Lidsky genom

TCACAATTTAGACATCTAGTCTTCCACTTAAGCATATTTAGATTGT TTCCAGT TTTCAGCT TTTATGACTAAATCT TCTAAAATTGT TTTTCCCTAAATGTATATTTTAATTTGTCTCAGGAGTAGAAT TTCTGAGT CATAAAGCGGT
CATATGTATAAATT TTAGGTGOCTCATAGCTCTTCAAATAGTCATCOCAT T TTATACATCCAGGCAATATATGAGAGT TCT TGGTGCTCCACATCT TAGCTAGGAT TTGATGTCAACCAGT CTCTTTAATTTAGATATTCTAGTACAT
ACAAAATAATACCTCAGTGTAACCTCTGT TTGTATTTCCCTTGATTAACT GATGCTGAGCACATCTTCATGTGCTTATTGACCATTAATTAGTCTTATTTGT TAAATGT CTCAAATATTTTATACAGT TTTACATTGTGT TATTCATT
TTTTAAAAAATTCATTTTAGGTTATATGTATGTGTGT GTCAAAGT GTGTGTACATCTATTTGATATATGTATGTCTATATATTCTGGATACCATCTCTGT TTCATGCATTGCATATATATTTGCCTATTTAGTGGT TTATCTTTTCAT
TTTCTTTTGGTATCTTTTCATTAGAAATGT TATTTATTTTGAGTAAGT AACATTTAATATATTCTGTAACATTTAATGAATCATTTTATGT TATGT TTAGTATTAAATTTCTGAAAACATTCTATGTATTCTACTAGAATTGTCATAA
TTTTATCTTTTATATACATTGATATTTTTATGTCAAATATGTAGGTATGTGATATTATGCACATGGT TTTAATTCAGT TAATTGT TCTTCCAGATGT T TGTACCAT TCCAACATCATT TAAATCATTAAATGAAAAGCCTTTCCTTAC
TAGCTAGCCAGCT TTGAAAATCCATTCATAGGGT TTGTGTTAATATATTTTTGITCTTTTTTTTCCTTTCTACTGATCTCTTTATATTAATACCTACT GTGGCT TTATATGAAGT CATGGAATAATACGTAGTAAGCCCTCTAACACT
GITCTGITACTGTTGT TATTGI TTTCTCAGGGTACT TTGAAATATTCGAGATTTTATTATTTTT TAGTAGCCTAGATTTCAAGATTGT T TTGACGATCAAT TTTTGAATCAATTGTCAATATTTTTAGTAATAAAATGATGATTTTTG
ATTGGAAATACATTAAATCTATAAGCCAAATTGGAGATTATTGATATAT TAACAAAAAT GAGT T TTCCAGTCCATGAAT GTATGCACAT TATAAAATTCATTCTTAAGTATGTCATTTTTTAAGT TTTAGT TTCAGCAGTATATGITT
GTTACATAGGTAAACTCCTGT CATGGGGGT TAGT TGTACAGGT TATTT TATCATCCAGGCATAAAGOCCAGTACCCAGTAGT TATCT TTTCTGCTCCTCTCOCTCCTGT CACCCTCCACTCTCAAGTAGACCCCAGT TTCTGT TGTTC
TCTTCTTTGCATTAATGACTTCTCATCATTTAGATTGCACT TGTAAGT GAGAACAGGACGTATGTGGT TTTCTACTCCTGTGT TAGT TTGCTAAGGATAACCACCT CCATCTCCATCCATGT TCCCACAAAAGACATGATCTCCTTTT
TTATGECTGCATATTATTCCATGGTATATATGTACCACATTTTCTTTATCCAATCTGTCAT TGATGGACAT TTAGGT TGTTTCCACATCAT TGCCGT TGTAAATACT GCTGCAGTGAATATTCGTGTGTATGTCTTTATGGTAGAATG
ATTTATATTCCTCTGGGTATATTTCCAAGTAATGGEGATGGT TGGGTCAAATGGTAATTCTGCTTTTAGCT TTTTGAGGAAT TGCCATAT TGCCT TTCACAACGGT TGAACTAAT TTATACTCCCAAGAGTGTATAAGT TGTTCCTTTT
TCTCTGCAACCTCGACATCACCTGTTATTTATGACT TTTATATAATAGCCAT TCTGCTGGT CTGAGATGGTATCTCATTATGAT TTTGATTTGCATTTCTCTAATGCTCAGT GATATTGAGCT TGGCTGCATATATGTCTTCTTTTAA
AAATATCTGTTCATGTCCTTTGCCTAATTTATAACGGGGT TG TTGT TTTTCTCTTGTAAATTTGT TTAAGT TCCTTATAGATTCTAGGTATTAAACCT TTTTTCAGAGEOGTGRCTTGCAAATATTTTCTCOCATTCTATAGGT TGT
CTGTTTATTCTGTTGATAGT TTCCCT TGCTGTGCAGAAGCTCTTAACT TTAATTAGATCOGACT TGTCAAT TTTTGCT T TGGTCGCAATTGCT TTTGATGT TATTGTCGTGAAATCTTTGCTAGT TCTTAGGTCCAGGATGATATTGC
CCAAGTTGTCTTCCAGGGCTTTTATAATTTTGGATTTTACATTTAAGT CTTAATATATTTATTAAATTTGT TAGGGT TTCAGGATACAAGGACAAT ATAGCAGCAAACAAT GTAAAAGT AAAAT CTGAAAAATAATAGAAAACAGT TT
AATTGAACACTTTACCATTATGTAATGOCCTTCTTTGTCTTTCCTGATCT TTGT TGGT TTGAAGT TCAAAAAAGACAAACT TAATGGTACAATAGGTATTGTAGAT TTCAGGACT TTCTGTATAAAATATTTTGTATATATGAATAGA
TCATTTTTTATTTCCAGTCTTTAAACATTTTCTTAACATTTTCTTCTATTGCTTCACT TCACTCGCTAGGACCATCAGGACAGT GT TGAACAGAAATTGTCAGACTGATCATCACAACT TTTTCTAGATTTTAGAAGGAAATTTTTCT
TTATTTCAACATAAAGCAGCATGT TAATGCCAAGT TTTAATATGTGT TATCAGATTGAAAT TTTTTTGTATAT TTCTACATTACCAAGAAT TTTTAGCAAGAGT TTTTGTTGAGT TTTAATTTAAAAATCATTTGT TAATTTCATCTG
ATTTTTTTATTTCTCTTTTTACCT TAAGAGAT TAAACTGACTACAGAT TGAATATAAACAAACAAACAAACAAACAAAAACT CTAAAAT GCTGT GGATCAACACCACTTAGTAATTTGTATACT TGGATTCAATTTGCTGAAATTTTG
TTAGACATTTTTGOGTCGATATT TATGAGGGATGT TGATCTGTAAAAGTATTAAAAT GOCT TTGACAGAT TTTGATAGCAGT GTTATTCTGGCCTAATAAAT CAAACTGAGGTATGATCCTTCCTTTTCTATTTCTTAATAGCATTTT
TAAAATTGGTGGT TTTTTCCTTCCTTAGTGAAAT TTACCAGCAAAGTAACAGECCT TATATTTCTCTTGTGGAAATAT TTTAATTTCAAATTAATGGTATTTTGT TCTTGTAGEGTGGTAATTTTCTCTGTGT TTGGTCTTAATGGAC
TCTTAGCTGATCACCCAGT TACT CAGCGAGGT CTCTTCACT CTGGAAGAGCT GGAACTCCAGT GTGT T TTAGT GCAGCATGACCACGGGTATTACCGT TCAACATTTAGGCT TTATCAGTGATAACTATTTGTCCTCATGGAGT TTTT
GCCGCTGEEOCTACACAGT TTAGGCT TCAGCT TAGAACACATAATGAAT TCTTATGCAGAT TTCTGOCCACCT TTGACCT TTCATGATTTCCTCTTCT TGGGTAAGCTGOCT TATTAATCTGATACACT TCAGCAGTCCAGAACTACA
CTCTTTCCCTTCTCTGCTCTTGGAGATGACTCTTTTGTCTGAGATTCACT TTGCTGT GCTGAAAAAGAAAAGT GCTTCAAGGAAGAT) | [ll I

GTTGCCTATGI TCAATTTCTGAAAATAAT TAGAGCATATATACT CTGT GTGAGAAGGCAAATCCAGACAGT TAGT TTGTATGACTAG
GAGTATGT TTAATGI TCCACAGATCTCATTCTATAAATCTTTATCATCTTAGAGCTCTGATACTATTTAGAATTACTATTCCTTCAA,
GCATATTAAATTGACCAGT TTTAACACACT TCTATGTATGCACAAAGATATATATTTACATTCTGCAAAATCATTCTTTCCTTTTTG
TCATTTAATGI TTAGATTCACTACATGAAAT GATCCAGAAGAGAGT ACT CAAATATAAGTATCTATAACGATGGAAATATACATCTCH
CAGGGTCTCAATATTTAAATGTATTAAGCT TTAATTAATGTAAATTTGAATTTAGCAAAACATGTATAGCTTGTGGT TACTGI TTTA!
GGACTATTTTATCTGGCTAAATTAAATGT TAAAATATTACAAATTCATCTTCAGGECTGCCTGI TGAATATTTTTATAGCAAAAGT CA!
TCTACTCCCTTCTTACATACATATTCTGATGTAACATAGGTATTCTCTTATTCATGCACACT GAAATGACAACATAAATAATTTTAC]
TTTTGAACTAACTTAGATGATAATTTTAATCTATATCCTAGATGAACT TTAAATCAATAAAATCTCTCAATGGTGT TATAAATCT CA
GAATGCTGTAGCATCCATGT TTAAATACTAGT TAACAAAAT GCACT GGCAT CAGATACAAT AAGGATGAAATGAGATAT AAT TAGGA!
CCAGCTTATTTTATTTTGAGACAGAGT CT TGCTCTCTCACT CAGECT GGAGT GCAGT GGACCAT TCTAGGECTCGCTCCAACCTCTGT ¢
GTCACCAAGCCTGECTGATTTTTGTAGI TTTAGTAGAGACGEEGT TTCACCATGAT GGCCAGCCTGGT CTTGAACT CCTGECCT CAA(
TTTGATCCAACTTATTTGGATGAATGAGT TACATATTTTACATTAAATCTGT TATTGTGATAATTCTTCATGT TATTTTCCATGTAT.
TATAAACAGGATAATAAAAAT AAGACAAAAATTGT TGAAATGTCTTCATTTGACTACTAACTTTTTACATGI TTGT TACTTTGAAG

TATTATGACACAAAGT CTATAAATTCTTATATTTTGAGATTTGTATTTAAATAACT TGTGAAATTTAATTTTAAAATAAAATTTCTT!
TATATTGAATTTCTATATTATTTAACACAATTATAATTTTGCTAATGAATTGTAATGT TTTTAAAAAGCTAGGTGAATTTTATTAAA
AAAAGCTTAAAAGT TGT TATGTAGT GGCAGAGAT AAAAAAGT AAAACAAAAAAAAGCT TAAAAGT TTGCTTTACTATTTATAGCCT

AAAACACAGATAAAGCATAAAGATAGAATATAAAGATAGAAGCAT TTTAATATGAGGCAGT GATGCCT TTTTGAAGAAT CCCAACT A

T

TTTTAGGACATGGAGCAGT GACTATGAGT GCCAGAAGGCAAGAGTAGAAGCAAT TGTAAAAT CATGAACACTAGT TTGTAAAATCCT!

1000 telefonnich seznam
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Completion of the genome

International Human Genome Sequencing Consortium

Finishing the euchromatic sequence of the human genome.
Nature 20040ct 21;431(7011):931-45.

The current genome sequence (Build 35) contai®sbillion nucleotides
Interrupted by only841gaps.

It covers approximatel99% of the euchromatic genome and is accurate to an
error rate of approximatelly event per 100,000ases.
Human genome seems to encode @uy00-25,00@rotein-coding genes

A recent study noted more than 160 euchromatic gaps of which 50 gaps were
closed.[10] However, there are still numerous gaps in the heterodiv@aids of

the genome which is much harder to sequence due to numerous repeats and other
intractable sequence features.




How the genome was seguence(®

3 = > e e u 0
What's in a genome? s st '
u APP by BACE; BACE2 in obligatory Down’s syndrom regioichromosome

21)

/ »>Obecna biologie- hatk& chu’ — nova rodina G-proteinovych recepior

What are application to Medicine and Biology?

What are genetic differences between Modern Man

and other species? \
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Genome Sequencing

Genome: 3 Gb

Cut genome into large pieces

Clone into BACs: 100 kb

Order based on sequence features (markers) = mapping

Cut again Assemble entire sequence

... TGTAAGTGAGAACAGGACGTATGTGGTTTTCTACTCCTG

Assemble
liss each BAC TTGTAAGTGAGAACA
= Sequence g T— m AGAACAGGACGTATGTGGT
AA.AHCAT%J TAAAAGC I;{‘? TACC C,MG'EA?ECTTC TAGT TGTGGTTTTCTACTCC
CTACTCCTGTGTT







What does the sequence mean?

TCACAATTTAGACATCTAGICTTCCACTTAAGCATATTTAGATTGI TTCCAGI TTTCAGCTTTTATGACTAAATCTTCTAAAATTGI TTTTCCCTAAATGTATATTTTAATTTGTCTCAGGAGTAGAAT TTCTGAGT CATAAAGCGGT
CATATGTATAAATTTTAGGTGCCTCATAGCTCTTCAAATAGTCATCCCATTTTATACAT CCAGGCAATATATGAGAGT TCTTGGTGCTCCACAT CTTAGCTAGGAT TTGATGTCAACCAGT CTCTTTAATTTAGATATTCTAGTACAT
ACAAAATAATACCTCAGTGTAACCTCTGI TTGTATTTCCCT TGAT TAACT GATGCTGAGCACAT CTTCATGTGCTTATTGACCATTAATTAGT CTTATTTGT TAAATGTCTCAAATATTTTATACAGI TTTACATTGTGI TATTCATT
TTTTAAAAAATTCATTTTAGGT TATATGTATGI GTGTGTCAAAGT GTGTGTACATCTATTTGATATATGTATGT CTATATATTCTGGATACCATCTCTGI TTCATGCATTGCATATATATTTGCCTATTTAGTGGT TTATCTTTTCAT
TTTCTTTTGGTATCTTTTCATTAGAAATGT TATTTATTTTGAGTAAGTAACATTTAATATATTCTGTAACATTTAATGAATCATTTTATGT TATGI TTAGTATTAAATTTCTGAAAACATTCTATGTATTCTACTAGAATTGT CATAA
TTTTATCTTTTATATACATTGATATTTTTATGTCAAATATGTAGGTATGTGATATTATGCACATGGT TTTAATTCAGT TAATTGI TCTTCCAGATGI TTGTACCATTCCAACATCATTTAAATCATTAAATGAAAAGCCTTTCCTTAC
TAGCTAGCCAGCTTTGAAAATCCATTCATAGSGT TTGTGT TAATATATTTTTGITCTTTTTTTTCCTTTCTACTGATCTCTTTATATTAATACCTACT GTGGCT TTATATGAAGT CATGGAATAATACGT AGTAAGCCCTCTAACACT
GITCTGITACTGITGI TATTGT TTTCTCAGGGTACTTTGAAATATTCGAGATTTTATTATTTTTTAGTAGCCTAGATTTCAAGATTGI TTTGACGATCAATTTTTGAATCAATTGTCAATATTTTTAGTAATAAAATGATGATTTTTG
ATTGGAAATACATTAAATCTATAAGCCAAAT TGGAGATTATTGATATATTAACAAAAAT GAGT TTTCCAGT CCATGAATGTATGCACATTATAAAATTCATTCTTAAGTATGTCATTTTTTAAGI TTTAGT TTCAGCAGTATATGI TT
GITACATAGGTAAACT CCTGT CATGEGEGT TAGT TGTACAGGT TATTTTATCATCCAGECATAAAGCCCAGTACCCAGTAGT TATCTTTTCTGCTCCTCTCCCTCCTGT CACCCTCCACT CTCAAGTAGACCCCAGI TTCTGITGI TC
TCTTCTTTGCATTAATGACTTCTCATCATTTAGAT TGCACT TGT AAGT GAGAACAGGACGTATGTGGT TTTCTACTCCTGT GT TAGT TTGCTAAGGATAACCACCT CCATCTCCAT CCATGI TCCCACAAAAGACATGATCTCCTTTT
TTATGECTGCATATTATTCCATGGTATATATGTACCACATTTTCTTTATCCAATCTGTCATTGATGGACATTTAGGT TGT TTCCACATCATTGCCGT TGTAAATACT GCCTGCAGTGAATAT TCGTGTGTATGTCTTTATGGTAGAATG
ATTTATATTCCTCTGGEGTATATT TCCAAGT AATGGEGATGGT TGGGTCAAATGGTAATTCTGCTTTTAGCT TTTTGAGGAAT TGCCATATTGCCT TTCACAACGGT TGAACTAATTTATACTCCCAAGAGT GTATAAGI TGT TCCTTTT
TCTCTGCAACCTCGACATCACCTGI TATTTATGACT TTTATATAATAGCCATTCTGCTGGT CTGAGATGGTATCTCATTATGATTTTGATTTGCATTTCTCTAATGCT CAGTGATATTGAGCT TGECTGCATATATGICTTCTTTTAA
AAATATCTGI TCATGTCCTTTGCCTAATTTATAACGEEGT TGI TTGTTTTTCTCTTGTAAATTTGT TTAAGI TCCTTATAGATTCTAGGTATTAAACCT TTTTTCAGAGGECGTGECT TGCAAATATTTTCTCCCATTCTATAGGT TGT
CTGITTATTCTGITGATAGT TTCCCTTGCTGT GCAGAAGCTCT TAACT TTAATTAGATCCGACT TGTCAATTTTTGCT TTGGTCECAATTCCT TTTGATGT TATTGT CGTGAAATCTTTGCTAGT TCTTAGGT CCAGGATGATATTGC
CCAAGT TGTCTTCCAGECCTTTTATAATTTTGGATTTTACATT TAAGT CTTAATATATTTATTAAATTTGI TAGGGT TTCAGGATACAAGGACAATATAGCAGCAAACAAT GTAAAAGT AAAAT CTGAAAAATAATAGAAAACAGTI TT
AATTGAACACTTTACCATTATGTAATGCCCTTCTTTGICTTTCCTGATCTTTGI TGGT TTGAAGT TCAAAAAAGACAAACT TAATGGTACAATAGGTAT TGTAGAT TTCAGGACT TTCTGTATAAAATATTTTGTATATATGAATAGA
TCATTTTTTATTTCCAGTCTTTAAACATTTTCTTAACATTTTCTTCTATTGCTTCACT TCACTCGCTAGGACCATCAGGACAGT GT TGAACAGAAAT TGTCAGACTGATCATCACAACT TTTTCTAGATTTTAGAAGGAAATTTTTCT
TTATTTCAACATAAAGCAGCATGT TAATGCCAAGT TTTAATATGTGT TATCAGATTGAAATTTTTTTGTATATTTCTACATTACCAAGAAT TTTTAGCAAGAGT TTTTGT TGAGT TTTAATTTAAAAATCATTTGT TAATTTCATCTG
ATTTTTTTATTTCTCTTTTTACCT TAAGAGAT TAAACT GACTACAGAT TGAATATAAACAAACAAACAAACAAACAAAAACT CTAAAATGCTGT GGATCAACACCACT TAGTAATTTGTATACT TGGAT TCAATTTGCTGAAATTTTG
TTAGACATTTTTGCGTCGATATTTATGAGGGATGT TGATCT GTAAAAGTAT TAAAATGCCT TTGACAGAT TTTGATAGCAGT GT TATTCTGGCCTAATAAAT CAAACT GAGGTATGATCCTTCCTTTTCTATTTCTTAATAGCATTTT
TAAAATTGGTGGT TTTTTCCTTCCTTAGT GAAAT TTACCAGCAAAGTAACAGECCT TATATTTCTCTTGTGGAAATATTTTAATTTCAAATTAATGGTATTTTGT TCTTGTAGEGTGGTAATTTTCTCTGTGT TTGGTCTTAATGGAC
TCTTAGCTGATCACCCAGT TACT CAGCGAGGT CTCTTCACT CTGGAAGAGCT GGAACTCCAGT GTGT TTTAGT GCAGCATGACCACGGGTATTACCGT TCAACATTTAGCSCT TTATCAGT GATAACTATTTGTCCTCATGGAGI TTTT
GCCGCTGGEECCTACACAGT TTAGGCT TCAGCT TAGAACACATAATGAAT TCTTATGCAGAT TTCTGCCCACCT TTGACCT TTCATGATTTCCTCTTCT TGGGTAAGCTGCCT TATTAATCTGATACACT TCAGCAGT CCAGAACTACA
CTCTTTCCCTTCTCTGCTCTTGGAGATGACTCTTTTGTCTGAGATTCACT TTGCT GT GCTGAAAAAGAAAAGT GCTTCAAGGAAGATACCAAGGAAAAT CACAGGECTCATTTATGTATTTCTCTTCTTTCAAGGACTACAGCTTTGT
GITGCCTATGT TCAATTTCTGAAAATAAT TAGAGCATATATACT CTGT GTGAGAAGGCAAATCCAGACAGT TAGT TTGTATGACTAGAAGCAGAAGT CTACATGGAGAATTTTACTTAACTGTGT TATAGT TTCTTTAATTATTTCAA
GAGTATGITTAATGI TCCACAGATCTCATTCTATAAATCTTTATCATCTTAGAGCT CTGATACTATTTAGAATTACTATTCCT TCAAATAAGAGAT TAGAAACAGGGT TATATTTGGGGTAGGT TGACT TACT TTTCTGGGAACCAAA
GCATATTAAATTGACCAGT TTTAACACACTTCTATGTATGCACAAAGATATATATTTACATTCTGCAAAATCATTCTTTCCTTTTTGAATTTGAAAAGGATCTTTGGTATACAGATAT TCAATAGCCAGCCTGAAGATTCATTTGAAT
TCATTTAATGI TTAGATTCACTACATGAAAT GAT CCAGAAGAGAGT ACTCAAATATAAGTAT CTATAACGATGGAAATATACAT CT CCACT GCCCAAGAT GGTAGT CATGAGT CAATAT TGAT CATGT GAGACGT GGCAAGT GT TACT
CAGGGTCTCAATATTTAAATGTATTAAGCTTTAATTAATGTAAATTTGAAT TTAGCAAAACATGTATAGCT TGTGGT TACTGI TTTATTCAGT GCCAATATAGAACATTTCCATGATTACAGAAAGT TATCTTAGAATACTCAGI TCT
GGACTATTTTATCTGCCTAAATTAAATGT TAAAATAT TACAAAT TCATCTTCAGECTGECTGT TGAATATTTTTATAGCAAAAGT CATTTATAAAT TTAAAACT CAAATAATTATCTTTTTCAATATGTAAAATATGTCTTTACATAT
TCTACTCCCTTCTTACATACATATTCTGATGTAACATAGGTATTCTCTTATTCATGCACACT GAAATGACAACATAAATAATTTTACTAAGT GT CACCATATAAAAAACT TTGAACAAAAT CAGATTATATCACTGTGGATATTTCTA
TTTTGAACTAACTTAGATGATAATTTTAATCTATATCCTAGATGAACT TTAAATCAATAAAATCTCTCAATGGT GT TATAAATCTCAAGCCATTAGCCACTGATTATCCCATTTTTATTCTTTTCATATTAATTTTATTGCCATGTAT
GAATGCTGTAGCATCCATGT TTAAATACTAGT TAACAAAAT GCACT GECAT CAGATACAAT AAGGATGAAATGAGATATAAT TAGGACT CTGGTAACACACATAAAAT TGGAAAGATACCCT GAAAT TCAAGCCAAGAAGATATTTAT
CCAGCTTATTTTATTTTGAGACAGAGT CTTGCTCTCTCACT CAGECT GGAGT GCAGT GGACCAT TCTAGECTCGCT CCAACCTCTGT CTCCCAAAT TGAAGT AATTCTCGT GCCTCAAT CT CCCGAGTAGCT GGGAT TACAGGECATGT!
GICACCAAGCCTGECTGATTTTTGTAGI TTTAGTAGAGACGEGEGT TTCACCATGAT GEBCCAGGCTGGT CTTGAACT CCT GECCT CAAGT GACT GGAACACCT CGGCCTCCTAAAGT GCTGEGAT TACAGACGAGAGCCACT GAACACGC
TTTGATCCAACT TATTTGGATGAATGAGT TACATATTTTACATTAAATCTGT TATTGTGATAATTCTTCATGT TATTTTCCATGTATAGATTTATATATAATGTAATTTTAATTTTTTTTCACCGGAGAGTATAAACAACAATTATTT
TATAAACAGGATAATAAAAATAAGACAAAAATTGT TGAAATGT CTTCATTTGACTACTAACT TTTTACATGT TTGT TACTTTGAAGCTGT TATCAATACT TGTGATGT AT TACAATTAAGT AAAGAT TTAAAGATGCCATTTTTAACT
TATTATGACACAAAGT CTATAAATTCTTATATTTTGAGATTTGTATTTAAATAACT TGTGAAATTTAATTTTAAAATAAAATTTCTTCTATGGATTGGT CTTCAAT CGAGECATAAAAAGCAATATAACAGT GTGECACTATAACTTC
TATATTGAATTTCTATATTATTTAACACAATTATAATTTTGCTAATGAATTGTAATGT TTTTAAAAAGCTAGGT GAATTTTATTAAATTCATTACAT GCOGATAACACAGAGAAAACATTTTGGGEGATTCTTTTAAAATGGTATGTAC
AAAAGCTTAAAAGT TGT TATGTAGT GGCAGAGATAAAAAAGT AAAACAAAAAAAAGCT TAAAAGT TTGCTTTACTAT TTATAGCECT CATAAGT GTAAGT GT GCCAGAAAAT GAAAAAGAAAGGAGAGAAAT TATAAATAACTGT GT GG
AAAACACAGATAAAGCATAAAGATAGAATATAAAGATAGAAGCAT TTTAATATGAGGCAGT GATGECT TTTTGAAGAAT CCCAACT AAGGACCTACT TTTAGT TAATAAATAATATGT TTCTAATCCCTATATTGT CCACAGCAACCT
TTTTAGGACATGGAGCAGT GACTATGAGT GCCAGAAGGCAAGAGTAGAAGCAAT TGTAAAAT CATGAACACTAGT TTGTAAAAT CCTCACTGAGATATAATATCTGT TTGCCTCTACCT TAGAAT TATTAATGT CTTGAGGGCTGCGA

A very small piece of chromosome 21




What's in a genome?

Genes (. e., protein coding)

But. . . only <2% of the human genome encodes
proteins

Other than protein coding genes, what is there?

 genes for noncoding RNAs (rRNA, tRNA, miRNAs,
etc.)

e structural sequences (scaffold attachment regions)
Regulatory sequences

 “junk” (including transposons, retroviral insertions,
etc.)
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Pseudogess

70% of processed pseudogenes
(retrotransposon genes)

30 % unprocessed pseudogenes
(duplicated genes)

~20,000
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% Processed pseudogenes

: Non-processed pseudogenes
Pseudogenes outside the
regions with mouse synteny

Genes

20 30 Torrents et al. Genome Res. 2003 13: 2559-67.

Number of pseudogenes and genes per Mb



%0°G :/G8 :slojejhpowl awAzus

9%9°'G 196 ‘sa|nosjow Buleubis
%G8 ‘99% | :Buipuiq pioe disjonu
%G’ -09¢ ‘sasebl|

%G 0 ‘€6 -S9|nd8jow uoisaype |[8o
%9°0 ‘70| ‘sesek|

%Z'€ ‘0GG ‘saselonpalopixo

%8°8 ‘Z1SL ”mmmmh&wcmb\
%G'0 ‘¥8 ‘suiejoid Joidepe/
JA101eINBa1 J01daoal sueiquiswisuel] \

%v'9 ‘8601 ‘stopodsuey—" y
%9z Ly ‘suisioud fejerensomo— y
%8'Z ‘9/¥ ‘sasesjoid b

%0 ‘Z/ ‘suiejold xujew Jenjjeoenxa

-

B

o

%9°€T -190

Issejoun

%00 ‘2 ‘suieyoid |esA
%0 ‘€9 ‘suiajoid Buipuig-wniojea
%90 201 ‘sui@oid Aunwwi/asuslsp
%9°'Z “¥Si ‘sasejolpAy

%6°L ‘1Z¢ ‘suisjoid oiel) sueiquisw
\ %E‘L :0€T ‘sesejeydsoyd
%0‘Z1 1907 ‘sio)oe} uonduosuel)
i %8°0 :0¢| ‘sauosadeyd
S \ %P0 129 ‘suisjoid uonounl 8o
: 4 %10 ‘Gl ‘sjueloepns
4 %9°l ‘08z ‘suisjoid |einyonns

: / %10 ‘G| ‘suiejoid sbelio)s
- r %¢‘9 ‘9,01 ‘sloydadal

%G'0 76 ‘S9SeIswos]




What are application to Medicine and Biology?

> Geny podmiujici gen. Choroby

»rok 2000 — 1300 genpro choroby s jednoduchou
mendelovskouddicnosti

»rok 2010 — 2900 gen

»>Zbyva asi 1800

»1100 gei asociovanych s 16&stymi chorobami@etne
chorob infeknich)
»(nag. IBD 70-100 gei)




What are application to Medicine and Biology?

»Paralogni genfachromatopsie, CNGAZENGBJ); (971
znamych gein=> 286 paralognich géi

»Cile zasahu medikamént recentni kompendium = 483 il

18 nowe identiﬁkOvan)’/Ch;(Alzheimer’s diseasd3-amyloid is generated by
processing APP by BACE; BACEZ2 in obligatory Dowsisxdrom region of chromosome 21)




Mutation rate In humans

1. Error rate in DNA replication (1.0 x 1019 per bp)

Given that the human genome is 3.2 x 10° bp, there are about 30 cell generations between
zygote and egg cells and about 400 cell divisions between zygote and mature sperm. Thus,
in males, the sperm cells have about 128 new mutations and the haploid egg genome has
about 10 new mutations for a total of 138 new mutations in every new zygote.

2. Phylogenetic method (humans vs. chimpanzees)

=
o

other 4
112-160 new mutations in every new generation. i
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3. Direct method (human families)
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56-103 new mutations in every new generation,
but only 60-80.% of the genome sequence is reliable

e
[N

REF: [3] [4] [5]1 (5] [e] [7] [15][13] [8] [9] [18] [18] [10] [16] [14] [11] [12]
2010 2010 2010 2010 2011 2012 2012 2012 2012 2014 2014 2014 2015 2015 2015 2015 2016

More than 100 new mutations in every new generation.




number of mutations throughout humanity per generation

T

D000 000

mutations

x 7 x 10° people = 1 011-1072 mutations per generation globally

0] ‘
generation JL

base-pairs tens to hundreds of people with de novo

human genome appearance of any specific mutation

(3x1 09)2 possible 2 bp combinations > 10° generations for humanity to randomly
reach a specific 2 base-pair mutation

10"2 mutations/generation

We find that each single base pair mutation is@egul dozens of times in every
generation but that a specific combination of tsépairs will require an unrealistic
number of generations to occur at random.




Mclean et al., 2011 Nature

Search for complete deletion of sequences othetggdy conserved between chimpanzees and other

mammals510 such deletiongere identified in humans, which fall almost exohedy in non-
coding regions and are enriched near genes invaivsigroid hormone signalling and neural function.

One deletion removess&nsory vibrissaeandpenile spineenhancer from the human androgen
receptor (AR) gene, a molecular change correlatddamatomicaloss of androgen-dependent
sensory vibrissae and penile spines in the humaméage

Another deletion removes a forebrain subventricedare enhancer near the tumour suppressor gene
growth arrest and DNA-damage-inducible, gamma (GABG), a loss correlated with expansion of

specific brain regions in humans.

The loss of genetic information
may have an important role in
human evolution




Chimpanzee Sequencing and Analysis
Consortium Initial sequence of the
chimpanzee genome and comparison with
the human genome.

Nature2005Sep 1,437(7055).69-87.

Thirty-five million single-nucleotide changes, f®

million insertion/deletion events, and various
chromosomal rearrangements.

98,6 % identitity to human genome sequence
Differences in gene/exon structures




Time (Myr ago)

Savanna elephant
(L. africana)

Forest elephant
(Loxodonta cyclotis)

M4
Mammoth

M. primigenius
M25'{ primig )

Indian elephant
(E. maximus)

Neanderthal
(Homo neanderthalensis)

Human
(Homo sapiens)

Chimpanzee
(Pan troglodytes)

Bonobo
{(Pan paniscus)

Gorilla
(Gorilla gorilla)

Phylogenetic
trees




Apparent differences between humans and great apes

In the incidence or severity of medically important
conditions (excluding differences explained by obwous

anatomical differences.

Medical Condition Great Apes
Definite

HIV progression to AIDS Common Very rare
Influenza A symptomatology Moderate to severe Mild
Hepatitis B/C late complications Moderate to severilild

P. falciparummalaria Susceptible Resistant
Menopause Universal Rare

Likely

E. coliK99 gastroenteritis Resistant Sensitive?
Alzheimer’s disease pathology Complete Incomplete
Coronary atherosclerosis Common Uncommon

Epithelial cancers Common Rare
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Evolution of FOXP2

Human

0/5

Gorilla

Orang-utan

Rhesus

1/131

I T F T EGCIE:

Base substitution

Amino acid substitution




Genetic differences between Modern ManHomo sapiens)
and other species

Species

Modern Man Homo sapiens

Neanderthal ManHomo
neandertalensjs

ChimpanzeeRan troglodytes

Rhesus macaque
(Maccaca mulata

Rat (Rattus norvegicys

Time from last
common
ancestor

0,5 mil. years

6 mil. years

25 mil. years

75 mil. years

Genome
sequence
identity

~99,9 %
=99,5 %

~96 %
~93 %

~40 % of the
genome is
sequentially
related
(not identical)




Neanderthal ManHomo
neandertalensis

an extinct member of the
Homo genus

appeared in Europe
500.000 years ago

Europe and West Asia

extinct about 30,000 years
ago

Interbreeding took place
with modern humans
between roughly 80,000 to
50,000 years ago in the
Middle East

http://www.msnbc.msn.com/id/13154583/




Neanderthal ManHomo neandertalensis

| |
41' 1,500 km

Les Rochers-

de-Villeneuve
Okladnikov

Feldhofer @
Scladina Mezmaiskaya

El Sidron

Teshik Tash

La Chapelle-
aux-Saints




Neanderthal Man DNA

Bone fouund in 1980
In Vindija Cave,
Croatia

Radioisotope dating:
38,310+ 2,130 let

http://www.nature.com/nature/journal/v444/n7117/pdf/444254a.pdf




f;s:gg_o[r}ngga_dales Rhizobiales
(1,470; 0. m}\ — (1,230: 0.5%)
Burkholderiales

(1,912; 0.8%) g Enterobacteriales
(788; 0.3%)
oV - o ; Poales
(8,408; 3.3%0) \ (429; 0.29%)
Primates Rhodocyclales

R (394; 0.2%)
(15,701; 6.2%)
All other orders
i | (6,559; 2.6%)
Actinomycetales | \ i
(17,213; 6.8%)

No hit
(200,829; 79.0%)

Genetic identity:
99,5%

1-4% of the genome of
people from Eurasia having
been contributed by
Neanderthals
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Homo sapiens

Erectines

="
Australopithecines

Homo floresiensis

Brain size (cm?®)

1 125 15 1.75
Height (m)

Homo floresiensis
the Hobbit

94.000 - 13.000 years




TheDenisovanis an extinct subspecies lofiman
in thegenusHoma Pending its status as either
species or subspecies it currently carries the
temporary naméiomo sp. Altai, andHomo
sapiens ssp.Denisova.

In March 2010, scientists announced the
discovery of a finger bone fragment of a juvenil
female who lived about 41,000 years ago, foun
In the remotddenisova Caven theAltail
Mountainsin Siberia

Analysis of themitochondrial DNA(MtDNA) of
the finger bone showed it to be genetically disti
from the mtDNAs of Neanderthals and modern
humans.

oty Wi
1 POR
O Lk
g
HOMO
HEIDELBERGENSIS

Denisovans shared a common origin with Neanderttiads they ranged
from Siberia td&Southeast Asiaand that they lived among and interbred
with the ancestors of some modern humans, withtadféuo 5% of the
DNA of MelanesiansindAboriginal Australiangleriving from Denisovans




African Cradle
Most paleoanthropologists and geneticists agreentbdern humans arose some 200,000 years agoigaAfr
The earliest modern human fossils were found in ®Gibosh, Ethiopia. Sites in Israel hold the eatlies
evidence of modern humans outside Africa, butgnatip went no farther, dying out about 90,000 yeagrs

Most paleoanthropologists ang

geneticists agree that moder

humans arose son2€0,000

years ago in Africa

Genetic data show that a sma .
group of modern humarnstft

Africa for good 70,000 to

50,000 years ago.

Modern humans followed a ) % Firore

coastal route along southern

Asia and reache8ustralia

nearly 50,000 years ago.
AFRICA

Genetic data show that the

DNA of today's western

Eurasians resembles that of

people in India. It's possible

that an inland migration from _

Asiaseeded Europe between Wy izocomooe AuSTRALA

40,000 and 30,000 years ago

% Mente Verde Human Migration
115,800 years age . i

s o 000 &
3 T yeaneagy Martendate S Generalized route

Genetic evidence suggests it
wasbetween 20,000 and
15,000 yeargago, when sea
levels were low and land
connectedSiberia to Alaska

# 2006 National Geog fety, All rights r




Genetic diversity of Modern

(a) mtDNA HVS | unrooted and pruned

Gorillas

wt
=

Ghberingsi |

Humans | ; ."“'-,_ I .
i I E k
Meanderthal 3\ cboaven \ i . \‘H G.goiiia *
K N .
\ i

e

MNuclear mtDMNA R ——

Insertion \4

. Fp.abeli

Orangutans

Chimpanzees

Ppoyvgmaeus




Malaria | | Tuberculosis | | Smallpox Leprosy Cholera

- ]

Modern humans | | Migrations | Migrations Early agriculture (neolithic Silk Road links Africa, | | European colonization | | Globalization
emerge in Africa | | within Africa| | out of Africa | | demographic transition) Europe and Asia of Americas begins

Nature Reviews | Genetics

Key events in recent human evolution (boxes outlined in black) are juxtapdbdemestimated ages of infectious
disease emergencgoxes outlined in red). The fragmentation of the human lineage into gelyediodl

geographically distinct populations (blue lines) accelerates wighation out of Africa. Later, these populations
started mixing more (blue shaded regions between the populations)rald@gdutes (such as the Silk Road), through

colonization and through high rates of global travel nowadays.
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Common Erythrocyte Variants That Affect Resistancelataria

Reported Genetic Associations wit
Protein Function \EIETE

Duffy antigen Chemaokine receptor FY*O allele completely protects

againstP. vivaxinfection.
Glucose-6-phosphatase Enzyme that protects against G6PD deficiency protects against
dehydogenase oxidative stress severe malaria.

Glycophorin A Sialoglycoprotein GYPA-deficient erythrocytes are
resistant to invasion by.
falciparum.

Glycophorin B Sialoglycoprotein GYPB-deficient erythrocytes are
resistant to invasion by.
falciparum.

Glycophorin C Sialoglycoprotein GYPC-deficient erythrocytes are
resistant to invasion by.
falciparum.

a-Globin Component of hemoglobin at Thalassemia protects against
severe malaria but appears to
enhance mild malaria episodes in
some environments.

B-Globin Component of hemoglobin HbS and HbC alleles protect agai
severe malaria. HbE allele reduces
parasite invasion.

Haptoglobin Hemoglobin-binding protein preseriaptoglobin 1-1 genotype is

in plasma (not erythrocyte) associated with susceptibility to
severe malaria in Sudan and Ghang

CD233, erythrocyte band 3 protein  Chloride/bicarbonate exchanger Deletion caaleeyiosis but
protects against cerebral malaria.

The American Journal of
* Human Genetics




uoeruebug
e PO

@

Jlabiraale gry oQ S B0 AR Sl o200 B0y e d S pa O LB ROUCdE Juatastan J0RA U0 S| pEYIED BUE paLInE]

I PO I TR T 0 LOERagap agy BumiEnan T 10 T I0LEng T JO K Pas D A3 o daunoy

CLDE T T IO dindldy AU 0 SAEELY (O Al DUt uonETrUR ) URIESE| PRROn, Sl 0 LA Syl U BRASORIm A 0| LoD e
IO IR DT OIS Ji i aeiled eyl Aidan W of e 4yl wO Den S uinidubeap S DoT usaOou T usiF e LEUFpUno B

opgrogcde o [ -...m,...

AP ON Gl
00 2 L\
GEL-0h 1
& l-05
[ Tl |

L0

ucsiRpndod 0 00| sd

[Pl g} wse I @]
L D= L L]

L LOZ ‘s@jes aduapidul (g1) sisojnaiagny pajewniss



Cystic fibrosis

1 in 3,000 children are born with CF, and 2% of people carry one mutant gene

Classic and Nonclassle Cyatie Fibrosls The CFTR ge and tlll'::alrt"
Monclassic cystic ok

o~ HEDY ry PEDY
it Fi ! iy Y
Chasmes cynlee NiBros
] ||‘|-|‘1- '||-»||.':IFJ'TII|. |.r.I:.||r|. {zowme Funclionsl CFTR protein —
1 = A providmg survival sdwvaniags) £ 1 ﬁ‘l
e @ T
iz Al SRR L. J ’ E - S

BTR : ey
wan Al |l
CHFTE
Sewera chronic bacienial Chronic hactefal Ll ET TR Y [P S R LT TR

nfection of airvwsys nfecteom of alrways
{later pnaat, bat vanablog

Chrone sinumitie - - Cheonie pirmmitle

Sawwre hepd ol ary - 8.3 ;
dhsapsg (5-10% of casos) E:ﬂ" 9 CIII'IICEI

splicing pattern phenotype
Prfcraslic fxshing Ailsdjuinlo paicraalic

it iy . BEOCTInd Tuscdn dutaaliyl
panchealitmn [5-20% of casaea) Ticlusion

Absconivm ileus ol birth e Mormal

E15-20% of cosos)

Beavaad chiorides valus ' Sevanl chlorads valuss usually
usiasl by 90 =110 mamyol Aiber B0 - 30 mmodTiter: somelimes
somalimas B0 - 90 mamenlite mcrmial (<40 mmodditar)

D oclive AfGoanaiTTiE - - DHElyaclive ATOOE0GaTTTu

Ty g Tyesn ﬂkll.l]'lhlﬂ

Cystic fibrosis gene protects against tuberculosis

Between 1600 and 1900, TB caused 20% of all deaths in Europe




There were nearly 200,000 cases of leprosy around the world at
beginning of 2012.

revalence rates (per 10 000 population)
[ No data available
[ ] Notapplicable




Leprosy and the Adaptation of Human Toll-Like ReceptoPdpulation differentiation at TLR1 1602S.

Theprotective dysfunctional 602Sallele is rare in Africa but expands to becomedbmiinant allele among
individuals ofEuropean descentThis supports the hypothesis that this locus beynder selection from
mycobacteria or other pathogens that are recogtigdd R1 and its co-receptors.

I 6025
H s0z|

Chirmganses

vareelils
Jebwafiah il'l!t. EE|nE L

Wong SH, Gochhait S, Malhotra D, Pettersson FH, Teo YY, et al. (2010) egamdshe Adaptation of Human Toll-Like Receptor 1. PLoS
Pathog 6(7): €1000979. doi:10.1371/journal.ppat.1000979

http://127.0.0.1:8081/plospathogens/article?id=info:d0i/10.1371/journal.ppat.1000979




Leucine-rich repeats(LRRs)

Exterior
domain

The presence of the TLR2

TR Arg753GIn polymorphism was

domain

significantly associated with
syphilis.

TLR2 is one of theoll-like receptorsand plays a role in theamune
system TLR2 is amembrane protejra receptor, which is expressed on
the surface of certain cells and recognizes foreign substamtes a
passes on appropriate signals to the cells of the immune system.




MAPPING

The Cancer Genome AtIGECGA)

»>is a comprehensive effort to accelerate our undedstg of the
molecular basis of cancer through the applicatswgd-scale
genome sequencing.

»Many tumor types and many tumor samples

Inactivating intragenic | . Activating intragenic
mutations : mutations

Gene deletions Gene amplifications J

[ Epigenetic silencing : Gene translocations ]

Loss-of-function mutations ! Gain-of-function mutations
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ENCODE
(Encyclopedia of DNA Elements

»project to identify all functional elements in
the human genome sequence

»the genome is pervasively transcribed, such
that the majority of its bases can be found in
primary transcripts, including non-protein-
coding transcripts




ENCODE
(Encyclopedia of DNA Elemets

For the last decade, geneticists have run a segmi
endless stream ofjfenome-wide association studie
(GWAS), attempting to understand the genetic bag
of disease. They have thrown up a long list of SNF
variants at specific DNA letters—that correlate wit
the risk of different conditions.

The ENCODE team have mappait of these to thei
data. They found that jusf of the SNPs lie
within protein-coding areas. They also showed ths
compared to random SNPs, the disease-associate
ones are 60 percent more likely to lie within
functional, non-coding regions, especially in

. This suggests that many d
these variants are controlling the activity of eiffint
genes, and provides many fresh leads for
understanding how they affect our risk of disease.

Non-coding

Junk

Regulatory




a SNPs

Chromosome
Chromosoma 2
Chramosame 3
Chromosomes 4

HapMap Project

b Heplotypea

& Tag SNPs

AACACOCCA....
AACACODCCA...
AACATGCCA....
AACACOCCA....

v

TTCOGOGTYC....
. TTEGAGGTC....
TTCGGGGTC....
TTCOCOBGTC....

YW

GNP

AGTCGACCOG....
AGTEA ACCG....
AGTEA ACCG....
AGTCOACCO....

Haplotype 1 CTCAAAGTACOGOTTCAGGCA
Haplotype2 TTGATTGCGCAACAGTAATA
Haplotyped CCCOGATCTGTOATACTOGTG

Haplotypa 4

»The International HapMap Project is a multi-courgffort to identify and catalog

genetic similarities and differences in human bgingsing the information in the
HapMap, researchers will be able to find genesdffatt health, disease, and
individual responses to medications and environaidattors.

»DNA samples from 269 people from Africa, Japan, @rand USA

»10 millions nucleotide sites where people mostussdly differ — SNPs (99,9%)
»SNPs are present in haplotypes. Haplotype is af s#gle-nucleotide
polymorphisms (SNPs) on a single chromatid (h&lificomosome pair) that are
statistically associated (300.000 — 600.000 hapkxyp




Incidence of "Microbiome" in Scientific Papers

& Incidence of "Microbiome" In Scientific Papers

:.nH”

=
b1

Within the body of a healthy adult, microbial cedl® estimated to outnumber human cells by a factor
of ten. These communities, however, remain largastudied, leaving almost entirely unknown their
influence upon human development, physiology, imitguand nutrition.




The Human Microbiome: Our Second Genome

The human microbiome is a
source of genetic diversity , a

modifier of disease, an | "\ Human genome

23,000 genes

essential component of ”“’:‘E‘DEL“:E:'“‘“
Immunity , and a functional '

entity that influences

metabolism and modulates

drug interactions.




Pilot HM projects

Urogenital tract

Systemic

Disease/symptoms

psoriasis

acne vulgaris

atopic dermatitis
obesity

morbus Crohn
esophageal cancer
necrotizing Enterocolitis
colitis ulcerosa

irritable bowel syndrome
bacterial vaginosis

STD

imunodeficiences

febriles
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HIV epidemic

The CCRS5 locus shows that historical epidemics have been important

in shaping the genomes of humans and other primatespecies. It has been projected that if the

HIV epidemic continues for another 100 years, it will leave a signature on the human genome at
the CCR5 locus and related HIV resistance loci.

Although higher HLA-C expression protects againBt Hrogression, it also increases risk of the

inflammatory disorder Crohn's disease, which hgttk the potential for health repercussions of gzeh-
driven selection.




Thehuman leukocyte
antigen (H LA) system is the locus ¢

genes that encode for proteins on the surface
cells that are responsible for regulation of the

Immune systenm humans.

The HLA genes are the human versions ofrtiagor
histocompatibility compleXMHC) genes that are found

in most vertebrates

HLAs corresponding to MHC classA(B, andC) prese
peptides from inside the cell.

HLAs corresponding to MHC class DP, DM, DOA,
DOB, DQ, andDR) present antigens from outside of t
cell to T-lymphocytes.

HLAs corresponding to MHC class Il encode compo
of thecomplement system

HLAs are important in disease defenselThey are the
major cause of organ transplant rejections. They ma
protect against or fail to protect (if down-regulated by
an infection) against cancétsMutations in HLA may
be linked tcautoimmune diseagexamplestype |
diabetescoeliac diseageHLA may also be related to
people's perception of the odor of other people, and
be involved in mate selection, as at least one study
found a lower-than-expected rate of HLA similarity
between spouses in an isolated commudity.
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The MHC represents the most polymorphic gene dluste
humans, and more than700alleles have been described for

the most variable gene, HLAB.

Increased diversity atHLA class | genes (compared to the genome average)hserved in populations living
In geographic regions where pathogen diversity islso high.
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I nflammatory bowel disease

Caused by autoimmune attacks on the gastrointéstiaem.

163 distinct loci have been significantly associatth 1BD.

Seven of the eighéprosy susceptibility loci are also associated with incesbadD risk.

Coeliac disease

Coeliac disease is a strongly heritable (~80%) mffeatory intestinal disorder triggered by glutensianption.
Coeliac disease occurs at 1-2% in Europe and G@oton North African Sahrawi.

Individuals who are homozygous for the coeliac aB&le (~22% of the European population) haversjeo
activation of the NOD2 pathway an@a5-fold higher pro-inflammatory cytokine responseo

lipopolysaccharide.

Better protection against bacterial infection mayédconferred a selective advantage that outweititeed
increased risk of coeliac disease risk.

Non-autoimmune disease: kidney disease

African Americans suffer from kidney disease — intthg focal segmental glomerulosclerosis (FSGS) and
hypertension-attributed end-stage kidney disease{KD) — at higher rates than European Americans.
Two independent coding variantsARPOL1that are strongly associated with FSGS (odds rafi6.5) and H-
ESKD (odds ratio = 7.3).

In vitro assays showed that the kidney disease-associatadtgdyseT. brucel rhodesiense, which is the
trypanosome parasite that causes the most acuieentiform of sleeping sickness.




Human (46)

1 Sima de los Huesos 8 Engis

2 Denisova 9 Feldhofer

3 El Sidron 10 Monti Lessini
4 Valdegoba 11 Vindija

5 Les Rochers-de-Villeneuve 12 Mezmaiskaya
6 La Chapelle-aux-Saints 13 Teshik-Tash
7 Scladina 14 Okladnikov

Common Neanderthal (46?)
ancestor ‘
(48) Denisovan (46)

=

Bonobo (48)

Chimpanzee (48)

Chromosome fusion leading
to human chromoseme 2

Denisova Cave S TheWallace Line or Wallace's

il RarEaba R | \/ e Line is afaunalboundary line

Denisovansand | |n drawn in 1859 by the British
H. erectus -ﬁ‘.f naturalistAlfred Russel Wallace
E o i) that separates trezozone®f
Neanderth\a—fl B o AsiaandWallacea a

admixture ; _ _ transitional zone between Asia
/}h_-:;?:___““ _ PO_S_SIblE ranges of archaic forms andAustralia

“Admixture with [Tl Neanderthals
Denisovan-like : ! ™ Denisovans
population or ) M H. erectus
H. erectus : [ Archaic African hominins

Wallace's
phenotypic *
boundary
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Denisovans shared a common origin with Neanderthals, that they raoge8ityeria td&Southeast Asia
and that they lived among and interbred with the ancestors of some modemshunth about 3% to
5% of the DNA of\MielanesianandAboriginal Australiansderiving from Denisovans

Eurasia Africa

sapiens
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loresiensis
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