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UTO BaAcC XaeT...
http://bio.bsu.by/2017a/

Hanucate scce Ha Temy «llpuaymaiite reHoM OakTtepuu (OpraHusma),
KOTOpasi CMOXKET CIIAaCTH PKOHOMHUKY bemapycu». O0béM acce — g0 25 000
3HakoB. (CpaBaTb B Hal€4YaTaHHOM WJIM HAlMCAaHHOM OT PYyKH BHJIE.
OO0s3areIbHO  JOJDKEH MPUCYTCTBOBAaTh THUTYJIBHBIM JIMCT M CIHMCOK
JIUTEpaTypbl. Icce€ CHAETCS 10 OKOHYAHUSA BCEX MPAKTUYCCKUX 3aHSATHIM.

Hanucars oT4ET 0 mpojelaHHON MHAWBHUAYalbHOU padote. IlonmydeHHbIE B
pEe3yJIbTaTe KOMIIBIOTEPHOTO aHAIN3a JAHHBIC HACTOSTEIILHO PEKOMEHYETCS
IIPUBOIUTH B BUJIC WLTIOCTPALd (BBIpaBHHBAHUM, KapT
MOCJIEIOBAaTEILHOCTE W T.J.) WX TaOJUI], KOTOpbI€ HEOOXOIMMO YMETh
OOBSICHATh U Ha UX OCHOBAaHMHM yMETh JejaTh BbIBOALI. Bcs nHboOpMaius B
otuére noimkHa ObITh TOJILKO HAa PYCCKOM unu BEJIOPYCCKOM sa3bike.
OBA3SATEJIBHO B koHIe oOTuy€ra ClEayeT NPHUBECTH  KPATKYIO
XapPAKTEPUCTUKY MPOAHAIIM3UPOBAHHBIX BAMH OMOJIOTUYECKUX
NOCJIeIOBaTeIbHOCTE, Hamucarh BbIBOA. HeobOxomuMo 1oka3aTth B
OJIEKTPOHHOM Buzge otuér u aHHoTamuio B ¢opMmare Genbank
MIPENOAABATEIIO MMPAKTUKHA, YMETh OTBETUTh HA BOMPOCHI, JI0OKA3aB CBOUMU
3HAaHUSIMH, YTO BCE CcAEMaHO W HamucaHo Bamu. llocie »3toro c
pacrneyaTaHHbIM OTYETOM MPUXOJANUTH HA YK3aMEH (3a4€ET).



I eHOM

= TepmMuH npeminoxeH l'ancom Bunkinepom B 1920
roay JUIE  OIMCAHUs  COBOKYIIHOCTHM  T'€HOB,
3aKJIIOUEHHBIX B raljIOWHOM Ha0OpE XPOMOCOM.

= IeHOM —  COBOKYIHOCTb  HACJEIACTBEHHOIO
Marepuaia, 3aKIIFOYCHHOTO B KJIETKE OpraHu3Ma.



I eHoMUuKa

Genomics 1S “the study of functions
and Interactions of all the genes n
the genome, including their interactions with
environmental factors.”

Collins, Francis, and Alan Guttmacher.
“Genomic Medicine—A Primer,” NEJM, Vol.
347:1512-1520.)

I'eHOMHKA - HayKa, H3y4arollas opraHu3aluio, GyHKIIUN

N 5BOJIIOIINIO I'CHOMOB.



XPOHOJIOTUA PAa3BUTHUA T€HOMUKHU

1975 — ®. Cenrep u He3zaBucumo A. Makcam u Y. I'mnbepr
pazpaboranu MeToasl cekBeHupoBanus JHK.
1977 — CexBeHHUpOBaH IIEPBBIA MONHBIH TEHOM - OakTepuodar

GbX-174 (5368 n).
1980 — BepxoBubiii cyn CIIA npuHsuT penieHHe O BO3MOKHOCTH

IIaTCHTOBaAHUA TI'CHCTHUYCCKHU MO,Z[I/ICI)I/IHI/IpOBaHHBIX 6aKT€pHﬁ, qTo
ITOCJIYIKHJIO OCHOBOM JJIA ITaTCHTOBAHUS I'CHOB.

1981 — CekBenupoBana mutoxonapuanbHada JIHK denoseka: 16569
I1.0.

1982 — OnyonukoBaH penn3 GenBank; ceKkBeHMpOBaH reHoM (hara A
(®pen Cenrep 1 COaBTOPHI).

1984 — CexkBeHMpPOBaH T€HOM BUpyca JmnrerHa-bappa: 172281 1.o.

1990 — 3anymieH MeXIyHapOJIHBIM IPOEKT MO T'€HOMY YEJIOBEKa C
HAMEUYEHHBIM CPOKOM 15 JieT.



XPOHOJIOTUA PAa3BUTHUA T€HOMUKHU

1995 — TIGR mony4uuin nepByro NoCiaea0BaTeIbHOCTh T€HOMA
o0akrepuu, Haemophilus influenzae.

1996 — I1omHOCTRIO OIpeIeeHa MOCIEA0BaTEIbHOCTD FTEHOMA
IPOXIKEH, IIEPBOTO T€HOMA YKApPHOT.

1999 — Kopnoparus Celera o0bsiBHIIa 0 3aBEpIICHUN
CEKBECHUpPOBaHUs reHoma Drosophila melanogaster.

1999 — Ony6nukoBaHa nepBas IoJIHas IOCIEI0BaTEIbHOCTD
OJHOHM M3 XPOMOCOM YEJIOBEKA.

26 nroHsa 2000 — CoBMECTHOE 3asBJICHUE O ITOJHOM
pacuinpoBKe IeHOMa YeJIoBeKa (Ha caMOM JIejIe ONpeIeICHO
98% reHoma).



| HOMUKa
Tpu OCHOBHBIX HAIPABJICHUS:

= CTpyKTypHasi FeHOMUKA: T€HETUYECKOE,
(pU3NYECKOEe  KapTUPOBAaHHUE, CEKBECHHPOBAHHE
T€HOMOB

» DOYHKIHMOHAJbHASA N€HOMHMKA: PYHKIIUH I'€HOB U
HEKOJIMPYIONIUX MOCJIEA0BATEIIFHOCTEN B TEHOMAX

« CpaBHHUTeJbHASI TEHOMHMKA: CPABHECHUE TCHOMOB
PA3JIMYHBIX OPTaHU3MOB. DBOJIIOIIMOHHAS 3a1a4a



I HOMUKA
MHTerparuBHbIe HAIIPABICHUA:

MenauiyHcKass FeHOMHUKa M (papMaKOT€HOMHUKA
Hyrtpurenomuka
CriopTHBHAs TCHOMHUKA

D)THOT€HOMUKA

IlameorenomMuka




«-OM» O3HAYACT «UMEOUUL NPUPOOY»

« «HUcnonvsysa cygguxc ,,-om“, 6vl nokazvleaeme, UmMo
npuHaonexcume K aOCONOMHO HOBOU  YBIEeKAMenabHOU
ooacmu HayKu

Alexa McCray

s «/Ir00u neitmaromes yoeoums OKpyAcarouiux, umo ooaacmo
UX UCCTIeO00BAHUU — CAMOCMOSAMENbHASL OMPACab HAVKU,
U YUMo OHA 3ACTYHCUBAEm 0C0D020 DUHAHCUPOBAHUAY

Jonathan Eisen



ILlenTpanbHas qormMa U -OMUKH

- -»

o

OCHOBHas Uenb:
MOHATb, KaK PYHKLIMOHUPYET XMBOU OPraHn3m



AHHOTAIIMAI MOCIEI0BATEILHOCTH

CCTGACAAATTCGACGTGCGGCATTGCATGCAGACGTGCATG

CGTGCAAATAATCAATGTGGACTTTTCTGCGATTATGGAAGAA
CTTTGTTACGCGTTTTTGTCATGGCTTTGGTCCCGCTTTGTTC
AGAATGCTTTTAATAAGCGGGGTTACCGGTTTGGTTAGCGAGA

AGAGCCAGTAAAAGACGCAGTGACGGAGATGTCTGATG CAA



| AHHOTaAIUA MOCJIEN0BaTECIbHOCTHU

UpeHTUdnunpoBaTb reHbl B
OAaHHOW nocregoBaTeribHOCTU

/ ARK
UpeHTUdpnunpoBaTb

—-  PerynfiTopHbie y4acTku

\

[Mpeanckasatb (hyHKUUIO

AHHOTaUuuA



promoter TF binding site

CDS=Coding Sequence




buounndopmaruka u npuHui Ilupcona

Histone H1 (residues 120-180)

HUMAN KKASKPKKAASKAPTKKPKATPVKKAKKKLAATPKKAKKPKTVKAKPVKASKPKKAKPVK
MOUSE KKAAKPKKAASKAPSKKPKATPVKKAKKKPAATPKKAKKPKVVKVKPVKASKPKKAKTVK
RAT KKAAKPKKAASKAPSKKPKATPVKKAKKKPAATPKKAKKPKIVKVKPVKASKPKKAKPVK
COW KKAAKPKKAASKAPSKKPKATPVKKAKKKPAATPKKTKKPK TVKAKPVKASKPKKTKPVK
CHIMP KKASKPKKAASKAPTKKPKATPVKKAKKK LAATPKKAKKPK TVKAKPVKASKPKKAKPVK

RN EEERREERERE AR EERRERR R EES ERRARS  EEEE ER AR REERRERE . aw

e G (7 v Y 1
NON-CONSERVED D °o,6 °°‘<‘o %, 2 %, %, 0@0%‘0 X
2 i %, 2 %, O
AMINO ACIDS o”b 0”9 e % JG’L 0,,@ % J%,’L
® @ %, ® %, /Lo,_ e
% % %

Kapa Iupcon
(1857 — 1936).



JInziepbl TEHOMHOM PEBOIOLIMH 90-X

My Lord, they
have discovered

the human
qenome!

p.mm hackers
| will have 1o

change the
PASSWOrd now

Francis S. Collins J. Craig Venter

= | 'Ct'l)c New JJork Cimes
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[ eHOoMHKA - OUMOJIOTHU

e BhIsiBIICHUE CTPYKTYpPhl BApHAOEITbHOCTH T'€HOMA - KapTa TallJIOTUIIOB

° CCKBCHI/IpOBaHI/IC I'CHOMOB MHOT'MX BHJIOB

* Pa3BuTHEe TEXHOJIOTHUU CCKBCHHUPOBHHA, 'TCHOTUIIMPOBAHHUA, dHAJIN3ad SKCIIPCCCHUU
I'CHOB, ITPOTCOMHUKHU

* BriBiieHrne BceX (QPYHKIHMOHAJBHBIX JJIEMEHTOB B T€HOME YEIOBEKa (IEHOB,
PETYJIATOPHBIX YYACTKOB)

* BoIsiBiIeHHE BceX OCIKOB B KJIETKE U UX B3aumoaencTeuil (IIporeom)

* Pa3zpaboTrka Mojenell KICTKM W B3aUMOJCHCTBUS KJICTOYHBIX KOMIIOHEHTOB
(Ilesiom)

 BrisBieHne BceX META0OJIMTOB M MOJICIMPOBAHME META0OJMYECKHX ITPOIIECCOB
(MeTab0Js10M)

e PazBuTHEe MareMaTHYE€CKHMX M KOMIIBIOTEPHBIX METOJOB aHajinW3a IeHOMa U
peanu3anuu reneTndeckor nupopmaiu (buonngopmaruka)



[ eHOMHKA - 31paBOOXPAHEHUIO

e BbriaBIeHHE T€HETUYECKMX W BHEIIHUX  (PaKTOpPOB  BCEX
pPacIpOCTPAHEHHBIX OOJIE3HEM

e Pa3paboTka MOAXOHOB K paHHEH IHMAarHOCTHKE M MPO(GHIAKTHUKE
OoJie3Hen

* Pa3paboTKa NOAX0J0B K T€HOTEpaM HACEACTBEHHBIX 00JIC3HENH

 Pa3zpaboTka eKapCTBEHHBIX MPENapaToOB «HAMPABICHHOTO JICHCTBUS
Y TEHOTHII-CIIeM(PUIECKHUX ITpenaparoB (PapMakoreHOMHUKA)

* Pa3paboTka «MOJEKYISIPHON» KIIaCCU(PUKAIIMKU O0JIE3HEH YeI0BeKa



[ eHOMHKA — OOIICCTBY

DTHYECKHUE, OPUAAYCCKHAEC U COLMAILHBIE BOIIPOCHI
(ELSI)

Tyl K TECHETUYECKOW MH(pOpMAllMM W 3alIUTa OT N'CHETHYECKOMN
OUCKPUMUHALIAN  (2eHemu4ecKue  MedCOMHUYecKue  pasiudus,
HAKaAnIUBarOmces. OamHvle 0 Mom, 4mo 2eHvl oemepmunupyiom 10,
CAMOCMOAMENbHOCMb U 3A6UCUMOCMb,  U)YBCMEUMENbHOCb U
MONEPAHMHOCIb K CMPeccam, acpecCUuBHOCMb U CEeKCYalbHOCHb,
CHOPMUBHBLE BO3MONCHOCMU)

e [[areHTOBaHME U JIMIIEH3UPOBAHUE FT€HETUYECKON HH(DOpMALUN

* BbIsiBIcHUE B3aMMOOTHOIICHUA  T'€HETHYECKOTO pa3zHOOOpa3wus,
PAaCcOBOM M ATHUYECKOUN MPUHAJIEKHOCTH

 BoIsiBJIeHHE T€HETUUECKHUX (DAKTOPOB, 00YCIaBIMBAIOIINX OBEACHUE

e I'paHuIlbl OPUMEHEHHUS TEHOMHUKH B HEMEIUIMHCKOM 00JacTu
(KJIOHUPOBAHMUE)



* TexHomornn CEKBEHUPOBAHUS

TexHonormm ceKBeHMpPoBaHMS NepBoro rNOKoseHUs
. Sanger Sequencing
TexHonormm cekBeHUpoBaHNA BTOPOIro NOKOJIEHUS
Roche - 454
Illumina — GA II
. SOLID
TexHonormm cekBeHUpPOBaHUA TPETLENO NMOKO/IEHUS
Helicose
PacBio
Illumina HiSeQ, MiSeq
Ion Torrent
. Oxford Nanopore



DNA Sequencing Cost vs Throughput

Timeline

1000000
/{ |MaXim-Gi|bert(chemicaI) |
| [Sanger (dideoxy) |

s 10000
s T ABI 3700
> ABI 370A . LX o
o ABI 3730X
£ 100 G - lllumina | AG - lllumina |
c
%’_ / / ABI-SOLID
: [Fefscope |
S 1 s | W
‘G I I I " I I | J _ I
S 0.0p01 0.001 0.01 0.1 10 100 1000 10000 100000 1000000
g 1 Automated Fluorescent sequencer 0.01 PacBio i - OF -
'5 (dideoxy) SR,

[ Pyrosequencing (SBS) g y

[1 Sequencing by Synthesis (SBS) A DORS nanopore technology *

3 Sequencing by Ligation (SBL) Estimated Sequencing Throughput (Mb/Day)

*S10M genome x-prize

*100 human genomes in <=10 days
*99.99999% accurate with 98% coverage
*S10K/genome

22
Modified from UBS 2007



Oxford Nanopore Technology

Latest sequencing
technology
announced last
month

Size of USB drive
May drive the next
revolution in
genomics

Whole genome
sequencing in 15
minutes for less
than $1,000
Commercially
available by the end
of this year 23



Bapunauun B reHoMe 4yenoBeka — Single

| nucleotide polymorphisms (SNPs)

+

= ~ 97 % reHoma AByX
YyenoBeYeCKNX ocoben
NOEHTUYHbI

.~ 1% Bapunauumn - SNPs

. ~2% ppyrve uaMeHeHus —
N3MEHEHWE KOJIMYECTBA KOMuN,
aeneuun.

« Cenyac nageHTnpuumpoBaHo
11-12 mmunnmnoHa SNPs



SNPSs MOryT mpuBOJUTH K U3MEHEHHUIO
CTPYKTYpPBI U (PYHKILIMH O€JIKa

Polymorphisms of the Human p,AR

= SNPs npunsoasT K evecnan o o
CbeHOTMI-IMLIeCKMM 4f 79 100 i

35

KadomTE: Transcription
Bd pM d L',Mﬂ M R & Translation

Glycine (G)

-BpoxaéHHas HENMEPEHOCUMOCTD AJIKOT0JIA

(momumoppu3M B reHe, KOAUPYHOIIEM
aleTaJbJAeruaaeruaporeHasy)

-CepnoBHIHOKJIETOYHAS AHEMUSA

Normal HbA ATGGTGCACCTGACTCCTGTGGAGAAGTC
Disease HbS ATGGTGCACCTGACTCCTGAGGAGAAGTC

Normal HbA MVHLTPVEKSAVTA
Disease HbS MVHLTPEEKSAVTA




= According to the analysis, Osbourne
has about 300,000 novel variants, a
figure similar to that of other newly
sequenced genomes.

“One of the unusual things we found in your genome was a
spelling in the regulatory segment of your ADH4 gene, which
metabolises alcohol,” said Dr Nathan. "It could make you more

able to break down alcohol than the average person. Or less
able.”

I used to drink four bottles of cognac a day. I'm not sure I
need a Harvard scientist to get to the bottom of that mystery.



3APaBOOXPAHCHUEC U
* IePCOHAJIM3UPOBAHHAS MEIUIIMHA

« AnarHocTumka, npeackasaHuve m
npefoTBpalLleHme

« PazpaboTka n npumeHeHune
JleKapCTBEHHbIX npenapaTtos
(dbapmakoreHoMuka)



[ IlpuMephl HHAMBUAYAIBHBIX

* JIHK-TecToB

= TecThl HA HOCUTEJIbCTBO
= TecTbl, OLlecHUBAKOIINE PUCKHU 3200/ 1eBAHUS

= Tecrbl, ONCHUBAKIIME OTBET OPraHu3Ma Ha
Te WJIH UHbIE JIEKAPCTBCHHbIEC Nperaparbl



TecThl, olleHUBaKOIIIAE OTBET OPraHu3Ma Ha
¢ WJIM MHBIE JIEKAPCTBEHHbIE NMPenaparbl

Identify Treat
O Responders with drug
.
GCTAGCTGCA
Ge
GCTAACTGCA

netic Test
- e Alter drug d
Identify er drug dosage
at-risk for * Treat with different drug
| ADR

Adverse
Responders drug

reaction




Bap®papuH

LLInpoko VICI'IOJ'Ib3Y€MbIVI aHTUKOArynsiHT

- 3EKT, CBA3aHHbIN C
NO3MPOBKOWN — KPOBOU3IUSAHNS, NMPUYEM MHOrAA
NeTanbHbIE.

. OnpepneneHHble Bapunauun (SNP) B reHax CYP2C9
n VKORC1 HanpsiMyto BAUAIOT Ha NOHBOYHbIN
3(PeKT 3TOro npernapara.

CTaTUHbI e
\\ = ; !

* MIcnonb3ytoTcs AN NOHWKEHNS COAEPKAHUS |2 i
XonecrepuHa. E
e OCHOBHOM MOB6OYHbIN 3PDEKT — MUONATUMN.

» OnpeneneHHble Bapunauun (SNP) B reHe SLCOB1
NPUBOAAT K NO6OYHOMY 3P deKTy




TecTbl, OleHUBaKOIUE PUCKHU 3200/ 1eBAHUS

Individuals in population with varying risk levels

for a disease

Genetic Testing
CGTCGATCGGC CGTCGCTCGGC

* Proactive

monitoring for
i i disease

* Preventive
measures to
mitigate disease

Individuals with disease risk no Individuals with increased risk for
greater than the population risk a disease relative to the general

. . OCCUrrence
for a disease population



Cardiomyopathy risk

nature 2009
§§CIBBtKBS
A common MYBPC3 (cardiac myosin binding protein C)
variant associated with cardiomyopathies in South Asia

Perundurai $ Dhandapany’!, Sakthivel Sadayappan?, Yali Xue?, Gareth T PowelP’, Deepa Selvi Rani,
Prathiba Nallari®, Taranjit Singh Rai Madhu Khullar®, Pedro Soares’, Ajay Bahl®, Jagan Mohan Tharkan?®,
Pradeep Vaideeswar?, Andiappan Rathinavel!?, Calambur Narasimhan!!, Dharma Rakshak Ayapati!2,
Qasim Ayub!*!3, § Qasim Mehdi'®!8, Stephen Oppenheimer!'4, Martin B Richards?, Alkes L Price!>,

Nick Patterson'S, David Reich!®!7, Lalji Singh“, Chris Tylv:r-Smith3 & Kumarasamy Thangaraj4
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[eHOMHas MeanumnHa éyayllero

Lifestyle:

Preventives:

Medications:

Screening:

6. 5 1

SNP 1: GG/GA/AA
n., €= SNP 2:CC/CG/GG
SNP 3: AA/AT/TT
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« YenoBseyeckoe Teno - 10
TPUIIIIMOHOB KNETOK

* Ho mbl HocuM 90
TPUNINMOHOB KIETOK
MWUKPOOPraHn3mMoB

e MHorne n3 Hmux

MHOMBMOYyanbHbl ANS
Ka)kaoro YyernoBseka

Nature 2010



* MeTareHoMUuKa

= MeTareHoMHKa u3y4aeT HaOOp T€HOB BCEX
MHKPOOPraHU3MOB, HaXOAAIIUXCS B 00pa3slie
Cpeabl — Mmemazerom. MeTarecHOMHBIM aHAJINU3
MO3BOJISICT ONPEACIUTh BHIOBOE Pa3HOOOpa3ue
ucciaenyemMoro ooOpasna 0e3 HeoOXOAUMOCTH
BbIICJICHUS u KYJIETUBUPOBAHUS
MHUKPOOPraHU3MOB.






Research Article

Environmental Genome Shotgun Sequencing of the Sargasso Sea

¢

J. Craig Venter,'

i : 1 : 3 2 2 sy ' 73
Karin Remington, John Heidelberg,” Aaron L. Halpern,” Doug Rusch,” Jonathan A. Eisen,” Dongying Wu,

Ian Paulsen.” Karen E. Nelson,” William Nelson,” Derrick E. Fouts.” Samuel Levy.> Anthony H. Knap,® Michael W. Lomas.”
Ken Nealson.” Owen White,” Jeremy Peterson,’ Jeff Hoffman,' Rachel Parsons.® Holly Baden-Tillson,' Cynthia Pfannkoch,'

> . 4 . .
Yu-Hui Rogers,” Hamilton O. Smith'

'The Institute for Biological Energy Alternatives, “The Center for the Advancement of Genomics, 1901 Research Boulevard.,
Rockville, MD 20850, USA. “The Institute for Genomic Research, 9712 Medical Center Drive, Rockville, MD 20850, USA.
*The J. Craig Venter Science Foundation Joint Technology Center, 5 Research Place, Rockville, MD 20850, USA. “University
of Southern California, 223 Science Hall, Los Angeles, CA 90089—0740, USA. °Bermuda Biological Station for Research, Inc.,

17 Biological Lane, St George GE 01, Bermuda.

*To whom correspondence should be addressed. E-mail: jeventer@tcag.org

We have applied “*whole genome shotgun sequencing™ to

microbial populations collected en mass on tangential flow

and impact filters from sea water samples collected from
the Sargasso Sea near Bermuda. A total of 1.045 billion
basepairs of non-redundant sequence was generated,
annotated and analyzed to elucidate the gene content, and
diversity and relative abundance of the organisms within
these environmental samples. These data are estimated to
derive from at least 1800 genomic species based on
sequence relatedness, including 148 novel bacterial
phylotypes. We have identified over 1.2 million new genes
represented in these samples, including more than 782
new rhodopsin-like photoreceptors. Variation in species
present and stoichiometry suggests substantial oceanic
microbial diversity.

environment. Further, we concentrated on the genetic
material captured on filters sized to 1solate primarily
microbial inhabitants of the environment, leaving detailed
analysis of dissolved DNA and viral particles on one end of
the size spectrum, and eukaryotic inhabitants on the other, for
subsequent studies.

The Sargasso Sea. The northwest Sargasso Sea, at the
Bermuda Atlantic Time-series Study site (BATS). is one of
the best-studied and arguably most well<characterized regions
of the global ocean. The Gulf Stream represents the western
and northern boundaries of this region and provides a strong
physical boundary separating the low nutrient, oligotrophic,
openocean from the more nutrient-rich waters of the U.S.
continental shelf. The Sargasso Sea has been intensively

studied as part of the 50-year time-series of ocean physics and






HOW TO MAKE AHTII-'ICIAI. LIFE

‘ ' Entire DNA of Mycoplasma
mycoides, a bug that usually
Iinfects goats, Is decoded.

D

oy B, Synthetic

SYNTHETIC GENOMICS*®

buy fragments
of DNA from a mail ﬁ

order catologue.

Each of the four %
bottles of chemicals

contains a section

of the code.

3 The fragments are put
Into yeast, which ‘stitches’ .
them together, gradually

building a synthetic copy vg -

of the original DNA. n p—

Artificial DNA  Natural DNA

4 The artificial DNA is put into a

recipient bacterium, which
then grows and divides,
creating two daughter cells,
one with the artificial DNA

and one with the natural DNA.

5 Antibiotics in the petri
dish kill the bacterium with
the natural DNA, leaving
the one with the synthetic
DNA to multiply.

6 Within just a few
hours, all traces of
the recipient bug
are wiped out and
bugs with artificial
DNA thrive. New life
has been created.

Graphic by John Lawson

7 Possible uses are bugs
capable of producing cleal
fuels and sucking carbon

S BH dioxide out of the

atmosphere. Also microbe!
capable of mopping up oil
slicks (above) or generating
druas. including the flu vaccine
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