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Npyv N3yv4eHnn gucunniimHbol «buonHdgopmaTuka»



[IlnmaH nNnekKuunwu

e [eHOM, TpPaHCKPUNTOM, MPOTEOM,
MeTaboniomMm. MexaHu3mMbl hopMUpPOBaAHUA.

e [eHOMMKA, TPaAaHCKpPUNTOMMUKA,
npoTreomMmmkKa, metabornomuka.

e MeToobl CeKBEHMPOBaAHUA.

e [lonumepasHaa uenHaa peaxkuua (MLP).

e [eHOTUNUpPOBaHMKE.

e CTpyKTYypa reHoma.

e TUnbI MyTauunn.



KomnbloTepHaa reHoOMuKa

> [lpenckasaHve reHoB B MOCIeA0BaTENIbHOCTAX

> [NpenBaputenbHas aHHoOTauMA MO CXOACTBY
OenkoBbIX MocnenoBaTernbHOCTEN

» CpaBHUTESNBbHLIN aHarnn3 reHomMmoB

» WccnepoBaHue perynsyum paboTbl FeHOB
» [lonck «nponyleHHbIX» FeHOB

» llccnegoBaHne TpaHCMNoOPTEPOB

> [lonHOreHoMHbI aHanus



“Om’'s” uepapxumsa XuUBbIX CUCTEM
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2500 Chemicals : 

2 000 000 Proteins Proteome
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OnpepneneHusn

e [eHOM — COBOKYMHOCTbL BCEW
HacneacTBeEHHOU MHQOPMaUUWU: HE TOSbKO
[€Hbl, HO N MNPOCTPAHCTBO MeXay HUMU
(Bca monekyna [OHK)

® OK30M — COBOKYMHOCTb BCEX [EHOB,
doyHKUMOHANbHO-3Ha4MMaa 4acTb reHoma;
~1.3% oT ero obwero obbema

e TPAHCKPUMTOM — MOMHbIA Habop
TpaHckpuntoB (Monekyn PHK) B gaHHbIN
nepuon BPEMEHWU MPU AaHHbIX YCNOBUSIX




OnpepneneHusn

e [IpOTEOM — COBOKYMHOCTb
9KCnpeccmnpoBaHHbIX OenkoB B AaHHbIN
nepnoa BPEMEHU MNPU AaHHbIX YCMNOBUSX

e MeTabosioMm — KOMMIIEKC BCEX
HU3KOMOMNEKYINAPHbIX MEeTabonmToB C
maccon < 1500 Da

e PeHOM — cymMma (PEHOTUNMUYECKUX 4YepT
opraHu3ma




OnpepneneHusn

e KogoH — Tpounka Hykneotungos B [NHK
nnn PHK, obblvHO Kogupytowas oaHy
aMWUHOKNCNOTY

e CtapT-KogoH — kogoH MPHK,
CUrHanM3upyloLwmm o Hadyane cuHTesa
benka

e Cton-kogoH — koaoH MPHK,
CUrHaNMU3npyoLwmnnm ob OKOHYaHWM CUHTE3a
benka




OnpepneneHusn

e [eH — y4yacTtok xpomocomHou [OHK,
Koaupyrowmnn 6enok mnu yHKUNOHaNbHYH
PHK

e OK30H — bernok-koaupyloulasi 4acTb reHa

e /IHTPOH — He KogupymwLllasa 4acTb reHa

e TpaHckpunt — monekyna PHK,
obpasyetca B pes3ynbsraTte TPaHCKPpUMumn

e CeKkBEHMPOBAHNE — METOA onpeneneHus
HYKNeoTUAHOWN NnocneaoBaTeribHOCTU
monekynbl OHK nnn PHK




Pa3mepbl

e [eHOM — ~3.2 mnp4d. nap HYKNeoTuaos,

N3 Kotopbix ~8% He paclmn@poBaHo

® JK30OM — ~25 TbIC. reHos, ~1.3% reHoma

e TpaHckpuntoMm — ~200 Tbic. MPHK

e [lpoTeomM — >2 MIH. ©GenkoB

e Metabonom — ~2500 metabonutoB W”

~3500 nuweBbIX KOMMNOHEHTOB



Human Genome Project (HGP)

m gggggghﬁﬁglﬁ;ﬂtgenome e, search here 1 9 9 O _ 2 O O 3
About Genomics

Research Funding Research at NHGRI Health Careers & Training News & Events About NHGRI

Home / About Genomics / The Human Genome Project

The Human Genome Project

The Human Genome Project (HGP) was one of the great feats of exploration in history. Rather than an outward
exploration of the planet or the cosmos, the HGP was an inward voyage of discovery led by an international team of
researchers looking to sequence and map all of the genes -- together known as the genome -- of members of our
species, Homo sapiens. Beginning on October 1, 1990 and completed in April 2003, the HGP gave us the ability, for
the first time, to read nature's complete genetic blueprint for building a human being.

https://www.genome.gov/human-genome-project




1000 Genomes Project
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PecdepeHCHbLIN reHOM

e ABCTpaKTHbIN reHOM, CODpaHHbIM MO
pe3ynsrataM CekBeHUpoBaHUA TEeHOMOB
bonbLIOro 4ncna ngen U MakcumanbHO
NPOaHHOTUPOBAHHLIN.

e [IpeacraBnser 13 cebsa NCKYCCTBEHHYIO
KOHCTPYKUWIO, peanbHO He CYLECTBYHLLYIO.
e BbinonHAeT ponb «cTaHgapTa» nNpu aHanuae
reHOMOB BCEX Iogen. cbopke reHoma no
pe3ynsrataM CeKBeHUpOBaHWUA, aHanu3e

MyTauum un T.A4.



PedepeHCHbLIN reHOM YernoBeKa

=2 NCBl! Resources & How To &

Assembly Assembly -
Adwvanced Browse by organism Help
o Send to: -
Full Report Send to: A D 5 1 8 i
GRCh38.p13
P See Genome Information for Access the data -

Description: Genome Reference Consortium Human Build 28 patch release 13 (GRCh32.p13)

Organism name: Homo sapiens (humank

BioProject: PRIMAZI 25T

Submitter: Genome Reference Consortium There ars 244 assemblies for
this crganism

Date: 201902528

Assembly type: haploid-with-alt-loci

Release type: patch

Homo sapiens RefSeq Annotation Report

BLAST the azssembly
Full seguence report

See mors Giatistics report

Assembly level: Chromosome i ory for RefSeq assembly
Genome representation: full
RefSeq category: reference genome

GenBank assembly accession: GCA_000001405.28 (latest)

RefSeq assembly accession: GCF_000001405.29 (latest) B

RefSeq assembly and GenBank assembly identical: no (hide details ) cero AOCTyn Ho
= Only in GenBank: 1 unplaced scaffold (in primary assembhy-unit}

# Data displayed for RefSeq version 244 pasanHblx CGopKM

History (Show revision history}

Comment Related Information =
2 ; : S ; BioProject

he DMNA seguence is composed of genomic sequence, primarily finished clones that were seguenced as part of the Human Genoms Project. PCR

products and W3GES =shotgun seguence have been added where necessary to fill gaps or correct errors. All .. more Genome

Muclegtide IMGTHC

https://www.ncbi.nlm.nih.gov/assembly/GCF_000001405.39

Total ungapped length 2,948,583,725

Gaps between =caffolds 345

Nt : R = PubMed articles for this assembly -
Y = d a7

umBeEr o catiolos = Finighing the finished human chromosome Z2Z
Scaffold NS0 67,794,873 sequence.

Scaffold LSO 16 The DMNA seguence and biological annotation of

human chromosoms 1.
Mumber of contigs 993

Coopka GRCh38.p13 — d¢peBpanb 2019
Genome Reference Consortium Human Build 38 patch release 13




CHESS

CHESS

Comprehensive Human Expressed SequenceS

CHESS 2.2 is a comprehensive set of human genes based on nearly 10,000 RNA sequencing experiments produced

by the GTEx project. [{ieeludac o tatal of 20 280 nraiain cadioc conac and 19 997 IocDMNA cangs Adding antisense
and other RNA genes, C"MCOK AOMMHaHTHbIX reHoB ts. Of these
transcripts, 266,331 re¢

CHESS contains virtual BKJ'I royaeT ,anHble n3 ptein-coding genes
and 2,671 IncRNAs bas 018 Genome Biology
paper (see reference h Refseq (NCBI) n GENCODE (EMBL)

CHESS 2.2 data

42,611 reHoB U 323,258 TPaHCKPUNTOB:
20,352 reHoOB, KOAUpPYHOLWUX Oenku
18,887 reHoB, kogupyrouwunx IncRNA
266,331 TpaHCKpUNT M30()OpM reHOB, KOAUPYHOLIUX Oeriku

Browser.

This file is a table showing all 42,611 genes in CHESS
release 2.2, in a tab-delimited text file with one gene per

CHESS gene list line. For each gene it provides features such as gene ID, chess2.2.genes
type, gene name, source of the annotation, location(s), GFF

http://ccb.jhu.edu/chess/




Human Proteome Project (HPP)

HUi"O

HUMAN PROTEOME ORGANIZATION
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Home > The Human Proteome Project (HPP)
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https://nupo.org/human-proteome-project




Human Metabolome Database (HMDB)

Your source for quantitative metabolomics E R EEEENER

. The Metabolomics
.’ TM IC Innovation Centre | technologies and bicinformatics

: I W\ e L AEl 1 3 3 3 | . A | L] 3
~115 TbiC. METabONUTOB:
~2.3 TbIC. JNleKapCTB U UX MeTabonuToB
~3.7 TbIC. TOKCUKAHTOB W MOMNMIOTAHTOB
~28 TbIC. KOMIMOHEHTOB MWLM U nNUWeBbIX O00aBOK

The Human Metabolome Datc

Welcome to HMDB Version 4.0

The Human Metabolome Database (HMDB) is a freely available electronic database containing defailed information about small molecule metabolites found in the human body
It is intended to be used for applications in metabolomics, clinical chemistry, biomarker discovery and general education. The database is designed to contain or link three kinds
of data’ 1) chemical data. 2) clinical data. and 3) molecular biology/biochemistry data. The database contains 114.180 metabolite entries including both water-soluble and lipid

Tweets oy @WishartLab

soluble metabolites as well as metabolites that would be regarded as either abundant (= 1 uM) or relatively rare (= 1 nl). Additionally, 5.702 protein sequences are linked to & =
these metabolite entries. Each MetaboCard entry contains 130 data fields with 2/3 of the information being devoted to chemical/clinical data and the other 1/3 devoted to . Physiological Reviews =
enzymatic or biochemical data. Many data fields are hyperlinked to other databases (KEGG, PubChem, MetaCyc, ChEBI, PDB, UniProt, and GenBank) and a variety of structure aipiy rev

and pathway viewing applets. The HMDE database supports extensive text. sequence. chemical structure and relational query searches Four additional databases, DrugBank Metabojiie arc b simply e hricks ang

https://hmdb.ca/




CtpoeHune [OHK

o

Phosphate Sugar Adenine (A) Thymine (T) Sugar Phosphate
I . 1T ] 1T . 11 ] 1T ] 11 . 1
H CHy
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1 : I : ]
Adenine nucleotide Thymine nucleotide

Sugar-phosphate
backbone

Key:
Thymine (T)
Adenine (A)
Cytosine (C)
Guanine (G)

Deoxyribose
sugar

I\IIIU

Phosphate

ILTTTTTN Hydrogen bond

Copyright @ 2006 Pearson Education, Inc., publishing as Benjamin Cummings.



TpaHcKpunuus

Growing RNA transcript Template strand of DNA
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e PHK-npoagykT He ocTaeTtca KOMMieMeHTapHO
cBA3aHHbIM ¢ OHK-matpuuen

e [l0 OKOH4YaHUN cKUHTE3a ABOWMHaAA crnupanb
[NHK BoccTaHaBnnBaeTcs

e OaHouenovyeyHaa PHK BbicBOOOXOaeTcs

® CHTe3npoBaHHble PHK — Konun orpaHnYeHHbIX
yyacTtkoB JHK



CnnaniCuHr

5" splice site

PRE-mRNA snRNP




TpaHcnAuus

Growing

polypeptide
chain
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[TpoueccuHr

Mature
insulin

Preproinsulin Proinsulin
+

NH,

2 Signal H, B
i sequence
C ' B A chain | |
S—

dongunHr
OrpaHun4yeHHbIn NPOTEONN3
[obaBneHne cynb@uaHbIX CBA3EN

(IJOO _ COO~
5
Ha—e—H ¢ Hgﬁ—é—H
CH2_0—1|)O (|3H2
O
Phosphoserine
COO~
+ o
H;N—C—H (ﬁ |
O0=P—O
H—C—0—P—0 |
CH, O O |
Phosphothreonine Phosphotyrosine

KoBaneHTHble Moaudukauuu:
- pocdopunupoBaHme

auetTunupoBsaHune

MeTunmpoBaHune

- MuKo3unupoBsaHue




Uepapxma Omic’s TexHOmnoruu

Genomics (DNA- 25,000 genes)
[eHOMUKa

Transcriptomics (RNA - 100,000 mRNA’s)
TpaHCKpUNTOMMUKA

mukpoPHK (2000)

roteomics (Proteins - 1,000,000 proteins)
NpoTeoMuUKa

C Metabolomics (molecules) 2

MeTtabonomuka



Omic’s aKcnepuMeHTalbHble MeToAbl

e [eHOMUKa e [poTeomuka
* BLICOKOCKOPOCTHOE  Macc-cnektpomeTtpusa (MS)
cekBeHupoBaHue OHK (HT- e 2D-renb anekTpodgopes (2D-
DNA sequencing) PAGE)

 benkoBble 4YUnbI

 ABYyrnbpuaHbin aHanus
(Yeast-2-hybrid)

* PEHTreHOCTPYKTYPHbIN

e OOHapyxeHue MyTauumu
* MeToa4 OAHOHYKIEOTUAHOro
nonumopduama (SNP)

TpaHCKpUNTOMMUKA aHanus (X-ray)

* A3amMepeHne reHHou e AnepHbIN MarHUTHbLIN
TpaHCKpUNuuun pe3oHaHc (NMR)
(Gene/Transcript o MeTa6onomMuka
measurement)

. . e AnepHbI MaAarHUTHbLIU
e CepyMHbIN aHanus3 Aep

e30HaHC
akcnpeccumn reHoB (SAGE) 'BeHTI'eHOCT CTVDHLI
e [eHHbIe 4Yunbl PYKTYp
aHanus

* Mukpouunsbl (Microarrays) » KanunsipHbiin anekTpodopes



[IpOoTeOMHbIe NPOEKThI

e [lpoekT «[llpoTeom 4YenoBekay.
Poccua nccneayer 6enkm 18 XpomocCoOMBblI.

e [IpoekT «llpoTeom nnasmbl KPOBWY.
UpentndumnuymnposaHo 6onee 13 Tbic. Oenkos.

[MpoTteom nna3mbl KpoBu Bknw4aet 10 %
BCex OerikoB 4eroBeka.

e HanpeHo 6onee 1000 HoBbLIX OenkKoB-
MULLEHEU ONA CO34aHUA JeKapcCTB.



bnommweHn pgna co3agaHMA neKapcTB

.
< s ng o
=
£ g e e
T PR—
b 18
T e
=
L Te—

¢ GPCR b, MOHHBIE KaHanbl Pasmep 3Hauka HoctoBepHocTb 3D-mopenu

. e Bbicokan
ManeHbkun — 1 + 10 nekapcTtsB YmepeHHas

PepMeHTbI ¢ floepHble peuenTopbl Huskan

\ CpegHun — 11 + 50 nekapcTtB HyneBas

6TP3HC"0PT9PH » Mpoune Bonbwon — > 50 nekapcTs

Overington J.P. et al. Natural Reviews: Drug Discovery, 2006, Vol. 5, No. 12, P. 993-996




CeKkBeHUpoOBaHue

e Metong onpegeneHna HyKNeoTUOHOWU
nocriegosarenbHocTn Mornekynbl OHK

e [IHK MHoOrokpatHo KonupyrTca U
Hape3alTCA Ha KOPOTKUE OTPE3KU

e [lo3BondeTr OOHapyXuUTb MyTauun U
nonmmopdunamel noboro macwrtaba: or
KPYMHbIX XPOMOCOMHLIX MNepecTpoek Ao
OOHOHYKNEeOTUAHbIX 3aMeH



3afgavyn CeKBeHMpoBaHUSA

e PacwumdpoBka HensBecTHbIX [OHK (cekBeHMpoBaHuMe
"de novo")

e BbiaBneHne uHamBmayarnbHbIX OTMYUN KOHKPETHOrO
obpa3ua oT pedepeHCHON nocriegoBaTeribHOCTH
(pecekBeHMpOBaAHUE)

e AHanNn3 reHeTn4yecknx normmopdnamMoB, BKIO4Yas
OOHOHYKNeoTtuaHble (SNP-TunmnposaHue)

e AHanuns3 anureHetndyecknx moandoukaumn OHK
(Hanpumep, nNpodunsa MeTUNMPOBAHUS)

e AHann3 npodouns 9KCMNpPeccunm CeKBeHMpOBaAHUEM
kOHK, nonyyeHHou n3 TtotanbHou MPHK
(QuarHocTuka BUPYCHLIX WU pakoBbIX 3aboreBaHuin)



CTOMMOCTL CeKBEeHUpPOBaHUA

- ey, o e i =3 = ]
Cost per Genome

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

$1K
20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015




Cxema cekBeHMpPOBaHUSA

Human Genome Sequencing

Generating a Reference
Genome Sequence
(e.g.. Human Genome Project)

Genomic DA

Bireak pernooames o
larpe fragments and

imsert inoo clones

COhrdier clones

Break iredividuzl
clones mbo
small pieces

Gemerane thowusands
of sequence reads
and aszembie
seqguence of clone

Aszemble sequesnces
of owerlapping clones
oo establish

referen LR ]
== Reference Sequence

Generating a Perzon's
Genome Sequence
(e.g. Circa ~201&)

i
Y

Genomic DMNA

CTATGOGATECETATTTCGTAAK. . ..

Fieferenoe Sequeemnoe

Ereak peroime
into small pieces

Generate millsons
of sequence reads

Align sequence reads
t establizhed
reference Sequesnoe

Creduce starting
sequence and sdertify
differences from
reference Sequesnoe



AMNnNnpmnKaunoHHbIe TEeXHOJSIOrun

[TlonumMmepasHaa LenHaa peakuus
Kapu Mynnaune 1983 .
HoboeneBckaa npemusa 1993 r.

KomnoHeHTbl [1LIP

e [1HK-maTpuua

e [lpanvmepbl — onuroHykneotuabl annHou 18-30
nu, KOMNMeMeHTapHbIe MPOTMBOMOMOXHbLIM
KOHUaM pasHbix uenen OHK-matpuubl

AHT® — pesokcmpundoHykneosnaTpudocdarhl
(dATP, dGTP, dCTP, dTTP)

e [1HK-nonumepasza (Taqg, Tth)
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Buagb! TLUP

e KonnyecteeHHaa [LUP (INUP B peanbHom
BpemeHu, real-time PCR)

e [1LIP In situ — INLUP HenocpeactBeHHO B
KNneTkax, pesynbraTbl BUOHbI Noa
MWUKPOCKOMNOM

[MTLUP c obpaTHOW TpaHckpunumen —
ncnonb3lyetca npu cekseHuposaHun PHK

e MynstunpanmepHaa NUP —

OOHOBPEMEHHAsA amninukaumsa aByxX U
bonee OHK
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1. OHK dparmeHTupyot u
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2. OHK nponyckalT 4Yepe3 KaHanbl

MOKpPbITbIE npaiMepamum,
KOMMMeMeHTapHbIMU KOHLLaM aganTepoB

3. Uepes a4velky nponyckarT
peareHTbl 4NA AocTpanBaHus
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6. Kaxxaobln pparmeHT
OKa3blBAETCH OKPYKEH

rpynnow MOEHTUYHbBIX
MOMEKY («KnacTepbl»).



(L 10. MoBTOpeHune 7-9
Hy>XHoe vncno pas (50-
300). Yucno uuknos

. GOOTBE‘TCTByeT arnnHe
7. Yepes adellky nponyckarT YTEeHUS.

peareHTbl (bnyopecueHTHO

8. Ha auenky cBeTAT Nnasepom
N NPOBOAAT CLEMKY.

MeYeHble TEPMUHUPOBAHHbIE
dNTP 1 nonnmepasy)

9. Yepes aueinky nponyckaroT
peareHTbl, oTwennaoLme
conyopodop U TepMuHaTop



CTpykTypa reHoma

XpomaTuH
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CTpyKkTypa reHoma

DNA
molecule

Hekogupyrowiaa 4acTb:
- obnactn PHK
- PerynaTtopHble pPervoHbl
- PETPO-TPAHCMO30HbI
- BCeBOO-TeHbI

-1 ap.



dakTopbl 3aboneBaHUU

A systems biology approach using the SOLID™ System .“ §
Discover and Quantitate ,‘ N
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Hacnepyemblie nameHeHmna AHK, pasnunyatorca.
- N0 pa3mepy (ToOYEYHble, XPOMOCOMHGIE,

[EHOMHbIE)

No BNUAHUIO (HEUTpParnbHble, HEraTUBHGIE,

NO3NTUBHLIE)

Nno crnocoby BO3HUKHOBEHUSA (CrnyYanHble,

MHOYLUMPOBaAHHbIE)

- NO BO3MOXHOCTM HacrlegoBaHus
(comartunyeckue, NnonoBsble)

- NO OTKITOHEHUIO OT HOPMbI (NPsIMbIE,
obpaTHble, CynpeccopHbIe)
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MISSENSE MUTATION 3aMeHbl

Original DNA code for an amino acid seguence.

ONM—CATCATCATCATCATCATCAT
bases
--| His H His H His H His H His H His H His }-

Amine acid Replacement of a

single nucleotide.

"
L4

CATCATCATCCTCATCATCAT
- His H His H His HEZTHH His H His H His -

N Incorrect amine acid, which may
produce a malfunctioning protein.

U.5. National Library of Medicine

This type of mutation is a change in one DNA base pair that results in the
substitution of one amino acid for another in the protein made by a gene.

INSERTION BcTtaBku

Original DNA code for an amino acid sequence.

MA—CATCATCATCATCATCATCAT
bases
-- His H His H His H His H His H His H His }-

Amino acid Insertion of a

single nucleotide.

L4

CATCATCATHMCATCATCATCA

==+ His H His H His Thr Ser Ser Ser

Incorrect amino acid sequence, which
may produce a malfunctioning protein.
U.5. National Library of Medicine

An insertion changes the number of DNA bases in a gene by adding a piece
of DNA. As a result, the protein made by the gene may not function properly.

NONSENSE MUTATION HoHceHCcbI

Original DNA code for an amino acid sequence.

bnua—-(‘:AééAééAééAééAGCAGéAé
ases
«4{ Gn H Gin H Gin H GIn H GIn H GIn H GIn -

Amino acid Replacement of a

single nucleotide.

- s

CAGCAGCAGTAGCAGCAGCAG

~-{ Gin H Gin H Gin HIETH
: N

Incorrect seqence causes
shortening of protein.

Protein
1.5, National Library of Medicine

A nonsense mutation is also a change in one DNA base pair. Instead of sub -
stituting one amino acid for another, however, the altered DNA sequence
prematurely signals the cell to stop building a protein. This type of mutation

results in a shortened protein that may function improperly or not at all.

DELETION Oeneunun

Original DNA code for an amino acid seguence.

BMM—CATCATCATCATCATCATCAT
bases
- His H His H His H His H His H His H His |-

Amino acid
Deletion of a
‘;—‘A single nucleotide.

| 1 1 I I L

CATCATCATCTCATCATCATC

~-{ His H His H His Leu Ile lle Ile

Incorrect amino acid sequence, which
may produce a malfunctioning protein.

.5, National Library of Medicine
A deletion changes the number of DNA bases by removing a piece of DNA.
Small deletions may remove one or a few base pairs within a gene, while

larger deletions can remove an entire gene or several neighboring genes.
The deleted DNA may alter the function of the resulting protein(s).
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REPEAT EXPANSION

Original DNA code for an amino acid sequence.

MoBTOpLI

DNA—CATTCACAGGTAATCATGCTA
o2 ATTCACAGG | FTCAI A
~L His H Ser H Gin H Vvai H ile H Met H Leu -

Amino acid

i

— /Repeahed trinucleotide
;

| 1 |} 1 | ] 1 1] 1 I | ] ] ] 1 1 | 1

CATTCACAGCAGCAGGTAATC

\“ (CAG).
v (CAG)

a
L4

~{ His H Ser H Gin HIESTEHESTEH Vai -

Repeated trinuclectide adds a string
of glutamines (GIn) to the protein.

LS. National Library of Medicine

Nucleotide repeats are short DNA sequences that are repeated a number
of times in a row. For example, a trinucleotide repeat is made up of 3-base-
pair sequences, and a tetranucleotide repeat is made up of 4-base-pair
sequences. A repeat expansion is a mutation that increases the number of
times that the short DNA sequence is repeated. This type of mutation can
cause the resulting protein to function improperly.

FRAMESHIFT MUTATION

Original DNA code for an amino acid seguence.

U3meHeHuUe PaMKH
CYNTbIBaHUA

onM—CATTCACACGTACTCATGCTAT
bases
-- His H Ser H His H Vval H Leu H Met H Leu |-

Amino acid

C - lle His Thr Tyr Ser Cys Tyr

Frameshift of one DNA base results
in abnormal amine acid sequence.

U.5. National Library of Medicine

This type of mutation occurs when the addition or loss of DNA bases
changes a gene’s reading frame. A reading frame consists of groups of
3 bases that each code for one amino acid. A frameshift mutation shifts
the grouping of these bases and changes the code for amino acids. The
resulting protein is usually nonfunctional. Insertions, deletions, and
duplications can all be frameshift mutations.

AybnupoBaHue

A duplication consists of a piece of DNA that is abnormally copied
one or more times. This type of mutation may alter the function of
the resulting protein.

Source: http://ghr.nim.nih.gov/handbook/mutationsanddisorders/possiblemutations
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A section of DNA is duplicated.

LS. National Library of Medicine
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