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Basic Shell Commands
S

$ cd 2023123456 hyunwoo
$ mkdir week7_7
$ cd week7_7




Vim editor - vim: text editor for Linux

$ l 1 VIM - Vi IMproved
$ vi print_script.py version 8.2.2072

by Bram Moolenaar et al.
Modified by
im is open source and freely distributable

- Help poor children in Uganda!
[ In vlm] e :help Ii’czf . * fog information
. .
1: 1nsert

g to exit
e :help or for on-line help
e :help version8 for version info

print(“Today is Wednesday!”)

[In Vim] “ESC”
:wg save and quit



Basic Shell Commands
S e

$ 11
$ python print script.py

[Output] Today is Wednesday!

$ less print_script.py
$ cat print_script.py

[Output] print “Today is Wednesday!”



Basic Shell Commands
S e

$ mv print_script.py new_script.py
$ cp new _script.py new_script copy.py
$ 11

mv : move file
cp : copy and paste

$ rm new_script copy.py

$ 11

$ 1In -s /path/to/file/filename
$ unlink filename

rm : remove



Comparing FOXP2 in different animals
-

FOXP2_HUMAN Homo sapiens
FOXP2_GORGO Gorilla gorilla
FOXP2_MACMU Macaca mulatta (Rhesus macaque)

FOXP2_PANTR Pan troglodytes (Chimpanzee)
FOXP2_HYLLA Hylobates lar (Common gibbon)
FOXP2_PONPY Pongo pygmaeus (Bornean orangutan)
FOXP2_MOUSE Mus musculus (Mouse)
FOXP2_XENLA Xenopus laevis (African clawed frog)

$ 1n -s /home/biguser/tutor/session6/swissprot.* .




Comparing FOXP2 in different animals
! -

[biguser@R440 session/]$ cat seqids.txt
FOXP2_HUMAN
FOXP2_GORGO
FOXP2_ MACMU
FOXP2_ PANTR

FOXP2 HYLLA
FOXP2_PONPY
FOXP2_ MOUSE
FOXP2_ XENLA




Comparing FOXP2 in different animals
! -

$ blastdbcmd -entry FOXP2_HYLLA -db swissprot -long seqids > FOXP2_HYLLA.fa

L retrieving a single segeucne with id containing FOXP2_HYLLA

$ blastdbcmd -entry_batch seqids.txt -db swissprot -long _seqids > foxp2.fa

L retrieving multiple segeucnes with a list of identifiers

[biguser@440 session/]$ blastdbcmd -entry batch seqids.txt -db swissprot -long_seqids > foxp2.fa
[biguser@440 session7]% 11

total 24

-rw-rw-r-- 1 biguser biguser 6518 Oct 10 16:18 foxp2.fa

“rW-r--r-- | iguser biguser 5278 0Oc 9 18:43 foxp2.fasta

-rw-rw-r-- 1 biguser biguser 813 0Oc 9 18:47 FOXP2 _HYLLA.fa

“rW-r--r-- | blguqer biguser 96 Oc 0 18:43 seqids.txt

r biguser 21 Oc 0 18:47 swissprot -> ../session6/swissprot
biguser biguser 25 0c 0 18:47 swissprot.phr -> ../session6/swissprot.
biguser biguser 25 0c 0 18:47 swissprot.pin -: ../qe5510n6/qu155prot.

r biguser 25 0Oc 0 18:47 swissprot.pog .
biguser biguser 2! . 0 18:47 swissprot. > ../qe5510n6/qw155prot. sd
biguser biguser 2! X 9 18:47 swissprot.psi -> ../session6/swissprot.psi
biguser biguser 25 0c 0 18:47 swissprot. > ../sessionb/swissprot.psqg




Comparing FOXP2 in different animals
I

$ clustalw2 foxp2.fa

[biguser@440 session/]% clustalw2 foxpZ2. Start of Pairwise alignments

(1:2) Aligned. Score:

(1:3) Aligned. Scor

(1:4) Aligned. Scor
Sequences (1: Aligned. Score:

Sequences (1:6) Aligned. Scor
format is Pearson nc (1: Aligned. Scor

: sp|015409|FOXP2_HUMAN 15 nces (1:8) Aligned. Score:
99| FOXP2 7GORGO 13 ¢ es (2 Align
7| FOXP2_MACMU 14 ¢ es (2:4) Aligned.
1JA0 | FOXP2_PANTR 16 ¢ quences (2:5) Aligned.
RD|QSQL03|FO)&P _HYLLA 13 : quences (2:6) Aligned.
PONPY 13 @ 2 2: Aligned. g
"~ MOUSE 14 ks :8) Aligned. Score: 9 There are 7 groups

sp [Q4VYS1| FOXP2 XENLA > e (O i]iljﬂi.i >cor Start of Multiple Alignment

Aligned. S
Aligned.
A1igned.

CLUSTAL 2.1 Multiple Sequence Alignments

equence
juence
equence
juence
equence

'-JG':U'IJ'—‘-L.\JM.H—'

N

Score 15411
:15416
15408
15421
:15400
Score:15379
Score:14978

: Sequences:
: Sequences:

: Sequences:

: Sequences:

: Sequences:
Allgnment Score 118874

ONWN & W

Aligned. Score: CLUSTAL-Alignment file created [foxp2.aln]
Aligned. r 9

Aligned. S
created: [foxp2.dnd]




Comparing FOXP2 in different animals
! -

#dendrogram

foxp2_sequences.aln foxp2 _sequences.dnd

CLUSTAL 2.1 multiple sequence alignment

9| FOXP2_GORGO
7| FOXP2_MACMU
PANTR

MMQESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQESATETISNSSMNQNGMSTL! G

MMQESATETI

MMQESATETISI

MMQESATETISNSSMNQNGMSTL! HQLDA&HRD&R
MMQESVTETISNSSMNQNGMSTL!

MMQESATETISNSSMNQNGMSTL!
MMQESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSS

EEE 2 . e o e o e o e o e o o o o o o o o o o o e ok e o ok ok ok bk e o . A o e o e o e o ok ok ok ok

sp| 015409 | FOXP2_HUMAN:0.00122,

p|Q8M199 | FOXP2 GORGO:0.00117,
_p|QaMJ9?|FOXP’_MALMU. -0.00117)
:0.00196,

8M198 | FOXP2 |
3|FOXP

Sp | Q8MIAB | FOXP2_PANTR: -0.00196)
:0.00157)
:0.00059,
Sp | Q4VYS1 | FOXP2 XENLA:0.04051)
:0.00083,

HLQQQQALQAARQLLLQQQTSGLKSP DKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKSSEKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKNNEKQRPLQVPVSMAMMTPQVIT

ok fofe e o o o ofe ook s ok eofeoke s ok doledokofofolobok e - ook dolelokokofok - ofodeokokofok ok K

p|05QL0O3| FOXP2_HYLLA:0.00000,
D|03P598|FOXPL_PONPY. .00140)
:0.00066,
FOXP2 MOUSE :0.0007

[

|

|

|

1015489 _HUMAN
|QSQLBS|FDXP' HYLLA
I M

|

|

w on

PONPY

]

)
TCTTOUTUTOTT

w

O4VYH1|FORPL

PQQMQQILQQQVLSPQQLOALLQQQQAVMLOQQQLOEFYKKQQEQLHLOL
PQQMQQILQQQVLSPQQLOALLQQQQAVMLOQQQLOEFYKKQQEQLHLOL
PQQMQQILQQQVLSPQQLQALLQQQQAVMLQQQQLQEFYKKQQEQLHLQL
PQQMQQILQQQVLSPQQLQALLQQQQAVMLQOQQLQEFYKKQQEQLHLQL
PQQMQQILQQQVLSPQQLQALLQQQQAVMLQOQQLQEFYKKQQEQLHLQL
PQQMQQILQQQVLSPQQLQALLQQQQAVMLQQQQLQEFYKKQQEQLHLQL
PQQMQQILQQQVLSPQQLQALLQQQQAVMLQQQQLQEFYKKQQEQLHLQL
POQMOQILOQOVLHPOQLQALLOQOQAVMLQOQOLOEFYKKQOEQLHLQL

ko oeckok ok eokok ok ok ook kb sk ok ok ok ok ok ok kb b ok o kok

all residues or nucleotides in that column are identical

conserved substitutions have been observed

semi-conserved substitutions have been observed

no match.




Identification of mutation specific to

human
I

$ clustalw2 foxp2.fa -output=fasta
$ less foxp2.fasta

>5p | Q8MJ99 | FOXP2_ GORGO
MMQESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
HLOQQQQALQAARQLLLQQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
QMQQILQQQVLSPQQLOALLQQQOAVMLQQQQLOEFYKKQQEQLHLAQL
DDDDDDDQDDDDDQDQDDDDDDDDDDDDDDDDDDD———HPGKQAKE

TSSTTS AbPPITHHbIVNbQSSVLNAPPDSSSHEETbAbHTLYbe CK
WPGCESICEDFGQFLKHLNNEHALDDRSTAQCRVQMQVVQQLEIQLSKER
ERLQAMMTHLHMRPSEPKPSPKPLNLVSSVTMSKNMLETSPQSLPQTPTT
PTAPVTPITQGPSVITPASVPNVGAIRRRHSDKYNIPMSSEIAPNYEFYK
NADVRPPFTYATLIRQATIMESSDRQLTLNEIYSWFTRTFAYFRRNAATWK
NAVRHNLSLHKCFVRVENVKGAVWTVDEVEYQKRRSQKITGSPTLVKNIP
TSLGYGAALNASLQAALAESSLPLLSNPGLINNASSGLLQAVHEDLNGSL
DHIDSNGNSSPGCSPQPHIHSIHVKEEPVIAEDEDCPMSLVTTANHSPEL
EDDREIEEEPLSEDLE

ZHOFOY linux & O M ZHRiE o= GIALE Z0E TEX| 2 H
In -s /home/biguser/tutor/session7/foxp2.fasta .
foxp2.fasta It A7 FEH =X =I5HM Q!



Identification of
mutation specific to
human

o foxp2.ipynb

import re

InFlle = open{' /home/biguser/vour_directory/session7/foxp2, fasta', 'r')
nonhuman = dict ()

id ="
seq =

W oo~ T O e G o —

10 for line in inFile.readlines():
11 line = line.strip()

12 Horint 1ine

13 if re.search{ ">
14 if id1="":
15 if not "HUMAW" in id:

16 nonhuman( 1d[1:]] = seq
17 else:

18 Id_human = 1d[1:]

19 seq_human = seq

20 id = line

21 seq = '

22 else:

23 id = line

24 else:

2h seq += line

, linel:

27 if not "HUMAN" in id:

28 nonhuman( id[1:]] = seq
29 else:

30 id_human = id[1:]

31 sed_human = seq

3% inFlle.close()

POSITION 1 | POSITION 2
HUMAN A T
GORGO A A
MACMU A Cc
PANTR A c
HYLLA A A
PONPY A G

for i in range(0, len(seq_human)):
unigue = True
for id in nonhuman. keys():
human_seq_posi= sed_human[i]
nonhuman_sed_posi= nonhuman( id][i]
it human_seq_posi == nonhuman_seq_posi
unigue = False
if unique:
pos = i + 1
print("At position
aa = human_sed_posi
print{id_human, W', aa)
for ID in nonhuman. keys():
print (1D, "W, nonhuman[ 1D]1[i])

. pos)



Identification of mutation specific to

human

o results

At position 304

sp | 015409 | FOXP2_HUMAN
sp | 08MJ39 | FOKP2_GORGO
=p | QBMJST | FOXPZ_MACMU
sp | QBMJAD |FOXP2_PANTR
sp | 050LO3 | FOXP2_HYLLA
=p | QBMJSS | FOXPZ_PONPY
sp | PE84E3 | FOXP2_MOUSE
sp | Q4YYST [ FOKP2_XENLA

— A~ =

Human having Asparagine(N)
whereas all non-human sequences have threonine(T)

not equal because every sequence has different length
thus, gaps are inserted

Human-specific T303N

+ T303N and N325S are positively selected
for language and speech

* No N325S in our res. due to Xenopus



Exercise

]
o Modify foxp2.ipynb such that you may identify

1. positions where the human sequence is different from
all other primates and mouse;

2. positions where the human and primate sequences are
identical but different to both mouse and frog.

OAF.Z_AUMAR

FOXP2_GORGO

FOXP2 MACMU _
FOXP2 PANTR Primates

FOXP2 HYLLA
FOXP2_PONPY

FOXP2 MOUSE Ses\V[elUE]=
FOXP2_ XENLA Frog




Exercise -1
e

a4t position 304 the first part of the code is same as foxp2.ipynb

5p| 015409 | FOXP2_HUMAN N -

sp | 08MJ99 | FOXP2_GORGO T for i in range (0, len{seq_human)):

sp | QSMJQT [FOXPZ_MACMU T utleue = L7 ,

op| 0BMJAD |FOXP2 PANTR T for 1 Agt”oggﬁ”ffﬁg

sp|Q50LO3|FOXP2_HYLLA T SN N

5p| 08MJ9E |[FOXP2_PONPY T nonhuman_sed_posi= nonhuman[ id][i]

ii’l%a%ﬁlm}{ggéMUUSE T i f human_seq_posi == nonhuman_seq_posi :
pos1t1on unicue = False

sp|015409|FOXP2_HUMAN S if unique

sp|08MJ9O|FOXP2_GORGO N pos = | + 1

sp|0BMJOT|FOXP2_MACMU N print ("At position ", pos)

sp|0SMJAQ|FOXP2 PANTR N aa = hunan_seq_posi.

sp| 05ALO3|FOXP2_HYLLA N print (id_human, "#t', aa)

Sp|08MJOB| FOXP2_PONPY N for 1D in nonhuman. keys():

sp|PE8463 [FOXPZ_MOUSE N 'Fonot “AENLA Tn 1D

print (10, "#t', nonhuman[ 10][i])



Exercise-2
e

1 import re
2
3
4 for i in range(0, len({seq_human)):
b unigue = True
3 for id in nonhuman.keys():
7 human_seq_posi= seq_human( i ]
o if "HEMLA" in id or "MOUSE" in id:
g if human_seq_posi == nonhuman( id][i]
10 unique=Fralse
At position 80 A else:
sp | 015409 | FOXPZ_HUMAN 0 12 if human_seq_posi 1= nonhuman[id][i]:
sp | 08MJS9 | FOXP2_GORGO oD 13 unigue=False
=p | 08MJ9T |FOXP2_MACMU D I unique:
sp|OSMJAQ[FOXP2_PANTR D © g =1 =n
s0|Q50L03|FONP2_HYLLA D gg'ﬂtﬁuﬁgnﬂgg'“g’;i , pos)
=p|08MJ9B| FOXP2_PONPY D Drmmdhamagj”.w.J 2a)
sp |P58463 | FOXP2_MOUSE E 19 for ID in nonhuman.keys():
5p | Q4YYST [FOXP2_XENLA E o print (10, '#t", nonhuman[ ID][i])



Assignment
.,

o In the default output from the ClustalW program (a file named as foxp2.aln)
there are asterisks (*) that indicate positions where the sequence is same
in all sequences. Make a Python script to count the total length and
number of such positions in all alignment.

o Output

o clustalw?| 21} & foxp2.alng O| &3l alginEl & 20|t seqeunce=0|
25 %%%‘% Lot=* BA|Z7HE B 7HQIX| otz et Z0] print.
Total length :
Number of asterisk (match) :

« ItH| MZ 7|$ 10/22 Sunday 23:59 @ LMS

« AMot ATt S Ao ANE WAHSH F| Q0 ME(ZETE FOA
202X &7|), ZEO| CHpt MY 7HEFS | S
SE DY FHZ nFXt_StH 0|5 AL E KM E(e.g. 75Xt 2023123456_HH2)



Assignment
.,

1n -s/home/biguser/tutor/Week7/foxp2.aln .
£ linux2tZ 0| A 0]2{&2| directoryOf|Af HEA|7| 0 s ot
link7t &9 Hl=X| 22l offd IS HOJAM 2 A

MNONGMSTL
MNONGMSTL
SMNONGMSTL

5 WSTWVELL
MMOESATETISNSSMNONGMSTL
ookoeok e ook o o ol o ohe o ok ok ok ok o e ok ook ook o o s ke e e ok s ok ok

SVAMMTPOVIT

ALOAAROLLL 5 ] ! VAMMTPOVIT

ALQAAROLLL 5 ] ) IPLO VAMMTPOVIT

ALOQAAROLLL 5 ] | VAMMTPOVIT

ALQAAROQLLL 5 ] ) ! VAMMTPOVIT

ALQAARQLLL 5 ] ! VAMMTPOVIT

ALQAARQLLL 5 ] EKQRPLQ VAMMTPOVIT
ALOAAROLLL 5 sPKNNEKORPLO

Rk ook ok kR ok ko ko bk ok k| sk ok ok ok ok kok ko ko ok
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