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What is a genome? \%Z‘t/ a

|
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* The entire set of DNA that | |
makes up a particular organism

— Chromosomes
— Organelles: mitochondria, chloroplast, ...
— Plasmids
— Viruses (some are RNA not DNA)
— Bacteriophage
* Essentially just a set of strings
— uses four letter DNA alphabet { A,G,C,T }
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Ernuypwpatiopévn pwtoypadia Twv XpWHOOWHUATWY EVOC
avopa. H mapoucioon TWV  XPWHOOWUATWV
Slatetayuévwy otn ospa pe Bacn 1o pEyEBOC TOUG,
OUVLOTA TOV KApUOTUTIO




NeotepOL OpyaVLIOUOL-
LLOVTEAQ OTN YEVETLKN).
2TOUG VEOTEPOUC
OpPYOVLOMOUC-HOVTEAQ
NG YEVETIKNC

nepltAapfavovtat o
vAUatTwdng oKWANKOLC
Caenorhabditis
elegans, to Yapt (EBpa
Danio rerio kol to $puUTO
Arabidopsis thaliana.




METAPANTOC ap Bt Kl ayrun aunpiyywe paxng
(seute bristhes, s¢)
heuka pana {(white eyes, w)

poupmi yamia {ruby eyes, rb)

rERA wplc ryrapoie; Sukhalivoes ehefivy
{crossveinbess wings, cv)

aREaMTPEVESs CUApryyvEs (singed brisdes, sn)
uiTie EAkEpoESols oyfuorog (lozenge eyes, 2]

Bepprpiov pata (vermilion eyes, v}
avoyTd KaoTovd Youpa cbpotoc (sable body, 5)

PTEPa pE aviapahs neplypapun scalloped wings, sd}

wama paffoefolc oyfuoroc [Bar eyes, B)
ypupethi pdma (carnation eye, car)

‘— ey piyefiog oupearos (litthe fly, i)

EYnuanikr avanapdoraoT) ToU oo paros
1t O melanogaster. MpaKLman yia 1o ¥pupocuya X, fva and
T XPWPIocUEaTa mou kabopifouy To qoko. Emonuaivetal n
Beon Suapdpuwwy yowbiwy. Kabe ypupdcupa pmopel va mepisxa
CHOTOVTOSES 1] akopa kal Xiuddcg yovidin.

Atopo D. melanogaster mou AOyw pLog
HUETOAAQYNC EXEL AEUKA pATLA (EMAVW
ElKOVA) Kall PUCLOAOYLKO ATOUO LLE
KOKKLVOL LATLO (KATW ELKOVQL).




HAWlol Ekdpaonc TwV KUPLwV TUTTWV

APIoMOE TTPOZBEBAHMENOCHN
ATOMOMN

VEVETLIKOU VOO LLOTOC
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Duaichoyir ahuoiba f-opaipivig
DMNA TGA  GGA  CTC CTC
) mRNA ACU  CCU  GAG  GAG—
favibo Aok The [ Pro {6l {6l }—
R e 4 5 & 7
DA 1 re w e wl WS
VAR Miralhayuévn ahuaida -opaipivic
I | DA TGA GGA CAC LI | —
3 mf mANA ACU CCU GUG GAG——
TACCACAACTCG LTINSV — - Thr - Pro - vl | Glu |—
Ahuoiba=uitpa Tou DMA 4 3 & ¥
H SpenovokuTtagkr avaipia ogeletor oty
Meraypapn aihayr) evde vourheomibiow oo Tpipa Tou DA mou kudwo-
mioiel T R-opapivn (TA) N omola mpokakel TRV PETOTROTT EW0
# rldkoviou Tou mANA and GAG o GUG, pe armoTéheopa Ty
mAMA 5 mr ELILYT) P Bakivng oTn BEon evas yhouTapnkol ofgog
AUGGUGUUGAGE aTnv aiugita e B-epaping (Gluval).
I T oy B |
Kok dwna
Merdppacn ote pfiooiuata

EITITEE) H yownbiakr éxppacn nephapfave Tn peta-
yipaogr Tow DNA o mRNA (EMdvw TR TG Sowac) ka1t
peTdeppaon Tow mRNA (peoaio Tprpa g smowas) n onoia

TpOy aTomMEiTal oTa puiomopara kol odnyel otn oivBeon
TR TIPWTERTYE (KT T Ra TS Stkcvac).

ELTITEET] duoiohoyika oTpoyyuhd epudpd aioogaipia
ka1 naBoAoyka £puBpa alpoagaipia mou £xouv oxrpa Spemna-
vio0 kai ovopalovrar Spenavokuttapa (sickle cells). Ta &pe-
TavoKUTTapa MPoKakcUv ano@patn Twv TRIXOEISWY Kal TwV
HIKPAV QIHO@OPWY ayyEiwy.




H BlotexvoAoyia otn YEVETLKN KOl OTNV LOTPLKN

H Dolly, éva npopato ¢ nowkiAiag Finn Dorset
TIOU TIPOEKUWE HEOW TNE KAWVOTTOINOTG £VOS EVIAIKOU aTo-
HOU HE HETAQOPA TOL TUPIHVA EVOG KUTTAPOU HacgTol o £va
wapio and to onoio cixe agpaipebei o Sikdg Tou nuprvas. To
veapd aropo Simha ¢ sivar n Bonnie, To mpwto npoéfaro nou
YEVVNOE.
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ELIIIRERE] xetiaypappa Twy avBpdmiwy xpuwpeswpdtwy. YroSeuoiovTal opiopéva yoviia Twy omoiwy peTahhayés mpo-
KahoUy KAnpovopkes vooous O MEpIMTUMIES OTIG oMoies undpyowy SInBEoun yEVETIMA TEOT yia T Sdywwon NG wOoou SO pai-
VOVTOI UE Wi0 KOKKNT] KOUKKISO.



2UYXPOVECG MPOCEYYLOELC OTNV

KOTavonon tne¢ yovidiaknc Asttovpyiog

/Icnopu«i, n Kkatavonon tng Asttoupylag tTwv yovidiwv |
otnpixbnke otn peA€étn  HeETAANAYwWV TOU  Elte
napatnpolvtol otn ¢uon elte emdyovtov oKOTLUA (YL
TMAPASELYUO, HE TN XPNON XNULKWV OUCLWYV, OKTIVWV X N
urtepltwdouc aktivoBoAiag), wote va mpokUuYPouv
TpoTmoTnolnpevol GpaLvOTUTIOL OE OPYAVIOUOUG-HUOVTEAQ. H
Mpooeyylon auvth amoteAel tnv KAaowky (classical) R

Qpeéﬁof,n VEVETIKN. /
/

OL péBodoL TNG KAAOLKAG YEVETLKAC XPNOLUOTIOLOUVTOL

L)
EITITERE] Metafl wy mpdTwy OpyaviopiV fou Xpriot-

akopa. Qotoco, pe TN Suvatotnta aAAnAouxiong omomBnKaY s uovr:ha ok mEpayaTa YEVETT AEpAGURG-
’ ’ 0 , ’ vovtat To movtixt Mus musculus (a) kai n piya Twv QpodTwV
OAOKANPOU TOU YOVIOLWHOTOC, N omoia amoteAEL onpepa Drosophila melanogaster ().

POUTIVA, Ol LOPLAKEC TEXVIKEC TTIOU XPNOLUOTIOLOUVTAL OTN
YEVETLKI €pEUvA YL TNV KaTtavonon tng Asttoupyiag twv
yovibiwv, £xouv aAAAGEEL ONUAVTLKA.

\ v




2UYXPOVEC TTPOOCEYYLOELC GTNV

KaTavonon tng yovidLakng Asttovpyiag

/th TeEAEUTOLEG HEKOETIEG OL YEVETLOTEG AkOAOUBOUV CUXVA TNV MPOCEYYLON TNG avtictpodng
YEVETIKNG (reverse genetics) n onola kaBlotd Suvato tov mPocdlopood Tou POAOU Kal TNG
Aeltoupylag evog yovidiou, umo tnv npolinobeon OTL elval yvwoTr) N VOUKAEOTLOLKN Tou
aAAnAouyia.

2TLC TIEPUTTWOELG AUTEG XPNOLLLOTIOLELTAL LG TEXVLKH TNG HopLlaKnC BloAoyiog mou ovoudletal VoK
aout yovidiou (gene knockout), péow tng omotlag to UTO HeAETN yovidlo kaBiotatol un
AELTOUPYLKO O€ KAAALEPYOUEVA KUTTAPO 1) OE EVOV OPYAVIOUO. ETOL OL ETLOTAHOVEC UTTOPOUV VAl
\&epeuvr']oouv TN BepeAlwdn epwtnon KTt oupPaivel 6tav auto to yovidlo adpavomoleital;>.

Littermates were injected with either a control virus (right) or a virus that knocked out O-GIcNAcTransferase
(OGT) (left) in a subpopulation of cells in the hypothalamus in the brain. The OGT knockout made the mouse eat
twice as much as its sibling. This photo was taken about five weeks after virus injection.




Ot yeveTlkeG peAETec Baoilovtal
ot XPHON OPYOVIOHWV-UOVTEAWV

O vnuatwdng okwAnkag Caenorhabditis elegans
ETUAEXONKE yla T LEAETN TNG AVATITUENG KOlL TNG
AELTOUPYLOG TOU VEUPLKOU GUOTAHATOC EMELSH TO VEUPLKO
ToUu oVOTNUA amoTeAsital amo Alyeg HOVO EKATOVTASEC
KUTTOPA KAl TO avamtuélako nenpwuévo (developmental
fate) auTWV TWV VEUPLKWV KUTTAPWV (OTWE Kot OAWV TWV
KUTTOPWV OTO CWHA TOU OKWANKa) €XeL xaptoypodnOeL.

To Yapt LEPpa, Danio rerio, xpnolpoOMOLELTAL YLa TN MEAETN
NG AVAMTUENG TWV OTIOVOUAWTWV ETTELSN EXEL UKPO
pEyebog, avamapayetal TaxuTatTa Kot Ta wapla, To EUBpuo
Kol oL TpovUdEG Tou eivat Stadaveig, yeyovog mou
ETUTPETEL TNV ALLECT TTAPOTIPNOH TOUC.

H Arabidopsis thaliana, éva pikpo ¢uto pe oclvtopo
KUKAO Twn¢, eTUAEXONKE WG OPYAVIOUOG-HOVTIEAD yLa TN
HEAETN TOAAWVY Bepatwy tng BloAoyilog Twv putwy.
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OpyaVvioHOi-HOVTEAO KOl AVOPWTILVEG AOOEVELEC '

.

H 16€a va peAetiooupe pla avBpwrivn acBEvela, yLo tapAdeLya TOV KOPKIVO TOU TTAXEOG EVTEPOU, XPNOLUOTIOLWVTOG
v E. coli propel va paivetal mapadoln.

Qotooo, Ta Baoika otadla oTo pnxaviopo emblopbwaonc tou DNA (o omoiog mapouaotalel BPAABEC 0 KATIOLOUG TUTIOUG
KapKivou Tou Ttax€oc eVvtEpou) eival ta idla kot otoug SUo opyaviopouc. Emiong, cuvavtatal kot otoug duo
0pYaVLOHOUC €Va YOVIOLO TTOU EUTTAEKETAL OE QLUTO TO KNXAVIOUO, TO omolo ovopadletol mutl otnv E. coli kat MLH1
oToUG avBpwrouc.

Ta 6edopéva nou pogkuPav amnod tnv aAAnAouxlon tou avBpwrivou yovidlwpatog Exouv dei€el OtL yla mapddelyua,
TA yovidLa ou eUMAEKOVTAL O€ Lo TTOAUTIAOKN avOpwrivn aoBEvela Tou apdLPAnoTpoeldoud Xitwva Tou HaTlou, Tn
HeAayxpwpatikni apdiBAnotposidbonabela, epdavitovv peydAn opolotnta He yovidia tng Drosophila, petaAayEg ota
oroia mpokaAoUv tnv ekpUAlon tou apdLBAnotposldouc.

Opyaviopol-poviéAa Tou XpnoponowovTal
yia tn peAén avBpunwvwy acBevaiwv

Opyawviopsc AvBpumives aoBeveizc

Kapxivog naytog evrépou xar alkos

xapxivol

S. cerevisiae Kapxivog, abwipopo Werner

D. melanogaster AatiEverrg Tou venpekot ouoTipaToes,
KQPKIVOC

C. elegans Eaxyapiodng Ssafrng

D. rerio Kapdiayyoaxic voool
Yivlpouo Lesch-N

(B M. musculus cirvdpopo ctllpavorou X ko mollég

EIEITERD Ao and Tous jxpoopyaviopols mou Eou
yprowonoinBel we povreAa o yevenkn eival o {upopixntac
Seccharomyces cerevisene (a) ka1 1o Baxtripio Escherichia coli (B)

(@) Nyhan, xvorr ivwon),

alec aolévaec



Human genome

L The human genome is the complete set of nucleic acid sequence for humans
(Homo sapiens), encoded as DNA within the 23 chromosome pairs in cell nuclei
and in a small DNA molecule found within individual mitochondria.

O Human genomes include both protein-coding DNA genes and noncoding DNA.
Haploid human genomes, which are contained in germ cells (the egg and sperm
gamete cells created in the meiosis phase of sexual reproduction before
fertilization creates a zygote) consist of three billion DNA base pairs, while diploid
genomes (found in somatic cells) have twice the DNA content.

L While there are significant differences among the genomes of human individuals
(on the order of 0.5%), these are considerably smaller than the differences
between humans and their closest living relatives, the chimpanzees
(approximately 4%) and bonobos. Humans share 50% of their DNA with bananas



1.8 ZOYME ZTHN EMOXH THEI TENETIKHE

Amobekvietal Ot To DNA anoteei
TOV (POPEQ TrC YEVETIKAC MANpogopiac.
Movtého tne dumAnig kg Tou DNA

Twv Watson=Crick.
AnpogiEnovTal MlaTUTTWLan NG XPWUOCWIKTG Avarmuén tng TExvohoyiag Avarmuén
a EuphpaTa Bawpiac Tne kKAnpovokaTnTac. Tou avaouvbuaopévou DMNA. EMAPUOYENY
Tou Mendel. Npoodoc otn HETABIBACTIKS YEVETIKN. ZeKIvA n khwvoroinon tou DNA. g yoviSiwuamiknic.

\ | ~ | : | | : _—

1870 | 1880 | 1890 | 1900 | 1910 | 1920 | 1930 | 1940 | 1950 | 1960 | 1970 | 1980 | 1990 | 2000 |.........
Avakahimrovtal £ava ta euprjpata tow Mendel Emoyn tng poplaxri yeVETIKAC, ZEKIVA TO TIpOYPApMa
Kot ouayeTi{ovTal YE TN oupmEpipopd Katavonan g yoviSiaxnc Ekppacns Tou avBpwmvou yoviSiwpatog kat
TWV ¥PWHOCWHATWY Katd Tr Pelwon. Kl TWV JNYaviowy puBuiorg e, apyiCel va avartioosTal n yoviSiwpatikn.

EIETERTE Xpovodiaypappa Twv onpavtikétepwy e€eMifewv aTn yeveTikr and ta meipduara tou Mendel péxpt tn onpepivry
enoxr otnv omoia avBouv véa nedia, omwg n yovidiwpatikr, Kat n yeveTikn Siadpaparilel ibiaitepa onuavTtikolg péhoug otnv

£peuva, OTNV IATPIKN Kal oTNV Kovwvia yevikdtepa. H yvwon Twv Baoikwv opdonuwy Tng YEVETIKNS Ba oag @avei xprioiun otn
HeAETN auTol Tou BiAiou.



H arokwoOLKomolnon TOU avOpwrivou
YOVIOLWUOTOC NTaV amAd n apxn

e
T T
0 Papes 1451478 59

THE —
HUMAN
GENOME

R ssemican ssiociarie

Nature v. 409 Feb. 15, 2001 and Science v. 291, Feb. 16, 2001



; . a4- 0 o unclassified; 4061; 23,6%
isomerases; 34; 0,5% extracellular matrix proteins; 72; 0,4%

— proteases; 476, 2,8%
/ cytoskeletal proteins; 441; 2,6%

receptors; 1076, 6,3%
storage proteins; 15; 0,1% “'.\

structural proteins; 280; 1,6%
. . asn
‘ ‘ surfacténts, 15; 0,1% / =
cell junction proteins; 67; 0,4% 7
/
/

transporters; 1098, 6,4%
transmembrane receptor regulatory/
/adaptor proteins; 84, 0,5%
transferases; 1512, 8,8%
oxidoreductases; 550; 3,2%

lyases; 104, 0,6%

cell adhesion molecules; 93; 0,5%

chaperones; 130; 0,8%
transcription factors; 2067; 12,096~

phosphatases; 230; 1,3% —.
:‘\\

membrane traffic proteins; 321; 1,9% —

-~

transfer/carrier proteins; 248; 1,4% — 4

— ligases; 260; 1,5%
hydrolases; 454; 2,6% - N ) L /
defensefimmunity proteins; 107; 0,6% ———— o nucleic acid binding; 1466; 8,5%

/ signaling molecules; 961; 5,6%
\ enzyme modulators; 857; 5,0%

-

calcium-binding proteins; 63; 0,4%

viral proteins; 7, 0,09

Recent results suggest that most of the vast quantities of noncoding DNA within the genome have
associated biochemical activities, including regulation of gene expression, organization of
chromosome architecture, and signals controlling epigenetic inheritance.

There are an estimated 20,000-25,000 human protein-coding genes. The estimate of the number of
human genes has been repeatedly revised down from initial predictions of 100,000 or more as
genome sequence quality and gene finding methods have improved, and could continue to drop
further.

Protein-coding sequences account for only a very small fraction of the genome (approximately 1.5%),
and the rest is associated with non-coding RNA molecules, regulatory DNA sequences, LINEs, SINEs,
introns, and sequences for which as yet no function has been elucidated.

Numerous classes of noncoding DNA have been identified, including genes for noncoding RNA (e.g.
tRNA and rRNA), pseudogenes, introns, untranslated regions of mRNA, regulatory DNA sequences,
repetitive DNA sequences, and sequences related to mobile genetic elements.



Single nucleotide polymorphism (SNP)

These are positions in a genome where some individuals have
one nucleotide (e.g. @and others have a different nucleotide

(e.g.a (). Polymorphism

¢ 3\\( / "Poly'¥‘morphe
Although each SNP O

could, potentially, ( y
have four alleles : { )),
(because there are D

four nucleotides), \ M

e ﬂ TEF | oanee

population
| AGATT CATATT '
Normal pagatT CATATT ¢
Carrier  AGATTCAGGCATATT
AGATTCAAGCATATT
TCTAAGTTCGTATAA Single nucleotide
TCTAAGTTCGTATAA (SNP)
y AGATTCAAGCATATT
Disease ,carrcaaccatarr Red 6%

TCTAAGTTCGTATAA



D41 Explain howthe Hardy-'Weinberg equation is derived

The Hardy

both allele: frequenciesin a

population remain constant

~.
”

|

—that is, they are in equilibrium—from
generation to generation unless specific
disturbing influencesare introduced.

Wikipedia

The Hardy-Weinberg law

applied to two alleles 2
‘mother

parental g
gametic ;{A %9
frequencies % J \ =
for alleles piA) J { { a(3)
Aand 2 < W\
father — f_\
! ‘ B —\ ( \,‘ == f )
JUZEy Tt J &Rel’y
v Ao __d 3 e
p{A) p2(AA)

(a) pGiAa) q2(aa)
© 200S Encyclopadia Britannica, Inc.

Consider two alleles 4 and o

A has afregquency of
" rene Therefore p+ g=1

Asthe two alleles are the only
options at that locus

a has afrequency of g

Lets make a Punnet square:
Females
Afp) afq)
A (p) AA (5) Aa (pq)
Males:
a (q) Aa (pq) aa (¢?)

Hence: p? + 2pq + q° =




D4.2 Calculate allele, genotype and phenotype frequencies for two allelles of a gene, using the

Hardy-Weinberg equation

Allele and genotype frequencies can be calculated using the
previously mentioned equations:
p+q=1
and
p?+2pg+q*=1
Example: An estimated 10% of people are left handed. That is a phenotyplc
frequency of 0.1.

They are homozygous for the recessive allele for handedness p?:cl't?:e
guestions
Hence: gri= 1
q — V
= 0 And more

practise

Sincep+q=1, p=1-—¢q
Therefore the frequency of the dominant allele willbe 1 — 0.32 = 0.68
Or 68%



This graph of the of relative frequencies generated by

p? + 2pg + ¢* = 1 can also be used to read off the
values for the allele and gene frequencies

D4 3 State the assumptions tnadewhen the Hardy Weinberg equations is used

Okay, so if:

“both allefe and genotype frequencies in «
population remain constant—that is, they are
in equilibrivum—from generation to
generation”

What must be the underlying assumptions?



Basic Assumptions of the Hardy-WeinbergPrinciple
- All phenotypes equal fithess, no natural selection
Mo mutation

Mo immigration or emigration

Mo genetic drift (infinitely large population)

Mo assortative mating

Of course, at least ane of
thesefactorswillbe acting
onapopulaioninthewild

Concditsom Ancestral population Events Later pogulatson Result

A Hardy- Random mating, Allele frequencias
Wainbarg no migration, genatic do not change.
equilibium drift, mutation, or

natural selecton

Tima




1000 genomes project

 Recent improvements in sequencing technology ("next-gen" sequencing platforms)
have sharply reduced the cost of sequencing. The 1000 Genomes Project is the first
project to sequence the genomes of a large number of people, to provide a
comprehensive resource on human genetic variation.

U The goal of the 1000 Genomes Project is to find most genetic variants that have
frequencies of at least 1% in the populations studied.

O This goal can be attained by sequencing many individuals lightly. To sequence a
person's genome, many copies of the DNA are broken into short pieces and each
piece is sequenced.

O The many copies of DNA mean that the DNA pieces are more-or-less randomly
distributed across the genome. The pieces are then aligned to the reference sequence
and joined together.



May 2011 April 2012
Total variants: 38,144,043 Total variants: 39,692,293

Variants . Variants

unigque - unique
tovl tov3 Results of the new study are based on DNA sequencing of the following populations:
' @ Yorubas inNigeria @ People of Mexicanancestry
@ Han Chinese in Beljing InLos Angeles
1,196,869 2,745,118 @ Japanese inTokyo ® Southern Han Chinese In China
' @® Utah residents with ancestry from ® |berians in Spaln
northern andwestern Europe ® British in England and Scotland
® LuhyasinKenya ® Finnishin Finland
® People of African ancestry in the @ Colombians In Colombla
southwestern United States ® Puerto Ricans In Puerto Rico

® Toscanis inltaly

O To find the complete genomic sequence of
one person with current sequencing
platforms requires sequencing that person's
DNA the equivalent of about 28 times
(called 28X).

O Combining the data from 2500 samples
should allow highly accurate estimation
(imputation) of the variants and genotypes
for each sample that were not seen directly
by the light sequencing.
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Final plnse of 1000 Genomes
Project maps human genetic
variation in open-access
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Magnitude of effect

B Cases

Frequency of minor allele in population

-

Controls

1

Controls

14




/Despite the yield of recent genome-wide \
association (GWA) studies, the identified
variants explain only a small proportion of

the heritability of most complex diseases.

This unexplained heritability could be partly
due to gene—environment (GxE)

interactions or more complex pathways

Qvolving multiple genes and exposures. /




Looking at genes — ~95% of
heritability is missing
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Why to study

GXxE interactions are worth studying for many reasons. If some of the unexplained heritability in
genome-wide association studies (GWA studies) is due to interactions then — rather than
discovering interactions per se — one goal might be to use interactions to discover novel genes
that act synergistically with other factors without having demonstrable marginal effects

The failure to replicate the findings of GWA studies is another goal, as it could provide
insights into disease complexity by identifying sources of real heterogeneity

Taking account of GxE interactions in risk prediction models can have important
implications for both public health and personalized medicine




Queries to deal with

Exposure assessment. Many environmental factors are multidimensional. Most
environmental agents have degrees of exposure intensity that usually vary over
time. Even if an exposure is not time-dependent, the resulting disease risk is
likely to be modified by temporal factors, such as age at exposure or duration of
exposure

Sample size and power. Sample-size requirements for GxE studies can be
enormous. A useful rule of thumb is that the detection of an interaction
requires a sample size at least four times larger than that required for the
detection of a main effect of comparable magnitude

Heterogeneity and replication. When comparing studies that use different
exposure-assessment tools




ENVIRONMENTAL TRIGGERS
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Figure 1 The mechanisms that underlie observations of gene x environment interactions made in epidemiological studies (or gene x
treatment interactions in dlinical trials) likely involve a combination of epigenetic and transcriptional modifications. Although
environmental exposures may be the primary triggers of these perturbations, the phenotypes themselves may also feed back to trigger both
epigenetic and transcriptomic events, thus modulating the expression of disease phenotypes. The figure shows a simplification of how these
processes might fit together. HDAC, histone deacetyltransferase; NCor, nuclear receptor corepressor; MeCP2, methyl CpG binding protein 2.

Franks and Ling BMC Medicine 2010, 8:88
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HEALTHY AGING OR frailty
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mile there are rare geneb\

causes of extreme obesity, the
strongest common genetic
contributor discovered so far is a
variant found in an intron of the

FTO gene. Variations in this
untranslated region of the gene Now, NIH-funded researchers reporting in The

have been tied to differences in New England Journal of Medicine [3] have

body mass and a risk of obesity. figured out how this gene influences body
For the one in six people of weight. The answer is not, as many had

European descent born with two suspected, in regions of the brain that control

copies of the risk variant, the
consequence is carrying around

appetite, but in the progenitor cells that
produce white and beige fat. The researchers
found that the risk variant is part of a larger

Qaverage of an extra 7 poundy genetic circuit that determines whether our

bodies burn or store fat.
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O The human body is

home to a complex
microbial ecosystem.
The  gastrointestinal
tract houses the most
numerous microbial
community (the gut
microbiota),consisting
of approximately 1013
microbial cells
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INTESTINAL MICROFLORA
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L The composition of the microbiota can shape a healthy immune response or predispose to
disease.

L Many factors can contribute to dysbiosis, including host genetics, lifestyle, exposure to
microorganisms and medical practices.

L Host genetics can potentially influence dysbiosis in many ways. An individual with mutations in
genes involved in immune regulatory mechanisms or pro-inflammatory pathways could lead to
unrestrained inflammation in the intestine. It is possible that inflammation alone influences the
composition of the microbiota, skewing it in favour of pathobionts.

L Alternatively, a host could 'select' or exclude the colonization of particular organisms. This

selection can be either active (as would be the case of an organism recognizing a particular
receptor on the host) or passive (the host environment is more conducive to fostering the growth
of select organisms).



The Journal of Clinical Investigation REVIEW SERIES: GUT MICROBIOME
Series Editor: Martin |. Blaser

Host-microbial interactions in the metabolism
of therapeutic and diet-derived xenobiotics

Rachel N. Carmody and Peter . Turnbaugh
FAS Center fior Systems Biology, Hanard University, Cambridge, Massachusetts, USA.

O Collectively, the aggregate genomes of the gut microbiota encode more than 100 times as many
unigue genes as the approximately 20,000 protein-coding genes found in the human genome
and nearly 20,000 gene families

O Owing to its diversity of enzymatic activities, the gut microbiome can metabolize many
compounds in ways that humans cannot.

O The gut microbiome can convert inactive therapeutics and dietary bioactives into their useful
forms.

0 The active compounds — including caffeic acid, ferulic acid, and p-coumaric acid — are
commonly present as ester conjugates in plants.

0 Humans depend on the gut microbiome for the cinnamoyl esterases required to cleave these

ester linkages



LETTER

High-fat-diet-mediated dysbiosis promotes
intestinal carcinogenesis independently of obesity

Manon D. Schulz'*, Cigdem Atay'*, Jessica Heringer'*, Franziska K. Romrig', Sarah Schwitalla', Begiim Avdin?, Paul K. Ziegler™**,
Julia Varga®*%, Wolfgang Reindl®, Claudia Pommerenke’, Gabriela Salinas- Riester’, Andreas Biick®, Carl Alpert”+, Michael Blaut”,
Sara C. Polson'”, Lydia Brandl'!, Thomas Kirchner**!'!, Florian R. Greten®*°, Shawn W. Polson'” & Melek C. Arkan'

doi:10.1038/nature13398

An HFD promotes
tumour progression
in the small intestine

of genetically

susceptible, K-
rasG12Dint, mice
independently of

obesity.

The transfer of faecal
samples from HFD-
fed mice with
intestinal tumours to
healthy adult K-
rasG12Dint mice was
sufficient to transmit
disease in the
absence of an HFD.

Furthermore,
treatment with
antibiotics
completely
blockedHFD-induced
tumour progression,
suggesting that
distinct shifts inthe
microbiota have a
pivotal role in
aggravating disease.
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