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“GEANOMAICS...*

It was an activity, a new way of thinking about biology.   

It encompassed sequencing, mapping, and new technologies.  

It also had the comparative aspect of genomes of various  

species, their evolution, and how they are related to each other.” 

Thomas Roderick, who coined the term in 1986, speaking in 1998. *
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Economist*Jun*17th*2010**

a*genome*every*4*days*

the(first(human(genome(cost(~($3b(
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Part*1:*Human*and*Mouse*Genomes*



PreAGenome*Sequences*

•  The*genome,*and*its*genes,*were*not*
circumscribed.*

•  Studies*could*never*be*comprehensive*
(‘genomic’).*

•  Rela2vely*li_le*understanding*about*the*
extent*and*layers*of*transcrip2onal*regula2on.*

•  Gene2cs*focused*more*on*gene*discovery,*
than*on*gene*evolu2on*or*mechanism.*

•  Compara2ve*Genomics*was*a*pipe*dream.*



15*Feb*2001*

Joint*coordinator*of*the*

‘Proteins’*sec2on.*

Unqualified*to*do*so.**

Weekly*teleconference*calls.*

Introduc2on*to*the*big*

ques2ons*in*genomics*(incl.*

isochores).*





•  Here*we*report*the*results*of*a*collabora2on*involving*20*groups*
from*the*United*States,*the*United*Kingdom,*Japan,*France,*
Germany*and*China*to*produce*a*drad*sequence*of*the*human*
genome.**

•  The*drad*genome*sequence*was*generated*from*a*physical*map*
covering*more*than*96%*of*the*euchroma2c*part*of*the*human*
genome*and,*together*with*addi2onal*sequence*in*public*
databases,*it*covers*about*94%*of*the*human*genome.**

•  The*sequence*was*produced*over*a*rela2vely*short*period,*with*
coverage*rising*from*about*10%*to*more*than*90%*over*roughly*
fideen*months.**

•  The*sequence*data*have*been*made*available*without*restric2on*
and*updated*daily*throughout*the*project.**

•  The*task*ahead*is*to*produce*a*finished*sequence,*by*closing*all*
gaps*and*resolving*all*ambigui2es.*Already*about*one*billion*bases*
are*in*final*form*and*the*task*of*bringing*the*vast*majority*of*the*
sequence*to*this*standard*is*now*straighgorward*and*should*
proceed*rapidly.*



•  The*sequence*of*the*human*genome*is*of*interest*
in*several*respects.*It*is*the*largest*genome*to*be*
extensively*sequenced*so*far,*being*25*2mes*as*
large*as*any*previously*sequenced*genome*and*
eight*2mes*as*large*as*the*sum*of*all*such*
genomes.*It*is*the*first*vertebrate*genome*to*be*
extensively*sequenced.*And,*uniquely,*it*is*the*
genome*of*our*own*species.*

•  Much*work*remains*to*be*done*to*produce*a*
complete*finished*sequence,*but*the*vast*trove*of*
informa2on*that*has*become*available*through*
this*collabora2ve*effort*allows*a*global*
perspec2ve*on*the*human*genome.*Although*the*
details*will*change*as*the*sequence*is*finished,*
many*points*are*already*clear.*



Transposable*elements*dominate*

the*human*genome*

FIGURE 17. Almost all transposable elements in mammals fall 

into one of four classes. 

45%*!*



Isochores*

FIGURE 13. Variation in GC content at various scales 

Bernardi et al. described the genome as being composed of a mosaic of  

compositionally homogeneous regions dubbed ‘isochores’. 



•  The*genomic*landscape*shows*marked*

varia2on*in*the*distribu2on*of*a*number*of*

features,*including*genes,*transposable*

elements,*GC*content,*CpG*islands*and*

recombina2on*rate.*This*gives*us*important*

clues*about*func2on.*For*example,*the*

developmentally*important*HOX*gene*clusters*

are*the*most*repeatApoor*regions*of*the*

human*genome,*probably*reflec2ng*the*very*

complex*coordinate*regula2on*of*the*genes*in*

the*clusters.*

GC*
rpts*
SNPs*



•   There*appear*to*be*about*30,000–40,000*
proteinAcoding*genes*in*the*human*genome—

only*about*twice*as*many*as*in*worm*or*fly.*

However,*the*genes*are*more*complex,*with*

more*alterna2ve*splicing*genera2ng*a*larger*

number*of*protein*products.*



•  The*full*set*of*proteins*(the*‘proteome’)*
encoded*by*the*human*genome*is*more*
complex*than*those*of*invertebrates.*This*is*
due*in*part*to*the*presence*of*vertebrateA
specific*protein*domains*and*mo2fs*(an*
es2mated*7%*of*the*total),*but*more*to*the*
fact*that*vertebrates*appear*to*have*arranged*
preAexis2ng*components*into*a*richer*
collec2on*of*domain*architectures.*



•  Hundreds*of*human*genes*appear*likely*to*have*
resulted*from*horizontal*transfer*from*bacteria*at*some*
point*in*the*vertebrate*lineage.*Dozens*of*genes*appear*
to*have*been*derived*from*transposable*elements.*

•  Although*about*half*of*the*human*genome*derives*
from*transposable*elements,*there*has*been*a*marked*
decline*in*the*overall*ac2vity*of*such*elements*in*the*
hominid*lineage.*DNA*transposons*appear*to*have*
become*completely*inac2ve*and*longAterminal*repeat*
(LTR)*retroposons*may*also*have*done*so.*

•  The*pericentromeric*and*subtelomeric*regions*of*
chromosomes*are*filled*with*large*recent*segmental*
duplica2ons*of*sequence*from*elsewhere*in*the*
genome.*Segmental*duplica2on*is*much*more*frequent*
in*humans*than*in*yeast,*fly*or*worm.*



•  Analysis*of*the*organiza2on*of*Alu*elements*
explains*the*longstanding*mystery*of*their*
surprising*genomic*distribu2on,*and*suggests*that*
there*may*be*strong*selec2on*in*favour*of*
preferen2al*reten2on*of*Alu*elements*in*GCArich*
regions*and*that*these*‘selfish’*elements*may*
benefit*their*human*hosts.*

•  The*muta2on*rate*is*about*twice*as*high*in*male*
as*in*female*meiosis,*showing*that*most*muta2on*
occurs*in*males.*

•  Cytogene2c*analysis*of*the*sequenced*clones*
confirms*sugges2ons*that*large*GCApoor*regions*
are*strongly*correlated*with*‘dark*GAbands’*in*
karyotypes.*



•   Recombina2on*rates*tend*to*be*much*higher*in*distal*
regions*(around*20*megabases*(Mb))*of*chromosomes*
and*on*shorter*chromosome*arms*in*general,*in*a*
pa_ern*that*promotes*the*occurrence*of*at*least*one*
crossover*per*chromosome*arm*in*each*meiosis.*

•  More*than*1.4*million*single*nucleo2de*polymorphisms*
(SNPs)*in*the*human*genome*have*been*iden2fied.*This*
collec2on*should*allow*the*ini2a2on*of*genomeAwide*
linkage*disequilibrium*mapping*of*the*genes*in*the*
human*popula2on.*



•  “The*current*genome*sequence*(Build*35)*contains*

2.85*billion*nucleo2des*interrupted*by*only*341*gaps.*

•  *It*covers*99%*of*the*euchroma2c*genome*and*is*

accurate*to*an*error*rate*of*1*event*per*100,000*

bases.**

•  Notably,*the*human*genome*seems*to*encode*only*

20,000–25,000*proteinAcoding*genes.”*

2004 



The*human*genome:**

More*ques2ons*than*answers*

•  How*many*genes?*How*much*func2onal*DNA?*

•  Are*transposonAderived*sequences*func2onal?*

•  How*did*the*heterogeneity*in*GC*(‘isochores’)*
arise*and*how*is*it*sustained?*

•  How*is*recombina2on*controlled?*

•  How*does*the*human*genome,*and*its*genes,*

differ*from*those*of*more*closelyArelated*

genomes?*Is*it*at*all*unusual?*



How Useful is 

a Human  
Genome? 

Human(

and(Mouse(

Genomes(



Evolu2onary*

yards2cks*

c 2008 

mammalian & invertebrate 

noncoding sequences do  
not align 



Mouse*vs*Human*



Sequencing 

Assembly 

Transposon sequences 

Genome Comparison 

Gene Prediction 

Gene Comparison 



Cenancestor 

SP1 

SP2 
DP2 

A1 B1 C1 C2 

C1 and C2 are paralogues 

A1 and B1 and (C1 and C2) are orthologues 

Orthologues and  

Paralogues 



Human and mouse  

“local synteny”  

“Syntenic” regions contain orthologues! 



Human*and*mouse*chromosomes:*

global*orthology*

Only 40% of the human genome aligns to the mouse genome. 
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Conserva2on,*Constraint*and*Func2on*

1.  Conserved*sequence*is*not*necessarily*constrained:*

e.g.*humanAchimpanzee*sequence*

2.  Constrained*sequence*is*not*necessarily*conserved:*

e.g.*lineageAspecific*func2on*or*high*local*muta2on*

rates*

3.  Sequence*evolving*adap2vely*is*func2onal*but*not*

constrained.*

4.  Posi2ve*selec2on*does*not*necessarily*imply*

adap2ve*evolu2on:*e.g.*clonal*selec2on*for*germA

line*cells*



Gene sequence conservation 

Figure 25. Sequence conservation between mouse and human genes 

Mouse genome paper Nature 420, 520-562  

The exonic structures of essentially all human genes  

(major transcripts) are conserved in mouse. 



Gene*Sequence*Conserva2on**

is*ClockAlike*



A*model*of*neutral*evolu2on*

•  dS – the number of synonymous substitutions per 

 synonymous site 

•  takes advantage of the redundant genetic code 

•  4D sites  GCx (ALA), CCx (PRO), TCx (SER),  

  ACx (THR), CGx (ARG), GGx (GLY),   

 CTx (LEU),  GTx (VAL) 

•  “how much would a gene’s sequence  

 have changed if selection had not  

 acted upon it?” 

Nature!Reviews!Gene9cs!!7,*98*



Ancestral sequence 

Ala Pro Ser Thr 

GCT CCA TCC ACG 

Mouse sequence 

Ala Pro Ser Thr 

GCT CCC TCG ACG 

Human sequence 

Ala Pro Ser Thr 

GCT CCA TCC ACA 

Single nucleotide change Single nucleotide changes 

3 nucleotide substitutions at 4 synonymous sites 

dS = ¾ or 0.75 



“Ancestral*repeats”*

•  Transposable*elementAderived*sequence*that*

inserted*prior*to*the*last*common*ancestor*of*human*

and*mouse.*

+ 

•  It*is*commonly*assumed*that*evolu2on*of*Ancestral*

Repeats*(ARs)*has*been*neutral.*



Neutral*Rates*Vary*According*to*Loca2on*

see also 

Hardison et al. 
Genome Res. 2003  

13: 13-26.  



Varia2on*in*rates*of*muta2on**

and/or*rates*of*repair?*

•  Transcrip2onAassociated*muta2onal*strand*

asymmetry*(Phil*Green*et*al.*Nature*Gene2cs*33:*514A7)*

•  Associated*with*transcrip2onAcoupled*repair*
processes*(Majewski,*Am*J*Human*Genet*73,*688A692)*

•  Genes*transcribed*in*the*germline*at*high*levels,*

when*mutated,*are*repaired*more*readily,*than*

those*not*transcribed*in*the*germline.*

•  Majewski*es2mates*that*71%A91%*of*genes*are*

transcribed*in*the*germline!*



Tissue-specific genes’ ds 

Winter et al. Genome Research 14:54-61, 2004  



dS!varia2on*





A*model*for*nonAneutral*evolu2on*

•  dN*–*the*number*of*nonAsynonymous*(amino*acid*changing)*

subs2tu2ons*per*nonAsynonymous*site*

•  What*propor2on*of*possible*amino*acidAchanging*

subs2tu2ons*has*occurred?*

•  dN/dS,*ω ―  

A*model*of*selec2ve*pressure*

←conserving diversifying→ 



Slowly*&*rapidlyAevolving*proteins*

Slow((dN/dS(is(small(~0.1)(

•  Developmental*genes*

•  BrainAexpressed*genes*

•  Big*genes*with*many*

regulatory*elements*

•  Genes*that*have*escaped*
being*duplicated*over*many*

tens*of*millions*of*years*

•  Domain*structures*

•  Cataly2c*domains*

•  Intracellular*proteins*

Rapid((dN/dS(is(larger(>(0.25)(

•  Environmental*genes*

•  Tes2sAexpressed*genes*

•  Single*exon*genes*

•  Genes*frequently*duplicated*
or*deleted*over*

evolu2onary*2me*

•  Unstructured*regions*

•  NonAenzymes*

•  Extracellular*proteins*



Posi2ve*Selec2on,*dN/dS*>*1*



Mouse*&*Human:*Protein*Coding*Gene*

Census*

Human 

Mouse 

X 

•  Mouse*gene*count*=*20,210;*Human*gene*count*=*19,042.*

• *Captures*only*genes*that*have*homologues*in*one*or*the*other*genome.*

• *Captures*duplicates*(that*preserve*exon*structure).*
• *Misses*fast*evolvers.*

• *Doesn’t*consider*copy*number*variable*genes.*

PloS Biology


May 2009




75%*(80%)*of*Mouse*(Human)*Genes*have*a*single*

orthologue*in*Human*(Mouse)*





LineageAspecific*paralogues*



Consecu2ve*highlyAsimilar*gene*sequences*hinder*

genome*assembly*



Mouse*Segmental*Duplica2ons*are*mainly*in*cis!

Segmental duplications: >1 kb fragments of genomic sequence with 

high sequence identity (>90%) that map to multiple locations 



Copy*Number*Variants*(CNVs)*

More bases differ in CNVs between individual  

genomes than they do in SNPs. 

Segmental duplications and CNVs often coincide.  



Immunity,*defence,*chemosensa2on*genes*

Little evidence that common CNVs are either adaptive or are associated with disease. 



Part*2:*func2onal*DNA*&*transcript*maps*



f%

How*much*of*our*genome*is*biologically*func2onal?**

My!view:!10%!...!

f%

f%

f%

f%
300Mb(

100Mb(

100Mb(

200Mb(

200Mb(

3(Gb(



Mouse*Genome*Paper*2002*

Nucleo2de*Subs2tu2on*Model*

By comparing the extent of genome-wide sequence 
conservation to the neutral rate, the proportion of small 
(50–100 bp) segments in the mammalian genome that is 

under (purifying) selection can be estimated to be about 5%  

%id in 

Ancestral 
Repeats 

%id in 

aligned 
sequence 

vs 

50bp windows 



Nature 420, 520-562 (5 December 2002)  

By comparing the extent of genome-wide sequence 
conservation to the neutral rate, the proportion of small 
(50–100 bp) segments in the mammalian genome that is 

under (purifying) selection can be estimated to be about 5%  







Gerton Lunter’s indel model: Insertions/

Deletions 

•  Consider lengths of inter-gap segments 

•  Do they follow a geometric distribution? 

CGACATTAA--ATAGGCATAGCAGGACCAGATACCAGATCAAAGGCTTCAGGCGCA 

CGACGTTAACGATTGGC---GCAGTATCAGATACCCGATCAAAG----CAGACGCA 



InterAgap*distances*within*ancestral*

repeats*

Inter-gap distance    (nucleotides) 

Weighted regression:  
R2 > 0.9995 
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At(most,(only(0.09%(of(all((

ARs(are(under(selecOon.(
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Inter-gap distance    (nucleotides) 

Overrepresentation of long inter-gap distances: 

Reduced indel rate due to 
indel-purifying selection 

InterAgap*distances:*whole*genome*



False Positives  

  (10% of total) 

   True Positives 

(sensitivity ~75%) 
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Inter-gap distance    (nucleotides) 

Iden2fying*sequence*under*indel*purifying*

selec2on*



Frac2on*of*conserved*DNA*

•  Lower bound:   ~79 Mb,  or  ~2.56 %    under 
indel purifying selection   (human/mouse/dog) 

•  Upper bound:    ~100 Mb,  or  ~3.25 % 

•  So: functional non-coding sequence 
represents over 1.56-2.25% of the human 
genome. 

+ +



~10% 

‘TEs are 

predominantly 
neutral’ 

much ‘turn-over’ in 

functional sequence 

“the functional portion of the genome may exceed 20%” 



So:*is*the*amount*of*func2onal*material*

shared*at*different*divergences?*

•  For*example,*

  human*–*mouse*(75*My)*

  human*–*macaque*(25*My)*

  mouse*–*rat*(15*My)?*



10% 

No*



* 



10%  ( e-2.3 ) 

Data: 

1.8 Mb non-exonic 
sequence 

(CFTR + 9 other genes) 

8 mammals 

(human, baboon, cat,  
dog, pig, cow, rat, mouse) 







Compensation by new TFBS Compensation by co-evolution 

Shuffling of sites Exaptation of TE 



Our*View*of*the*Human/Mouse*Genome*

CODING:*1.06*%*DARK*MATTER:*~7A9%*

King*&*Wilson:*Human!and!Chimpanzee!“macromolecules!are!so!alike!

that!regulatory!muta9ons!may!account!for!their!biological!differences”*
********************************Science*(1975)*188,*107A116*

proteins*
dark*ma_er*



The*Func2onal*Por2on*

•  Approximately*10%*of*the*human*genome*appears*
to*be*constrained*with*respect*to*inser2ons*&*
dele2ons.*

•  This*compares*with*1.0%*that*encodes*protein*
sequences.*

•  The*amount*of*constrained*but*nonAcoding*sequence*
is*thus*considerably*larger*(9Afold)*than*constrained*
coding*sequence.*

•  90%*of*the*human*genome,*therefore,*is*likely*to*lack*
constraint*and*truly*is*junk.*



The functional repertoires of metazoan genomes 

Chris P. Ponting 

Nature Reviews Genetics 9, 689-698 (September 2008) 

The*human*genome*

has*more*conserved**

(func2onal)*sequence**

than*the*Drosophila**

genome.*



The*Future:*Func2onal,*unconserved,*

sequence*

•  Func2onal,*unconserved,*human*sequence*is*

TWICE*the*amount*of*func2onal*sequence*

that*is*conserved*to*mouse.**

•  Deducing*the*func2ons*of*such*lineageA
specific*sequence*will*require:*

–  comparisons*to*many*primate*genomes;*and,*

–  diverse*experimental*approaches.*



Pervasive*Transcrip2on*



cDNA*sequencing*

•  11,665*noncoding*TUs*(FANTOM2)*

•  >3,500*noncoding*txs*(FANTOM3)*

Abstract 



Tiling*arrays*

•  ENCODE:*1%*sample*of*the*human*genome*

•  93%*of*bases*appeared*to*be*transcribed,*
threeAquarters*of*which*could*be*verified*by*

an*alterna2ve*technique.*

•  But*transcrip2on*oden*not*reproduced*in*
other*2ssues/cells.*

•  Could*such*transcrip2on*oden*be*2ssue/cellA
specific?*



RNAASeq*

30%*

63%*

6%*

1.06%*

The(Human(Genome(

Not*transcribed*

Transcribed*but*not*stably*

Stably*transcribed*but*not*coding*

Coding*



Belgard,*Pon2ng*et*al.,*unpublished*data*
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“The*emerging*picture*of*RNA*polymerase*is*of*an*

inherently*imprecise,*not*to*say*promiscuous,*

copyist,*one*whose*output*includes*some*mistakes*

along*with*lots*of*valuable*product.*In*this*view,*most*

dark*ma_er*transcripts*are*not*signals*emerging*from*

a*hidden*universe*within*the*genome,*but*instead*

simply*the*noise*emi_ed*by*a*busy*machine.”*



•  “We*conclude*that,*while*there*are*bona*fide*new*
intergenic*transcripts,*their*number*and*abundance*is*
generally*low*in*comparison*to*known*exons,*and*the*
genome*is*not*as*pervasively*transcribed*as*previously*
reported.”*

•  “We*conclude*that*analysis*of*data*from*2ling*arrays*leads*
to*vast*overes2mates*of*the*propor2on*of*transcrip2onal*
dark*ma_er.”*

•  “we*do*not*find*evidence*for*widespread*interleaved*
transcripts*as*previously*described”*[ENCODE]*

•  “Pervasive*transcrip2on*of*intergenic*regions*as*described*
in*previous*studies*occurs*at*a*significantly*reduced*level*
and*is*of*a*random*character.”*



Issues*

•  Most*study*employ*polyA+*samples*only*

•  Tiling*arrays*(Cheng*et*al.):*RNA*transcripts*
lacking*polyadenyla2on*represent*

approximately*half*of*the*transcriptome,*and*a*

third*of*all*transcribed*sequences*were*

detected*in*both*poly*AA*and*poly*A+*forms.*

•  Most*ncRNAs*may*be*transcribed*in*specific*

cells*only*



Kapranov*et*al.’s*response*

•  Helicos*technology*

•  Total*RNA*



Transcript(

Mass(



AK082467*

AK082072*

Are*ncRNA*loci*conserved*across*different*species?*

Only 14% of mouse long intergenic transcripts have evidence for  

transcription in human 



Varia2on*in*conserva2on*across**

coding*and*noncoding*genes*

PROTEINS(

Mouse(Genome(

paper(

MulOexonic(

long(ncRNAs(

(Chodroff(et(al.)(



Conserved*expression*across*amniotes*

Ventricular zone of the hippocampal formation (green arrowheads), the 

preoptic area of the hypothalamus (red arrowheads), and the epithalamus 
(black arrowheads). Signal was undetectable at later developmental stages. 

Scale bars = 200 µm 



LincRNA*gene*mechanisms?*

•  Cis*versus*trans?*

•  Func2onal*RNA*or*DNA?*

•  Transcrip2onal*interference?*

•  Contribu2on*to*brain*biology*&*development?*

•  Conserva2on*of*transcrip2on*(yes*&*no).*



ncRNA,*rather*than*underlying*DNA,*

appears*func2onal*



BrainAexpressed*ncRNAs*tend*to*neighbour*transcrip2on*

factor*genes*



Overlapping*expression*of**

adjacent*pc*&*nc*transcripts**

facial*nuclei*of*the*medulla**

Purkinje*cell*layer*of*the*cerebellum**





Part*3:*Genome*Evolu2on*&*the*future*

(shorter!)*



Isochores 

FIGURE 13. Variation in GC content at various scales 



Conserva2on*of*Isochores*



GC4D,*GC53*and*dS*correlate*
d

S
 



Varia2on*in*dS!values*
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GC4D strongly correlates 

with dS:  

Spearman’s coefficient  

of 0.64-0.68 (dog-human). 



Eutherian*ancestral*karyotype*



Mammalian Karyotypes 

Ancestral chromosomes 

Two Models of Rearrangement: 

(1)  Random : Nadeau and Taylor, 1984; Trinh et al., 2004 

(2)  Non-random : Pevzner and Tesler, 2003; Bailey et al., 2004 



Karyotype Evolution 



Chicken (avian) 
Macro- and Micro-Chromosomes 

Large (macro-)  

chromosomes: 

more DNA but 

lower gene 

density; 

lower mutation 

rate; lower G+C 

Small (micro-)  

chromosomes: 

25% of the DNA  

but half the  

genes; 

higher mutation 

rate; higher G+C 



ChickenAhuman*neutral*rates*vary*between*

chicken*chromosome*types*

10Mb subtelomeric genes 

indistinguishable from microchromosomal 

genes, with respect to dS 

dS 

dS 



dS!varia2on*

Species Subtelomeric / 

Subtelomeric 

Subtelomeric / 

Interstitial 

Interstitial / 

Subtelomeric 

Interstitial / 

Interstitial 

Chicken / Human 3.15 1.95 2.40 1.53 

Dog / Human 0.69 0.35 0.67 0.31 

Dog / Chicken 2.15 2.08 1.98 1.64 



“Hotspots”*

Hot 

•  High G+C content 

•  High dS values 

•  High recombination rates 

•  Strong purifying selection 

(low dN/dS rates) 

•  Increased chromosomal 

breakages 

Cold 

•  Low G+C content 

•  Low dS values 

•  Low recombination rates 

•  Weaker purifying 

selection (higher dN/dS 

rates) 

•  Fewer chromosomal 

breakages 



Copyright © 2007 by the Genetics Society of America 

Galtier, N. et al. Genetics 2001;159:907-911 

Figure 1. Gene conversion during a recombination event 

GCAbiased*gene*conversion*

Preferential 

transmission of 
G or C alleles 



Proposed*origin*of*isochores*

Recombination 

(GC-biased gene  
conversion) 

Arose prior to the emergence of both sauropsids (birds, lizards etc.)  

and mammals. 



High*GC*/*recombina2on*/*dS*hotspots*at*

subtelomeres*because*of*breakage?*

+ 

WHY are the karyotypes of humans, squirrels and cats so 

stable, whereas those of dogs, mice and rats are not? 



June*26,*2000:*GADay*
Comple2on*of*the*Working*Drad*of*the*Human*

Genome*



Tony Blair  

"Let us be in no doubt about what we are witnessing today: A revolution in 
medical science whose implications far surpass even the discovery of 

antibiotics, the first great technological triumph of the 21st century.” 

Craig Venter 

"Having the genetic code is not a very important moment other than it's the 
beginning of what we can do with it”. 

Francis Collins  

the benefits of human genome mapping will include “a new understanding 

of genetic contributions to human disease” and “the development of 
rational strategies for minimizing or preventing disease phenotypes 

altogether.” 

Francis Collins (more recently) 
“it is fair to say that the Human Genome Project has not yet directly 

affected the health care of most individuals.” 

2010 



“To*the*horror*of*gene2cists,*Craig*Venter,*one*of*the*main*researchers,*pointed*out*

that*the*fact*that*we*only*have*about*25,000*genes*meant*psychological*

differences*between*individuals*could*not*be*much*determined*by*them*–*"our*

environments*are*cri2cal,"*he*concluded.*

Ini2ally,*gene2cists*disputed*this,*but*the*last*decade*has*seen*an*increasingly*rapid*

retreat.*Ader*many*millions*of*pounds*and*thousands*of*studies,*a_empts*to*

iden2fy*genes*that*have*much*effect*on*our*psychology*have*failed.*The*most*

dis2nguished*researchers*now*admit*that*it*is*extremely*unlikely*that*there*are*

single*genes*for*major*mental*illnesses*such*as*schizophrenia.*Ader*decades*of*

hearing*from*such*people*that*there*would*be*a*gene*for*almost*everything,*I*

admit*to*having*felt*a*twinge*of*smugness.*

Their*fallback*posi2on*is*that*it's*lots*of*different*genes*interac2ng*together*that*

ma_ers,*but*that*much*remains*to*be*seen.”*



Differences*among*us.**

Human!Diversity!



Different, but not that different 

•  Humans are one of the least diverse organisms 

Species Diversity (percent) 

Humans 0.08 - 0.1 

Chimpanzees 0.12 - 0.17 

Drosophila simulans 2 

E. coli 5 

HIV1 30 

Photos from UN photo gallery www.un.org/av/photo 



10,000*bases*of*human*chr13*vs*chimpanzee*

Page*1*of*300,000*of*volume*1*

Chimpanzee:*~*2%*divergence*

2*Humans:*~*0.1%*diversity*(10*sites)*

On average, each person is found to carry 

approximately 250 to 300 loss-of-function 

variants in annotated genes and 50 to 100 

variants previously implicated in inherited 

disorders. [1000 Genomes Project]*



Published Genome-Wide Associations through 6/2010,  

904 published GWA at p<5x10-8 for 165 traits 

NHGRI GWA Catalog 
www.genome.gov/GWAStudies 





The*promise*of*the*human*genome*is*only*being*

realised*now*with*popula2on*genomics*

•  Genetic variation must underlie both pathological and non-pathological traits 

that show significant heritability 

–  How do we locate these variants, and is there clinical use when they are found? 

•  Genetic variation must also underlie species differences. 

–  How do we locate these variants? 

•  Do orthologous genes control equivalent traits in different species? 

–  Can model organisms appropriately model human traits? 



Popula2on*genomics*requires*detailed*

phenotyping*

no yes 

Vertebrate population genomics will initially study human and rodent species. 



Genome Sequences of 17 Mouse Strains 

Indels SNPs 



But*the*genomes*of*many*(most?)*animal*

species*will*soon*be*sequenced*



SeaAchange*in*genomics?*

•  For*over*10*years,*genomics*has*been*dominated*by*the*large,*

wellAfunded*genome*sequencing*centers.***

•  In*the*next*10*years,*research*may*become*more*equitable*

with*investment*being*placed*increasingly*on*analysis*(people)*

rather*than*on*technology*&*hardware.*

•  Sequencing*is*already*cheap*&*analysis*expensive,*so*you*
should*already*consider*yourself,*as*a*talented,*now*wellA

qualified,*computa2onal*genomics*researcher,*to*be*a*much*

soughtAader*individual.*

•  The*pace*of*change*in*genomics,*once*more,*is*a*great*

leveller.*

•  The*most*important*commodity*in*genomics*is*ideas.***

•  Good*luck.*



Thanks to:  

-  all group members past & present 
-  members of all genome consortia 



Please contact me if ever you’re 

interested in a post-doc /  
fellowship etc. in Oxford. 

Chris.Ponting@dpag.ox.ac.uk 


