SESSION 7. EVOLUTION

What makes us human?

I



Genetic differences b/w humans and chimpanzees
N =

Advanced Human Abilities: Advances spoken and written language,
abstract-level and creative thinking (concept generation), and reasoning.

> How are significant the genetic differences b/w human and primates?

> The genetic elements are likely to affect brain function?

Genome sequencing were completed in multiple species including human,
chimpanzee, dog, pig, cow, ... and can be compared in similarity and
differences b/w genomes.



Genetic differences b/w humans and chimpanzees

Humans vs Chimpanzees
35million single nucleotide differences / 3 billions ~ 1% differences

- point mutations could affect regulation of transcription and processes

such as splicing as well as affect protein sequence.
5 million indels ~ 3% difference
- regulation of gene expression

Structural variations ~ 2 % i.g., duplicated paralogs with a new function

=» Such mutations may also be of interest when learning about functions
that are specific to humans



Identification of genes with a function specific to humans

0 Genes or regulatory elements that are conserved during vertebrate or
mammalian evolution, but where the human sequences have evolved at an

unexpectedly high rate.
0 Noncoding RNA, HAR1TF (human accelerated region) is specifically
expressed in the developing human neocortex (involved in function such as

conscious thought and language). A 8
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Identification of genes with a function specific to humans
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A protein related to human speech: FOXP2
]

o A protein related to human speech: FOXP2
ene

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 vertebrates
and mutations in the Foxp?2 gene cause
speech deficiency.

0 R553H in the Foxp2 is aa change in the DNA
binding domain and R328X is nonsense
mutation.

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



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

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




Comparing FOXP2 in different animals
.,

O  We first have to know which mutations affect the function of FOXP2 in neural
development, synaptic plasticity, and speech.

o Multiple sequence alignment identifies mutations across different vertebrates.

FOXP2_HUMAN
FOXP2_GORGO (Gorilla)
FOXP2_GORGO MMOESATETISNSSMNQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELLELQQQQALQA
FOXP2_MACMU (Rhesus maca q ve) FOXP2_MACMT MMQESATETISNSSMIQNGNSTLSSQLOAGSRDGRSSGDTSSEVSTVELLELOOQQALQR
FOXP2_PANTR MMQESATETISNSSMNQNGHSTLS SQLOAGSROGRSSGDTSSEVSTVELLALOQQRALQA
FOX P 2 PANT R (Chlm pa nzee) » FOXP2_HIMAN MMOFSATETISNSSMIQNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELLELOOOORLOA
— — FOXP2_RYLLA MMQE SATETISNSSMNQNGHSTLS SQLDAGSRDGRSSGDTSSEVSTVELLHLOQRRALRA
FOXP2_PONPY MMOFSVTETISN! NONGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELLELQQQGALQA
FOXP2 HYLLA ( Common oi b bon) FOXP2_MOUSE M4QESATET 1SS SMNQNGNSTLS SQLOAGSROGRSSGDTSSEVSTVELLHLQOQQALQA
— FOXP2_XENLA ASKE T o S O R
FOXP2_PONPY (Orangutan)
FOXP2_MOUSE (mouse)
FOXP2_XENLA (African frog)

foxp2.fa



[jwnam@biglab-master Session7]$ clustalw2? foxp2.fa

CLUSTAL 2.1 Multiple Sequence Alignments

Multiple sequence alignment |

1
Jequence 2: FOXPZ_GORGO 713 aa
Jequence 3: FOXFZ_MACHMU 714 aa
Jequence 4: FOXFZ_FRANIR 716 aa
H Jequence 5: FOXPZ_HYLLA 713 aa
o Global alignment for more than eaeice 5 IO BIIA T2 e
Sequence T: FOXP2_MOUSE 714 aa
two sequences Sequence f: FOXPZ XENLA 706 aa
Start of Pairwise alignments Start of Multiple Alignment
Rligning...
0 ClustalW, Muscle, and T-coffee aligning...
Sequences (1:2) Aligned. Score: 9% Group l: Sequences: 2 Score:15411
for MSA Sequences (1:3) Aligned. Score: 99 Group 2: Sequencea: 3 Score:15416
Sequences (1:4) Aligned. Score: 9% Group 3: Sequences: 4 Score:15408
Sequences (1:5) Aligned. Score: 9% Group 4: Sequences: 2 Score:15421
. H H Sequences (1:8) Rligned. Score: 399 Group 5: Sequences: 3 Score:15400
D CIUSthW' bqsed on pGII’WISG Sequences (1:7) Rligned. Score: 399 Group 6: Sequences: 7 Score:15379
. . Sequences (1:8) Aligned. Score: 95 Group 7: Sequences: g Score:14978
alignments of each pair — sequmaces (2:3) Aligned, Seore: 100 Aligument Seore 113874
Sequences (2:4) Aligned. Score: 100
Progressive qpproach Sequences (2:5) Rligned. Score: 398 CLUSTAL-AElignment file created [foxp2.aln]
Sequences (2:8) Rligned. Score: 398

Sequences (2:7) Rligned. Score: 399

.
Step_WISe procedure Sequences (2:8) Rligned. Score: 395
Sequences (3:4) Rligned. Score: 100
Sequences (3:5) Rligned. Score: 100

9 ]) q” pOSSibIe pqirWise Sequences (3:6) Rligned. Score: 99
. Sequences (3:7) Rligned. Score: 398
Qllgnmenfs Sequences (3:8) Rligned. Score: 35
Sequences (4:5) Rligned. Score: 100

> 2) guide-tree construction from Sequences (4:6) Rligned. Score: 99
Sequences (4:7) Rligned. Score: 393

pairwise qlignmenfs Sequences (4:8) Rligned. Score: 35

Sequences (5:8) Rligned. Score: 3939
. . Sequences (5:7) Rligned. Score: 3939
9 3) Slngle + SqullgnmenT Sequences (5:8) Aligned. Score: 35
Sequences (6:7) Rligned. Score: 3939
Sequences (6:8) Rligned. Score: 35
Sequences (7:8) Rligned. Score: 35
Guide tree file created: [foxp2.dnd]

There are 7 groups



MSA for FOXP2
L I ——

0 FOXP2.aln

ILUSIAL 2.1 multiple seguence alignment

FOXP2_GORGO
FOXP2_MRCMO
FOXP2_PRNTE
FOXP2 HUMAN
FOXP2_HYLLA
FOXP2_PONEY
FOXP2_ MOUSE
FOXP2_XENLA

FOXP2_GORGOD
FOXP2_MRCMUO
FOXP2_PRNTR
FOXP2 HUMAN
FOXPZ_HYLLA
FOXP2_PONEY
FOXP2_MOUSE
FOXP2_XENLA

FOXF2_GORGO
FOXP2_MRCMO
FOXP2_PRNTR
FOXF2_HUMAN
FOXP2_HYLLA
FOXP2_PONPY
FOXF2_MOUSE
FOXP2_XENLR

MMQESATETISNSSMNQNGMSTLS SQLDAGSRDGRSSGDTSSEVSTVELLHLORRRALGE
MMQESATETISNS SMNQNGMSTLS SQLDAGSRDGRSSGDTSSEVSTVELLALQDROALQA
MMQESATETISNSSMNGNGMSTLS SQLDAGSRDGRISEDTSSEVSTVELLHLOQOQALGR
MMQESATETISNSSMNQNGMSTLS SQLDAGSRDGRSSGDTSSEVSTVELLHLORRRALGE
MMQESATETISNS SMNQNGMSTLS SQLDAGSRDGRSSGDTSSEVSTVELLALQDROALQA
MMQESVTETISNSSMNONGMSTLSSQLDAGSRDGRSSGDT SSEVSTVELLHLOQOQALOR
MMQESATETISNSSMNQNGMSTLS SQLDAGSRDGRSSGDTSSEVSTVELLHLORRRALGE
MMQESATETISNSSMNQNGEMSTLSSQLDAGSRDGR DISSEVSIVELLHLQDOOALQR

EETTT

ARGLLLOUTSELES PKS S DRQRPLQVEVSVAMMT POVIT PQOMORT LOQIVLS PQULOR
ARQLLLOQGTSELESERS SOKORFLOVEVSVAMMT FOVITEQOMONT LOOOVLS EROLOR
ARQLLLOQET SCLES RS SDRQRPLOVEVSVAMMT POVIT PROMOnT LRUVLEPROLOR
ARQLLLOQETSELES DS SDRQR PLQVEVSVAMMT POVIT PROMONT LOQOVLE PROLOA
BRQLLLOQMTSGLES RS SOKOR PLOVEVSVAMMT POVTT PQOMONTLOQOVLSPQOTOR
ARQLLLOQQT SGLESPKSSDRQRPLOVEVIVAMMT PQVITPQEMOQT LOOCVLSPQULOR
ARQLLLOQGTSELES RS SERQR PLOVEVSVAMMT POVIT PROMONT LOQOVLEPROLOA
BRQLLLOQMTSGLES PRNNERDR PLOVEVSMAMMT POVTT PQOMONTLOQOVLSPQOTOR

0 FOXP2.dnd

{

{

{
FOXP2_HUMAN:0.00122,
{

{
FOXP2_GORGO:0.00117,
FOXP2 MACMU:-0.00117)
:0.00196,
FOXP2_PANTR:-0.00196)
:0.00157)

:0.00059,

FOXP2 KENLA:0.04051)
:0.00083,

{
FOXP2_HYLLA:0.00000,
FOXP2_PONPY:0.00140)
:0.00066,
FOXP2_MOUSE:0.00074) ;



Phylogenetic tree from dendrogram

FOXP2_MOTU

0.019




foxp2.py: identification of mutation specific to human

clustalw2 foxp2.fa -output=fasta » foxp2.fasta

§roxrz_comrco
VMQESATETT TLSSGLDAGSRDERSSEDTSSEVSTVELLHLORRRALOA
ARQLLLOOGTSELKS PKSSDRORPLGVEVSVAMMT POVITPQUMOOTLOREVLSPQOLOA
LLQQRRAVMLODROLQE FYKKQREQLHLGLL
-~ -HEGHQA ALGRLVFQRALLGMOQLOGQHLLSLGRG
GLISIFRGQARLEVGSLEQAGLSEAEIQYLNKEVIGVHSMEDNG IKHGELDLTTHNS 55T
TSSTTSKASEEITHHSTVNGQSSVINARRDSSSHEETGASHTLYGHEVCKWEGCESICED
FGQFLKHLNNEHALDDRSTAQCRVGMGVVQYLE IGLSKERERLQAMMTHLHMRPSEFKES
PKPLNLVSSVIMSKNMLETSPQSLEQTPTTPTAFVI PITQGPSVITPASVENVGATRERH
SDKYNIPMSSEIAPNYEFYKNADVRPPFTYATLIRQAIMESSORGLTINETIYSWETRTFA
¥ FRENAATWKNAVRHNLS LHKC FVRVENVKGAVRTVDEVEY QKRRSQK T TGS PTLVKNIE
TSLGYGAALNASLOAALAESSLPLLSNPGLINNASSGLLYAVHEDLNGSLDHIDSNGNSS
PGCSPQPHIHSTHVKEE FYTAEDEDCPMSTVTTANHS PELEDDRETEEEFLSEDLE
>FUXP2_MACMU
MMQESATETISNSSMNGNGMSTLSSQLDAGSRDGRSSEDTSSEVSTVELLHLORRRALOR
ARGLLLOOGTSELKSPRSSOKGRPLGVEVSVAMMI PQVITPQOMORTLORGVLSPRRLOA
LL AVMLOROQLOE FYKKOQEQLHLOLL
~-HPGKQAKEQROOOGOORILARGOLVEQROLLOMOGLOREOHLLSLORY
SLISIPPGRARLFVYSLPQAGLSPAE IQ)LNKEVI GVHSMEDNG IKHGGLOLTTHNS SST
TSSTTSKASPPITHHSTVNGSSVLNARRDSSSHEETGASHTLYGHGVCKWPGCESICED
FGQFLKHLNNEHALDDRSTAQCRVGMGVVQYLEIGLSKERERLQAMMTHLHMRESEEKES
EKFLNLYVSSVIMSKNMLETSEQSLEQTETTFTAFVT PITQEESVITEASVENVEATRERE
SDKYNIEMSSEIAFNYEFYKNADVRPPFTYATLIRQAIMESSORQLTINETYSWETRTEA
YFRENAATWKNAVEHNLS LHKC FVRVENVKGAVWTVDEVE Y QKERSQRT TGS PTLVENIE
TSLGYGAAINASLQAALAFSSLPLLSNPGLINNASSGLLOAVHEDLNGSLOHIDSNGNSS
PGCSPQPHIHS IHVKEE FVIAEDEDCEMSTVTTANHS PELEDDRE TEEEPLSEDLE
>FOXP2_PANTR
MMOESATETISNSSMNGNGMSTLSSQLDAGSRDGRSSGDTSSEVSTVELLHLQRRRALGA
ARGLLLGGYTSELKSFKSSORGRELGVEVSVAMMT PVITEQUMQRT LORGVISERRLOR
LLQRRRAVMLORRGLGE FYKKQGEGLHLGLL
DGEQR ARQOLVFQRALLOMOQLOQQQHLLSLORG
GLISIPPGQARLEVQSLPQAGLSPAF IQRLNKEVI GVHSMEDNG IRHGELOLTTHNS SST
TSSTTSKASPPITHHSTVNGQSSVINARRDSSSHEETGASHTLYGHEVCKWPGCESICED
FGQFLKHLNNEHALDDRSTAQCRVGMIVVQLE ILSKERERLAMMTHLHMRESEFKES
PRPLNLVSSVTMSKNMLETSPQSLEQTPTTPTAFVT PITQGPSUTT PASVENVGATRRRE
SDHYNIEMSSEIAENYEFYKNADVREFFTYATLIRQAIMESSDRQLTINEIVSWETRIEA
YFRENAATHENAVRHNL S LHKC FVEVENVEGAVWTVDEVE Y QKRR SQRT TG SETLVENIE
TSLGYGAALNASLQAALAESSLELLSNEGLINNASSGLLOAVHEDLNGSLOHIDSNGNSS
PGCSPQPHIHSIHVKEEFVIAFDEDCEMSLVTTANHS PELEDDREIEEEFLSEDLE




import re

inFile = ogpen('foxpd.fasta",'r")

nonhuman = diet()

foxp2.py: identification of mutai..- -

At position 304
FOXP2 HUMAN
FOXPZ2 PANTR
FOXP2 MOUSE
FOXP2_ GORGO
FOXP2 MACMU
FOXP2 PONPY
FOXP2 HYLLA
FOXP2 XENLA

HHHAAAAA3zZ

— Human-specific T303N

* T303N and N325S are positively selected

for language and speech

* No N325S in our res. due to Xenopus

geq = "'

line in inFile.readlines():
line = line.strip()
#print line
if re.gearch("'~>', line):

Sid =
- not "HUMAN' in id:

nonhuman [id[1:]] = seq
id_human = id[1:]
seq_human = seg

id = line

seq = "'

id = line

seq += line
not '"HUMAN' in id:
nonhuman [id[1:]] = seq
id human = id[1:]
seq_human = seq

inFile.close()

“or i in xrange(0,len(seq human)):
unigque =1
for id in nonhuman.keys():
if seq human[i] == nonhuman[id][i]:
Iniq’ue =10
if unidque:
pos =1 + 1
print "At position ", pos
aa = seq_human[i]
print id human, '“\t', aa
for ID in nonhuman.keys():
int ID,'\t', nonhuman[ID][i]
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