SESSION 7. PRACTICE

I Evolution: What makes us human?



A protein related to human speech: FOXP2

0 A protein related to human speech: Foxp?2

0 Foxp2 contains a forkhead box DNA binding
domain, is expressed in CNS during
development, and is likely to regulate a
number of genes of importance for brain
function.

0 Foxp2 is fairly well conserved in all
vertebrates and mutations in the Foxp2 gene
cause speech deficiency.

R553H (arginine -> histidine) in the Foxp?2 is a.a.
change in the DNA binding domain and R328X
(arginine -> any amino acid) is nonsense mutation.

0 Both copies are required for normal function
(dominant phenotype).



FOXP2 in other animals
S e

o FOXP2 seems to be related in synaptic plasticity (for motor-skill learning).
o Bird song has similarities and differences to human speech.

0 Expression of FOXP2 in zebra finch was reduced to 50% of its normal level and
the bird is not efficient for sound-imitation.



Basic Shell Commands
S e

$ cd [User_ Folder]
$ mkdir week7 7
$ cd week7 7




Comparing FOXP2 in different animals
N =

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)

$ In -s /home/biguser/tutor/Week6/swissprot.* .

[biguser@iglab-master session_7]% 1s

swissprot.phr swissprot.pnd swissprot.psd swissprot.psq
swissprot.pin swissprot.pni . swissprot.psi




Comparing FOXP2 in different animals
N =

$ vi seqids.txt

FOXP2_HUMAN
FOXP2_GORGO
FOXP2_MACMU
FOXP2_PANTR

FOXP2_HYLLA
FOXP2_PONPY
FOXP2_MOUSE
FOXP2_XENL/,




Comparing FOXP2 in different animals
N =

$ blastdbcmd -entry FOXP2_HYLLA -db swissprot -long_seqids > FOXP2_HYLLA.fa

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

[biguser@biglab-master session_7]%$ ls

FOXPZ_HYLLA.fa seqids.txt swissprot.pin ‘swissprot.pni Swissprot.psi
foxp2.fa swissprot.phr . swissprot.pnd swissprot.psd swissprot.psq




Comparing FOXP2 in different animals
S

$ clustalw2 foxp2.fa

CLUSTAL 2.1 Multiple Sequence Alignments Stark: of FolENERE EE GANT
Aligning...

Sequences (1:2) Aligned. Score:

Sequence format is Pearson :3) Aligned. Score;
;4) Aligned, Score;

Sequence 1: gil17432967|sp|015409, 2| FOXP2_HUMAN 715 aa [lsequences (1:5) Aligned. Score:
Sequence 2: gi|51701430|sp|Q8MI99.1|FOXP2_GORGO 713 aa Jsequences (1:6) Aligned. Score:
Sequence 3: gi|51701429|sp|Q8MI97.11FOXPZ_MACMU 714 qa [Jiocduences C1:7) Migned, Score:

Aligned. Score:
Sequence 4: gi|38503046|sp|Q8MJAQ.1|FOXP2_PANTR 716 aa es (2:3) Aligned. Score:
Sequence 5: gil62286912|sp|Q5QL0@3.1|FOXP2_HYLLA 713 aa 2:4) Aligned.  Score:

Sequence 6: gi|1463454201sp|Q8MI98.3IFOXP2_PONPY 713 aa [llcciuences i) Jioned: coore:

Sequence 7: gil517@4301|sp|P58463.2 | FOXP2_MOUSE 714 aa lseaue ’ Aligned. Score:
Sequence 8: gi|822272961sp|Q4VYS1.1|FOXP2_XENLA 706 cq Jlcedences 2:% :}132:3: ot
There are 7 groups 5 3 : Aliéned_ Score:

Start of Multiple Alignment Aligned. Score:
D) Aligned. Score:

8) Aligned. Score:
) Aligned. S H
) Aligned. Sc
) Aligned.
) Aligned. S

:6) Aligned.

Aligning...
Group 1: Sequences:
Group 2: Sequences:
Group 3: Sequences:
Group 4: Sequences: ¢
Group 5: Sequences: (5:7) Aligned.
Group 6: Sequences: ( Aligned.
Group 7: Sequences: } aque 5 Aligned,
Alignment Score 118874 C Aligned.
( Aligned.
CLUSTAL-Alignment file created [foxp2.dln] Guide tree file created:




Comparing FOXP2 in different animals
N =

foxp2.aln

CLUSTAL 2.1 multiple sequence alignment

gi |51701430| sp|Q8M199. 1| FOXP2_
gi 151701429 sp1Q8MI97. 11 FOXP2_.
gi 138503046 sp1Q8MIAG. 11 FOXPZ_
gi 1174329671 sp1015409.2 | FOXP2_
gi 162286912 sp1Q5QLG3. 1| FOXP2_
gi 11463454201 sp| Q8MJ98 . 31 FOXP2
gi 151704301 sp| P58463.2 | FOXPZ_
gi 182227296/ sp1Q4VYS1. 1| FOXPZ_

gi 151701430 sp1Q8MI99.1 | FOXPZ_
gi 151701429 sp|Q8MI97.1| FOXPZ_
gi 138503046 sp1Q8MIA@. 11 FOXPZ_
gi 117432967 | sp1015409.2 | FOXPZ_
gi 162286912 sp|Q5QLO3. 1| FOXP2_
gi 1146345420 | sp| Q8MJ98 . 3| FOXP2
gi 151704301 sp|P58463.2 | FOXPZ_
gi 1822272961 sp 1 Q4VYS1. 1| FOXPZ_

gi 1517014301 sp1Q8MI99.1| FOXP2_
gi 151701429 sp|Q8MI97. 1| FOXP2_
gi 138503046 sp|Q8MIAG. 1| FOXP2_
gi 117432967 sp1015409.2 | FOXP2_
gi 162286912 sp1Q5QL@3. 1| FOXP2_
gi 1146345420 sp| Q8MJ98. 3| FOXP2
gi 151704301 sp|P58463.2 | FOXP2_
gi 1822272961 sp|Q4VYS1.1| FOXP2_

MMQE SATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQE SATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQE SATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQE SATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQESVTETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELL
MMQESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSSDTSSEVSTVELL

FERkE RRERRRRRRRRERR R R R Rk Rk Rk Rk kR kkkkkRkkR

HLQQQQALQAARQL LLQOQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQOQQALQAARQL L LOQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQL L LOQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLL LOOQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLOOQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQL L LOQQTSGLKSPKSSDKQRPLQVPVSVAMMTPQVIT
HLQQQQALQAARQLLLQQQTSGLKSPKSSEKQRPLQVPVSVAMMTPQUIT
HLQQQQALQAARQL LLQQOTSGLKSPKNNEKQRPLQVPVSMAMMTPQVIT

s o ook oo ok ook oo sk okakolokokokokokok o okl dakokok ok o kool

PQQMQQILQQQVL SPQQLQAL LQQQQAVMLQQQQL QEFYKKQQEQLHLOL
PQQMOQILQQQVL SPQOLOAL LQQQQAVMLQQQQLQEFYKKQQEQLHLOL
PQQMOQILQQQVL SPQQLQAL LOQQQAVMLOQQQL QEFYKKQQEQLHLOL
PQQMOQILOQQVL SPQOLOALLQQQQAVMLQQQQLQEFYKKQQEQLHLQL
PQQMQQILQQQVL SPQQLQAL LQQQQAVMLQQQQLQEFYKKQQEQLHLQL
PQQMOQILQQQVL SPQQLQAL LOQOQAVMLQQQQLQEFYKKQQEQLHLQL
PQQMOQILQQQVL SPQOLQAL LOQQQAVMLOQQQLOEFYKKQQEQLHLQL
PQQMOQILQQQVL SPQOLQAL LOQOQAVMLOQQQLQEFYKKQQEQLHLQL

st e el e o e ol o e ol o o o o oo s o sl o o oo o oo oo s o s o o o s e s oo e o o e e

foxp2.dnd
¢
C
C
gil17432967|sp|10154@9.2 | FOXPZ_HUMAN:@.00122,
C
C
gi 1517014301 sp|08MI99. 11 FOXP2_GORGO: 0. 00117,
gil51701429|sp|1Q8MI97. 1| FOXPZ_MACMU: -0.00117)
:0.0019%,
gi 1385030461sp|Q8MIAQ. 1| FOXP2_PANTR: -0.00196)
:0.00157)
:0.00059,

01182227296 sp|Q4VYS1. 1| FOXPZ_XENLA:Q.24051)
:0.00083,

(
011622869121 sp1Q5QLO3. 11 FOXPZ_HYLLA:@. 00000,
gi1146345420| sp|Q8MI98. 3| FOXPZ_PONPY: 0. 00140)
:0.00066,

gi 151704301 | sp| P58463. 21 FOXP2_MOUSE : 0. 00074) ;

* -- all residues or nucleotides in thi
: =-- conserved substitutions have been
-- semi-conserved substitutions have
-- no match.




Phylogenetic tree from dendrogram

o NJPlot: http://doua.prabi.fr/software/njplot

0.021

0.019

0.002

4182227296 | sp| Q4 VY1 .1 | Foxp2_xEnia

gi|51704 301 |sp|P5B463. 2| FOXP2_MOUSE

gi |14

9i|62286912

63454 20| sp |Q8NTIS . 3| FOKE2_PONEY

| sp|Q5QL03.1 | FOXP2 HYLLA

-9+3856304 6 | ep| QEMTAO . 1 | FOXP2_FANTR

a5y

7014 29 | sp | Q8HTI7 . 1| FOXF2_NACHU

gi|517014 30| sp|Q8KT99.1|FOXP2_GORGO

gi|174 32967 |sp| 0154 09.2 | FOXP2_HUMAN



Identification of mutation specific to human
.,

$ less foxp2.fasta

$ clustalw2 foxp2.fa —output=fasta

>gi [517014301sp1Q8M199. 11 FOXP2_GORGO

MMQESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDT
SSEVSTVELLHLQQQQALQAARQLLLQQOQTSGLKSPKSSD
KQRPLQVPVSVAMMTPQVITPQQMQQILQQQVL SPQQLQA
LLQQQQAVMLQQQQLQEFYKKQQEQLHEQLLQQQQQQ0QQ
Q0QQQQRAAQAAAARARARAAAAAQARARQ- - ~-HPGKQAKE

QQQQQAQQQALAAQQLVFQQQL LQMQQLQQQQHLLSLQRQ
GLISIPPGQAALPVQSLPQAGLSPAEIQQLWKEVTGVHSM

EDNGIKHGGLDLTTNNSSSTTSSTTSKASPPITHHSIVNG
QSSVLNARRDSSSHEETGASHTL YGHGVCKWPGCESICED
FGQFLKHLNNEHALDDRS TAQCRVQMQVVQQLEIQL SKER
ERLQAMMTHLHMRPSEPKPSPKPLNLVSSVTMSKNMLETS
PQSLPQTPTTPTAPVTPITQGPSVITPASVPNVGAIRRRH
SDKYNIPMSSEIAPNYEFYKNADVRPPFTYATLIRQATME
SSDRQLTLNEIYSWFTRTFAYFRRNAATWKNAVRHNLSLH
KCFVRVENVKGAVWTVDEVEYQKRRSQKITGSPTLVKNIP
TSLGYGAALNASLQAALAESSLPLLSNPGLINNASSGLLQ
AVHEDLNGSLDHIDSNGNSSPGCSPQPHIHSIHVKEEPVI
AEDEDCPMSLVTTANHSPELEDDREIEEEPLSEDLE

>gi 151701429 sp|Q8MI97 . 1| FOXP2_MACMU

BEOFOA| [inux ALOlIA ALOISL 4 O Lt 32 Brc) geony

g2 A
In —s /home/biguser/tutor/Week7/foxp2.fasta .

E Aébg/q:l'] foxpzfasta IlI-Oé E(|J3'I|- %Al%u\%x' §-|r°||_°r,\"9|



import re
inFile = apenl foxp2. fasta’, 'r')
Identification of mutation nenhunan = dict()

id ="

specific to human s =

for line in inFile. readlines():
#orint 1ina

O fOXpry if re.search('l'?:', line):

if id!=
if not "HUMAN™ in id:
nonhuman[id[1:]] = seq
POSITION 1 POSITION 2 else:

id_human = id[1:]
seg_human = seg

HUMAN A T id = ”'?E
seq =
elseli .
GORGO | A A _id = line
else:
seq += |ine
MACMU A C if not "HUM&N" in id:
nonbuman[id[1:]] = seq
else:
PANTR A c id_human = id[1:]

seq_human = seq

HYLLA A A

inFile.close()

for i in xrange(0, len({seq_human}):

PONPY A G unigque = True

for id in nonhuman.kevs():
human_seq_pasi= seq_human|il
naonhuman_seq_pasi= nonhuman[id] [i]

if human_seg_posi == nonhuman_seq_posi:
unique = False
if unigue:
pos = | + 1

print "At position ", pos
aa = human_seg_posi
print id_human, "#t°, aa
for 1D in nonhuman, keys():
print |10, "#t", nonhuman[ID][i]



Identification of mutation specific to human
N =

o results

it position 304

sp | 015408 FOXPZ_HUMAN
sp | PEE463| FOXPZ_MOUSE
sp | DEMJ98 | FOXPZ_POKPY
sp | DAYYST | FOXPZ_XEHLA
sp | IBMJ97| FOXPZ_MACMU
sp | QEMJAD| FORP2_PANTR
sp | QBOLOZ| FORP2_HYLLA
sp | ABMJ99 | FOXP2_GORGO

Human-specific T303N
e T303N and N325S are positively selected

for language and speech
* No N325S in our res. due to Xenopus

—— A A==



Exercise
—

0 Modify foxp2.py 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.

FOXP2_HUMAN
FOXP2_GORGO
FOXP2_MACMU

FOXP2_PANTR Primates
FOXP2_HYLLA

FOXP2_PONPY

ZO RIS R——p Mouse
FOXP2_XENL/] Frog




import re
inFile = open( foxp2 fasta', r')

nonhuman = dict ()

Exercise -1

for line in inFile.readlines():

line = line.strip()
.
if re.search('">=", line):
if id!l="":
if not "HUMAN™ in id:
nonhuman[id[1:]] = seq
else:
id_human = id[1:]
seq_human = seq

id = line
seq =
else:
id = line
L else:
At pogition 304 s8q += ling

spl 015409] FOXPZ_HUMAN
sp| PEBAE3| FOXP2_MOLSE
sp | Q8MI93]| FORPZ_PONPY
sp | QAMJ97| FORPZ_MACHU
sp | BMJAD| FOXP2_PANTR File.closs()
sp | QRLULO3| FOXPZ_HYLLA .

SI:' | uBHJggl FD:{PE_GDHGG - for LIIn iIql':lex I’:anTQrP.IoJ(ED, Ien(seq_human)) :

M position 326 for id in nonhuman. keys():

sp | 01 E'ﬂDE” FORPZ_HUMAN a nhoutma\nx_?tlalzlﬂ_lnUlsril=| it;q_human [i]

sp | PEBﬂESl FixPz _MOUSE qonhuman_seq_posif nonhuman[id] [i] .
sp | DBHJE’Bl FOxP2_PONPY if hﬁ:?;J:e:q_Egls8|9== nonhuman_seq_posi -
sp| EMJST | FOXPZ_MACMU

spl| QEMJAD| FOXPZ_PANTR

sp | QRLULO3| FOXPZ_HYLLA
spl| QEMJ99| FOXP2_GORGH

if not "HUMAN" im id:
nonhuman[id[1:]] = seq
else:
id_human = id[1:]
seg_human = seq

— =

if unique:

pos =i + 1
print "At position ", pos
aa = human_seqg_posi
print id_human, “#t', aa
for ID in nonhuman. kevs():

if not "XEWMLA™ im ID:

print 1D, #t', nonhuman[1D][i]

EE T EEELN



import re
inFile = open( foxp2.fasta, r')

nonhuman = dict()

° =
Exercise-2 o
or line in inFile.readlines():
line = line.strip()

if re.search(’ "', linel:
if id!="":
if not "HUMAH" in id:
nonhuman[id[1:]] = seq
else:
id_human = id[1:]
seq_human = seq
id = line
seq =
else:
id = line

else:
seq += |ine

if not "HUMAN" in id:
nonhuman[id[1:]] = seq
else:
a0 id_human = id[1:]

At position seq_human = seq

sp| 015409 FOXPZ_HUMAN D
sp | PSEAES | FOXPZ_MOUSE  E inFile.close()
sp | DBMJOS | FOXPZ_PONPY D L .
sp|QAVYST |FOXPZNENLA  E - for 1 in Jrenge (0. len(seq-hunan)):
sp|LBMJSTIFOXPZ_MACHL D for id in nonhuman keys():
S| EHADIFOIP2 PANTR D el i
sp|LBOLOS|FOXPZ_HYLLE D if human_seq_posi == nonhuman[id] [i]:
SD|QBMJ99|FOKF’2_GDHGO ] oot unique=False
else:
if human_seq_posi !'= nonhuman(id] [i]:
ique=Fal
i unigue=False
pos =0 + 1

print "At position ", pos
aa = human_seq_posi
print id_human, "#t', aa
for ID in nonhuman.keys():
print ID, #t", nonhuman[1D][i]



Assignment
N

0 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 ftotal length and number of such positions in all
alignment.

0 Output
Total length : 716 Number of asterisk (match) : 674

0 Submit a word file w/ your python script and result.

0 10/24 2R Y 2T 6A|TK| M=



Assignment

In -s/home /biguser /tutor /Session7 /foxp2.aln .
2 Jinux 8 HOIM STRIERL oo cpopy OIM ALBHAIALT OHEL THo] oy Tk o1M EHLA) gfo) ofc)

00 M o
Ipo|9 o] ojAf Apojet
g2 &1 THZ2 A

L 2.1 multiple sequence alignment

MNONGMSTL
MNONGMSTL

ALOAAROLLL : ] ! VAMMTPOVIT
ALQAAROLLL ! ] ) PLOVPVSVAMMTPOVIT
ALOQAAROLLL ! ] d VSVAMMTROVIT
ALQAAROQLLL : ] ) ! VSVAMMTPOVIT
ALQAARQLLL : ] ! VSVAMMTPOVIT
HLI'IAAPI'ILLL : ] ! VSVAMMTPOVIT
VSMAMMTPOVIT

*

¥
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