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>gi|57013850|sp|P69905.2| HBA_ HUMAN Full=Hemoglobin alpha chain
MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHG
SAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSH
CLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

>gi| 145301578 |ref|[NP_032244.2| hemoglobin subunit alpha
MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSHG
SAQVKGHGKKVADALANAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSH
CLLVTLASHHPADFTPAVHASLDKFLASVSTVLTSKYR
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CLUSTAL format alignment by MAFFT L-INS-i (v7.221)

gi|57013850|sp| MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG
gi|145301578|re MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSHGSAQVKGHG

Kk k% khkekhekkhdhhhkok Kk _ dhkdhkhkhdhhhdd dhdhhddhhddhhodhhddrhhdhxx

gi|57013850|sp| KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
gi|l45301578|re KKVADALANAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADFTP

khkdhhhkkokd  Kekdhek dhkdhdhhhddhhbhddhhbhddhrhddhrhdhrhdhdrhdhex dkekd*x

gi|57013850|sp| AVHASLDKFLASVSTVLTSKYR
gi|145301578 |re AVHASLDKFLASVSTVLTSKYR

khkkkhkhkkhkkhhkhdhhkkhkhkkhkhkkik*x



CLUSTAL format alignment by MAFFT L-INS-i (v7.221)

gi|57013850|sp| MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG
gi|145301578|re MVLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSHGSAQVKGHG

*k*k*% dhkoekeokhkhkhok % _ hhkkhkkhhhhdkd dhdkkdhdhdkdkkhodhhhhdhrdhkhrk

gi | 57013850 | Sp | KKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKLLSHCLLVTLAAHLPAEFTP
gi | 145301578 | re KKVADALANAAGHLDDLPGALSALSDLHAHKLRVDPVNFKLLSHCLLVTLASHHPADFTP

khkkhkhkhokhk  Keokkeoek dhhkkhhkhkhhhhhdhdhdrdhdhhrdhrdhdhhdhrdkok *heohk*

gi|57013850|sp| AVHASLDKFLASVSTVLTSKYR
gi|145301578 |re AVHASLDKFLASVSTVLTSKYR

kkhkkkkkkhkkkkkkkkkkikikkk*kx

19/142 =0.1338028
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FYDOEACDEIETDODFDEA © 9 F1E{t(molecular Evolution)
DFDEAAD—TFEDR—X%ZZE T & @ 3FEFaT(molecular clock)
ZAL DIRE 73 FEAL R E (molecular evolutionary rate)
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Dickerson (1971)

WRANER /N7 ETHFRET
Fhona—ie DARILLTWS Z &
RN TEICE > THTEL
cxby  REMNEI ZETEER

) 14 1 1 ' 1 ' |
0 l 2 } 4 5 O 7 - 9 10 {85

AL L RE D= W (S BERY
B16 -1 Wi l{LHIL % b4 FIhito i G DRI AR L T3,
|
EICE > THENLGEZREOS W FITENRE
HEL, TNIFETHHR W TFIFERLZENT 5,

= HPE (2014) [ Fh o IAI-EYEl] 3Bk



FDFH (3)

_l_
PANSLIS]

il

:

HDODFELFEIZ, TRTOSFICHT L T, DFENERE

AN

A
D—TFEMENKILT B & 1TE Z T,
o NTFIZL->TIEHEENHL <. PIREFHEICHKE

o ML NIILDEETIZIALUNAG—TFELRLoNDA, B, &L
B. B EDLNILTIEF—TEEDRIZLLEWEDH L,
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DF LT DRI (1)

Construction of Phylogenetic Trees

30

A method based on mutation distances as estimated 2
from cytochrome ¢ sequences is of general applicability.

Walter M. Fitch and Emanucl Margoliash
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Fitch and Margoliash (1967)
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BT FERE paralog
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¥4t (Molecular Evolution)
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B #2 (substitution)

*
5" —ATTCCCGTGGTCATGTTTCGGGATGTA — 3’

|

5" —ATTCCCGTGGTCGTGTTTCGGGATGTA — 3’

H# A (insertion)

5" —ATTCCCGTGGTCATGTTTCGGGATGTA — 3’

5’ —_ATTCCCGTGGTCAGCTGTTCATGTTTCGGGATGTA — 3’

RE% (deletion)

5' —ATTCCCGTGGTCATGTTTCGGGATGTA — 3’

5/ —ATTCCCGTGGTCACGGGATGTA — 37
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Eat

10 20 30 40 50
human VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH

mouse VLSGEDKSNIKAAWGKIGGHGAEYGAEALERMFASFPTTKTYFPHFDVSH
10 20 30 40 50

60 70 80 90 100
human GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL

mouse GSAQVKGHGKKVADALASAAGHLDDLPGALSALSDLHAHKLRVDPVNFKL
60 70 80 90 100

110 120 130 140
human LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR

mouse LSHCLLVTLASHHPADFTPAVHASLDKFLASVSTVLTSKYR 20/141
110 120 130 140
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(industrial melanism)
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van’tHof et al. (2016) Nature 534, 102-105

doi:10.1038/nature17951

The industrial melanism mutation in British
peppered moths is a transposable element

Arjen E. van’t Hof", Pascal Campagne!, Daniel J. Rigden!, CarlJ. Yung?, Jessica Lingley!, Michael A. Quail?, Neil Hall!,

Alistair C. Darby! & Ilik J. Saccheri!

Discovering the mutational events that fuel adaptation to
environmental change remains an important challenge for
evolutionary biology. The classroom example of a visible
evolutionary response is industrial melanism in the peppered
moth (Biston betularia): the replacement, during the Industrial
Revolution, of the common pale typica form by a previously
unknown black (carbonaria) form, driven by the interaction
between bird predation and coal pollution!. The carbonaria
locus has been coarsely localized to a 200-kilobase region, but the
specific identity and nature of the sequence difference controlling
the carbonaria-typica polymorphism, and the gene it influences,
are unknown?. Here we show that the mutation event giving rise
to industrial melanism in Britain was the insertion of a large,

involved in wing pattern development or melanization. By extending
the association mapping approach to a larger population sample and
more closely spaced genetic markers (see Methods), we narrowed the
carbonaria candidate region to about 100kb (Fig. 1a). The candidate
region resides entirely within the span of one gene — the orthologue of
Drosophila cortex (cort), the only known function of which isas a
cell-cycle regulator during meiosis'!. In B. betularia, cortex consists
of eight non-first exons, multiple alternative first exons (of which only
two, 1A and 1B, are strongly expressed in developing wing discs), and
avery large first intron (Fig. 1b).

The rapid spread of carbonaria gave rise to strong linkage disequi-
librium?, such that many sequence variants are associated with the
carbonaria phenotype. This poses a challenge for isolating the specific

FATETY IR v I DITELEBR  cortexBnF
a7y a NI TIERESEEOHBREROHEICES
B Dcortex Bl FE—A Y FAVICE TV RRY >V

PULBFICRIBA LR T 20, P IV RRY VIBAILKL 2SI HICHBALER

£72. COBEFATERE S 5T & OEBE CERAIATLAL
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Evolutionary fate and functional consequence

Gene A Gene A’
B Vavav o VAV Y

N— 7
duplication

Non-processed
pseudogene A

Non-functionalization = Gene A (#&E1&F)

. — i —— M Function A
(pseudogenization)

Gene A Gene B

NeofunctionalizationW_Wji Functions A + B

Gene A’ Gene A"

Subfunctionalization _Wj—wjf Functions A' + A" = A
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Susumu Ohno SOhno E\y,ouunori
(1928 - 2000) DuGepIica' .etion

Sprnger-Veriag - New York - Hedelberg - Barin

Evolution by Gene Duplication (1970)



tHITEEF
P I—

BIGFEEICKS

. BDRR

«— b Ty b

DIEDE

paralogous

orthologous

ANESOE o NESOEVR



—

orthologous, ortholog

B ISFHF Wi
THA]
(homologous homolog)
BHEL D DI

paralogous, paralog

Bz FEREICHELDIK




EREGE L BEEFREE

T8 R fE (Species Tree)
F—V AHRBERTDHAEHR

B FRTE (Gene Tree)
NRZ7BAHRABELGFHF—VAAHRGERRF
HEE, BT (X /X78) O FENLD
FE 52 % f IR



oS () ICEYBLR EARESIND
MORSIZEYERBOAoLID [FE] OEVWERRLI-EZ
=9 (REROERE, ELFOEHE, ELFTHOEBEEHREL L)
bl., TN DEVWDKHEEHICERT 24 61E, ORI
VT (2 BF T S B

A 1518 (Rooted tree) D FKIRH
B2 (branch, edge)

IZ (leaf, node)

R (rootT '

B 3

i, REBICEEN2REEAMG (Y. BIEF) %
OTU (Operational Taxonomic Unit) & X .83,




BiRfe & AR

B RE AR 5
(Rooted tree) (Unrooted tree)

= el
_|_|:\Edge () /

1

Node £ (Internal node. PNERED)
(External node. #\8REN = leaf = 3§)



BiRfe & AR

B RE AR 5
(Rooted tree) (Unrooted tree)

/;

Node £ (Internal node. PNERED)
(External node. A 3BED = leaf = IE)



BiRfe & AR

B RE AR 5
(Rooted tree) (Unrooted tree)
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Node £ (External node. \EPED = leaf = IE)



BT ZA4 A b  (sequence alignment)

ELDIBIETOINDELZ ZE R L 7AH o, MHELEI OO
Wind 2EE (HEH5WI7 I /8 2#ELCAEBICHNDIRME
HDHWE, FOBREICE>TTERDL D,

INDELICXT L TF v v V(gap) & LIEAN B EER=FHFEAL
MNEZT b LT, BECT I/ BENTILDT 5,

BE . BIAYETIEE(dynamic programing algorithm)X°, < D
NYIT—>3v2BAWT, BEEIBEOBUEL NS &0 b DI
TIAVAY FDIEERIND,



RIVFTIVT A A Y F  (multiple alignment)

DFLRGE A EET 5213, FTEXEKOMHERRS
ICDOWTDORILFITINT A X NH#ERT 5,



) F—LDT I/ ERRES

>LYC HUMAN E b Lysozyme C
MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWESGYNTRATNYNAGDRST
DYGIFQINSRYWCNDGKTPGAVNACHLSCSALLODNIADAVACAKRVVRDPOQGIRAWVAWRNRCQONRDVR
QYVQGCGV

>LYC1 BOVIN U3 Lysozyme C 1
MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTKATNYNPGSEST
DYGIFQINSKWWCNDGKTPNAVDGCHVSCSELMENDIAKAVACAKQIVSEQGITAWVAWKSHCRDHDVSS
YVEGCTL

>LYC CHICK =D hVU Lysozyme C
MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNFNTQATNRNTDGSTD
YGILQINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVSDGNGMNAWVAWRNRCKGTDVQA
WIRGCRL

>LYC2 ONCMY YA Lysozyme C II
MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSLPNWVCLSKWESSYNTQATNRNTDGSTDYGI
FOQINSRYWCDDGRTPGAKNVCGIRCSQLLTADLTVAIRCAKRVVLDPNGIGAWVAWRLHCONQDLRSYVA
GCGV

>LYC BOMMO A4 1 Lysozyme
MOKLITFALVVLCVGSEAKTFTRCGLVHELRKHGFEENLMRNWVCLVEHESSRDTSKTNTNRNGSKDYGL
FOINDRYWCSKGASPGKDCNVKCSDLLTDDITKAAKCAKKIYKRHRFDAWYGWKNHCQGSLPDISSC

>LYSP_DROME /\IL Lysozyme P
MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQLAKWTCIAQHESSFRTGVVGPANSNGSNDY
GIFQINNKYWCKPADGRFSYNECGLSCNALLTDDITNSVKCARKIQROQOGWTAWSTWKYCSGSLPSINSC
F



FASTA 7 # —~< v |

>LYC HUMAN E b Lysozyme C

MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWES

GYNTRATNYNAGDRSTDYGIFQINSRYWCNDGKTPGAVNACHLSCSALLQDNIA
DAVACAKRVVRDPQGIRAWVAWRNRCQONRDVRQYVQGCGV

“>' TIRE DERIT (BE. EEIN&) &

WITHRIC., IXNFRIETEEHIDLIWLT I/ BORIAEETEX%
FASTA7 # — < v & WL, DFRIFENTIENY Tl XM F AT %
T A7 RANDETIERIOELXE L TLLELNTWS

BIR—DE DI, —DDT 7 AINEHDASTAT £ —~< v FD
BEIAEIDH LN TWABEIL, YILFFASTAT # —< v & K858,
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CLUSTAL W (1.81) multiple sequence alignment
C (@) C (@)
LYC_ HUMAN —MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYEbfé CLAKWESGYNTR
LYC1l BOVIN —MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYkGVS CLTKWESSYNTK
LYC2 ONCMY ————MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSHPNWVCLSKWESSYNTQ
LYC _CHICK —MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYkGYSHGNWVCAAKFESNFNTQ
LYC_ BOMMO —MQKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENL———MRNWVCLVEHESSRDTS
LYSP DROME MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQ---LAKWICIAQHESSFRTG
: . . . KR ke *, T T sk ok g kk %
‘ l‘“ = —‘— = =1 —o C ()
LYC_ HUMAN ATNYNAGDRSTDYGIFQINSRYWCNOQGKTPGAVNACHLSCSALLODNIADAVACAKRVVR
LYC1l BOVIN ATNYNPGSESTDYGIFQINSKWWCNOGKTPNAVDGCHVSCSELMENDIAKAVACAKQIVS
LYC2 ONCMY ATNRN-TDGSTDYGIFQINSRYWCDOGRTPGAKNVCGIRCSQLLTADLTVAIRCAKRVVL
LYC _CHICK ATNRN-TDGSTDYGILQINSRWWCNOGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVS
LYC_ BOMMO KTNTN—RN¢SKDYGLFQINDRYWCS4—KGASPGKDCNVKCSDLLTDDITKAAKCAKKIYK
LYSP DROME VVGPANSN¢SNDYGIFQINNKYWCKHADGRFSYNECGLSCNALLTDDITNSVKCARKIQR
. B IR LT DT e o * 3 %, %3 $8s ¢ *kgsg
R T e — -
C_O0C__ O =™ =@ 0D
LYC_ HUMAN DPQGIRAWVAWRNRCQNRDV%QYVQGCGV
LYC1l BOVIN E—QGITAWVAWKSHCRDHDV&SYVEGCTL
LYC2 ONCMY DPNGIGAWVAWRLHCQNQDLRSYVAGCGV
LYC _CHICK DGNGMNAWVAWRNRCKGETDVQAWIRGCRL
LYC_ BOMMO R—HRFDAWYGWKNHCQGS——HPDISSC——
LYSP DROME Q-QGWTAWSTWK-YCS&S--IIPSINSCF-

. x% ks x| . %




7 X/ BB

}
}
}

Eb-UVYF—-ADT I/ EEH
(—3FKREL)
>LYC_HUMAN
MKALIVLGLVLLSVTVQGKVFERCELARTL
KRLGMDGYRGISLANWMCLAKWESGYNTRA
TNYNAGDRSTDYGIFQINSRYWCNDGKTPG
AVNACHLSCSALLQDNIADAVACAKRVVRD

PQGIRAWVAWRNRCQNRDVRQYVQGCGV
148 P

E b UYF—ADIFBE
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http://www.fujisafari.co.jp/news/elephant.html
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RSB AESNRTETR  ohelix B strand
CLUSTAL W (1.81) multiple sequence alignment
C (@) C (@)
LYC_ HUMAN —MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYEbfé CLAKWESGYNTR
LYC1l BOVIN —MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYkGVS CLTKWESSYNTK
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Phylogenetic Tree of Life
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Bacteria Archaea Eucarya
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Spirochetes bacteria Entamoebae ] Animalia
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Cyanobacteria
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Planctomyces Thermoproteys
Pyrodicticu Flagellates
Bacteroides .
Cytophaga Trichomonads
Microsporidia
Thermotoga
Diplomonads
Aquifex
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The post-Darwinist rhizome of life
Raoult D. (2010) Lancet 375, 104-105

Rhizome of life

Roots of genes of living species are shown

according to current classification of organisms:
eukaryotes (red), bacteria (blue), viruses (green),

archaea (yellow). In purple are genes without

identified origin (ORFans). At the surface, in form

of mushrooms, are the current species, containing mixture
Colour of mushroom envelope is determined by

origin of core genome of the species.
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Parasitic bacteria
( intracellular)
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Rhizome of Life:

Roots of each gene are represented according to the current reclassification of living organisms:
Eukarya (yellow), Archaea (blue), Nano archaea (light blue), Bacteria (red), CPR (dark red) Giant virus
(orange). In grey are genes without identified origin (ORFans).

Ibrahim et al. (2021) Rhizomal Reclassification of Living Organisms. Int. J. Mol. Sci. 22, 5643. Fig.3 &£ V)



PRI R

HAR 5l 5%

TUB M, EIREBEL &
SRR L7 L

B B FRIEAR) D B A S D A A]
ERELIZEZTIAADDH S DITOK

ZNUNDERFTFBIAAITEIE
hy=—v7sIRBLET
hy=2oT70Fae. TOFHORENESTOICHRY £9,



