10
1

30 40
1

1
ARSA_MOUSE 409 HA -ANRLTAHEPP D LESIEIVSP
Q9IDC66_MOUSE 409 HA -ANRLTAHEPP D LESIEGVSP
Q32K15_CANFA 410 HA -SSPLTAHEPP D MAEVAP
Q5BL32 BRARE 409 SL-L AIL K NLETDPSENYNLDGD- - - - -
Q6AX40 XENLA 410 HV - TALLK D LKDG- - I P
Q8WNR3_PIG 410 ADPACHA - SSPLTAHEPP D LGGVAEVAP
Q5XFU5_MOUSE 436 GAKACDGSVGPEQHHYV N QK - - - -
Q3TYD4 MOUSE 436 GAKACDGSVGPEQHHYV N QK- - - -
ARSG_HUMAN 436 GARACDGSTGPELQHK N ER-- - -
Q32KJ9_RAT 436 GAKACDGGVGPEQHHY NLE QK- - - -
Consensus GDPACH+SVGPLTAHEPPLLF+L+DDPGENYNLLK+ |+++SPEY
C i d
Nucleotide Small
Nucleic Acid Database l C l I l Hydrophobic )
Jalview/TOPAL; Ac@fu Tiny
ClustalX L ELT Aliphatic
MacClade - l . G I u Neg. charge
GC versus AT (Geneious) cGcgpu
Purine versus pyrimidine A . G l U
romatic
Polar
Pos. charge

451
451
452
445
450
452
475
475
475
475

NXT<<SHAOWITTNMEZXRr—IOMOOO=Z3>»

L 1 11
I N e
L P11 B
I N O N . .
1 1 1 b

I I B B .
1 1 1 1 |
I I I
I Y.
B BT .
EEEEE |
HEEEEE | | |
s |
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RiT4: 33! =Factorial(33)
8.68 X 1036 2?7?




€ Dynamic programming formule

P:ifj(nj)%max

K
subject to: an <N n,z0

J=l

Optimal value function:

Gm= max Y5 g

m+.tn;=n =

Recursive equation:

G, (n)= max{ . (m)+ fi(n=m)}; 0<n<N.

Initialization:

G,(n)=0, 0<n<N

26

27

28

29

30

31

€ Solution in R Language

library (TSP) #TSP 4] A 5k i &,
library (maps) #FT 2 4
library(maptools) #73] T A5 Am 0 A AT 2

pr=read.csv("province.csv") #iZ ¥ HE
f.dis=function(x,y){ #Z BT EHR LA A ENREES

R=6371 #H IR BT 1

x=x*pi/180;y=y*pi/180 #f EAIE

a=c(cos(x[2])*cos (x[1]),cos(x[2])*sin(x[1]),sin(x[2])) #xE M H A L7

b=c(cos(y[2])*cos (y[1]1),cos(y[2])*sin(y[1]),sin(y[2])) #y m 0B A L4

cosg=sum(a*b)/sqrt(sum(a~2) *sum(b~2)) #iT H IRH M A 3d AE RO AKX
dis=R*acos(cosg) #EE R H R

}
k=cbind (pr$jd,prdwd)
dis.mat=matrix(NA,34,34)
for(i in 1:34){
for(j in 1:34){
dis.mat[i,j]=f.dis([i,],k[§,1)

# WAL E &5 BB
#TE LR, FRIERHIE

}
} #it 3T R Z R
colnames(dis.mat)=rownames(dis.mat)=pr[,1] #1774 Jy W 4
tsp=TSP(dis.mat) #1535 % TSP
tour=solve_TSP(tsp,method="2-opt") #K A TSP E] AL
path=as.integer (tour) #iF B T
tour_length(tsp, tour) #THERERE
map("world", "China", fill=T, col="lightgray") #22 4|+ [F
map.axes () #im b A AR
xx=pr [path,]
attach(xx)
points(c(jd,jd[1]),c(wd,wd[1]),col=2,pch=19,type="o0")  #&&|#H &
pointLabel(jd,wd,city,col=4,cex=0.74) #47 H W

detach(xx)
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21T AERRIE?

Sequence homology is the biological homology between DNA, RNA, or protein

sequences, defined in terms of shared ancestry in the evolutionary h f life.

)
‘%/ph nomena:

(paralogs), or else

Two segments of DNA can have shared ancestry because_ ¢
)

either a speciation event (orthologs), or a duplicati

histone H1.1 J
uman histone H1.2

Gene duplication :  Speciation :
: : ?’}ﬁé‘

HistoneM

Sojeseq
gojoyuQ
gojeuy

Ancestral

Histone

H1 gen I

Hystene H1.2
\ Chimpanzee histone H1.1 —
e‘?e@@ Chimpanzee histone H1.2
Ancestral . .
A —

HNS gene Bacterial HNS protein

E. coli

https://en.wikipedia.org/wiki/Sequence_homology



* Orthologs (FEE[FJR) : genes

RIakn derived from same ancestor
and have the sam % tion in
different species %’)Q

» Paralogs %" ): genes
within, o rganism that arose
gene duplication and
e i Qua y have evolved different
EWTIIIT :cu]:%%”ctions'
& WY, W 0 Y, £ Gy Ay w3 * Homology(J/&iR)— R 3 Eah

j0%, BPHSIIH AT,
* Similarity(d8m)—#&3)4a®, B

L

Embryo and adult  Embryo Fetus Adult A—REIR,
\)‘\
» Gen ich are similar but not identical and occur in multiple

copies throughout the genome are called multigene families.



Orthologous v.s. paralogous homologs

- A o _J
Y N\ _J Y
Orthologs (V) Y Orthologs ([3)
Raralogs (cattle)
— __
——
Homologs

Orthologs — diverged after speciation — tend to have similar function
Paralogs — diverged after gene duplication — some functional divergence occurs
Therefore, for linking similar genes between species, or performing

“annotation transfer”, identify orthologs



3% B S BiE M

«  FRIIFPAIFA— 2 FE

« FLMERFTUEMR “THaR” , ERILERNBER U HKE,
B LLE o %Ron

[FRIYR 1% — %€ 218 Fr 51k B 3L R HIAH 55

FIPE MR —AN e RIS, ARERFIIEESE D220 REERE
X

Inferring homology from-Similarity
Inferring function from-homology

From pairwise to multiple sequence alignment

Ref. William R. Curr Protoc Bioinformatics. 2013, June, 42(1):3-1.
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lumlt
[Ty

.« frARFFFHILLRT

(VAT by

- LIRS AR
« WFFI LRI

— REPFERFF B (Dot Matrix Sequence,Comparison)

— BIAIRIEZ (Dynamic Programming Algorithm)

.« BFERE

11



Pairwise Alignment versus Multiple Alignment
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BN AT LREFFIELRT?

v RIS AT e AR BRI TR 5 &

v RO AR B E AR XA 5 R AERA, WA R RAR R X T
ReR B M

v RIAEYE T TEAE B

14



32 FF Lt X 7 Fhsk B

RPN
o EX: HEERTEEANPIFFIIET T2
o EETIFEMAUEKEZUMEFRFS
= FERFPAI R
o SEN: —ThFIRILECT RIS LR T i
o BEET—EHBAMETR -8R BRI FS)

Local Alignment

5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3'

LELE TEEEEE FEEEEEEETETTIn
5' TACTCACGGATGAGGTACTTTAGAGGC 3'

Global Alignment

5' ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3'

FLEETETTIT LELEEED EREEEEEREEEEnr Pt
5" ACTACTAGATT—---ACGGATC~~GTACTTTAGAGGCTAGCAACCA 3'

15



35 BEFFILLI vs B FE5I 3

P e e

r”

g EEm - o o o o E—,

P e e

Global:|Require an end-to-end alignment of x,y

Semi-global (glocal): Gaps at the beginning or end of x or y are

free — useful when one string is significantly shorter than the other

or for finding overlaps between strings

S8ee I I

Local:|Find the highest scoring alignment between x’ a substring

of x and y’ a substring of y — useful for finding similar regions in

strings that may not be globally similar

~

~

-



3% ={ir i 5 (Gap Penalties)
O T IRBHEANF AR, SR 2= Ar 3 4

ol AT b s P
— AT 43 (Gap opening penalty)
— ALY RE 1147 (Gap extension penalty)

B0 0 5 H S B BT
— R EGILE
— Rfe bR

BAERZHEMNSEBRRBRE, ERIKHA—ERLEIEMEUFSI

17



3% =4} (Gap Penalties)

P RAFBE

AL

1 GTGATAGACAC

|11
1 GTGCATAGACAC

match =5

mismaitch = -4

Score: 55

1 GTG--ATAGACAC

R ERRN NN
1 GTGC-ATAGACAC

18



3 SRTAHAR
Wx=g+r(x-1)

Wx: A aidr
V% 5| €Ik
r: ALY R
X%ﬂ - ?’Iﬁfig
PTi= 1

FELTE= 0

g=3

r=0.1

X =3

Wx=:3-(3-1) 0.1 = -3.2

T

TGTTATAGC
1|
TGTGCGTATA

Score=4

T

ATGT---TATA
NN 1]
ATGTGCGTATA

C

insertion / deletion

score: 8-3.2=4.8

19



3% Affine gap penalties (EFZ 6514

Compromise: affine gaps

v(n)

y(n)=d+ (n—1)xe
| |

gap gap a7/
open extension /
Match: 2 GACGCCGAACG GACGCCGAACG
GACGC---ACG GACG-C-A-CG

Gap extension: -1
8x2-5-2 =9 8x2-3x5 = 1

We want to find the optimal alignment with affine gap penalty in
« O(MN)time
* O(MN) or better O(M+N) memory



Zi11e] Z B2 /5751 i 2 & FEIU 7

B E TR SR
» distance, WMKKHEE. [ SKREE%
B E TR SRS

o Similarity



N GRIEEEE (edit distance)

.\é}
seql = ATC AGGCT GCTAGCTA
seq2 = TAC ACCTT CGTGAGCA
Hamming Distance(seq1 seq2)= 2 3 6

&



38 RS

seql = ATC AGGCT GCTAGCTA
seq2 = TAC ACCTT CGTGAGCA
FT 43 0] 1 p(a,a)=1
pla,b)=0 (a%b) AR 2= 1 2 2
F1 43 3002 p(a, a)=0.8
p(a, b)=0.2 (a¥b) fHAEAS43= 1.2 2.2 2.8

793 HUUBLAST MEESs= -3 -2 6

QO - P

P S S B
B S N L
PR I
(PR S S (]



3% RSB EE

Xy

(Pairwise Sequence Alignment)

BEFRAE
KE

&

|Irn||

;éﬁiﬁ/\)f?‘ﬁﬂ @iﬁ?

.@jﬁ

3:

T —1

o
AT
‘);,;r/‘é';&

FH



3B IR R A

MR LB 300 R BR K E BB 2% 75l

A1A2A3 ooooooooo A2 99A30 0
B,B,B,..1.... B2 99B300

BT — R FERIFTE T BRI, 4 BRI RS,
REHRE-NR BN HMENRA LR, BEHE 20
W KRB



N S EL X 7735

> R LB (Dot Matrix Sequence Compatison)
> BIAIRIEE (Dynamic Programming Algorithm)

> R BLKER 7 1 (Word or K-tuple Methods)

26



38 SRS

5o

S AT

| E R 51| B (Dot Matrix Sequence Comparison) & _F 751 4

RIS ARG AT EE, L A 8

R B AL B2 XU 51 B 5 3%

27
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GCT

ATCG




AACTGCTA T A G



38 ST REA S ML

Sequence 2

V'S

H>» oA Q@A QP A

:®CTGTTCAT

» Sequence 1

%

TACTG-TCAT

I I |11 |
TACTGTTCAT



H': x\\‘t’:\_\h '
My N |
I\\\b\\%
NN
AN AN L
e e m =

500 =

' BT RYHALDLRIEFER
i | B Sk R AL P AR 3%

| (Wilson et al, 2011, science,
.933 937)

MN&AR & E 324& (human low-density lipoprotein receptor) B & Xt



200

100

.
i A

4




3L (BB ORI

ACGIGTAT
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G
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IIFLCOF<OCCCOCO00OEFC0O0O0

GC GATGCAT TGAG TATC CATA



IIFLCOF<OCCCOCO00OEFC0O0O0

GC GATGCAT TGAG TATC CATA



IIFLCOF<OCCCOCO00OEFC0O0O0

GC GATGCAT TGAG TATC CATA



IIFLCOF<OCCCOCO00OEFC0O0O0

GC GATGCAT TGAG TATC CATA



IAFLCAOFCOCCOCO0O0OFC0O00O0

GC GATGCAT TGAG TATC CATA
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3L (BB ORI

5 i ! ! !
LT L LS N IR ' !
. - 100
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5 § N
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& & @ =
e o i
3% E =
£ o ; a
= = ;
e a T +
T + [ —
w - e -
+ -
o T =
- . r i
+ = o -
4 T f_\l .
& ] < -
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w - g b
- H pad il
T g G E | o -5
5 -
E @ 7 H ﬁ
o ﬁ ~ O
= C H EE ‘H‘
E ¥ o=
4 &
o o o W g
s 5 £
g . g
N %
@
5 g 5
|
5 =
=]
E = /
-|"' | . | . | .I. "'|' "|" . .i. ||| "'.'li.—o 1 1 1 1 1 1 1 1 1 1 1 [

ompasgleoey okt 5,085, L to 11

a b

empasgl e ok 3,025, | to UL

(a) X AZ (Homosapiens) 52J2J2 (Pongo pygmaeus) HIPFKE HERE FFIH T BRI TTEE S 5 E]
(b) FIABEDEOMU LR RERERFYFITHEERN AR, EPEOXNMNALIONZEE,
FBILERERS, B0 &EER P B8 MNMERBTHIT— 1 =



M EZ BN AT IZZITAIE S 7

SHREFIFMERSE AEEF

HEREEE HIMAVRE #X

& IMEH R E S 45118 (domain)
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38 EESER

L1 DNA Strider (Macintosh)

B http://www.cellbiol.com/soft.htm
Dotter (Unix/Linux, X-Windows)
COMPARE, DOTPLOT (GCG#f4)
PLALIGNY(FASTA)

O O O O

Dotlet
W, http://www.isrec.isb-sib.ch/java/dotlet/Dotlet.html



http://www.cellbiol.com/soft.htm
http://www.isrec.isb-sib.ch/java/dotlet/Dotlet.html
http://www.isrec.isb-sib.ch/java/dotlet/Dotlet.html
http://www.isrec.isb-sib.ch/java/dotlet/Dotlet.html

3 AR E %

. BhAIRIE I (Dynamic Programming Algorithm)g=—#hit
Bk, BERNFEBBRRE—RES BET /) R
R

o TEAY)EER R BB SIASRIEE: Needleman-
WunschBgs CERIEEXNT) A Smith-Waterman&yE (JHEB
EEX)



N FAMEFE  Dynamic Programming

ATTC.......CGAAGA
Y 2R
AGTC.......GAAGGT

ikl

ATTC......... CGAAG
(1) +

AGTC....».~ GAAGG

ATTC......... CGAAGA
(2 +

AGTC......... GAAGG

ATTC......... CGAAG
(3 +

AGTC......... GAAGGT



No B ATBRAZ o] 5R

\ C1

Y= —‘%‘o 2R

w2

=1

C2

izl Cl+wl ?
PR422: C2+w2 ?

Yo R M

MNERBIZREZEITH

%Ll



3o B b 3 v 3 — {7 5 DT g B = Feh o] 2 4

o Eg. VLAE=1, FEVLAT=0, 7517 11 77=-1
— Sequencel: CACGA
— Sequence2: CGA

I L

FH— LA
C
C

+1

ACGA
GA

CACGA
GA

QO |

ACGA
CGA
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3 AR B % S

ULt =3
Bl =-1

Thr=-2

QOB 0O P




3 AR B % S

ULt =3
Bl =-1

Thr=-2

Q)| B 0O >




3 AR B % S

ULt =3
Bl =-1

Thr=-2

Q)| B 0O >




3 AR B % S

~10

-12

Q> 0O >

ULt =3
Bl =-1
ShE=-2



3 AR B % S

~10

-12

|
N[ O

Q> 0O >

ULt =3
Bl =-1

Thr=-2



3 AR B % S

[ -24(-2)

S(22) { 4(2)

. 0+3

~10

-12

L h—] | J— | -
= ST ST 5T ©

Q> 0O >

ULt =3
Bl =-1
ShE=-2



3 AR B % S

S(2,3) <

[ -4+(-2)

3+(-2)

L -2+(-1)

A T|T|CLG

04__-2 -6 —8e 10yt <12
?
C I4
f
T |58
A -T8
*
G -hO

ULt =3
Bl =-1
ShE=-2
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|
Ny ©

?

=10

-12

=1

e g

1 O
m-P

QO B 0| >

1
=1

o

ULt =3
Bl =-1
ShE=-2



3 AR B % S

S(4,4) <

[ 4+(-2)

4+(-2)

. 643

A|IC|T|T|C{G
0| -2 | -4 -6_| -8 10 12
?
N3 |1 [wr (83 5| -7
A s s
C |4 | a4, 2,02
A
-6 1 o)
! f\xg” * 1 -
A —'8 \J3 >
S I,
G 0| 5| o

ULt =3
Bl =-1
ShE=-2
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PR

gap al az a3 ad
gap [],\ 1 gap+2 gaps |3 gaps |4 gaps
b1 |1 gap=s11
b2 |2 gaps
b3 |3 gaps
b4 |4 gaps

gap al az a3 a4
gap 0 1 gap, 2 gaps |3 gaps |4 gaps
b1 | 1gap.| s11
b2 |2 gaps}a!g ¢
b3 |3 gaps
bd |4 gaps




gap at az aJ a4

Vl‘ﬁfifﬁ gap 0 1 gap |2 gaps |3 gaps |4 gaps

o) 1gap | 511%321

b2 |2gaps| s12

- b3 |3 gaps
o (1) AT o
=4 b4 |4 gaps
gap at ac a3 a4

gap O 1gap |2 gaps 3 gaps |4 gaps

o (2) HApthJy

o) 1gap | s11 S21
5 'y

b2 |2gaps| s12 S22

b3 |3 gaps

bd |4 gaps




THEERE:
(3) R

B

gap al a2 aJ ad
gap 0 1 gap |2 gaps |3 gaps |4 gaps
o) 1gap | si11 4 21B| 531 s41
b2 |2gaps| s12 322‘\?32‘\542
b3 |3gaps| s13 323}\;33 s43
b4 |4 gaps| s14 s24 s34 544f

gap ail az ad a4
gap 0 1 gap |2 gaps |3 gaps |4 gaps
o) 1gap | s11-s21 S31 s41
b2 |2gaps| s12 S22 s32 s42
b3 |3 gaps| s13 S23 S33 s43
b4 |4 gaps| s14 s24 s34 s44




38 AEMRE R BEERR

Si=max{S;.y j.1,+s(a;by). Si=max{Sp14.4,F8(ahy),
max max
XZ] (Si-X,j-WX)’ x—>—] (Si-l,j-WX)’
max Mmax
y =1 (5;5,-W,) y 21 (Sjj1-W,)
} }
(F-"ge ARZ

WIS P Il BRI FFFIbEM BRI E,  s(aibj)RALET Aj b
tEXF e, wxRIERFSa P EAXKIEIRE 2, wyRFSIbH KRNy
PRy 8] b 71 2



3% Needleman-Wunsch® %

----------------------------------------------------------------------------------------------------------------------

R e |
T T Tl Dl T T LTt T T T Tt T e T A

;.E.............;.........g.........; ..... 1 ...E.........E ..... 1 ...E.........;.........E.........E.........g.....:li..é ........ .: Seql : MPRCLCQRJNCBA

WO TR TEEYT Seq2 1 PBRCKCRNJCJA

......................................................................................................................

.....................................................................................................................

R T w0, %
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rwwmmmwmn nw  R  E E EEEEEEE EEEE AR R R R AR R AR
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3% Needleman-Wunsch & j%

..............................................................................................................................

e o e T Y T
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3% Needleman-Wunsch&

........

........

........

........

........

Seql: MPRCLCQRJNCBA
Seq2: PBRCKCRNJCJA

...............................................................................................

..................................................................................................
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e T

.........................................................................................

.......................................

i3 3 4 3 3
3
1
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i
2
1
1
1
2
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...........................................................................
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..........................................................................

.................................................................................
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3% Needleman-Wunsch&
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> Needleman-Wunsch &% (W\gE—AFBE—A, —44
th, —%&FHAE, REEHRNE)

(F(i-1,j-1) + s(a, b;),
F(@i,j)=max < Fj-1)-wy, >
CF(3i-1,))-WX. J

> Smith-Waterman &% (E#INRE, MBS B BT
Fras, EMIEIEL A 0 BTN IE)

CF(i-1,-1) + s(a;, b))

F(i,j)= max < Wy .
F(i-1,j)-WX.

. 0 y




3% Smith-Waterman &3

0 0
0 0
0 0

> 4| »| 4| »| o| o] 0

ULAc=1
FEPLAC=-1

2 fir=-1

77
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3% Smith-Waterman &

ULRE=1
JEILEE=-1
=L

=1

CITATA|GCT

A AC

GCGA|ITATA



3% Smith-Waterman &3

v OB, ERIRAEPT B BB AT SR TE 0y Q GRPHEE AT AR 4
a2

VOB T, EEHFEREN, IR G, Bt 0 A, RS
N IE BB IO TR N iR [ R 4T

v B JE, AR NSRRI S AT s O SRS T AR, LRI 08 0 B
Tes AL \BRILZ A, [ U7 S Needleman-Wunsch 5.32: 56 4 [F]
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A. | GAP (Needleman-Wunsch algorithm) |

Percent Similarity: 44.651 Percent Identity: 36.279

STKKKPLTOEOLEDARRL KA YEKKKNE LGLSOESVADKMGMGQSGVGA 50

IN'II' ........ QLMGER. . IRARRKK LKIROAALGKMVGVSNVAISQ 37
51 LFNGI NALN/;\YNAALLAKI LKVSVEEFSPS | ARE | YEMYEAVSMQPSLRS 100
38 WERéETEPNéENLLALéKA LOCSPI:)YLLK'GDLS.OTNVAYH'S. . ..FIHEPR;':‘ 84
101 EYEYPVFSHVQAGMFSPEL RTFTKGDAERWVSTTKKASDSAFWLEVEGNS 150

85 SYPL I SWVSAGQWIVIEAV EPYHKRA | ENWHDTTVDCSEDS FWLDVQGDS 132

151 MTAPTGSKPéFPDGML | LVDPEQAVEPGDFCIARLGGD . EFTFKKL | RD'S 199

MI I LV DPEVEPRNGKLVVAKLEGENEATFKK LVMDA 180

133 MTAPAG. . LS| PEG
200 GQVFLOPLNPQYPM I PCNE BCSVVGKY | ABQWPEETFG
181 GI;IKII:II_KI!’II_II\II!’(IQ‘I’FI’I\I/II E | PIIG NCK I | GVVVDAKLAN . . LP \
carboxy-
B.| BESTFIT (Smith-Waterman algorithm) | terminal

Percent Similarity: 58.871 Percent ldentity: 48.387

4 YPVFSHVQAGMFSPELRTFTKGDAEFIWVSTTKKASDSAFWL EVEGNSMTA 153

6 YPL I SWVSAGQWIVIEAVEPYHKFIA I ENWHDTTVDCSEDS FWL VQGDSMTA 135

154 PTGSKF’SFPDGML OAVEPGDFCIARLGGD EF

DPE TFK
|1 RS B B S e
DPEVEPRNGKLVMAKLEGENEATFK

i II_ I RDSGOV 202
136 PAG. LSIPEGIVII IL

D
K
I
\% K

I:
LVMDAGRK 183
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NSRBI EREEFZN— 10X, REATHRARICAREE, HEARBEERILEEUDEE,
B— KRR AEANFRE, ZFNFREIFKE RESIENKOENR. XMHEERES
MNMAZIFFILEY S, FZRIBLAST, CLUSTALW, MFOLD. PHYLIPEEFIRTHZOEE, FE
BE=1NE07 |
o B BE— 1 KEBAEE SN FEANERE. TRk, KEANNREFETIAR
19522 /\/2n NHARRILS AT, XEhR/ VEARRE, TRAsASL, B—8%
FHZA— T HRERITIEX, NTEME LS FTRRZE. —RHERNBRATA:

S(’L — ].,j — ].) -+ U(ﬂ?i,yj)
S(i,7) = mazx S(i—1,5) 4+~
S (7’:.7 T 1) —+ Y
o HISMRIERE: BTMLE, EREBNFUBERED MERERRER;
o [Ef: NEBE—MIES(M, N)EHIZE(0,0), NMERIEEELMRARER, (BREIRETREALE
—%&,
SIFREFILCRTR, TSR RENES FaH T N2 UERHE L, ATisChRR e Rsm s
PEHENKEAZFNFY, XMHIESREMDEATES, WMBLASTEEZFFENSHMEIA—
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3R L 5EFE(SCORING MATRICES)

 DNA Scoring Matrices

« Amino Acid Substitutton”Matrices

— PAM+(Point.Accepted Mutation)
—/B12OSUM (Blocks Substitution Matrix)
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3o DNAT 4 5ERE

Sequence 1

Sequence 2

actaccagttcatttgatacttctecaaa

| | I |
taccattaccgtgttaaectgaaaggacttaaagact

|

G C T
1 0 0 0

ULEC: 1
0 1 0 O 4wt 0
0 0 1 0 77MH: 5
0 0 0 1

85



AR iR

85 IE
C.
A a
p P
v j a
A <

o oFTREH(transition), PRASHIH

(transversions)

- BB ER A

86



3o HEHFIEiR
A G T C
A 0.99
G 0.006 0:99
T 0002 0.002 0.99
C 0.002 0.002 0.006 0.99

PR R R B 3G I AR R
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3 BARITHER

fRspiEB# (conservative substitution)

BHE AR EA R B — B E R h s — S R AR R
FiE, XMRETAHARTEESR. RFEFEIRSHEHE
H RIS M RE
5BERFFILXAR, SERFI A EE BRE R T,
B B A B AR LR ATARIA [FRE

SFRVKENFDKA

I
. .QTMKGLDIQ

SGTWYAMAKKDP

1 Bt R 2

CRIK, FFeE) 2. Dot R




alanine

valine

leucine
isoleucine
phenylalanine
proline
methionine

glycine
tryptophan
serine
tyrosine
cysteine
asparagine
glutarmine
threonine

aspartic acid
glutarmic acid

arginine
histidine
lysine

NER

FEAR

SRR
SRR

KHNER

FHER

H B R

HE&R

BRI

2F R
[N
FPEER Cys

REBE,

B A BLREZ

HER

REER
BER

e
HER
B

BEBR R

Ala
Val
Leu
lle
Phe
Pro
Met

Gly
Trp
Ser
Tyr

Asn
Gln
Thr

Asp
Glu

Arg
His
Lys

>4I57f& TEIELFJIUJ( f
IR
(5 B IRAILTR
F. W. Y)
8 1 e o R
X
C. M)




1. EEM RESER FEE 59 (MY (B=RR) $£127R
RN S FEER. 4 FH AR EER WAER SER SERNSEEMN(E 3

“I RN ERASER . AN ERAAER(E -6 —MERELSTFREE (M I-DN—FT
AER WER(E3-5), SHTRMEKPOEHRE LTS R EEERM/ . XAELRT LT RS
REGKEARD,ENTERYE R EEEBNAFEANRYE R BELH 2 1.

L. AEREORERESER

Z—HFTHERER., SAEAMEERS RZEBBEET K. TMERETABESN®E
HE EY9KERER. 288 FERBE-OMBEAREI-6)PMBORERA TEIINSB AL
BH L RAMBEMSEMR(E - OO REBRERCIIOBRES L, 2REARWI-DUWEHRTFA
AHE(—SH)HEH. HEARHWES THRIESEREZ R, AN RBEEHAEBEL FLATHRE
AAUE—TERT S BREERN o - EEM o« - MEEWR /D, X6 E LW D45 S8 E 8
REMMEE. ¥*REBUAEAMEROBEE BRE pH 7B EHRE BESXEHHEBE LD
0 B8 48 LE K 2 0 F e M ) B K18 B, 0 dm < Bk MR i —SH,

3. FERMMREEER

BE-HAMEAER EpHTHEFESSET., BTRUGEEMYGTVER S a8 SMk(E 3

-5). BEME « - BES EWEY c WELFA— I —NH BEMEH— M ERBHNL 4E
BA — A SRR . 7 pH 6.0 8, SR T 50% Bl E R FL, B 7 pH 7.0 Bt B P AL 4 1
EIJ 1"%0 Eﬁﬁﬁéﬂﬁ—-—ﬂ‘ R-ﬁﬁg PKa fﬁ:ﬂ: ? ﬁﬂ'ﬁﬂﬁﬁﬁﬁ:

4. FRARGMNREEER
RYR—HMRAMEEEEN. AL EMNSER(T3I-4), AHAEEREEE M LE,

BB A8 pH T EA QRSB E, B4 71 f &,
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AR St IR H o B it S B 22 - 571 B X

: GAKKVIISAP: SAD.APM. .
: GAKRVIISAP: SAD.APM. .
: GAKKVIISAP: SAD.APM. .
: GAKKVVMTGP: SKDNTPM. .
§GAKKVVITAP SS.TAPM. .

"11"11"11"11"11

KVINDNFEIV EGLMTTVHAT
KVIHDNFGIV EGLMTTVHAI
KVVHEEFGIL EGLMTTVHAT
KVINDNFGII EGLMTTVHAT
KVINDAFGIE EGLMTTVHSL
KVLDEEFGIN AGQLTTVHAY

GAAKAVGKVI  PALNGKLTGM
GAAKAVGKVI PELNGKLTGM
GAAKAVGKVL PELNGKLTGM
GAAKAVGKVL PELNGKLTGM
GAAKAVGKVL PELQGKLTGM
GAAQAATEVL PELEGKLDGM

VCGVNLDAYK
VMGVNHEKYD
VVGVNEHTYQ
VKGANFDKY .
VMGVNEEKYT
VYGVNHDEYD

TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TGSQNLMDGP

AFRVPTPNVS
AFRVPTANVS
AFRVPTSNVS
AFRVPTPNVS
AFRVPTVDVS
ATIRVPVPNGS

PDMKVVSNAS
NSLKIISNAS
PNMDIVSNAS
AGQDIVSNAS
SDLKIVSNAS
GE_.DVVSNAS

SGKLWRDGRG
SGKLWRDGRG
SMKDWRGGRG
SHKDWRGGRG
SHKDWRGGRT
NGKP . RRRRA

VVDLTVRLGK
VVDLTCRLEK
VVDLTCRLEK
VVDLTVRLEK
VVDLTVKLNK
ITEFVVDLDD

CTTNCLAPLA
CTTNCLAPLA
CTTNCLAPLA
CITNCLAPLA
CTTNCLAPLA
CTTNSITPVA

AAQNIIPAST
ALONIIPAST
ASQNIIPSST
ASQNIIPSST
ASGNIIPSST
AAENIIPTST

GASYDEIKAK
PAKYDDIKKV
GASYEDVKAA
AATYEQIKAA
ETTYDEIKKV
DVTESDVNAA



AZKlipocalin (fglREEEH) KiEZ 5| Xt

~vn v BTODVSGTWYAMTVDREFPEMNLESVTPMTLTTL . GGNLEAKVTM
LSFTLEEEDITGTWYAMVVDKDFPEDRRRKVSPVKVTALGGGNLEATFTF
TKODLELPKLAGTWHSMAMATNNISLMATLKAPLRVHITSEDNLEIVLHR
VOQENFDVNKYLGRWYEIEKIPTTFENGRCIQANYSTLMENGNQELRADGTV
VKENFDKARFSGTWYAMAKDPEGLFLODNIVAEFSVDETGNWDVCADGTF
LOONFODNQFQGKWYVVGLAGNAI . LREDKDPOKMYATIDKSYNVTSVLF
VOPNFQODKFLGRWEFSAGLASNSSWLREKKAALSMCKSVDGGLNLTSTFL
VQENFNISRIYGKWYNLAIGSTCPWMDRMTVSTLVLGEGEAEISMTSTRW
PKANFDAQQFAGTWLLVAVGSACRFLORAEATTLHVAPQGSTFRKLD. . .




Yo BEERITH4ER

» BANBEHEZERECN FAHEMEER,

RERARLME R & EfriE.

o+ BT RN T IR K

o FARIPEFT 4 5ERE, RFEFFEEEHETE
) R I 2 A )

BRAEBIE, FHAEE

KR EA

TR 2

" H

HRAEA

FUERREE s Vo S EA DU BOERE, FTCAR®FF

S EE X HBURE
»  PAMAERERIBLOSUMEE



o PAMAE[E

+ Margaret Dayhoff B9 T 34F0 & A R B F e (85% L E—
FEHFFD , BEXEREFERELFIREYN, BEH—1
RERYE 57— MR AR B MR - & H PAMAERE .




« PAM (accepted point mutation)

A #% RRA
AR A REFTESYS BTN E E R A —

BERBFHHIIR, HHMREE T B RGP RRE,
FA TR AR EE A AERR N I3 R RAL
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! GAKKVIISAP: SAD.APM. .
: GAKRVIISAP: SAD.APM. .
: GAKKVIISAP: SAD.APM. .
: GAKKVVMTGP: SKDNTPM. .
§GAKKVVITAP SS.TAPM. .

| AN FI Y0 SRR H I R i S B 25 P 51 L X

"11"11"11"11"11

KVINDNFEIV EGLMTTVHAT
KVIHDNFGIV EGLMTTVHAI
KVVHEEFGIL EGLMTTVHAT
KVINDNFGII EGLMTTVHAT
KVINDAFGIE EGLMTTVHSL
KVLDEEFGIN AGQLTTVHAY

GAAKAVGKVI  PALNGKLTGM
GAAKAVGKVI PELNGKLTGM
GAAKAVGKVL PELNGKLTGM
GAAKAVGKVL PELNGKLTGM
GAAKAVGKVL PELQGKLTGM
GAAQAATEVL PELEGKLDGM

VCGVNLDAYK
VMGVNHEKYD
VVGVNEHTYQ
VKGANFDKY .
VMGVNEEKYT
VYGVNHDEYD

TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TATQKTVDGP
TGSQNLMDGP

AFRVPTPNVS
AFRVPTANVS
AFRVPTSNVS
AFRVPTPNVS
AFRVPTVDVS
ATIRVPVPNGS

PDMKVVSNAS
NSLKIISNAS
PNMDIVSNAS
AGQDIVSNAS
SDLKIVSNAS
GE_.DVVSNAS

SGKLWRDGRG
SGKLWRDGRG
SMKDWRGGRG
SHKDWRGGRG
SHKDWRGGRT
NGKP . RRRRA

VVDLTVRLGK
VVDLTCRLEK
VVDLTCRLEK
VVDLTVRLEK
VVDLTVKLNK
ITEFVVDLDD

CTTNCLAPLA
CTTNCLAPLA
CTTNCLAPLA
CITNCLAPLA
CTTNCLAPLA
CTTNSITPVA

AAQNIIPAST
ALONIIPAST
ASQNIIPSST
ASQNIIPSST
ASGNIIPSST
AAENIIPTST

GASYDEIKAK
PAKYDDIKKV
GASYEDVKAA
AATYEQIKAA
ETTYDEIKKV
DVTESDVNAA



1). Dayhoff’s T &£ & ¥ & q (X10)

A R N D C Q E G
Ala | Arg | Asn | Asp | Cys | Glny,|'Glu '| Gly

A

R 30

N 109 17

D | 154 0 532

C |33 10 0

Q |93 120 4160

E | 266 [0} 94 831 0 422

G 10 156 | 162 | 10 30 112

H | 27 103 | 226 | 43 10 243 | 23 10

Dayhoff (1978)




2). fL®mEANHE

Gly 8.9% Arg 4:.1%
Ala 8.7% Asn.'74.0%
Leu 8.5% Phe 4.0%
Lys 8.1% Gln 3.8%
Ser 7.0% lle 3.7%
Val 6.5% His 3.4%
Thr 5.8% Cys 3.3%
Pro25.1% Tyr  3.0%
Glu = '65.0% Met 1.5%
Asp 4.7% Trp  1.0%

 blue=6 codons: red=1 codon



). At REILE
HHELBELERTGRER U ZALB EAGHE REK

Asn 134 His.!» 66
Ser 120 Arg-5 65
Asp 106 ys 56
Glu 102 Pro 56
Ala 100 Gly 49
Thr 97 Tyr 41
lle 06 Phe 41
Met ™ 94 Leu 40
Gln 93 Cys 20
Val 74 Trp 18

Note that alanine is normalized to a value of 100.
Trp and Cys are least mutable.
Asn and Ser are most mutable.



+ Dayhoff SRIERTAMEEZ 2RI EIE (T2 RRETHE .

PAM1RZSEZR AL,

o PAMZRAZIEZRHE MR PAMFT 73 5E ER A
« PAMAI SRR X B 3E4LET 6 o
« PAM1RR—NPANMBEALETE], BIANREREARFSIE

1% BERRKERIHIF 8]

o |PAMITRMERIEPE R T 0% RER (5% B —

1) BB Z RIRERE B E.




PAM1 REMBRERE (T2

Original amino acid

A (R [N |D |C |Q |E |G |H“I

Ala | Arg | Asn | Asp | Cys | GIn | Glu | Gly~/ His' | Ile
A | 9867 |2 9 10 |3 8 17 2L 7 Po 6
R |2 9913 | 1 0 1 0 |8 0 10 |3
N | ¢ 1 9822 | 36 | 0 4 6 6 21 | 3
D |° 0 . . : 4 1
C 1 1 1 1
Q|3 : 6 23 1
E | 10 : : =385 2 3
E 21 1 35 | 1 0
H | L 3 18 |3 1 20 |1 0 9912 | 0
BE 2 3 1 2 1 2 0 0 9872
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3% PAM( Percent Accepted Mutation)%E &

- EERAEGHH AN, DEFEEUNEERE 1

* PAM1(IPMPAMEAL) #75E SUNRRLO0A AR I — M8
R RRR(ZERERASEEE R EREERNL)
« PAMNZPAM1HERNIK
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e BLOSUM4EPRE (Henikoffkid, 1992)
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« BLOSUMIEFE (blocks substitution matrix)
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(1) BRI 45E R DNARE S BT F Rk A
A={A, C, G, T}

a. FEMFERE (unitary matrix)
b. BLAST4EP%E
c. B -HR¥4EPE (transition-transversion matrix)

(IR0e: BRIERGA, SIEIRG; FEUE: MMENIEC, MIARMENET)

3.1 FEY R 3.2 BLAST4ERE #3.3 HI S E

A |T ([EAG A|T |C |G A|T |C |G
A |1 p0-|0"0 A |5 |[-4]|-4]|-4 A |1 |-5]|-5]-1
<0 12 1o |0 T |-4(5 |-4]|-4 T |51 |-1]|-5
cCo’ |0 |1 |0 C|-4|-4|5 |4 C|-5|-1|1 |-5
G |0 |0 |0 |1 G |-4|-4|-4]|5 G|-1|-5]|-5]1
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Gi) BEZEAERE (geneticicode matrix, GCM )
Gii) B/KEESERE  (hydrophobic matrix)
(iv) PAMZERE: Cpoint accepted matrix,PAM)
(v) BLOSUMSERE

(BLOck SUbstitution Matrix, BLOSUM)
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Second letter of codon

U C A G

UUU Phe | UCU Ser | UAU Tyr |UGU Cys

U UUC Phe | UCC Ser | UAC Tyr |UGC Cys

UUA Leu | UCA Ser | UAA Stop (UGA Stop

UUG Leu | UCG v | UAG Stop (UGG Trp

CUU Leu | CCU Pro| CAU His |CGU Arg

o CUC Leun | CCC Pro| CAC His | CGC Arg

i CUA Leu | CCA Pro| CAA Gln |CGA Arg

irst CUG Leu | CCG Pro| CAG Gln |CGG Arg

letter of

codon AUU Tle | ACU Thr | AAU Asn |AGU  Ser

) AUC [le | ACC Thr | AAC Asn |[AGC  Ser
(5" end) A

AUA lle | ACA Thr | AAA Lys | AGA Arg

AUG Met | ACG Thr | AAG Lys |AGG Arp

GUU Val | GCU Ala | GAU Asp | GGU Gly

a GUC Val | GCC Ala | GAC Asp | GGC Gly

GUA Val | GCA Ala| GAA Glu | GGA Gly

GUG Val | GCG Ala | GAG Glu | GGG Gly




3 GCMAEPE
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38 BEEMNEREN

BEEEHNEVNERARME T PN ERLHE, EXk
TAEFREEMMH . E0TEDA0 T A T3 E Bt
Fr 31 Bk i BB P15 B I R IR RS s REAE 75 Bl B9l
x, WHEAEF —eHERTERF S, DL Z R A5 H]
ReE T2 E 20k, ARWEEYFIIR. N TRERERFF
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B8 PR 18 R B E AR Fr 51 AR U Ee Xy, BB 471 B
(pairwise alignment).

Pl e vy A B BUE EE R 2 K RE D e K S
FRVERLI %] (probe sequence); B3I IB RS RE 2K
M Fr 5 BAA — e M B PR R - A3 51 (subject sequence) o

N T BN H M ASBREF KR BR#H R R,
B R EEREI ST G, ©REAWEFS]
FEARUERE B, WA I Fr 51 A B A5 e 51 R AR U RE BRI,
L IE S HAR G B R F B e E KRB R TR —&
S







BLASTHEFr 2 H s 7 FH BT 3 35 A8 AL R 25048 FE
BRER, BIIHETERTSALE R /DFF R B,
HREANTEHA B KAERNELE .. MRS E
T RSB THEY RS LE1T, MABKETHE
PUBE 1 R R R AT I )/
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SR

AR R

F E& words

BLAST &5

query word (W= 3)
L

PQG
PEG
PRG
PKG

325

290

NG
PDG
PHG
MG
PSG

18
15
14
14
13
13
13
13
13

PQA
PON
oa@. ..

. R

12
12

GSVEDTTGSQSLAALLNKCKTPQGQRLVNQUWIKQPLMDKNRIEERLNLVE AFVEDAELRQTLQEDL

FELEESa
I R 1E
(T=13)

R

SLAALLNKCKTPQGQRLVNQUIKQPLMDKNRIEERINLVEA 365
+LA++L+ TP G R++ +U+ P+ D + ER + A
TLASVLDCTVTPMGSRMLKRULHMPVRD TRVLLERQQTIGA 330

High-scoring Segment Pair (HSP)



LEXF vt B R PR —— E{E(E-Value)
P{E(P-Value) (i Z{H)

BLAST]

2R T EE T IEP{ESC XA

ERE B

FETHAENAEEE. HIWEESTSM10, SEPEST
0.993F10.99995% H WM.~ {H & HE<0.018}, PESEERRER

A

SHUKRON 73 7] 4% o] B HU AR N # &R 25K (search
spatgsize) Mit43 &Sk (scoring system) FIRFIE S
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FERr4 | W) | s ESR 7

Blastp cg=i EEE | RS R
5 1R T 5 B

Blastn AL AL FAAG U 2 3 TR 48 R A%
T e Bt e

Blastx AT, ER AR 5 5 16 2% 5 B
VE R R T B S R
B 1R 5B B

Tblastn c 4= A FA A e 51 8 3 i 48 &R
HZ R 7 5 B4 22 14 6
S5 4 TR TR 11 2 1 R
H B3 JPE

Tblastx AL AL R A% R 7 B 4 6 2% B

VR H P 81 5 1
1A% R 7 51 B9 2 446
SREERN R R B E P
ke e




M Rk, B R IR
NCBI. EBIZ[H fr 24 49015 B HEMNFIBLAST IR 55
dIA TR . [FEURANE, /FEDERF L
BLASTH P FHTHA BpA[EL A P 3 (A i) £ s et ] fg
ANsEa A, AR R i S AT 18 2 Bk .
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3 ZEMEEE (HIN1) HBLASTH &

a PubNed Home — Nicrosoft Internet Explorer :'_ _ :'I:I | |'r
THE HEE FFEW WEe IEO EBho -4
Hihk o) |@ http:f fwww. nocbi. olm. nih. govfpubmed, b b33
o A service of the U5, National Tibrary of Medicine 4
(...-J _ and the Natinnal Institutes of Health
> NCBI Pub¥{ed
www,pubmed.gov
All Databases PubMed Muclectide Protein Genome Structure OMIM PMC Journals
Search|F’UbMEd vlfm| H Go ] [ Clear ] Advanc

About Entres | Limits | Preview/index | History | Clipboard | Details ]

Text Version

To get started with PubMed, enter one or more search terms.

Entrez PubMed

e Search terms may be topics, anthors or journals.

Help| FAQ

Tutorials

Mew/Moteworthy & S

E_"J‘;”it?;:"m y & NLM/NCBI H1N1 Flu Resources: H1N1 Flu Info
Newest 2009 H1N1 Flu Outbreak Sequences Lk, [l

PubMed Services * = S Things You Can Do +

JL’.H..IFFIE|!3 DatabaEE.' L GItEltICII"IS I"ECEI"IH E.CIEECI II] FIUDMEU F‘Ian & Pre pare ¥

MeSH Database « MedlinePlus (consumer health information) International Info »

Single Citation e Enviro-Health Links HHS qov cDC gov
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8 ZEMIHEE (HINL) HIBLASTIS &

HIN1 B2 & BB ) Q@Q

>gi[224983683|pdb|3GBN|B Chain B, Crystggé u ﬁ Of Fab

Cr6261 In Complex With The 1918 H1 nza Virus

Hemagglutinin
GLFGAIAGFIEGGW GYHHQNEQGSGYAADQKS
TQNAIDGITNJ&V SVJEKMNTQFTAVGKEF
NNLERP@N‘( VDDGFLDIWTYNAELLVLLENERTLDFH
@ EKVKSQLKNNAKEIGNGCFEF
DDA

CMESVRNGTYDYPKYSEESKLNREEIDGVSGR



-~

»

BLAST
Home  Recent Results Saved Strategies  Help

My NCBI

blagtn J blastp ]_blastx | tblastn | tblastx |

[Sign In] [Register]|

Enter Query Sequence

Enter accession number, gi, or FASTA sequence &

Clear

»>gi|224983683 |pdk| 3GEBNIB Chain B, Crystal Structure 0f Feb Cré2él In
Complex With The 15918 Hlnl Influenza Virus Hemagglutinin
GLFGAIAGFIEGGWIGMIDGWY GYHHQNEQGSGYARDOKSTONAI DG I THEVH SVIEKMNTQFTAVGEEF
NNLERRIENLNEEVDDGFLDIWI YNAELLVLLENERTLDFHDSNVENLYEKVES{LENNAKE IGNGCFEF
YHKCDDACMESVENGTYDYPKYSEESKLNREEIDGVIGR

E

Or, upload file | | A, .. ]_@.

BLASTP programs search protein databases using a protein query. more...

Query subrange &
To[ ]

Job Title |0il224983683|pdb|3GEN|B Chain B, Crystal Structure..

Enter a descriptive title for your BLAST search &

[ Align two or more sequences &

Choose Search Set

Database Protein Data Bank proteins(pdb) ¥l e

Organism | [ Exclude
Enter organism common name, binomial, or tax id. Only 20 top taxa will be shown. &

Optional

Entrez Query |
Optional

Enter an Entrez query to limit search &)

Program Selection

I ® blastp (protein-protein BLAST)
O PSI-BLAST (Position-Specific lterated BLAST)

O PHI-BLAST (Pattern Hit Initiated BLAST)
Choose a BLAST algorithm &)

Reset page

Bookmark

‘ Search database Protein Data Bank proteins(pdb) using Blastp (protein-protein BLAST)

[¥] Show results in a new window

in

P Algorithm parameters

yellow

Note: Parameter values that differ from the default are highlighted




3£ BLASTZ: ek

Edit and Resubmit Save Search Strategies =~ >Formatting options ~ >Download
gi[224983683|pdb|3GEBN|B Chain B, Crystal Structure...

Query ID Icl|78359 Database Name pdb
Description gi|224983683|pdb|3GBN|B Chain B, Crystal Structure Description PDB protein database
Of Fab Cr6261 In Complex With The 1918 Hin1 Program BLASTP 2.2.22+ p Citation
Influenza Virus Hemagglutinin
Molecule type: amino adid Other reports: »Search Summary [Taxonomy reports] [Distance tree of
Query Length 179 results] [Related Structures] [Multiple alignment] New

v Graphic Summary

v Show Conserved Domains

Putative conserved ins have been click on the image below for detailed resuits.
1 25 50 75 100 125 150 179
Query seq.  EEERE et
Superfanilies Hemagglutinin superfamily )]

Distribution of 52 Blast Hits on the Query Sequence &

Mouse over to see the defline. click to show alignments

Color key for alignment scores
40-50  [IS0B0N
Query
I | | ] | |
0 30 60 90 120 150
‘
4

\é:\‘i



e BLASTE R %A

A\

v Alignments Select All Get selected sequences Distance tree of results Multiple alignment New

l db | 3GBN|B Chain B, Crystal Structure Of Fab Cr6261 In Complex With The
1918 Hinl Influenza Virus Hemagglutinin
Length=179

Score = 370 bits (951), Expect = 1le-103, Method: Compositional matrix adjust.
Identities = 179/179 (100%), Positives = 179/179 (100%), Gaps = 0/179 (0%)

Query 1 GLFGRIAGFIEGGWTIGMIDGWYGYHHQONEQGSGYARDQRSTONATDGITNKVNSVIERMN 60
GLFGAIAGFIEGGWIGMIDGWYGYHHONEQGSGYAADQRSTONATIDGITNRKVNSVIERMN
Sbjct 1 GLFGAIAGFIEGGWTGMIDGWYGYHHQONEQGSGYARDQRSTONAIDGITNRVNSVIERMN 60

Query 61 TQFTAVGKEFNNLERRIENLNKRVDDGFLDIWTYNAELLVLLENERTLDFHEDSNVRNLYE 120
TQFTAVGREFNNLERRIENLNRRKVDDGFLDIWIYNAELLVLLENERTLDFHDSNVRNLYE
Sbjct 61 TQFTAVGREFNNLERRIENLNRKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVRNLYE 120

Query 121 RVKSQLRNNAREIGNGCFEFYHKCDDACMESVRNGTYDYPRKYSEESKLNREEIDGVSGR 179
RVKSQLRNNAREIGNGCFEFYHRKCDDACMESVRNGTYDYPKYSEESRLNREEIDGVSGR
Sbjct 121 RVRSQLRNNAREIGNGCFEFYHRCDDACMESVRNGTYDYPKYSEESKLNREEIDGVSGR 179

>‘db12WRGlI Chain I, Structure Of H1 1918 Hemagglutinin With Human Receptor
pdb | 2WRGIK Chain K, Structure Of H1 1918 Hemagglutinin With Human Receptor

pdb | 2WRG M Chain M, Structure Of H1 1918 Hemagglutinin With Human Receptor
Length=222

Score = 366 bits (940), Expect = 2e-102, Method: Compositional matrix adjust.
Identities = 176/176 (100%), Positives = 176/176 (100%), Gaps = 0/176 (0%)

Query 1 GLFGAIAGFIEGGWTGMIDGWYGYHHQONEQGSGYAADQRSTONAIDGITNRVNSVIERMN 60
GLFGAIAGFIEGGWIGMIDGWYGYHHEQNEQGSGYARDORKSTONATDGITNRKVNSVIERMN
Sbjct 1 GLFGAIAGFIEGGWIGMIDGWYGYHHQONEQGSGYAADQRSTONAIDGITNRKVNSVIERMN 60

Query 61 TQFTAVGREFNNLERRIENLNRKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVRNLYE 120
TQFTAVGKEFNNLERRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVRNLYE
Sbjct 61 TQFTAVGREFNNLERRIENLNKKVDDGFLDIWTYNAELLVLLENERTLDFHDSNVRNLYE 120

Query 121 RVKSQLRNNAREIGNGCFEFYHKCDDACMESVRNGTYDYPKYSEESKLNREEIDGV 176
RVRSQLRNNAREIGNGCFEFYHRCDDACMESVRNGTYDYPRYSEESKLNREEIDGV
Sbjct 121 RVRSQLRNNAREIGNGCFEFYHRCDDACMESVRNGTYDYPRKYSEESKLNREEIDGV 176

ldbllRDBIB Chain B, Crystal Sructure Of The 1918 Human H1 Hemagglutinin
Precursor (HaO)

pdblIRDSID Chain D, Crystal Sructure Of The 1918 Human H1 Hemagglutinin
Precursor (HaO)




3 BLASTE REE B =

>.!bIACS77963.lI polymerase PA [Influenza A virus (A/New York/3413/2009(HINI1))] h ;

Length=716

Score = 1489 bits (3854), Expect = 0.0, Method: Compositional matrix adjust.
Identities = 715/716 (99%), Positives = 715/716 (99%), Gaps = 0/716 (0%)

Query 1 MEDFVRQCFNEMIVELAERAMREYGEDPRKIETNKFRATCTHLEVCFMYSDFHFIDERGES 60
MED VRQCFNPMIVELAERAMREYGEDPRKIETNRFARICTHLEVCFMYSDFEFIDERGES
Sbjct 1 MEDLVRQCFNPMIVELAERAMREYGEDPRIETNKFAAICTHLEVCFMYSDFHFIDERGES 60

Query 61 IIVESGDPNALLKHRFEIIEGRDRIMAWTVVNSICNTTGVEKPKFLPDLYDYRENRFIEI 120
IIVESGDPNALLKHRFEIIEGRDRIMAWIVVNSICNTTGVERPRFLPDLYDYRENRFIET
Sbjct 61  IIVESGDPNALLRKHRFEIIEGRDRIMAWIVVNSICNTTGVERKPKFLPDLYDYRENRFIEI 120

Query 121 GVTRREVHIYYLERANRIKSERTHIHIFSFTGEEMATRADYTLDEESRARIKTRLFTIRQ 180
GVIRREVHIYYLERANKIKSERTHIHIFSFTGEEMATRADYTLDEESRARIXKTRLFTIRQ
Sbjct 121 GVTRREVHIYYLERANKIKSERTHIHIFSFTGEEMATRADYTLDEESRARIKTRLFTIRQ 180

Query 181 EMASRSLWDSFRQSERGEETIEERFEITGTMRRKLADQSLPPNFSSLENFRAYVDGFEENG 240
EMASRSLWDSFRQSERGEETIEERFEITGTMRKLADQSLPPNFSSLENFRAYVDGFEPNG
Sbjct 181 EMASRSLWDSFRQSERGEETIEERFEITGTMRKLADQSLPENFSSLENFRAYVDGFEPNG 240

Query 241 CIEGRLSQMSREVNARIEPFLRTTPRPLRLPDGPLCHQRSKFLLMDALRKLSIEDPSHEGE 300
CIEGRLSQMSKEVNAKIEPFLRTTPRPLRLPDGPLCHQRSKFLLMDALKLSIEDPSHEGE
Sbjct 241 CIEGRLSQMSREVNAKIEPFLRTTPRPLRLPDGPLCHQRSKFLLMDALKLSIEDPSHEGE 300

Query 301 GIPLYDAIRCMRTFFGWREPNIVKPHERGINPNYLMAWRQVLAELQODIENEERIPRTRNM 360
GIPLYDAIRCMRTFFGWKEPNIVRKPHEKGINPNYLMAWKQVLAELODIENEEKIPRTRNM
Sbjct 301 GIPLYDAIRCMRTFFGWREPNIVRPHERKGINPNYLMAWRQVLAELQDIENEERIPRTRNM 360

Query 361 RRTSQLRWALGENMAPERVDFDDCKDVGDLRQYDSDEPEPRSLASWVQONEFNRACELTDS 420
RRTSQLKWALGENMAPERVDFDDCRDVGDLKQYDSDEPEPRSLASWVONEFNKACELTDS
Sbjct 361 RRTSQLRWALGENMAPERVDFDDCKDVGDLRKQYDSDEPEPRSLASWVQNEFNRACELTDS 420

Query 421 SWIELDEIGEDVAPIEHIASMRRNYFTAEVSHCRATEYIMRGVYINTALLNASCAAMDDF 480




Structure Summary
MMDB

Entrez | Structure | Protein | CDD | PubMed |  Taxonomy | PubChem | Help | Cn3D

MMDB ID: 26944 | [PDB ID: 1RVO [ Search | FDE or DB ID

Reference: Gamblin SJ, Haire LF, Russell RJ, Stevens DJ, Xiao B, Ha
Y, Vasisht N, Steinhauer DA, Daniels RS, Elliot A, Wiley
DC, Skehel 11 The structure and receptor binding
properties of the 1918 influenza hemagglutinin Science
v303, p.1838-1842
The 1918 influenza pandemic resulted in about 20 million
deaths. This enormous impact, coupled with renewed interest in
emerging infections, makes characterization of the virus
involved a priority. Receptor binding, the initial event in virus
infection, is a major determinant of virus transmissibility that,
for influenza viruses, is mediated by the hemagglutinin (HA)
membrane glycoprotein....

» View full abstract

Description: 1930 Swine H1 Hemagglutinin Complexed With Lsta.
Deposition: 2003/12/12 ¥
Taxonomy: Influenza A virus

Related Structure: VAST

[Structure View in Cn3D ] [Structure View in RasMol | 7

Tasks: |Display ¥ | prawing: |All Atoms v

Download Cn3D View Cn3D Tutorial

Molecular components in the MMDB structure are listed below and may include
macromolecular chains, 3D domains, protein classifications (domain families), and ligands,
as available. Mouse over each icon for more information on the component. @
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Biostrings

seqinr

msa
DECIPHER
ggmsa
AlignStat
BALCONY

kmer
muscle
SubVis

odseq
SDSparsimony

SequenceBouncer

Efficient manipulation of biological strings, Pairwise/Multiple Sequence
alignment

Biological Sequences Retrieval and Analysis

Multiple Sequence Alignment

Decipher and manage biological sequences; Predict coding/non-coding genes
Plot multiple sequence alignment using ggplot2

Statistical comparison of alternative multiple sequence alignments

MSA and functional compartments of protein
variability analysis

Fast alignment-free clustering of biological sequences
Multiple Sequence Alignment with MUSCLE

Exploring the Effects of Multiple Substitution Matrices on Pairwise Sequence
Alignment

Outlier detection in a multiple sequence alignment
Detecting Specificity Determining Sites in a multiple sequence alignment

Remove outlier entries from a multiple sequence alignment

https://en.wikipedia.org/wiki/List_of RNA-Seq_bioinformatics_tools
https://statsandr.com/blog/top-r-resources-on-covid-19-coronavirus/

R package

R package
R package
R package
R package
R package
R package

R package
R package
R package

R package
R package

Python
package
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UniprotR

spruceup

rtracklayer

UCSCXenaTools

igvR
ggtranscript
R-CHIE
karyoploteR
XLmap

Bio3d
HPAanalyze
MethFinder
packFinder
hpar
HPAStainR

Retrieving and visualizing protein sequence and functional information from

Universal Protein Resource

Flexible identification, visualization, and removal of abnormal sequences from

multiple sequence alignments

R interface to genome annotation files and the UCSC genome browser

Accessing Genomics Data from UCSC Xena platform, from Cancer Multi-
omics to Single-cell RNA-seq

IgVR: integrative genomics viewer

visualization and interpretation of transcript isoforms using ggplot2
Visualizing RNA secondary structures

Plot customizable linear genomes displaying arbitrary data

visualize and score protein structure models based on sites of protein cross-
linking

Comparative analysis of protein structures

facilitates the retrieval and analysis of the Human Protein Atlas data

prediction of human tissue-specific methylation status of CpG islands
a simple tool for the prediction of potential Pack-TYPE elements
a simple R interface to and data from the Human Protein Atlas project.

query protein expression patterns in the Human Protein Atlas

R package

Python
package

R package
R package

R package
R package
R package
R package
R package

R package
R package

R package
R package
Shiny app
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GenProSeq Generating Protein Sequences with Deep Generative Models R Package

proteinProfiles Significance assessment for distance measures of time-course protein profiles R Package

bcSeq Fast Sequence Alignment for High-Throughput shRNA and CRISPR Screens R Package
(R)

transite RNA-binding protein motif analysis R Package

cisPath Visualization and management of the protein-protein interaction networks. R Package

Path2PPI Prediction of pathway-related protein-protein interaction networks R Package

customProDB Generate customized protein database from NGS data, with a focus on RNA- R Package
Seq data, for proteomics search

DAPAR Tools for the Differential Analysis of Proteins Abundance with R R Package

drawProteins allow the creation of protein schematics based on the data obtained from the R Package
Uniprot Protein Database.

GeneDMRs An R Package for Gene-Based Differentially Methylated Regions Analysis R Package

methylKit a comprehensive R package for the analysis of genome-wide DNA methylation R Package
profiles

BOG R-package for Bacterium and virus analysis of Orthologous Groups
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