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LETTER

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!, Carl ]. 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 is as 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
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PHUEEICREBEN ERT SH.
FE.COEGEFNIERBIEEFL 0T ED#IBETIIMABAIN TV

FSURRY UEAIZLDESICHITNER



&I E (fitness)

HOEARDFHEDRND, RIEFEHFETELZLDDH




Bz 7IILadYX L

Genetic Algorithm (GA)
19754 John H. Holland[Z L UIRZE

YD EGCDEHRAZRERBLI-ZBEILDFE
=&z X

Ty IR, /N\SILL B RREIRE.
KEt—I)L AT, itE%EC & e
HEDEIEEREICEATES

KEE—IILAY U EREZEHIEL TEEMT LTV X LEFES




BEH7IIVTVALTISVIADETAEZEESET-,

http://www.youtube.com/watch?v=8vzTCC-jbwM#t=14



http://www.youtube.com/watch?v=8vzTCC-jbwM

IR T Y
MBI O O E1—42 EORENGBRTZEZRICBWWCED. BB NG EEZE
HEELTHERDEIZEE S AL—avTBYIRNITT

Chipmunk Physics
http://chipmunk-physics.net/

PhysX
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TITLE 2 GLEEVEC
COMPND MOL_ID: 1;

COMPND 3 CHAIN: A;
COMPND 5 EC: 2.7.1.112;

COMPND 6 ENGINEERED: YES
SOURCE MOL_ID: 1;

KEYWDS 3 GENOMIX, TRANSFERASE
EXPDTA X-RAY DIFFRACTION

AUTHOR

AUTHOR
(%)

30-AUG-04  1XBB

TITLE CRYSTAL STRUCTURE OF THE SYK TYROSINE KINASE DOMAIN WITH

COMPND 2 MOLECULE: TYROSINE-PROTEIN KINASE SYK;

COMPND 4 SYNONYM: SPLEEN TYROSINE KINASE;

SOURCE 2 ORGANISM_SCIENTIFIC: HOMO SAPIENS;

SOURCE 3 ORGANISM_COMMON: HUMAN;

SOURCE 4 ORGANISM_TAXID: 9606;

SOURCE 5 GENE: SYK;

SOURCE 6 EXPRESSTION_SYSTEM: SPODOPTERA FRUGIPERDA;
SOURCE 7 EXPRESSION_SYSTEM_COMMON: FALL ARMYWORM;
SOURCE 8 EXPRESSION_SYSTEM_TAXID: 7108;

SOURCE 9 EXPRESSION_SYSTEM_CELL_LINE: SF9;

SOURCE 10 EXPRESSION_SYSTEM_VECTOR_TYPE: BACULOVIRUS

KEYWDS GLEEVEC, STI-571, IMATINIB, SYK, SPLEEN TYPROSINE KINASE,
KEYWDS 2 ACTIVE CONFORMATION, STRUCTURAL GENOMICS, STRUCTURAL

AUTHOR V. L. NIENABER, S. ATWELL, J. M. ADAMS, J. BADGER, M. D. BUCHANAN,
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5..A.T.QM ............... LN VAL L.AS6S 22,741 21,397 11.729  1.00 33.32 N A
ATOM 2 CA VAL A 363 21.567 -0.831 11.024 1.00 32.13 C .
ATOM 3 C VAL A 363 20.954 -1.757 9.943 1.00 31.73 C 1 yi%
ATOM 4 0 VAL A 363 19. 737 -1.906 9.845 1.00 30.94 0
ATOM 5 CB VAL A 363 21. 883 0.552 10.391 1.00 33.45 C .
ATOM 6 N TYR A 364 21.798 -2.389 9.135 1.00 29.77 N \
ATOM 7 CA TYR A 364 21.310 -3.035 7.928 1.00 27.96 C
ATOM 8 C TYR A 364 20.929 -4.485 8.157 1.00 26.43 C
ATOM 9 0 TYR A 364 21.735 -5.274 8.650 1.00 29.31 0
ATOM 10 CB TYR A 364 22.349 -2.901 6.808 1.00 28.13 C 15%%
ATOM 11 CG TYR A 364 22.619 -1.461 6.442 1.00 28. 30 C
ATOM 12 CD1 TYR A 364 21.725 -0.751 5.638 1.00 30.33 C
ATOM 13 CD2 TYR A 364 23.772 —0.815b 6.893 1.00 30.80 C
ATOM 14 CE1 TYR A 364 21.959 0. b88 5.285 1.00 31.59 C
ATOM 15 CE2 TYR A 364 24.019 0.523 6.541 1.00 32.22 C
ATOM 16 CZ TYR A 364 23.101 1. 208 5.733 1.00 32.48 C
ATOM 17 QH TYR A 364 23.330 2.524 5.389 1.00 36.29 0 |/
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DY N 7EEPBT LH—20 PDBID IZHIET AT TIERWV., ¥ N7 HO—#2Z T
A2 TWAHHRE, BROY U NRIBHEEATVABELHS. DNAR RNAZLORAT
R, BELTLWAESFLEDOAEMELEETATVS. B31alck b - Ao
V4#E (PDBID : 1bzl) Z2VRVEFNVTRLE. COF—=FIZIZ 4207 IS BEE
4 ODNLGFHA-TWVS, B31bICRBAO=207 I /BORF#EEZRLE. O
ViEmEICHIET 57 —2%, BPDBZ7A4A—3vh (B82) EmmCIF7ax—=T% b (B

3.3) DTHODOEATRLE. €560, UEMER, 1EFF1TICERSN, RFOoPOLR
D XYZ BEOEFBINTVS. BIEEORAIZA (A 72X bu—=4) TH5 (1A=0.1
nm=10""m). ¥/, BRFICIFTES, REES, 3 XFUTORES (FIXE, MET,
ALA) £ 4XFLTOREFE (CA, N, C, O, CB%ZE) #AHIDYTHEATWVS. 3XFD
RERIX, 73IBUAOFFICHLEVETSATVS. FlRIE, AA9FI2 “HEM”, ATP
aFiE “ATP”, ANV oLh4FE “CA”, 1Ly Hid “IRE” ZEELROHLENTVS, —D
DTF =Y ICHBOFFRA->TVAEAICE, Th€h, A, B, C - #H@BAT (chain
identifier) A2V TWW 5, p.33-34
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RESHh, ERTZ2RETH, HBCH»Z EBE#H5. HlXIE, EHRITFII1XFTHS
fe¥, INLFRYFEEE-TH, FUNR7HEHERN 100 2BA5ERFFRERTERZVI L
icid. TCTCEAZNEDY, mmCIF 74—y b THAH. CDT72r—7v b, AR—
ATRUYOGNALEREZBEEL LTVA LY, EFESPHR FOXFHICHIRIZIZV, £,
BREFPANTIREBS L EOHBET—IR—-AEREFANTI2HBOBH2HET S
CETHEEEH—EEERA LTS, BIEPDB Tk, K907 —4TIZIHPDB 7 # —
7Y FTHRYIO0—-FTESY, ~HOERGFOUERE (FIXIE, VRYV—L4  4v42,
YA LRI : 4v62 2 ¥) RIHPDB 7 —=2v P TIIRERTEZWVW/AY, mmCIF 74—V
FETTARMEATVS.
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{;cnt:y.id 1821 *_,I{Ul_”ﬂ' '

: _pdbx_database_status.recvd initial deposition date  1998-11-05 =
¢
: _struct.title 'HEMOGLOBIN (ALPHA + MET) VARIANT' :

\LSLXUCE . ROLX_AACTIRLOL. o v e e e o EBQTEIN (HEMOGLOBIN) VARIANT, (CHATN Ao C,_APRITIONAL NH2-TERMINAL METL's

o — - ———— —————— - - - N e G S SIS G D GEm Gun S G S En GED G Gm G GHER CER E R D M D R D D D SN D R G D D D SR SR S e,

~
4
' i:::; site.group PDB iﬂ?a \=

| atom site.id

-

_atom_site.type symbol
_atom_site,label atom id

_atom site.label alt _id
_atom _site.label comp id - .
_atom site.label asym id TAR—AFEENANTD
atom site.label entity id
atom_site.label seq id
atom_site.pdbx_PDB_ins_code
atom_site.Cartn x
atom site.Cartn_ y I m;&a
atom site.Cartn_
atom_site.occupancy
atom_site.B _iso_or_equiv
atom_site.pdbx_formal charge
_atom_site.auvth_seq id

“atom_site.auth_comp id
_atom_site.auth_assym_ id !nt HANTS
_atom site.auth atom id

atom_site.pdbx_ PDBE_model_ num

1
I

ATOM 1 N N .META11l ?15.774 28.408 41.946 1.00 87.06 ? 1 METAN 1
ATOM 2 C CA .METAl1l 717.105 28.442 42.578 1.00 83.35 71 METACA 1
ATOM 3 C €C .META11 ?18.021 29.477 41.921 1.00 75,77 7?71 METAC 1
ATOM 4 O 0O L.META11l ? 17.6%95 30.170 40.943 1.00 76.91 2?21 METAO 1
ATOM 5§ C CB .META11l ?17.757 27.078 42.696 1.00 100.06 71 METACE 1
ATOM 6 C € .METAL11 ? 18.477 26.602 41.467 1.00 108.30 2 1 METACG 1
ATOM 7 § 8D . META1l1l 7 19.741 25.379 41.972 1.00 109.12 71 META SD 1
ATOM 8 C CE .META11 718,713 24.184 42.861 1.00 108.71 2 1 METACE 1
ATOM 9 N N . VALALl2 7 15.204 29.547 42.527 1.00 63.43 72 VALAN 1
ATOM 10 C CA . VALAL12 2 20.227 30.471 42.079 1.00 50.48 2?2 2 VALACA 1
HETATM 4401 C CHA ., HEM E 3 , ? 18,729 18.645 20.255 1.00 12.22 ? 143 HEM A CHA 1
HETATM 4402 C CHB . MEM E 3 ., ? 21.007 20.618 24.060 1.00 16.53 ? 143 HEM A CHB 1
HETATM 4403 C CHC . HEME 3 . ? 18.570 17.704 27.086 1.00 11.28 7 143 HEM A CHC 1
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3.3 mmCIF 7#—% v ML & DUFEMET— 5 DF

ERXKEPDBYMMCIF 7=y h&EWS, PDBID:1bz1 @, W2 DIRE &, RFERO—PERT, D74+~
Yy hE HEREEORTPERRT IV VINEG F— W) a—FR) ALY IYORHREA) &, HELERAICRKL
F=2HTELTEHAR 'BERX (HEBOAREA) OEsSHTRERZNATVS, BEORVNXFRANR—-AT, ED
REBOETHS. REEBRATIVREFZATLENEVAFR () THEASDEZATWS, FIAE, _atom_site.Cartn_
x TiX, atom_site ¥HhFTUR, Cantn x D71 TLETHD. REXOBE, HFTVERRBROER, 71 7L%EH
DRFICHEHKT B, atom_site D|AS, [BPDB 74— v h®D ATOM 17& HETATM fTICHEXT 3, BREES (seq_id),
REZ (comp_id), 37 (asym_id), KF%& (atom_id) & F—IX—-IATEENANT 3 label_ THEDIRE
(RE) LERENANT R auth. THEIHE (FE) OFADPA->TVS. ThESREFSLLA—THIBELZVD,
B3 60BN, TOFTIR, HETATM 70 HEM @ asym_id i&, F—¥~X—2RAH® label_asym_id i& E £
B, BREANOD auth_asym_id B A LB>TVWD, F—IR-AEEER ZOANLDFRESDEORFTHIHSE
ELEDN, BRBFZIV/IWWVRDAMCEALUTVWADTENSALLEDRELEEA OGNS,
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Search Parameter: # Refine Search { J
Text Search for: syk tyrosine kinase doma:

Refinements Currently showing 1-250f66 Page: 1  of3  « Previous Next— Displaying 25 jResults

ORGANISM

Homo sapiens (65)
Mus musculus (2)

Download Files
Bos taurus (1)

UNIPROT MOLECULE NAME 1XBA View File

£

View: Reports: Sort:
Detailed

Select a Report j 1 Match score: Higher to Lower

Tyrosine-protein kinase SYK (57) Crystal structure of apo syk tyrosine kinase domain
Tyrosine-protein kinase Z ... (8)
ES ubiquitin-protein liga ... (3)
Ubigquitin-conjugating enz ... (2)
Proto-oncogene vav (2)

T-cell surface glycoprote ... (2)
T-cell surface glycoprote ... (1)

Keegan, K., Leon, B.C., Muller-Deickmann, H.J., Nienaber, V.L., Noland, B.W., Post, K.W.,
j: K.R., Ramos, A., Russell, M., Burley, S.K., S.G.

(2004) J Biol Chem 279 55827-55832

e Released: 11/2/2004 Macromolecule:

Refine Query ©3D View Tyrosine-protein kinase SYK (protein)

Resolution: 2.0 A Unique Ligands: --
TAXONOMY Residue Count: 291 Search term match score: 722.59
Eukaryota only (66)

Matched fields in 1XBA.cif:
EXPERIMENTAL © _citation.title: A novel mode of Gleevec binding is revealed by the structure of spleen tyrosine kinase .
Xeray (61) o _entity.pdbx_description: Tyrosine -protein kinase SYK
Solution NMR (5) o _entity_name_com.name: Spleen tyrosine kinase

o _structditle: Crystal structure of apo syk tyrosine kinase domain
© _struct_keywords.text: spleen typrosine kinase , active conformation, structural genomics, Structural

PCHAGEESORU] GenomiX, Transferase
less than 1.5 A (6) R R R R R R R R R R R R AR E R R R E R R R R E R RN
1.5-2.0A21)
20-25A@2) 1XBB View o
25-3.0A(10) 3 = 5
3.0 and more A (2) Crystal structure of the syk tyrosine kinase domain with Gleevec
Refine Query Atwell, S., Adams, J.M., Badger, J., Buchanan, M.D., Feil, LK., Froning, K.J., Gao, X., Hendle, J.,

Keegan, K., Leon, B.C., Muller-Deickmann, H.J., Nienaber, V.L., Noland, B.W., Post, K.W.,
RELEASE DATE i K.R., Ramos, A., Russell, M., Burley, SK. S.G.

before 2000 (3) (2004) J Biol Chem 279 55827-55832
2000 - 2005 (5)

2005 - 2010 (7)

Released: 11/2/2004 Macromolecule:
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Spleen tyrosine kinase (Syk) is a non-receptor tyrosine kinase required for signaling from immunoreceptors in
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Crystal structure of the syk tyrosine kinase domain with Gleevec
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‘The graphical representation below shows this entry's sequences as reported in UniProtKB, in the sample (SEQRES), or
as observed in the experiment (ATOM). Different 3rd party annotations can be graphically mapped on the sequence and
displayed in the Jmol viewer. Read more about the sequence display on our help pages.

‘Show unique chains only

‘The structure 1XBB has in total 1 chains. Sequence & Structure Relationships. Enable Jmol to

view annotations in 3D.

Display Jmol

Redundancy Reduction and Sequence Clustering.
View the clustering results for 1XBB.

kinase SYK

Tyrosine

Chain Downloadable Files Chain Info Display Parameters
Download FASTA File Polymer: 1 Currently displayed
Length: 291 residues SEQRES sequence.

View Sequence & DSSP Image
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Reference: UniProtKB (P43405)
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Sequence Similarity Clusters for the Entities in PDB 1XBB
Entity #1 | Chains: A @ Legend

Tyrosine-protein kinase SYK protein, length: 291 (BLAST) Instructions
: Sequence Similarity Cutoff Rank Chains in Cluster Cluster ID / Name Structural variation in cluster In the table for each entity, view a
‘ 100 % 3 30 1303 list of similar sequences by
‘ selecting the link associated with
‘ 95 % 9 65 Flexibility: Low the percentage cutoff.
|

Max RMSD: 3.0, Avg RMSD: 0.9
© View Table Legend

90 % 9 65 824 . . :
View more detailed documentation

70 % 9 65 861 undancy reduction and
sequence clu:

50 % 9 66 890

used by RCSB PDB.

|

|
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| e o o 2 You can also use the structure
| 30 % 111 1146 8 comparison tool to compare any 2
|

|

|

|
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| Research Collaboratory for Structural Bioinformatics:
| Help Contact Us ‘ Help Topics ‘ Website FAQ ‘ Browser Test ‘ Glossary Rutgers and UCSD/SDSC

‘ RCSB Partners  Nucleic Acid Database KUTGERS | UCSan Dieg() SDSC

| wwPDB Partners  RCSBPDB | PDBe | PDBj | BMRB

RCSB PDB is a member of the EMDIERIT

The RCSB PDB is funded by a grant (DBI-1338415) from the National Science Foundation, the National Institutes of Health, and the US Department of Energy.
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Crystal structure of the syk tyrosine kinase domain with Gleevec

Structure Similarity Experiment

Sequence Similarity Clusters for the Entities in PDB 1XBB

Entity #1 | Chains: A

Tyrosine-protein kinase SYK protein, length: 291 (BLAST)

Sequence Similarity Cutoff Rank

100 % 3 30
95 % 9 65
90 % 9 65
70 % 9 65
50 % 9 66
40 % 61 707
30 % 11 1146

Chains in Cluster

Cluster ID / Name
1303
784

824
861
890
13

@ Legend
Structural variation in cluster
Flexibility: Low

Max RMSD: 3.0, Avg RMSD: 0.9

Chains in cluster: 30 | Cluster ID:1303
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Instructions

In the table for each entity, view a
list of similar sequences by
selecting the link associated with
the percentage cutoff.

© View Table Legend

View more detailed documentation
on the redundancy reduction and
sequence clustering procedure
used by RCSB PDB.

You can also use the structure
comparison tool to compare any 2
given structures

® Download PDB Files

“JRank  PDBID  Entity ID
1 4FYO 1
2 5TIU 1
n3 1XBB 1
T4 4Fz7 1
5 4FL1 1
6 5Y5T 1
N7 4107 |
8 4XG7 1
9 4RSS 1
~110 4FZ6 1
D11 4108 1
12 1XBA 1

ACTION - (A) Select for download / view details OR (B) Select two chains for comparison

Chains

A

lew Structure Details

Description

Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK
Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK
Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK
Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK

Tyrosine-protein kinase SYK

--- Select Comparison Method --- j Submit

Details

RESIDUES 356-635, PROTEIN KINASE
DOMAIN

UNP residues 356-635

RESIDUES 365-635, PROTEIN KINASE
DOMAIN

UNP residues 356-635

protein kinase domain (UNP residues
356-635)

protein kinase domain, residues 356-635
UNP RESIDUES 356-635

RESIDUES 356-635, PROTEIN KINASE
DOMAIN

protein kinase domain (UNP residues
356-635)

Taxonomy EC Number

9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
9606 2.7.10.2 | Details
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R wversion 2.6.0 alpha (2007-09-05 r42787)
Copyright (C) 2007 The R Foundation for Statistical Computing
ISBN 3-900051-07-0

RFJV-UIbD17THN. [RLCERIEITY.,
—EOHRHCHEZE. BBRICCNEBEH IS LNTERT.
EC R HOFMCRLT . ' license () 'H3(MF ' licence () & AILTEEN,

REH(DEMECLSHEIOVIONTT,

FFL<(d " contributors () ' ALTEEL,

FE. RPRD Y —UE BIRHTE IATAREORACONTE
‘eitation() ' ALTCEEN.

tdemo () ' ANTHETEEHBCENTESET,
'help () ' ETNETLIAANTHEFT.,
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N3t

H~NDEODRALER

<- 2
2
> print (a)

2

<- 9.7
~a

94 .09
<- b™a + b/a
98.94
/a

4.85

EHAIE. ROBBRBGELELTTH

SNTLWSLDTHITNIE, FHEHF

ZE->TBEHICIEETSES

==L, ZHAZHF TIELHTIHULIFEL

RXF, INXFIERFSND

> a <- 2

> A <- 3

> print (a)

[1] 2

> print (A)

(1] 3

> 1ps <- 5

> a.Boss <- 3
> 1ps <- 1ps + a.Boss
> 1ps

[1] 8




> sgrt (2) sqgrt EHIR
(1] 1.414214

> exp(2) exp e & BA%L
[1] 7.389056
> exp (1)

(1] 2.718282
> 2.718282"72
(1] 7.389057

> sqgrt(exp(2)) D5 #HIE#BZF L\ NS EE
(1] 2.718282 TEH

1



= AR

> sin(pi/2) sin, cos, tan

(1] 1

> cos (pi/2)

[1] 6.123234e-17 HIERIIZFHTESNDSDT
> sin (pi) >l_ﬁﬁf ZIX0TH A,

[1] 1.224647e-16 ERIZ/INSTTEELELTERT
> cos (p1)

(1] -1

> tan (0) 6.123234e-17=6.123234%X10"17
[1] O

> tan (pi/2) L )
(1] 1.633124e+16 Zf%sgkxiﬂﬂjtli&é’)li?
> 51n(pi/2)/cos(pi/2) 7":75\ &QﬂEE"]LE'I'ﬁ'é*L
(1] 1.633124e+16 TWADTRELREELLT

RIR



WIER A

> p1

[1] 3.141593
> round (p1)
(1] 3

> round (pi,4)
(1] 3.1416

> round (pi, 3)
(1] 3.142

> round (pi, 2)
(1] 3.14



PIUET trunc
AR floor
PY LIF ceiling

> trunc (-5.673)

[1] -5

> trunc(5.673)
(1] S

> floor(-5.673)

1] -6
loor (5.678)

—

[
>
[
> cel1ling (=5.678)
[
>
[



RTIERIMILIZc()THERK

> v <- ¢(9.02, 20.124, -0.998, 4.787)
>y

[1] 9.020 20.124 -0.998 4.787

AN /Y max, min

> min (y)
(1] -0.998
> max (y)
(1] 20.124



> x <- c(-pi, -pi*0.75, -pi*0.5, -pi*0.25, 0, pi*0.25, pi*0.5,

pi*0.75, pi)

> vy <= sin (x)

>y

[1] -1.2240647e-16 -7.071068e-01 -1.000000e+00 -7.071068e-01
0.000000e+00 7.071068e-01 1.000000e+00 7.071068e-01

[9] 1.224647e-16

> plot(x, V)

RR—TU K]

o0&, BTN EST, KYBoILGEIERTEST=LY,
LHL. FIEXT x EBEEEZELDIEIHAEILSLY,

RDFFETHRIR
seq HHXMEZ, FLLVEIRTRYI2I-AIMLEHESESD
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.0 2.5 3.0 3.5 4.0 4.5 5.0

seq(start, end, fEfm)

> x <- seqg(-pi,pi,0.01)
> X
[1] -3.141592654 -3.131592654 -3.121592654 -3.111592654

[628] 3.128407346 3.138407346

> vy <= sin (x)
> plot(x,vVy)
[ERAR—D

BOLMIIE2T=M, FYPTRTTDDIFRERZ KLY,
RETO>THRTOLE LY,
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1.0

0.5

0.0

-0.5

-1.0

> plot(x,y,ty="1")

XEHD SN LEday. yEID S L& variation, EARD 2 ILE
SINE CURVE¢ET 5,



variation

> plot(x, y, ty='l',xlab="day", ylab="variation", main="SINE CURVE")
SINE CURVE
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ERENT=T T4V ADRTF

BRI7AILDORRZ. pngddHL M EepsTRELI-LNMEES
D549 RAXREZETT BHHIIC
pong (F7A4ILA) . HHWIpostscript (F7AILA) ZFELT

725749 RAT K (plottcurve) FEITLI=IC

dev.off () ZZE1T
REETLTWWAIEETALYR) () NIz, EET7AIL
MMERENS,




> png ("test.png")
> plot(x, vy, pch=23)
> dev.off ()
quartz
2

A9V =2 EIZIFZT 5740 R E RIS

test.pngZ V)V T HERNRRIEIND,

getwd ()
TTALOM)ZFERR



BE#quit)TH T

[ RIOYY—IL

©Ru g E

~/Desktop Q

REYY3IVERT
Eli] 5 @ T— ) AR—RDA A =TT 7 A WERGELETH?

> print(a)

(12 RELEL v | EEED
>b <- 9.7

> bAa

[1] 94.09

> Cc <- bAa + b/a

> C
[1] 98.94

> b/a

ey “BRIFLGLVZEH
iz BLTLTHL. B

> a.b

o RZ#CE)

it

[1] 3
>4 =c¢

UTIKTS— 4 = c : KRADEILNARE (do_set) TT
>c=4
>a<- 2
>A <3
> print(a)

[1] 2
> print(A)

[1] 3
> ips <- 5
> a.Boss <- 3
> ips <- ips + a.Boss
> ips

[1] 8
> a <- "atgcttgacccgtaat”
> aaseq <- "MLKPAQWELLTGRS"
> a

[1] "atgcttgacccgtaat"
> aaseq

[1] "MLKPAQWELLTGRS"
> aaseq[1]

[1] "MLKPAQWELLTGRS"

> substr(aaseq,2:3)

YTFICTS— substr(aaseq, 2:3) :

S1¥ "stop" DHBHEEAL. RBEHEEESHDEEA

> greeting <- "Hello World!"

> print(greeting)

[1] "Hello World!"

> quitQ
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TR = T4LIK)

TAILEDRZIX,. T7AIINFEIFTTHIAI T HIENS
X TRIMNTETAILED—D

JAILA

E TAILF2

J4ILA3 E
“files

RTIEX. EDTHILE THEET BN EEIRTES




getwd () : REDTsALIMIBZEH

list.files() : WEOTALIFJAD
J74ILD—E%ZH 1
dir(): list.files () &RIC

setwd (“"IHILEFLZ") : T—HDAR—X%E_E
THEREN=THILAIZEE
- HEEXETAHIVFZEEENTHDIZES

[rap

5| FR%F

LN

1s(): BERDNESTWAA T I RIRILOEE)
N—&



setwd (D {5 FA 5l

MacDiz&
setwd(“/Users/toh/Desktop”)

WindowsDi5&

setwd(“c:/mydocuments”)

SE. ERLEROTOT S LOT7A/ILESFSHoO—FLTERT %,
FORTATSLOT7AILDEIMTWNDIAILFEEETALON)ETBHTE



Yk JL (vector)
c(),seqlVDAE

> 1:50
[1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
[25] 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

[49] 49 50

>

> rep(3, 12) # 3Z 12O DR
[1] 333333333333

>

> rep(c(5,7), 2) # 5&7%Z 20 DERY
[11] 57 5 7

>

> rep(3:5, 1:3) # 3%Z1[0, 4%Z2[@. 5Z3LEDERT
[1] 344555

>

> x <-1:50

> X

[1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

[42] 42 43 44 45 46 47 48 49 50
> x <- seq(1,50)
> X

[1] 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41

[42] 42 43 44 45 46 47 48 49 50
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AN

l_\

= =

l_\

I_\
Mo NN e kR e X X

<- c(2,4.5,1.9,1.1,3.3)
2.0 4.5 1.9 1.1 3.3
<- c(4.1,5.5, 1,2.1,2.2)
4.1 5.5 1.0 2.1 2.2
ength (x) RORILDYARX
5
ength (y)
5
<— BH*x NIRILDERE
10.0 22.5 9.5 5.5 16.5
9%y RYIRILDRNFE
[, 1]
4,472



> x[1] RINILxDEFR1ESHE

[1] 2

> yl[2] NIRILyDER1ZTSHE

[1] 5.5

> x[1]*y[1]+x[2]*y[2]+x[3]*y[3]+x[4]*y[4]+x[D]*yI[5D]
[1] 44.42

> sum (X)

[1] 12.8

> sum(y)

[1] 14.9



ncol=4)

ncol=4,

byrow=TRUE)



> Z <- matrix(1l:6, ncol=3)

>

> dim(2)
[1] 2 3
>

> ncol (Z) # DO

[1] 3

>

> nrow (Z) # {TOR

[1] 2

>

> z[1,2] # EXROWDHL
[1] 3

>

> Z[1,] # TTOERDHU
[1] 1 3 5

>

> z[,2] # FIDHDHU
[1] 3 4

>

> length(Z) # 2ERDH
[1] 6

# T

N

QO

oY U1



BURLAMEDEEZA (1) for JL—7

for (i in NJKL ) {

iR RLALEORNE
J

HfIHZERH 1 INVMLOEZRDEZERLES
( BEHAIX 1 THAHAREIEELY)

RNV O RFTETZTREBEHSERY RSN D

BE NIMNLDEZAIE 1:10
BEDEID i MIDDIERBHLIIZELIENZLY,



1MWOEETOHFE

J <=0 B9
for (1 1n 1:5) {
j <=3+ 1 for XT ild1MB5%ET

} ZiEL. &1 2D\ T

print (J) THROLENITHNS,

i Ul HILDA i
1 =1 1 <- 0 + 1
1 =2 3 <- 1 + 2
i=3 6 <- 3 + 03
1=4 10 <- 6 + 4
i =5 15 <- 10 + 5

BTSN RID AT T D]

RET 1+2+3+4+5 ZX{TLTRILICGH D HERRL &5
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oI

1if (&) |
M E (TRUE) DEFOALIE

}

else {

EHEAMA (FALSE) DEFD LR

}

FHEDESH
x ==y — 2
x <y xBVy &Y/
X <=V X75§y13l_|:
X >y Xﬁ§y$L)j(
X >=Yy X7b§qu:
X =y xldyEELESH

== & 1= FBUETZF T XFHIZDOWTHEASD
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EIE->TOWTHEENEE
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© O35 %N RIVY — U

ANy FRRIE N¥EN & 8 O
g - =
= XBERL.. #80 = ,
T Y-ZEHBAT.. 0%0 X AV 70N
BRIAE O ICB/R >
R v e LR, 7-10) -- "Sock it to Me"
Cop m% %5 { Foundation for Statistical Computing
Pla si&°R#E.. oxs darwinl@.8.0 (64-bit)
TCICES
R & R—IBE... G %P D, r%?‘:#{%ﬂj T9o,
— TY¥b.. P INEBEMIDIENTERT,

EHAFEOFEMCELTIE, "license()' H5WE '"licence()' EAHAULTLEE W,

R EZLLDERMEICLZHERATOIII MTT,

FLULIE 'contributors()' EAHDLTLEZ L,

Ffeo R ® R Oy T —IZHRYTIIRIT 2ROFERICONTIE
'citation()' EAALTLEET W,

'demo()' EANTNIETEZHBIENTEET,

'help()' &ThIEAYSAUANILTHREET,
'help.start()' T HIML 7S5 0HICEBANILTHHENET,
") EANTHhIE R ERTULET,

[R.app GUI 1.65 (6784) x86_64-apple-darwinl@.8.0]

[PD—OAR—=ZADNRD 7 74 IO SFmHPAEXENE U /Users/toh/Desktop/.RData]
[BENMRO7 71 I oFmATENE U /Users/toh/Desktop/.Rapp.history]

> |



o Rio E

~/Desktop

R version 3.1.1 (2»

Copyright (C) 2014
Platform: x86_64-c¢

R &, BEABY 7 K~7Y:
—TEDERHBICREZIE,
B EOFEMICEL

R EZLLDEBEIC L2
FULIE 'contribu
. R ¥ R O/\yY
'citation()' &A

'demo()' &EAHTH?
'help()' &3 niE7
'help.start()' T
"9 EAATHhIE

[R.app GUI 1.65 (

[T—97 AR—=ZADRD
[BELSRDT 7AILh

RS2 =)

A=
— )

: Q- AL TERT ,




| ~/Desktop

i

E1l 2

[1] ALE 2 = 3+ A

[1] LE T = 3+ A

[1] 4

[1] LE T = 3+ Al

[1] L T = 3 Al

[1] AL T = 3 Al

[1] 8

[1] LLE 3 = T AU

[1] 10

x <- c(120,

len <- leng

for (1 1in

if (x[1] =
print(i]

}

else {
print(x

}

}

1] 1

[1] 10

[1] 34

[1] 4

£l 23

1] 3

v

+++++++VYV

T

10 A

® 00 BIRRE

L (Qr AV TERR

x <- ¢(120,10,34,909,21,3,67,221,87,112)
len <- length(x)
for:¢ i in:1:len)

if (x[i] > 100) {

print(i)
}
else {
print(***es")
}

H

OE—L T

R—AMNTIVEZ—%ET

[1] 67
[1] 8
[1] 87
[1]
>

prin

}I“ 32 / 34 90!



X <- ¢(120,10,34,909,21,3,067,221,87,112)
len <- length (x)
for (1 in 1l:1len) {
if (x[1] > 100) {
print (1)
}
else |
print("****")

RIMIL xDEZRMN100KY KRGS
i ZZH S

SHETNIE
* * * % j&.':ljj]

\/I_II_II_II_II_II_II_II_II_II_I
el el e e el e

1

LUV b ab i L L

LUV b ab i L L

4

LUV b ab i L L
LUV b ab i L L

LUV b ab i L L

8

LUV b ab i L L

10




BEHDOEHEZEAEDED

EH1 && F#H2
EH1PEHE20ETHNILE
Z DM, &

FH1 || FH2
FH1IDOEFEHF20WLVITNHAIDNETHNITE
M AIMEDEFIZE

2521+ T7<
(Rt && &HF2) || K443
FEDEIITEBBDEGEMAEOLETHATES




[l e8 1

ROMLDEBEENMBETHALU T 10LLE70LL T OB, FOXNDEZRE
ExH9a—FK

X <- ¢(120,10,34,909,21,3,067,221,87,112)
len <- length (x)

for (1 1in 1l:1len) {
if | ) A
print (x[1])
}
else |
print (1)
}
| } x[i] [XBEA . x[1]1HP 10 E70LTF

ELOEKHIFES TN ?

B#THLHIE => 2TEI-T=RYA0




RICIZ#R R GEEABNBRZ SN TSN E T D
T—ADWEIZIFREYLENGZELRH S,

DA ILEBZEERLED




RTIE. B OBEEIIRDEISITIERT 5,
B4 <- function (51311, 5|2, .. {
MR D 5| A o= ZF 5k

return (RYIE)

PIZIE xEyDIEZEROHDEHITIRDEIIZET S,

xy <- function (x, y) {
return (x*y)

}

X BlHTx, yITTRABARMERGEL MOEHBTEEDEL
WIBOFRRE D IZIXFIMELTEZoNT-EE & Tt




JATSLDIT7AILITHERFERELTHES
FEXaARTAHILE (ZRZA47)IZHL,

xy.R&sourceT, ZITHDNIVY—/)LEENGHEAAT E
Ao FILE#xyEFIATESL IS,

> source ("Z:xy.R")

> xy (4,5)

(1] 20

> xy(1.41421356, 1.41421350)
(1] 2



BB 2

for)l—JZ#F>T. BALNT2DDRINILORES
1EHBHTOT S LEERLTHS,
naiseki.RZ7UEHT HH TIERK

nalseki <- function(a, b) {
len <-
J <=0
for (1 in 1l:1en) {
J <=3+

}

return (7J)



T—%L—L

THFNEEDOEDH THERSNIREADT —F

> x <- matrix(c(l,5,9,2),ncol=2)

> typeof (x)

[1] "double”

> x <- matrix(c("a","b","c","d","ef","gde"), ncol=3)
> typeof (x)

[1] "character”

> X

[,11 [,2]1 [,3]
[1,] Ha" "C" "ef"
[2, ] Hb" "d" "gde"



T TRHFEXFZRAESE S L BEIMICHF (XX FEIC
SNB

> x <- matrix(c("a","b","c","d",1,2), ncol=3)
> X

11 [, 2] [, 3]

[1’] ngn ISRl mqw

[2’ ] "y g n2n<<\ {rﬁ-?”"&ﬂii?ﬂ&l}-—c
> typeof (x) HmHnd

[1] "character"

TIFNBEOT 2R DA THEAENS!
------ > BHOTHEZREAESELHLDTSDHRER
DT—RZRTIET—E2TL—LELS



T—RIL—LAYER 1

(1) NIRMVELTHERRLI=T—5%D%1T 5

Ht <- c¢(l65.6, 163.3, 172.4, 175.3)

SxXx <= c("male", "female", "female", "male")
a <- data.frame (height=Ht, Sex=Sx)

a

height Sex
1 165.6 male
2 163.3 female
3 172.4 female
4 175.3 male



T—RIL—LAYER 2

(2) F7AILDLDEREHIAF
x <- read.table(“data.txt”)

X
vl V2 V3

1 1.95 3.3 RED
2 1.55 2.1 YELLOW
3 1.45 2.2 YELLOW
4 2.01 3.4 RED
5 2.13 3.0 RED
6 1.54 1.9 YELLOW
7 1.98 2.9 RED
8 1.47 1.8 YELLOW
9 1.34 1.7 YELLOW
10 1.36 1.8 YELLOW
11 2.23 3.1 RED



T—3IL—LAERR 3

(2) T—RIL—LDEIN-LH]ZDITS

names (x) <- c("activity","size","color")
X
activity size color

1 1.95 3.3 RED
2 1.55 2.1 YELLOW
3 1.45 2.2 YELLOW
4 2.01 3.4 RED
5 2.13 3.0 RED
6 1.54 1.9 YELLOW
7 1.98 2.9 RED
8 1.47 1.8 YELLOW
9 1.34 1.7 YELLOW
10 1.36 1.8 YELLOW
11 2.23 3.1 RED
names (xX)

[1] "activity" "size" "color"



T—RIL—L x

1.95 3.3 RED

1.55 2.1 YELLOW

1.45 2.2 YELLOW

2.01 3.4 RED

2.13 3.0 RED

1.54 1.9 YELLOW

1.98 2.9 RED

1.47 1.8 YELLOW

1.34 1.7 YELLOW

1.36 1.8 YELLOW

2.23 \ 3.1 RED
x[,1] x[,2] x[,3]

FTNEN.xD15], 25|, 35ERTLILELT:




T—RIL—L x

1.95 3.3 RED
1.55 2.1 YELLOW x[1,]
1.45 2.2 YELLOW
2.01 3.4 RED
2.13 3.0 RED
1.54 1.9 YELLOW ™ x[5, ]
1.98 2.9 RED
1.47 1.8 YELLOW
1.34 1.7 YELLOW
1.36 1.8 YELLOW
2.23 3.1 RED
x[11,]
xMD 14T, 517, 11172~ MLEL T



T—5IL

1.95 3.3 RED
1.55 2.1 YELLOW
1.45 2.2 YELLOW
2.01 3.4 RED
2.13 3.0 RED r\ %[5, 3]
1.54 1.9 YELLOW
1.98 2.9 RED
1.47 1.8 YELLOW
1.34 1.7 YELLOW
1.36 1.8 YELLOW
2.23 3.1 RED
N
x[11, 2]
RFCxDERTARFZEHEELTHE



T—RIL—L x

1.95 3.3 RED
1.55 2.1 YELLOW
1.45 2.2 YELLOW
2.01 3.4 RED
2.13 3.0 RED
1.54 1.9 YELLOW
1.98 2.9 RED
1.47 1.8 YELLOW
1.34 1.7 YELLOW
1.36 1.8 YELLOW
2.23 3.1 RED
ngctivit:\\ xSsize xScolor

FNEFhn.xD15], 25| 35|ERIK)LELTHIH




KL<HAHEHELD

¢ AXFEPMXFOEEHEEL

5. ITEsource(“...”) F&aSourse(“...”)

I5—hH=RFIZTAIZECRIIIZ
*9 . B THEZRLTZSL !

« ANJLER
5. IEsource(“...”) Ersourse(“...")

« 0(EMEO(FA), 1L (TIL) EL(TA) &L (BF)
5. EV1519.pdb” (1VTAIILY) 3571519.pdb” (L)L TA19)

« FTHERTFETICET — ZTELARMINFEEA
— TAJSALIZEREZMABEIZERET H(CTRL + S)FEDITTL RS

o« J7AILA. T7AILDRTIL, GARKHAEE/EAAALIENE
— RMIELLT7AMILEZFZHIAATNEEA

o n

5. IEsource(“...”) F&source (“...”)

EAADITIHEH-TVS



F—BIL—LOTHITIE, THS DEUREBLE T ORIERT T
FCCELT—4IL—LHBNITIEERTES

RDIDNT =27 —Ldf Z1ERT S

x <-c¢(1,2,2,3)

y<_ C('AV,'AI,'CI,'BV)

z <- c(100, 101, 102, 103)

df <- data.frame (X=x, Y=y, Z=2z)

—_TC
df [dfSY=="A", ]
df [df$X==2, ]

(%J%jj LT. EDOERFHERLLS, F-. COB N BRELT—2TL—LTE
df [dfSY=="A", ]S$X
df [dfSX==2, ]SY

DEIILT, ToNATOPDRLELGERIZTZRMYE T ENTE S,



4. MH[ETE

o], fHEER NI B DIIREED
RENEZEITI

e b

FRTEZ INTE &L A ?

IIREEDERSHEIZIXERIE S D
TIA AV D LE



AR EC 5 DAZ X

-EE ortholog
B FER paralog
EED ZRRILICHFICEE

(L (Molecular Evolution)
DB THIRUSIBLFICEIAZEENA

0%

Z&ET, BBIIMELTIKZE
BEARXZATvT1Z

O BETI/B)ER

O fBEA/R%



AT BT S
< BiG Z
. BDAZEK

h tl\\ 5‘y|\

DIEME
paralogous
o PA/ N = Zvh
e > orthologous

NE/OE NESAEVB



Evolutionary fate and functional consequence

Gene A Gene A’

— . BEIEFEE (gene duplication)
SN———7
duplication

Non-processed
pseudogene A

Non-functionalization  Gene A (H&EEF)

) — iR M Function A

(pseudogenization

Gene A Gene B

Neofunctionalization_W_Wj_ Functions A + B

Gene A’ Gene A"

Subfunctionalization — A — Functions A' + A" = A




@ HEEIEIZFDE K
- BEIELFHIELGDHHEETEF LTI (globin superfamily)

[] embryonal gen
[] fetal gene
B adult gene

[] pseudo gene 100- 150-200
40-80(?)
<35
Myoglobin j 7Y A,
- l‘LQK} Ki
Y
Chromosome 22 Chromosomell
Hemoglobinf
b gl
Y
>

SO LEABEOEL

600-800 Million years ago

> 300
~260

_-/N40-50
&, ¥

1 Oy
a2 Uy

Chromosomel6
Hemoglobina

4D0Y 7T
A=y kA
thERA IS
BE40F
(Dﬁé%;lit&-‘ﬁ%

Fundamentals of Molecular evotution,
GENOMES second edition,
Molecular Biology of the Cell 4th edition % 2t Z£

* Myoglobin :

« B/ T —CHERE
* Hemoglobin :
*ANTATFZIVY—
THEEE

- FRERE THRIR
G BsubunitDEAS
HhEEEAD
!

BRR DT & OFMKE
AEAE L. EREICI
U F-HEREMER R =
nad

eX.)
oy, (ARIRER) >

0,32, 020, (AAA)



M5 REZE-FALZE-REXZE

5" .. .ATGGTGCTGTC.. .3’

|

57 ...ATGGTACTGTC.. .3’

(b) BAZE

5’...ATGGTQ§TGTC...3’

IS
I\

57 .. .ATGGTGAGCATACTGTC. .

.37

(c) RRZE

57 .. .ATGGTGCTGTC. .

1 .7
V,

57 .. .ATGTC.. .3’

.37



RMSD

. ]
rmsd (root mean square distance) = J = E ( dl St( A( l) , B ( l))2

n

TEEE S E#IC
B5zoNnNTU\5E
STEIIRS



BELLBRDER - Efo&Hht (superposition) -

T~
Pt

X9 SColRFEERRE M ER/MI/RDKIIC
“DDiHEENGDOED (F1TEEEEE)

McLachlan, A.D. (1972) Nature New Biol. 240, 83-85.



2. BB 7542 Ak (sequence alignment)

HEALDBIZTHOINDELEEE LGNS, HRIGESSI DR D
XL d BIEE(HANITI/EE) FEICAEIZHRDIRE
HBNE, FOEEIZE>TTE=LD,

INDELIZXH L TH vy (gap)ELIENBEZEEEEAL
MEZT LT, IEROT7I/BEXIGDIT5,

BE . BifETE ;% (dynamic programing algorithm)X2, £ ®
N)I—23 Z7ANT, EBIRDOELUENSELESELIIC
TIAVAV D EEIND,

ToA A DREXRE



RILFTILTSA2 A2k (multiple alighment)

DFRFEBEEETDIZIE. FTTESADIERES
[CDWTDRILFIILT A A MEERRT B,



) F—LDTZ/EEECS

>LYC HUMAN kb Lysozyme C
MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYRGISLANWMCLAKWESGYNTRATNYNAGDRST
DYGIFQINSRYWCNDGKTPGAVNACHLSCSALLQDNIADAVACAKRVVRDPQGIRAWVAWRNRCONRDVR
QYVQGCGV

>LYC1 BOVIN P& Lysozyme C 1
MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGYKGVSLANWLCLTKWESSYNTKATNYNPGSEST
DYGIFQINSKWWCNDGKTPNAVDGCHVSCSELMENDIAKAVACAKQIVSEQGITAWVAWKSHCRDHDVSS
YVEGCTL

>LYC CHICK Z=PMJ Lysozyme C
MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSLGNWVCAAKFESNENTQATNRNTDGSTD
YGILQINSRWWCNDGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVSDGNGMNAWVAWRNRCKGTDVQA
WIRGCRL

>LYC2 ONCMY ¥A Lysozyme C II
MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNSLPNWVCLSKWESSYNTQATNRNTDGSTDYGT
FQINSRYWCDDGRTPGAKNVCGIRCSQLLTADLTVATIRCAKRVVLDPNGIGAWVAWRLHCQNQDLRSYVA
GCGV

>LYC BOMMO A4 Lysozyme
MQKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENLMRNWVCLVEHESSRDTSKTNTNRNGSKDYGL
FQINDRYWCSKGASPGKDCNVKCSDLLTDDITKAAKCAKKIYKRHRFDAWYGWKNHCQGSLPDISSC

>LYSP DROME /ML Lysozyme P
MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDOQLAKWTCIAQHESSFRTGVVGPANSNGSNDY
GIFQINNKYWCKPADGREFSYNECGLSCNALLTDDITNSVKCARKIQROQOGWTAWSTWKYCSGSLPSINSC
F



Ek
o
E@L
=7~
hA3
NI

) F—LDTI/BEREH RILFTIL- T4 A

. — > )
ZRIBERHREENTERR o helix B strand
CLUSTAL W (1.81) multiple sequence alignment

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

LYC_HUMAN
LYC1_BOVIN
LYC2_ONCMY
LYC_CHICK
LYC_BOMMO
LYSP_DROME

—MKALIVLGLVLLSVTVQGKVFERCELARTLKRLGMDGYﬁEISqANWMCLAKWESGYNTR

—MKALIILGFLFLSVAVQGKVFERCELARTLKKLGLDGY&GVS LCLTKWESSYNTK

————MRAVVVLLLVAVASAKVYDRCELARALKASGMDGYAGNS PNWVCLSKWESSYNTQ

-MRSLLILVLCFLPLAALGKVFGRCELAAAMKRHGLDNYRGYSEGNWVCAAKFESNENTQ

—MQKLIIFALVVLCVGSEAKTFTRCGLVHELRKHGFEENP———MRNWVCLVEHESSRDTS

MKAFLVICALTLTAVATQARTMDRCSLAREMSKLGVPRDQ—::QAKWTCIAQHESSFRTG
* .

. *k k| Tk K *k ok

—‘—-‘-—— C D C >
ATNYNAGD&STDYGIFQINSRYWCNJGKTPGAVNACHLSCSALLQDNIADAVACAKRVVR
ATNYNPGSESTDYGIFQINSKWWCNﬂGKTPNAVDGCHVSCSELMENDIAKAVACAKQIVS
ATNRN-TD&STDYGIFQINSRYWCDIIGRTPGAKNVCGIRCSQLLTADLTVAIRCAKRVVL
ATNRN-TDESTDYGILQINSRWWCNGRTPGSRNLCNIPCSALLSSDITASVNCAKKIVS
KTNTN-RNGSKDYGLFQINDRYWCS 5-KGASPGKDCNVKCSDLLTDDITKAAKCAKKIYK
VVGPANSNGSNDYGIFQINNKYWCKPADGRFSYNECGLSCNALLTDDITNSVKCARKIQR

* kkk o ckkk o ookk A I tiron Kk
[e D C (@M ol
DPQGIRAWVAWRNRCONRDVHQYVQGCGV
E-QGITAWVAWKSHC HDV{SYVEGCTL

DPNGIGAWVAWRLHCONQDLRSYVAGCGV
DGNGMNAWVAWRNRCKETDVQAWIRGCRL
R-HRFDAWYGWKNHCQES - -LPDISSC--
Q—QGWTAWSTWK—YCSFS——ﬂPSINSCF—

* % *: * _—d : .*
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MAFFTIZEKBTILFTILTSA Ak

mafft(d = AR E CHREIN ., MEFIEIZL> TR
RSN TWBTILFIILT A ANDT)—) T O T

BNDZDOHAEKE THASN TS,

Web E TCOT7ISAUAVMF—ERIZIMA . A9 O0—KLTEHED
PC_L CH|IFATZ%, Mac, Windows, LinuxZ:E#R R 750SIZ3x L TLYS

Z_TIX. web service L TRABISN TLV\BmafftZxFIFHT 5,

https://mafft.cbrc.jp/alignment/software/



MAFFT version 7 ol L AIST
Multiple alignment program for amino acid or nucleotide sequences

D:ﬂwnlga:x"‘"io" Contact email address, kazutaka.katoh@aist.go.jp, is temporarily unavailable from 2018/Feb/7. If you sent an email to this address but have received no response, then please re-send the email to katoh@ifrec.osaka-
lac i
S u.ac.jp.
e
Source
Online version MAFFT s a multiple sequence alignment program for unix-like operating systems. It offers a range of multiple alignment methods, L-INS-i (accurate; for alignment of <~200 sequences), FFT-NS-2 (fast; for alignment of
Alignment <~30,0Q0 sequences), etc.
mafft --add
Merge
Phylogeny.
Rough tree
Merits / limitations

Downlpad and Installation

Algorithms
Tips .
Benchmarks .
Feedback

Online VersionZ%')w%

lease use 7.470 or higher. (2020/Jun) LImuXx /_\Dout

Thdllatest version is 7.471, 2020/Jul.

,@ A bug in parsing input filename has been fixi

Input Format

MAFFT i
<~30,00]

Fasta format. example1 (LSU rRNA), example2 (protein)

The type of input sequences (amino acid or nucleotide) is automatically recognized.

mafft --add

Usage
Merge
$ mafft [arquments] input > output Phy'ogeny Down I(
An alias for an accurate option (L-INS-i) for an alignment of up to ~200 sequences x ~2,000 sites: Rough tree
R e M
% mafft-linsi input > output Merits / limitations
o
; o Li
A fast option (FFT-NS-2) for a larger sequence alignment: A_‘Igm ]
% mafft input > output LP_S ® ﬂ
Benchmarks e S
If not sure which option to use, -_— =4
, Feedback
% mafft --auto input > output - L ] C
e Manual (v6.240) m
o Tips (not yet included in the manual) for large alignment, ncRNA alignment, profile alignment, etc. The

Related Resources

e MAFFT server at EBI
* MAFFT server at the MPI Bioinformatics Toolkit

= FL.ataA7 / NAAEET / DDDNI as R acman Nas



MAFFT version 7 5 @Alsr
Multiple alignment program for amino acid or nucleotide sequences

Download version

Mac 05 X To avoid overload, try a light-weight option, for MSA of full-length SARS-CoV-2 genomes (2020/Apr).
Windows
Linux

For a large number of short sequences, try an experimental service.

Source Experimental service for aligning_raw reads (2019/Aug)

Online version
Alignment
mafft --add Multiple sequence alignment and NJ / UPGMA phylogeny
Merge

Phylogeny
Rough tree Input:
Merits / limitations Paste protein or DNA sequences in fasta format. Example

Algorithms
Tips
Benchmarks
Feedback

T7A4IVEERED) YD

or upload a plain text
Use DASH to add ho

T7ANERR | 77 A

ogous structures (proyffn only) New! 2018/Dec/23

= Ouput original plus DA! Output original sequences only
" Give structural alignment(s) externally prepared

Allow unusual symbols (Selenocysteine "U", Inosine "i*, non-alphabetical characters, etc.) Help

UPPERCASE / lowercase:
~) Same as input

© Amino acid = UPPERCASE / Nucleotide = lowercase

Direction of nucleotide sequences: Help

© Same as input
Adjust direction according to the first sequence (accurate enough for most cases)
Adjust direction according to the first sequence (only for highly divergent data; extremely slow)

Output order:
Same as input

© Aligned

Job name (optional; used as output file name and subject of emails):

(basic Latin alphabet, number and space only)

Notify when finished (optional; recommended when submitting large data):

Email address:

Submit Reset



774 ILF 31— M iSRetroProtease.fastaz 2R

MAFFT version 7 LR A8 B= i 2EE S Q ®%
Multiple ali t f i id leotide ¢
ultiple alignment program for amino acid or nucleotide o poe T pores g
< iCloud Drive 7HVP.pdb 2015%9H22H 16:08 g8 105 KB
Download version . E Bioinformatics2 2019410H8H 14:46 Adobe...cument 7 MB |
Mac OS X TO aVO|d OverIOi ] Bioinformatics2pptx 201941082H 0:58 PowerP...(.pptx) 5.2 MB O
Windows @ xvro—2 FoxP2.aln 2015495220 16:38 B8 12 KB
Linux For a large number of short fynpe. S FoxP2.fasta 2015494220 16:33 MEGAX &% 8 KB
) G
Source Experimental service for alic . FOXP2.PDF 2015518121 4:46 Adobe...cument 2.4 MB
Online version 8 s> rEE retrop.pse 20154F9H22H 16:22  BE 215 KB
Alignment . ] /.\: 7T = RetroProtease.aln 201549H22H 16:03 ] 1 KB
mafft —add Multiple sequence alig W 2ok I RetroProtease.fasta 2015498220 16:02  MEGAXHEE 879 /%1 k
Merge Z 7 L
Phylogeny 5 ==
Input:
Rough tree a o
Marits /limitations Paste protein or DNA s O sv>vo-k
Algorithms 7
Tips
S ac[Oj—
Benchmarks il
Feedback @ LykR

W Folow ® ALvy

sren

or upload a plain text file: 771IL%&&R 77 1ILKER



@ INSA—4A(%
FTIAILEDEFE
SubmitZzo1)wy )

MAFFT version 7

Multiple alignment program for amino acid or nucleotide sequences

Download version
Mac OS X
Windows
Linux
Source

Onli
Alignment
mafft --add
Merge
Phylogeny
Rough tree

Merits / limitations

Algorithms

version

Tips
Benchmarks
Feedback

For a large number of short sequences, try an experimental service.

Experimental service for aligning raw reads (2019/Aug)

Multiple sequence alignment and NJ / UPGMA phylogeny

To avoid overload, try a light-weight option, for MSA of full-length SARS-CoV-2 genomes (2020/Apr).

Input:
Paste protein or DNA sequences in fasta format. Example

JRIR  RetroProtease.fasta

or upload a plain text file: | 77!

") Use DASH to add homologous structures ™) New! 2018/Dec/23
+ Ouput original plus DASH sequences Output original sequences only
) Give structural alignment(s) externally prepared

~ Allow unusual symbols (Selenocysteine "U*, Inosine "i", non-alphabetical characters, etc) Help

UPPERCASE / lowercase:
Same as input
© Amino acid = UPPERCASE / Nucleotide = lowercase
Direction of nucleotide sequences: Help
© Same as input
Adjust direction according to the first sequence (accurate enough for most cases)
Adjust direction according to the first sequence (only for highly divergent data; extremely slow)
Output order:
Same as input
© Aligned
Job name (optional; used as output file name and subject of emails):

(basic Latin alphabet, number and space only)

Notify when finished (optional; recommended when submitting large data):

Email address:

D774 ILHEIR
ShTWhWAZLAE
MR




Clustal format | Fasta format | MAFFT result | View | Tree | Refine dataset | Return to home

View

CLUSTAL ﬁ?fﬁ Reformat = to GCG, PHYLIP, MSF, NEXUS, uppercase/lowercase, etc. with Readseq
TT7 342 AVk
MERREIND

GUIDANCE2 = computes the residue-wise confidence scores and extracts well-aligned residues.
Refine dataset

Phylogenetic tree

MAFFT-L-INS-i Result

CLUSTAL format alignment by MAFFT (v7.471)

gi1443546|pdb|7 PQITLW-- --QRPLVTIRIGGQ-- ---LKEALLDTGADDTVLEEMNLPG
simian ---SLW-- NRPTTVVEIEGQ-~ ---KVEALLDTGADDTVIKDLDLKG
HIV2 ~ mmmmmmmmmmmmm o VTAYIEDQ-—————=-=-- PVEVLLDTGADDSIVAGIELGD
9114389337 |pdb| LAMTMEHK-------- DRPLVRVILTNTGSHPVKQRSVYITALLDTGADDTVISEEDWPT
gi|224443|prf|| ---TLDDQGGQGQEPPPEPRITLKVGGQ-----———-= PVTFLVDTGAQHSVLTQONPGPL
. * e kkkk o ...
gi|443546|pdb|7 KW----—- KPKMIGGIGGFIKVRQ---YDQIPVEIXGHKAIGTVL----VGPTPVNIIGR
simian NW-—---- KPQIIGGIGGSINVKQ---FFNCKVTIAGKTTHASVL----VGPTPVNIVGR
HIV2 NY------ TPKIVGGIGGFINTKE---YKNVEIKVLNKRVRAT IM----TGDTPINIFGR
9114389337 |pdb| DWPVMEAANPQ-IHGIGGGIPVRKSRDMIELGVINRDGSLERPLLLFPLVAMTPVNILGR
gi|224443|prf|| SD------ KSAWVQGATGGKRYRW---TTDRKVHLATGKVTHSFLH---VPDCPYPLLGR
. % * . . . . * . KKk
gi1443546|pdb|7 NLLTQIGXTLN--=-=-=-=-=========--— F
simian NVLKKLGCTLN=-=-===========——————
HIV2
9114389337 |pdb| DCLOGLGLRLT--=-=-=-==========-~— NL

gi|224443|prf|| DLLTKLKAQIHFEGSGAQVMGPMGQPLQVL
.o

Method
L-INS-i (Probably most accurate, very slow)

% mafft --reorder --auto input



LUSTAL format alignment by MAFFT L-INS-i (v7.130Db)
gi|443546|pdb|7 PQITLW----—-————— QORPLVTIRIGGQL-—-==—————~— KEALLDTGADDTVLEEMNLPG
HIVZ2Z = e VTAYIEDQP-——-—-—————-— VEVLLDTGADDSIVAGIELGD
simian -—=-SLW-——-————————-— NRPTTVVEIEGQK-————-—-=-=——— VEALLDTGADDTVIKDLDLKG
gi|4389337|pdb| LAMTMEHK-------- DRPLVRVILTNTGSHPVKQRSVYITALLDTGADDTVISEEDWPT
gi|224443 |prf|| ---TLDDQGGQGQEPPPEPRITLKVGGQP-—————=—---- VTELVDTGAQHSVLTONPGPL
. *:****:.:::

gi|443546|pdb|7 KW-—-—---- KPKMIGGIGGFIKVRQ-—-YDQIPVEIXGHKAIGTVL----VGPTPVNIIGR
HIV2 NY-————- TPKIVGGIGGEFINTKE-——-YKNVEIKVLNKRVRATIM----TGDTPINIEGR
simian NW—————— KPOQITGGIGGSINVKQ-—-FFNCKVTIAGKTTHASVL----VGPTPVNIVGR
gi]|4389337 |pdb| DWPVMEAANPQ-TIHGIGGGIPVRKSRDMIELGVINRDGSLERPLLLEFPLVAMTPVNIIIGR
gil|224443|prf|| SD------ KSAWVQGATGGKRYRW—-—-TTDRKVHLATGKVTHSFLH---VPDCPYPLIIGR

*ox : : : .. . R Ead
gi1443546|pdb |7 INLLTQIGXTLN-=—=—————==———————— F
HIV2 NILT-—=—————————————m————— =
simian NVLKKLGCTLN--—=——=—————=———————
gi]4389337|pdb| [DCLOGLGLRLT-————=——————————~— NL
gi|224443 |prf| | |[DLLTKLKAQIHFEGSGAQVMGPMGQPLQVL

. *

EENE 07512 Ak
BRIFLTWBD T AV EF—) D2 FRR VSN 5
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RMSD

. ]
rmsd (root mean square distance) = J = E ( dl St( A( l) , B ( l))2

n

TEEE S E#IC
B5zoNnNTU\5E
STEIIRS



BELLBRDER - Efo&Hht (superposition) -

T~
Pt

X9 SColRFEERRE M ER/MI/RDKIIC
“DDiHEENGDOED (F1TEEEEE)

McLachlan, A.D. (1972) Nature New Biol. 240, 83-85.
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BEILF2

BEILF3



A

D A B

population <- matrix (runif (popsize*3) *2*pi,ncol=3)

{& 47 1 X1 Y1 71

fE{x2 X2 V2 2

1@ 1$ p O pS i Ze Xpopsize Ypopsize Zpopsize
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X1 Y1 Z1 pr——
X2 Y2 z2 —l
population
Xpopsize Ypopsize Zpopsize —l .
X1 Y1 Z'1 —> TNZTNIZXFL THitness
mutants it &
X'msize Y'msize Z'msize —
X"1 Y'1 Z"'1 —
recombinants
X' rsize Y'size Z''rsize pre—
Fithess =
FEADEEREEEIZKD

FE &R DRMSD

+0.1



YEf
A
X



RITTDEIERTTH 1)
HEWMAOOREE 8=
3RTEMTOXE, Y3, A0ED DEEERTEETIIR. FNENROED THS

— -

i 0 0
R,(0)= |0 cosf —sinf
|0 sinf cosf |
[ cosf 0 sinf]
R,(0) = 0 L 0

| —sinf 0 cos@_
[cosf —sinf 0
R.(0) = | sin@ cos@® 0
0 0 1

I TREmDAMIE, R, dy#EARiC@TS575R. R, ZZA0ZEXFICRT SR, R, Fx3%Zy#ICRTEHFRTS S,

rx, ry, rz |&.ZENFhx<Eh, vEl, zEOREYT, 5I8ELTEAONT-AEET

BlEr s HEERITHIZIERLL . TN RYIEST HBEH
FunctionLibrary.R HRIZEEHRSINTEY. outputécalcFitnessD

ZDONEMTEASINTLS,



RMSD

. ]
rmsd (root mean square distance) = J = E ( dl St( A( l) , B ( l))2

n

TEEE S E#IC
B5zoNnNTU\5E
STEIIRS



FEFEW

SEIFCAZFEALE-ERNGHETERHOLEEITOTLDA. ERHHE(F
BEISRDHEIFTENHLDT, REDERICHI->TIE, TLoZF AT HAHNRL

SEIIGAZE#R T HFERELTEROHEZAWNTLETTHS,



erra D ER A

[1] 1j19.pdb&1jI9m.pdbD EEHE
[1-1] GAIZCRIZTERAY A XDER

[1-2] GAIZ R (X HAE DTN E

[1-3] GAIZRIFTEREERDHME
[1-4] GAIZRIF TR BZDHE

[2] 1j19.pdb&3c9a.pdbDEREHE
[2-1] GAIZRIZTERAY A XADER
[2-2] GAIZ R [T HAED TR
[2-3] GAIZRIFTEREERDHME
[2-4] GAIZRIF TR EBDHER

[3] AT S LDIEIEIZLB1j19.pdb&3c9a.pdbDEREHEDHE
[3-1] IEIERIIZZEST
[3-2] {EIERIZZELT



EREHET

AN
= |B

Al

1)1919.pdb&1519m.pdbDE

1919.pdb&3c9%a.pdbME



1319.pdb human epidermal growth factor (EGF)
427/

3c9a.pdb Drosophila melanogaster SpitzR/\JE®D
EGFRASY
48T/

FREOEICIE. —ADEBEDEDTI/BLEMBFOBEDNDENDTI/BE
DX IGT H2NEROTENLELNE, RUSDOETE TELLY,

XISERIET A AN IFAILTEZ S,



F2A A

(1) 1319.pdbé&ljl9%m.pdbDEREHEH

1j19.aln.fasta

>1JLO9A:EPIDERMAL GROWTH FACTOR
CPLSHDGYCLHDGVCMYIEALDKYACNCVVGYIGERCQYRDL
>1JL9B:EPIDERMAL GROWTH FACTOR
CPLSHDGYCLHDGVCMYIEALDKYACNCVVGYIGERCQYRDL

(2) 1319.pdbé&3c9a.pdbDEREHEHR

seqg.aln. fasta

>3CO9A:C|PDBID|CHAIN|SEQUENCE
PTYKCPETFDAWYCLNDAHCFAVKIADLPVYSCECATGEFMGORCEYKE -
>1JL9B:EPIDERMAL GROWTH FACTOR
—-—-——-CPLSHDG-YCLHDGVCMY ITEALD—KYACNCVVGYIGERCOYRDL

EIEDBETOEA/ REEEELT. BIMOEUENSRKITHDESICLE
FROTFAUBREFASTABREESR (V> TIESTIHERT . TN TESIF—4)

E Ry TERENBERE . A/ REICHESE T, PI/BOMEBES ST EOICEDNS,
Fo—B. B BHRESN TS AL 25



EFRIBT—2T71)L

(1) ML A&
1919.pdb, 1919m.pdb, 3c9a.pdb

D3

(2) T 242 Ak
17319.aln.fasta, seg.aln.fasta
N2>

TEXERAMEK T, ITa3—FIEWwindowsIZLTH S

HL. MacPLinuxA—HF TI7MILDHITNEN LIV, RTS
FEFEAIADEWNFHIL., 3 (tohhirl@kwansei.ac.ip)
FTEHKTHLE



00514
ExecuteGA.R

FunctionLibraryX.R

FunctionLibraryY.R



ExecuteGA.R

E—/\—Fk
(F;HAOD/G)‘ BRROAAT7AILOBE N T7AILEEE
TEY9 Do

P —

= _/\—k
GADEER 7

E—N—rDBETFDEEDIEEL

T AT —SOIREN BT BEII-8E



seq.aln.fastaTlIX. FIAAVRD
>3C9A:C|PDBID|CHAIN | SEQUENCE
PTYKCPETFDAWYCLNDAHCEFAVKIADLPVYSCECAIGEFMGOQRCEYKE-
>1JL9B:EPIDERMAL GROWTH FACTOR
—-———CPLSHDG-YCLHDGVCMY IEALD—KYACNCVVGYIGERCQYRDL

EEZ5NTWS, COE, ExecuteGA.RTIZ.

¥ ANLAEEL

InputFileNamel <- '3c9a.pdb'

¥ AALAREE?

InputFileName2 <- '"1719m.pdb’

T SAVANTTFALIL

AlignmentFile <- 'seg.aln.fasta'

FERER

MutationRate <- 0.9

#HE A2 R

RecombinationRate <- 0.9

tredex: BICEDEHFMNREONLGEHNSF=FIZ, ENKOWRIEAEDSHFEEHEDHLIDONERT /INTA—4
redx <- 1.0

#HNT7AILE L ([EEERDILAREEL)

OutputFileNamel <- '3c9a 500 100 0.9 0.9 1.pdb'
#HNTT7AIV %2 ([EEREDILKEE2)

OutputFileName2 <- '13719 500 100 0.9 0.9 1.pdb'
#HNT7AILE3 (BBTAYE)

OutputPlotName <- 'plot 3c9a 1319 500 100 0.9 0.9 1.png'
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T—/\—k
$EMYAX CDINGA—REEZTRAFET

PopulationSize <- 10

#HACE CDINGA—REESHAFTT

GenerationNumber <- 100

# ANILIKRIEEL CDARNT7ANRBEESRAFS
InputFileNamel <- '~/Desktop/JtimEs2020/1719.pdb’

# ANILIRFEE2 CDANIT7FAINREESTZAET
InputFileName?2 <- '~/Desktop/ZEim3Es2020/1719m.pdb’

T IAANNTFAIL  CDANIT7AINREESHRZFT

AlignmentFile <- '~/Desktop/JtimE®E2020/1319.aln.fasta’
4B CDINGA—R=EZMZFT

MutationRate <- 1.0

#HHEAMAE  COINTAREESHZIFET,

RecombinationRate <- 1.0

#redex: BILCEDEFMNRONGEISI=EFIZ, ENOWEIEAEDEFEZZEDLIONERT /INTA—
redx <- 1.0 # BEICLET ., SHEITELERE A,



E—/—hk (#55E)

FHAT7ANA L (MEROIFEEL) OHATT7ANRESEMAL BRELI/NFA—FERRT DEHTZT S
OutputFileNamel <- '1319 10 100 1.0 1.0.pdb’

#FHATFAINA2 (MERDIFEE2) COHATT7ANRESEMAL BRELI/INFA—FERRT DEHTZT S
OutputFileName2 <- '1j19m 10 100 1.0 1.0.pdb’

FHAT7AILE3 (BEBTOYE) COHBAT7AIIVREEETRZD (RELIZ/N\TA—FZRBTBEZRZT D

OutputPlotName <- 'plot 1319 13j19m 10 100 1.0 1.0.png'

FERICNTGA—FTERITIBRICIE HNWT7AMIVREEET S,
EHELIGNEFRARAAHFFITIFIET D (B BprepareGAD H D ML)



ExecuteGA.RZEI{TIT HFDEE

e SENEFDERIETIESEBEGHTZILIVALOTATSLIE. BAT7AILN
EEZFZINGWNESIC, T TIZTTAINFIZHET7AILERLI7AILEEH AL
£5ETBE, FTOISHIS—IHBALSILTWET

O Y)—)UEm

> source('~/Desktop/2017 sentan/Rprograms/ExecuteGA.R', chdir = TRUE)
Error in prepareGA(InputFileNamel, InputFileName2, AlignmentFile, PopulationSize) :

ERROR: :Same OutputFileName modifiedljl9.pdb was detected in this directory...
This Program have been stopped. Rename Your OutputfileNamel.

— ExecuteGARZZEITT BEIZ. ExecuteGARDTOT S LD
HATET77MIIVBTZEBLTESLY



T I)\—k
b BEMSATSUEEARRAAET,

source ("FunctionLibraryY.R")

# BIRHIT IO R L R S 4

# LA P preparationGA, mutation, recombination, calculationFitness, selection,

# output [XFunctionLibraryY.ROF TEZINTWSE

# MEEEZERLET,

Population <- prepareGA (InputFileNamel, InputFileName?2, AlignmentFile,
PopulationSize)

# WBYBRLEBEZETLET,
for(i in 1l:GenerationNumber) {
# BAREEZITVLET,
Mutated <- mutation (Population, MutationRate)
## MutatedlZlF . REAEERALZETHERLE-FEIZ—HEICLI-EEAIIEHH
# MAMZ (XRX)EITVET,
Recombinated <- recombination (Mutated, RecombinationRate)
## Recombinated|ZlE,MutatedéMutatedMDiEMZ TERLI-FEMAZ—#IZLI-SE AN
# BISEDQFMETVET,
Fitness <- calculationFitness (Recombinated)
## EMrecombinatedDEHEARIZX T HBEIEE (fitness) ZFitE&
# WIGEICLEN>TEEDEREZITVET,
Population <- selection (Recombinated, Fitness)
## Fitness|Zfl‘RecombinatedMoRHEHKDropulationZFEMT S
}

# BTHERZI7AIICHALFET,

output (Population, Fitness, OutputFileNamel, OutputFileNameZ, OutputPlotName)



Hi 71451

HAT7AILA3ITRERESNfzpngZ7AIL

Filename: EXAMPLEPLOT

FinalRMSD: 0.374569598017769
| PopulationSize: 10
| GenerationNumber: 100
\ MutationRate: 1
< - . RecombinationRate: 1
|

RMSD

0 20 40 6|0 8I0 1(I)0
*ﬁiﬂ]ﬁ{ﬁé& Generation
fitah: S HEKDEREHLEDRMSD



DR THERITRERAUE

HEH, EAY AR, BREER AL LTEHLI-
. ENFEITERLRMSDMINELEE B H

RMSDAV/NEL = EEDEREHEMNRLY

RMSDZER/DESEBADIZ, EDINSA—INKELLEFESTEH
AR5,
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[1] 1319.pdbk1519%m.pdbEEREDHES
[1-1]1 EFAYARXIEERMYAX100DLER
X100, ZBARETESR0. 7, HBEZAZF0.7IZEE
executeGA.RON\NTA—AZZEHLTELT
BIC/\SA—2T5EIEST
cet ccedDIEM MA@ OIEIZRTES S
BRIERDATYTDRMSDD FE
—— BRAEDLENAENEFSIFELNSTLEHIDIGIE
RMSDMZLHTL . OLLTFIZHST=-BDORTYTH#H D E
——— ENETRE(EREHLETETLSHIDIEIE

RMSDDHAEIZxT 570V ERY A4 X3£100) . FNEN
sEIEELE=EOD—D

EREHERIN1)19.pdb&l)9m. pdbDIEEDmMoImi 1ICLERT
BEREHEBEDEEDMoIMi1IIZLKART(EAYA4X3E100)
FNEFNSEERBLEEOENN—DIZDNTRYYY— o3y EiRb

SR A AN ERHHLEICRITTEZEZE, LEODT—REDNTER
¢ 1319.pdb&1919m.pdbld, FICEELTD T, EREHEDRMSDIE
ARFOIZIEABIXT



APN)—=2avrDIRY B DERANT

Google’diE TR

#—U—F\li 1/;(7') _‘s/:/a‘y F"t"WindOWS"
HHLE
NZOU _-sjt/a‘y I\”t”MaC”

B A hAE-TLVAPCIZL>TWindowsHh MacxZEZ THRE



[1] 1319.pdb&1519%m.pdbEEREDHED
[1-2] HEEHSEHREL00DEER

EMAYAX(E100, ZBAELESR.7, HBEZZFR.7ICEE
executeGA.RONTA—AZZEHLTELT

BIC/ NS A—ART5EELT

% —=n

BRIERDATYTDORMSDD FE L
——— BRAELERENFEITFIELNSTLEHIDIEE

RMSDOH AT 5T7O0vk(HAESE100) . FRFN
sEIZEELE=EDOD—D

EREHERIN1)19.pdb&l)9m. pdbDIEEDmMoImi1ICLERT
BEREHLEEDEEDNoIni1IZLDRT (HAZSEHAE100)
FNEFNSEERBLEEOENAN—DIZDNTRYY—2 o3y EiRb

HEAHNELROHOETIZRITTEEE, LEOT—REDNTER
¢ 1319.pdb&1919m.pdbld, RICEELTD T, EREHEDRMSDIE
ARFOIZIEABIET



[1] 1319.pdbk1519%m.pdbEEREDHES
[1-3] TAREEFROEZEALTER0. TOLLE
£HYAX(E100, HXH100, MMz 0. 7ICETE
executeGA.ROD/INTA—REEZ B LTEIT
BIC/\SA—2T5EIEST
BRIEOATYTDRMSDDFEH
—— BhEDHLENRENEFSIELNSTLENDIGIE
RMSDMIZLHTL . OLULTFIZHST-BD ATV T D F 15
——— ENEMTR(EREHLETETLSHDIEE

TNENsEERLI-EOD—

EREHERIN1)19.pdb&l)9m. pdbDIEEDmMoImi 1ICLERT
BERAEDOLETEZEDEEDNoIMi1IZEAIRT(ZEAREERK(0E0.7)
FNEFNSEERBLEEOENN—DIZDNTRYYY— o3y EiRb

EREEENERHOLEICRITTEESE, LRROT—REDNTER
¢ 1319, pdb&1919m.pdbld, FICEELTD T, EREHEDRMSDIEL
ARFOIZIEABIXT



[1] 1319.pdb&1519%m.pdbEEREDHES
[1-4] #AHRZ BROLHAMRZ 30 . TDLLES
E£MY A X100, {100, ETALTER.7IZEE
executeGA.RON\NTA—AZZEHLTELT
RIL/ 54— T5EEST
cet ccedDIEM MA@ OIEIZETES S
BREOATYTDRMSDDEH
—— BEhEHhELAENEFSIEU-TULSEHIDIEE
RMSDANMELHTL . OLLTFIZH =D ATV TN FEY
——— ENFEITECEREHL T TETLSIDIEIE
1.0ICRZELGEFNIERTYTH#IL100&T B

RMSDDH AR EIZxT 570y (4 Eis 1004l 2 32040, 7)
TNEnsEERLI-EOD—

EREHERIN1)19.pdbél)9m. pdbDIEEDmMoImi 1ICLERT
FhREHEEDOEEDMoIni1IZLDFR T Mz ToL4A#Z 0. 7)
FNEFNSEERBLEEOENAN—DIZDNTRYY—2 o3y EiRb

HHMmAENEROHETICRITTEEE, LEOT—REDNTER
¢ 1319, pdb&1919m.pdbld, FICEELTD T, EREHEDRMSDIEL
ARFOIZIEAIET



[2] 3c9a.pdbélil9.pdbZEEREDHES
[2-1] EAYARXIEERY A X100DELEL
HAEIT100, BRETESR. 7, A0, 7ICETE
executeGA.ROD/NTA—RFE B LTELT
BIC/ Ao A—RT5[EIEST
et _cecdDIENAERSOIEIZLETZ
BEOXTYTORMSDD Y
—— BEREDOENENEIFIFENSTLAHIDIEIE
RMSDAMEILH T3 . OLLTFIZH ST DA TYTH D FS
——— ENFEHRCEREHLETETLSIHODIEIE

RMSDDH A EIZx T 570V ERY 1 X3L100) . FNEN
sEIZERLIZEDD—

BEREDHLERIN1)19.pdbé3c%a. pdbDIEEDmolni 1IZKDRT
BFREHLEROEENDMoIMi1IZLKARK(EAYTA4X3E100)
FhEFENSEIEFRLIZ-BEOENAN—DIZDNTRIYY—2oavbhEiRd

SEHVAANERDOEICRIFTHZEE, LEEDT—RIE DN TER



(2] 1719.pdb&3c9a.pdbZEREHES
[2-2] HAHSEHAKEL00DELES

EMYAX(EX100, BREESR0. 7, HHLZ 0. 7IZEE
executeGA.RONTA—ARAZZEH L TELT

RIC/N\SA—RT5[EZEST
et sccdDIEMAAEREIOIEI—RTF 2

BRIEODATYTDRMSDD FE
——— BREOLENENFETSIFENSTLEHIDIEE

RMSDOH R 5T7O0vk(HRESE100) . FRFN
sEIZERLIZEDD—

BEREDHLERIN1)19.pdbé3c%a. pdbDIEEDmolni 1IZKDRT
FEREHEEDEEDNoInI1IZ&EFTR T (HAZSEHEE100)
FhEFENSEIEFRLIZ-BEOENAN—DIZDNTRIYY—2oavbhEiRd

HAREANERHHOEITRIFTHEEE, LROT—RIEINTER



(2] 1919.pdbé&3cla.pdbZxERENTES
[2-3] RAREEFOLEATER). TOLLE
EMYAXIL100. tH{E100, FARZIFT0.7IZEE
executeGA . RDN\NTA—F3ZZE L TELT
B/ \SA—RT5EIEST
BRIEORAT YT DORMSDOD T
——— BhRhEDLENRENETFSIELNSTLEHNDIFIE
RMSDMMELH T3 . OLLTFIZH ST DA TYTH D F15
——— ENFEITESEREHL T TETLSHIDIEE

RMSDDH A EI x5 T 0Oy (s 100 ZEARETEZR0L0.7)
FNENSEERLI=EDD—D

EREDHEHIN1I19.pdbé3c%a . pdoDIEEDmolmilIZKERT
BFREOLEBEZEDEEDMoIMilIZLKAIRT(ZEARETERE(0LE0.7)
FNEFNSEIERLE-EBOENN—DIZDVNTRYY)—2iavbhEiRb

RALEZNEROOEICRIFITEZEZ. LRROT—RIE DN TEHR



(2] 1719.pdb&3c9a.pdbZEREHES
[2-41#HRZ FROLMAIRZ Z0 . 7D LLER
EMY A XI1F100, HICE100, TAZTER.JICERE
executeGA.ROD/NTA—RFE B LTELT
B/ ATA—2T5EZEST
BEOXTYTORMSDD Y
——— BREDLENAENETFSIFELNSTULEHIDIGFIE
RMSDANMELOH T3 . OLLTFIZH =D ATV TN IEY
——— ENFEITECEREDHL T TETLSHIDIEE
3. 0ICEELLGITFNIERTYT#IE100£T B

RMSDDH A EI xS T Oy (H4efis 100 A2 3 040.7) . FNFN
sEIZERLIZEDD—

BEREDHLERIN1j19.pdbé3c%a . pdbDIEEDmolni 1IZKDRT
FERAEHhEROEEDNoINi1IZ&AT T GEz oLz o . 7)
FhEFNSEIEFRLIZBOENAN—DIZDLNTRIYY—2oavbhEiRD

A EZAERHDLEICRITTHEE, LEEDT —FIZEDNTER



[3] 3c9a.pdb&lil9.pdbZEEREDHES
[3-11EMAYAX(X500, X100, TREEZR0.7, #HEBEZIR0.7
TEREHLEZEER

B/ ATA—2T5EZEST
BEOXTYTORMSDD Y
—— BEhEhEAENEFSIE LTI DIEE
RMSDANMELOH T3 . OLLTFIZHS =D ATV TN IEY
——— ENFEITESEREDHL T TETLSHIDIEE
3. 0ICEELLGITFNIERTYT#IE100E£T B

BEREDOERIN3c9%.pdbEl79. pdbDIEEDMo1ni 1IZLDART
EREHLETEDEEDNOINLLIZLEERT
FNFNSEZEBLEEBEOENN—DIZDOLNTRIY—2iayhaiRd

MERREICLERDHEFELGOTULVDA AL KEFLEEFEEE
———-> TJAJSLEESHMATERELEZRET D,



1-2-7-8-9-101= (T TH L[ FE i[>
oA CE A

ETCODT7I/BTHEL RAED

., . 1 2 3 4 5 6 7 8 9 10
77’(-/}-/I\ 1/ 2/ 3/ _ - 7/ 8/ 9/ 10/

BILbHHEDR. 7oA AV ERIGT HFRE TRIEESE TRMSDZFE/IME
IREDTOTSLTIIETOT7I/BBOCaTE M ELZEE
T2/84-56 3EAN) DEWNWTHIGTDTI/BOEDDERENT ND

BEDFTREDOR. 74V AV THIET TS /BDCofZIT = EA I
FYEREHENRGED?



(3] 3c9a.pdbkli19.pdbEEREDHED
[3-2] FunctionLibraryY.ROZIBERMZTZEELT, [3-11&RIC
INDFA—B{ETexecuteGh .REELT

BIC/\SA—RT5RIEST
BIEORATYITDRMSDDEH
—— BRAEDLENAENEFSIELINSTLEHIDIGIE
RMSDMZLH T3 . OLLFIZHST-BD ATV T D F 15
——— ENFEITECEREHL T TETLSHIDIEIE
3.0ICEELETNIERTYT#IE100E£T B

EREDHEHIN3c%929.pdbd159. pdoDIEEDmolmilIZKERR
ERAELETEDEEDNOINL1IZEAERTR
FNFNsEIEFRLEBFOENAN—DIZDNTRYY—2avbhEiRS

[3-1]1 DFERICERTERELENRESNTLDI LMD



FunctionLibraryY.R®

#1 DB DPOBDI7AILDHEMEBDEZETE (7717 - 791T) ZAAURT IR
calgx <- mean (cal$x)
calgy <- mean (cal$y)
calgz <- mean(cal$z)
#2 DB DPDBI7AILDEMEBDZETE (12017 - 12217) Z3AAVRT VL
ca2gx <- mean (ca2$x)
ca2gy <- mean (ca2$y)
ca2gz <- mean (ca2$z)

calgx, calgy, calgz, ca2gx, ca2gy, cal2gz®MFtEIZ
EWT. EHalignh oI AEREDAZTRYEL., TDRELITT
BLEHATS

X OOAAVRTOREIE, AR TEIARELTETILIN I L
FDOHITIX., TEEICHEANSER W, HIZ X771 TDIEE

#calgx <- mean (cal$x)



EUR: 36T TP AV AVRDFASTAT 7AW EFHRAIAATNDE R alignZfFD

align$ali

[,11 [,21 (,31 [,41 [,5] [,e] (,7) [,8] [,9] [,100) ([,21] [,12] [,13] [,14] [,15] [,16] [,17] [,18]
3C9A:C|PDBID|CHAIN|SEQUENCE "P" "T" "y" "K' MCM  MPM o WEN NN MRS MR MAN Mmoo WyWowgwo wpwowyweowpeonpn
1JL9B:EPIDERMAL e A E L BT cL b <L S AL - L L L L S L S L el

[,19] [,20] [,21] [,22] [,23] [,24] [,25] [,26] [,27) [,28] [,29] [,301 [,31] [,32] [,33] 1[,34]
3C9A:C|PDBID|CHAIN|SEQUENCE "H"  "C" "F" "A"™ "y" K"  "I" VA" DM MWLM WpMowymomym o mgmoomgwo wpwe
1JL9B:EPIDERMAL mynooomCmoovMM o "Y" o I WEM O MAM LM MDTo Moo Mmoo MR wymowmawowgno ey

[,35] [,36] [,37] [,38]1 [,39] [,40]1 [,41] [,42] [,43]1 [,44]1 [,45] [,46] [,47]) [,48] [,49]
3C9A:C|PDBID|CHAIN|SEQUENCE "C" "A" """ "G" "E" "M" "G" "o" "R" "en "E" ny" "K" "E" n-n
1JL9B:EPIDERMAL "en RAVAL BAVAL "G" "y" " "G" "E" "R" "en "o" ny" "R" "D"
alignS$ali[l,1[23c9aDT7ISA AN n

"#Fond
align$ali[2 Lljl90)77’f./)‘./|~7f)‘\?=ar‘51’l,%>
align$all[l,4 11EK, align$ali[2,41(&" - %&

3c9aDENZERDODHE. FFDEEL, 1J19THFEAVZVDT (gapBDT) . ELDFEIZEDHAZL
1J19DEDLZERDIHE. FEFDZRE, 3calCHFEFNVGZLD T (gapB®T) EDDFEITEHLL

TIAVAVRDERSIE length(align$ali[l,]) HAWLIE length(alignSali[Z,]) TEbLNS
length(align$ali[1l,]) % length(aligns$ali[2,]1)%.RILCIE



ErDfEE

MABEDCaDERT —3EETITIE561T. 57{TTRYHEIA TS

cal <<- plSatom[pl$Satom([,3]=='CA',]

ca?2 <<- p2Satom[p2$%atom[,3]=='CA’,]

MAREBEDIZFEEBDTI/BEDx, v, zP4EIE calll,]$x, calll,]1%y, cal[l,]1$z THRYHES, ]

BIZIE. 3coaDEDERDDEF  (811THBITITORIED+ZHIBRL TIAAVMIALEIFESE D)
TIAAVMDYALEBEE L AERBEDKREFSEAICLTULGRNIEITER
T siteNo ZAHELTHS. siteNo <- 0
ZERIMIL axl, ayl, azlZHAEBELTHL, #Hl: axl <- c()
for XT 7IAVAVMD—FEBHDH MO oREDFAFETIEFIZRTLIK
(1) 1fXZ&FED, 3c9aM’ - THUVEF, siteNo <- siteNo + 1
(2) #AFAI (1519 DT IAVAVR AN - THEWREIT. x, v, zOEEEZEDDOFHEIZH A
- LEXEMES

siteNo <- 0
axl <- c ()

ayl <- c{()
azl <- c ()
for (i in 22727) {

if (3caDiBEHDTSAUVAVEHALD - THWNMEE)
siteNo <- siteNo + 1
1f (1319DiBEDTSAVAVRFARD - THIWMGE) |
axl <- c(axl, calMsiteNoZFEHBH D<KEIE)
ayl <- c(ayl, cal@®siteNoZEHNDyEE)
azl <- c(azl, calMsiteNoZFEB D zEIE)



Eo DS
BJFonf-axl, avl, azlZzxFE->TEIDZEKRDHS

calgx <- mean (axl)
calgy <- mean (ayl)
calgz <- mean (azl)

131912 DWVTHREEBRDIEEZEITO,
OAVNIESTNBL064 T L 122172 EIRSE TEN

siteNo <- 0

ax2 <- c()
ay2 <- c{()
az2 <- c()

for (i in ?272727?7?) {
if (LJ19DIBEEDTIAVAVMF AR - THIWMES) |
siteNo <- siteNo + 1
if (3c9aDiBEEDTIAVAVIHARD ' - THWNMGE) |
ax?2 <- c(ax2, ca2MsiteNoZE B Dx<EEE)
ay2 <- c(ay2, ca2@siteNoZE B DyrEE)
az2 <- c(az2, ca2MsiteNoZEB D)

}
}
ca2gx <- mean (ax2)
ca2gy <- mean (ay2)
ca2gz <- mean (az2)
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1)1919.pdb&1919%m.pdbDEREHE
1-1] ~ [1-4] (RTA4FMp197 - 201) DIER%
XS HTEREA

3. R
(
I

) 3c9a.pdb&1719.pdb DEREDHE
-1] ~ [2-4] (RTARDp.202 ~ p.205) DFEREE
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ZEREHE
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