance, these will tend
to produce offspring similarly characterized”

Charles Darwin, Origin of Species (18

Rephrasing Darwin:

Life is self-reproduction with variations



not Life yet  Life

(self-reproduction only) (self-reproduction
and variations)

. |

Gly Ala] Val Asp Ser Pro ...
|

1 GGC--GCC]
2 | | GUC-GAC
3 GGA---|---|--—|---UCC



WANTED

Self-reproducing four-component replicon

duplex of
5 -GCC GCC GCCc GCc e aee a3

>

and 3-CGG CGG CGG CGG CGG CGG CGG-5' 2

and heptapeptides:

W

ala ala ala ala ala ala ala

AN

gly gly gly gly gly gly gly



THANKS TO

Networks - Zacharia M Frenkel
University of Haifa

Omnipresent motifs - Yehoshu&gobolevsky
University Minas Gerais, Brazil

Modules — closed loops lgor N.Berezovsky
University of Bergen, Norway

Ancestral complementarity  IdanGabdank
Danny Barash
Ben Gurion University,
Beer Sheva

AND TO THE AUDIENCE

Support by:

Israel Science Foundation,

Center of Complexity Science, and
Masaryk University, Brno



A/G

2590000

2570000

2550000 °

2530000 "V s
1 Mo / $

2510000 \_v
K

OCCURRENCE

2490000 V

2470000

2450000 on T g T — v
(1] 10 20 30 40 50
DISTANCE

ue $126 n oF An awd Gy uNiTE
e 6 To T RE<IDVEY

Zood

Kizzhwer V
Itz e hwer
Rewgovsky \



AFILMPT V C DEGHKNQRWY

|
A |
F | 13
| 21 3 |
Ala L 2 2 1 |
alphabet M 12 1 |
P |
T |
\ 311 |
C |
D | 2 1
E | 2 1 2
G |
Gly H | 1 2
alphabet K | 1 12
N | 1 1
Q | 2 1 1
R | 2 1
w1 | 2
Y 3 | 2 2

Rearranged BLOSUM substitution matrix

(original matrix in Henikoff S, Henikoff JG, PNAS 89, 10915,1992)



—> temporal order of amino acids —
Gly Ala Asp Val Ser Pro Glu Leu Thr Arg TRM lle GIn TRM Asn Lys

GGC GCCGAC GUCUCC CCC GAG CUCACC CGC ugc AUC cac uac AAC AAG

—> descending thermostability of triplet pairs —

Newcomers (codon capturers)

His Phe Cys Met Tyr Trp Sec Pyl

CAC UUC UGC AUG UAC UGG UGA UAG



Complementary symmetry properties
of common prototype

AGAAGGAGGGGAAAAGAA

AGAA| GGAGGGG{E AAAAGAA
— —>

AAAAGAA GCGAGEGEG AAAAGAA
OOV VWOVVWY DO000VO0

Thisisblunt end fusion of the same element
AvAvD\vAvAVAVS
GCGAGCGEEG



RECONSTRUCTI ON OF COVMON PROTOTYPE
OF OWNI PRESENT ELEMENTS. Step 1.

Ext ended HVDHGKTTL:

HVDHGKTTL
CHVDHCEKT
| DTPCHV

GKSTLLN
DHCKST

GKTTLA

GKTTLV
KSTLLK

| DTPCHVDHGKTTLLN

k
ancestral : AGAAGGAGGGCGAAAAG



RECONSTRUCTI ON CF COVMON PROTOTYPE
OF OWNI PRESENT ELEMENTS. Step 2.

Ext ended OQRVAI ARAL and LSGGEOOO0ORV:

QRVAI ARAL
L SGGQOORV
TLSGGE
TLSGEQORVAI ARAL
e
ancestral : AASGGCEEEGAAAAGAA



ATP binding

P-loop
— ALEPH: | DTPGH/DHGRTLLN ATPases

of ABC transporters,

frOm fl rSt BETH: TLSGGQQQRIARAL ~ —7 signature loop
amino acids T
to first
p rOteI r T fusion of thre
AAAAGAA GGAGGEEG AAAAGAA GGAGEEG
modules SOVOO00 VWOVVYY DD RTIY
first 5GC T <9
mixed <'_all|OhabethSf1:£G%<<Z O‘%jz%
minigene SRR
T 3
G AA4 .
! Do A444  Alanine
Gg%ﬁ DDDDDD andGlycine

only



GCC — codon forlanine(A),
GGC — codon foglycine(G).

Both are of the highest yield
IN Imitation experiments of Stanley Miller



Cpenu 001e3HeH TPUILICTHOM DKCIIAHCHU

CcaMbI€ PacIpOCTPAHCHHBIC
BBI3BIBAIOTCS ITIOBTOpaMU

...GCCGCCGCLCGLCCGCLCGCCGLCCGLL...



All 20 aa fragments of all proteins of prokaryotes make a

sequence space

Those fragments that are close relatives (matching >60%)
are pair-wise connected. This makes

networks

that allow tracing evolutionary relatedness
of protein sequence mot

95%

A tyr trp B met C arg trp D cys
E leu F metleuile val Gie H lepA



RECONSTRUCTI ON OF COMVON PROTOTYPE
OF OWMNI PRESENT ELEMENTS. Step 3.

Remai ni ng Al eph notifs:

GPPGT GKT
GSCKTTLL

EPSGSGK

PTGSCKT
NGSGLTT
SGSGKT
TGSCKS
PGVGKT
PNVGKS
GVCKTT
GICKTT

cCoONnsensus: GPPGSCGKTTLL

bi nary: GAAGSGGAAAA



RECONSTRUCTI ON OF COMMON PROTOTYPE
OF OVNI PRESENT ELEMENTS. Step 4.

Gt her omi :
W TTPWT GAAAAGA
NADFDGD GAGAGEG
LADEPT AAGGAA
FI DEl D AAGGAG
KIVBKSL GASGSA

consensus: GAAAGGAA
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Proteases (cell division proteins FtsH)

GPP (Aleph) FVE
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DEREQTLNQLLVEMDGF(8)MAATNRPDILDPALLRPGRFDKK (297) 2CEA

DEREQTLNQLVEMDGF(8)IAATNRPDXLDPALLRPGRHRQ (95-415)

consensus

- another example of the omnipresent cassette



Omnipresent cassette of RNA polymerases

FAT NEK NLL

(529) VDGGRFATSDLNDLYRRLINRNNRLK (12) RNEKRMLQEAVIAL (27) GKQGRFRQNLLGKRVDYSGRSVIVVGP 2A6E

(224 - 518)LDGGRFATSDLNDIYRRVINRNNRLK (12) R NEKRMLEAVDAL(25- 27)GKQGRFRNLLGKRVDYGRSVIVVGP consensus

VLL NAD

(62) KWLLNRAPTLHRLGIQAF (18) AFNADFDGDQMAVH (776 ) 2A6E

(59-84)HPVLLNRAPTLHR LGIQAF (18) AF  NADFDGDQMAVH (131-961) consensus



