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* Genome maping
* Genome sequencing
* Genome annotations

* DNA arrays and chips
* RNA sequencing
* (semi) gRT-PCR

* Northern blot + hybrid.

* Transcriptional fusions

2D electrophoresis

* Gel-free methods

* Mass spectrometry

* Protein sequencing

* Translational fusional
* Immunodetection

* Enzyme activities

- Chromatography
e Mass spectrometry
e NMR

Structural
genomics

Functional
genomics



= Tovibiwpa: meptAapBavel 6An tnv
nAnpodopia oto cUVOAO TwV

\
XPWHOOWHATWVY TTOU CUVAVTWVTOL | Plant Geno me

otov rmupnva (A Kat €€w amod auTov)
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a‘d Manipulation

= H lovidiwpatikn Emwotipn
(Genomics) €xeL okomo TG TN
EAETN KoL TNV avaAuon oAOKANpwVY
YOVISLWUATWVY
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* Aopkn Tovidtwpatikn (Structural Genomics) - avaAvel tn doun Tou
yovidlwpatog (yevetikny xoptoypadnon, uowkn yaptoypadnon,
aAAnAovxnon). Mmopel va meplhapPfavel TNV  HEAETN  TWV
aAAnAemdpdoswyv petaél yovidiwv (genetic interactions — epistasis)
aAAd Kal yovidbiwv mepipailovtoc (epigenomics)  Avamtuooestal
paydaia

L)

L)

» Zuykputikl Novidwwpatik (Comparative Genomics) - Edappoyn tng
yvwone amod &va  eidoc oe AGAAOUC OpyavIOHOUC (akopo Ko
QTTOUOKPUCUEVOUC EEEALKTLKA)

= OL mAnpodopiec cuAAEyovTal OO OPYOVIOUOUC MOVTEAQ Kol EXOUV
TIPOEKTAOELC OE YEWPYLKA KAl LATPLKA TIpoBAN AT

= AvAAuon Tng oxEong YEVOTUTMOU-palvOTUTIOU



Opyaviopotl Movtela

E. coli S. cerevisiae C. elegans

M. musculus

» Exouv ANB0oc¢ KoWwwV YEVETIKWY LNYXOVLIOMWY KoL LOVOTIOTLWY UETAEY
TOUG KOlL LE TOV AvBpwTtO.

» Elvat ouvatd melpdpato  eAeyXOUEVWY  OLOOTOUPWOEWY Kol
KOTEUBUVOEVNC TPOTIOTIOLNONC YEVETIKOU UALKOU

» Aev eTuAEXTNKAV TUYOLO — Bplokovtal o€ StadopeTikd okaAoTtaTiol TNG
g€eAMKTIKAC aAvoidac.

» Ynidpyxouv TOAAA Bloloyikd SedopEva Kol HEAETWVTOL YLol TTOAAQ
Xpovia



Ta mpwta mpoypappata aAAnAovxnonc

OpyaviIoMOG

E. coli

S. cerevisiae
C. elegans
Drosophila
Arabidopsis
Movrtikt

AvOpwnog

# Tovibilwv

4.288
6.600
20.000
15.000
25.000
~30.000
~30.000

% YovLbilwV pE
yvwoTtn Aettovpyla

60
40
40
25
40
20
20

Huepopnvia
oAokAnpwaong

1997
1996
1998
1999
2000
2002
2001/4



Ta KUPLOL CUUTTEPACUOTO TIOU TIPOKUTITOUV aTtO OAOKANPWHEVA 1 NHLL-
oAoKAnpwHEVA ripoypappata aAAnAouxnong yovidltwudtwy dtadopwv
eldwv, onwc:

" oplBuoc Kkal o TUTTOC TWV yovidiwvy,

" TO MTOCOOTO TWV enavalapBavopevwy akoAouBlwy,
" 1 opydavwaon Kat n 6o TwV YOVISLWHATWYV,

= e&eA€n Toug, Ko

" Ol LEANOVTIKEC KATELBUVOELC TNG EPEUVAC



AvaAuon yovidLwUoTwy

OL €peUVNTEC OTNV TIPOOTIABELXL TOUC va HUEAETACOUV TO YoVIOiwHa €VOC
opyaviopoU evbladEpovtal yio SUo KUpLaL OTOLXELD TOU:

" Tnv eVpeon tn¢ aAAnAouyiog KATA UAKOC OAWV TWV XPWHUOCWUATWY EVOC
arAoelbou¢ yovidLlwuaToc.

" Tnv amokaAvdn ¢ mowkthopopdiag 1  oAAwg 1TNC  LUTIapéng
Stadopetikwv  aAAnAopopdwyv  TIOU  CUVAVIWVTOL  METAEL  TWV
StapopeTIkwY atopwVv tou dlou eibouc n Katl ot SUO OELPEC OPOAOYWV
XPWHOOWHATWYV (av avadepopaote o€ SUTAOELON OpYOVIOUO).

ACGAGTCG ACTGCATCGAATTG
CTCCCCTACTACGTGCTATATGCGCTTACGATCGTAC
GAAGATTTATAGAATGCTGCTACTGCTCCCTTATTCG
ATAACTAGCTCGATTATAGCTACGATG




MopLlakol delktec (Molecular markers)

e [evetwkol Oeikte¢ (DNA, n mpoepyxopevol amd RNA (ESTs) ocuoxetion pe
OUYKEKPLUEVO yovidLa, YEVETLKOUC TOTIOUC, XPWHOCWHATA, TTOAUHOPPLOUOUG,
Ekppaon yovidiwv. Edappoyec otnv BeAtiwon @Outwv ouvdeon e
dOLVOTUTILKA YVWPLOUOTO KOL YEVLKOTEPQ OTN YEVETLKA aVvAAuon - Tautomoinon
bUTLKWV Kal OXL LOVO OPYOVIOUWV)

e Bloxnuikol deiktec (mMpwteiveg, onUATOOOTIKA HOPLA, HOPLOL EVEPYELAC, LOVTQ,
KATL.)

e Zntoupevo n uPnAn e€ebikevon, N eVKOAN aviyvevon Kal n Toutonoinon
* INUOVTLKOTATO {NTOUUEVO N OWOTA TTOCOTLKOTIOlNON KAl N emavoAnyLpuotnta




[TpoBAnpata otnv aAAnAouxnon

Ta npoBARpaTa Tou propouv va tpokuPouv otnv aAAnAovxnon sivat ta
e&ng:
v' T A@On katd tTnv aAAnAouxnon

v" O MOAUMOPPLOUOC TWV YOVISLWHATWYV (eTepoluywTtia) (Suthoeldeic

v' Ot enavalopBovopevec oAAnAouyieg ou evtomnilovtal pe SuokoAia

- GT enavaAnyeic dtaomnaptec oto yovidiwua peyedouc >600 Baoelc.

v' Ta tufpata DNA rtou §gv KAwvoroloUvTal Kol CUVENIWE SEV UIopouv
Kol vot aAAnAouxnBouv

- 1Slaitepa ot eTepoxpwWUATIVIKEC TIEPLOXEC Tou DNA bSev kAwvorotouvtal. Av kot n
ETEPOYPWUATIVN TEPLEXEL TTOAU Alya yovidia amotelel nepimov to 30% TOU OUVOALKOU
DNA.



Noon:

Ta xpwpoowpata ortdlouv o€ TIOAU PIKPA Kol AAANAOETIKOAUTITOMEVA KOUUATLL
Kol KAwvorotouvtal o€ BLBAL0OKeC.

H aAAnAouxnon pmopel va emntteuxBel katd LRkog OAwV oXeSOV TWV KOUUOTLWV.

Adov vnapxet aAAnAosmikaAuvn, eivat duvatn n emavacuvappoAoynon Twv
ETUIEPOUC KOUUOATLWY OTO CUVOALKO XPWHOCWHA

Fovidlwpa

IMAGLO ME EVIV QL
l’ l l l’ l TlePLOPLOMOU H UTIEPAXOUC
0€ MLKPOTEPQ KOJMLATLAL

aaaaaaaaaaaaaa
eeeeeeeeeeeeeeee

=0 ~600 bp



YrioAoyLoTtika epyaleia

YOAOYLOTIKA TTPOYPALUHOTA VLA T l
ouvapuHoAdynon Tou yovidtwuoatog

PHRED, PHRAP, LUCY,
TGICL, CAP3, GAP4

http://seqanswers.com/wiki/Software/list,
http://www.jcvi.org/cms/research/software/

Af—

.ACGATTACAATAGGTT..



AMNAOUYNON YOVLOLWHLATOC

Proc. Natl. Acad. Sci. USA
Vol. 74, No. 12, pp. 5463-5467, December 1977

Biochemistry

DNA sequencing with chain-terminating inhibitors
(DNA polymerase/nucleotide sequences/bacteriophage ¢$X174)

F. SANGER, S. NICKLEN, AND A. R. COULSON

Medical Research Council Laboratory of Molecular Biology, Cambridge CB2 2QH, England

Contributed by F. Sanger, October 3, 1977

ABSTRACT A new method for determining nucleotide se-
quences in DNA is described. It is similar to the “plus and
minus” method [Sanger, F. & Coulson, A. R. (1975) J. Mol. Biol.
94, 441-448] but makes use of the 2',3'-dideoxy and arabinonu-
cleoside ana of the normal deoxynucleoside tripbosrhales,

which act as specific chain-terminating inhibitors of DNA
E(‘)lymerase. The technique has been applied to the DNA of

cteriophafc $X174 and is more rapid and more accurate than
either the plus or the minus method.




Charles Darwin ' ¥ BOVLE]
published “On the = > James Watson and Invention of
Origin of Species by . Fl’.’lI'IC'IS Crick “polymerase chain
means of Natural described the reaction” by Kerry
Selection,” structure of DNA Muliis
1859 [ 1953 1985 Applied biosystems, lllumina,
| Roche Company, Pacific
Invention of single- f.tiregory Mendel Chrammnn}es ar!d Applied biosystems The first draft of Biosciences, Oxford Technologies
lens optical introduced the cancer relationship Sanger sequencing (USA) marketed the “Human Genome Human Genome “Human Genome  Nanopore, Helicos Biosciences,
microscope by |fundamental laws of has lﬁren proposed method was first automated Project” was Project” was Project” was and Solexa launched 2nd and 3rd
Janssen inheritance v Boveri developed sequencing machine lannched reported  offidally completed  generation sequencing platforms
ge equencing p
1595 1865 1902 1977 1987 1990 2001 2003 2004-
1665 1888 1956 1959 1982 1992 2000
“Cell” was described Chromosome” was Levan and Tijo Trisomy 21 was Eluorescence in situ Comparative Massively parallel
by Robert Hooke described by reported the human described in Down | o bridization (FISH) genomic sequencing (MPS)
Waldeyer chromosome sg.fndl"ume by " was developed hybridization (CGH) was developed by
- number was 46 Lejeune was devel 1 Lynx Therapeutics
b 1980
S LR Maxam-Gilbert
.omas Hunt § . ethod
: sequencing m
Morgan showed that 21 was developed

genes are located on
chromosomes



1869 — Discovery of DNA
1909 — Chemical characterisation
1953 — Structure of DNA solved
1977 — Sanger sequencing invented
— First genome sequenced — ®X174 (5 kb)
1986 — First automated sequencing machine
1990 — Human Genome Project started
1992 — First “sequencing factory” at TIGR
1995 — First bacterial genome — H. influenzae (1.8 Mb)
1998 — First animal genome — C. elegans (97 Mb)
2003 — Completion of Human Genome Project (3 Gb)
— 13 years, $S2.7 bn
2005 — First “next-generation” sequencing instrument - 454 Life Sciences
2013 - >10,000 genome sequences in NCBI database



P.Burg, H.Boyer, S.Cohen

1977 bacteriophage ¢X174 (5386bp, 11 genes)

» 1981 mitochondrial genome (16,568bp; 13 prots; 2 rRNAs;
22 tRNAs

» 1986 chloroplast genome (120,000-200,000bp)

» 1995 Haemophilus influenzae (1.8Mb)

= 1996 Saccharomyces whole genome (12.1Mb; over 600 people
100 laboratories)

= 1997 E. coli (4.6Mb; 4200 proteins)

= 1998 Caenorhabditis elegans (97 Mb; 19,000 genes)

= 2000 Arabidopsis thaliana (115Mb, 25-30,000 genes)

= 2001 mouse (1 year!)

K. Mullis




gelval pLa
NAEKTPOVIKA TNyl TIOU TOPEXEL OAOKANPWHEVN TpooPoon o€
nAnpodopiec mou adopolv YOVISLWUATIKA KOl HMETOYOVLOLWUOTIKA
npoypdppato aAAnAouxnong, koBwc kat twv OedopEvwv TOU
TPOKUTITOUV OO aUTA

https://gold.jgi.doe.gov/index

Sludies o8.648 [ GOLD Statistics
Biosamples 199.872
Sequencing Projects 533.907 Statistics
Analysis Projects 393.938 Complete and Permanent Draft Genome Totals in GOLD (by year and status)
Organisms 488.797
Complete Genome Projects
35,000 Il Complete
Il Permanent
30,000 Drafts
25,000
& 20000
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Project Totals in GOLD (by year and Domain Group)

PROJECTS

Projects by Domain
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v Inuepa o€ 31 XWPEC MOYKOOULWE ropdyovtol SeSopéva amd YoVISLWHATIKES
EPEVVEC

v’ 2TOV MOPOKATW oUVOECHO dalvovTal OL XWPES AUTEC, KOOWCE Kat 0 aplOpog Twv
TIPOYPALUATWY O€ KABEUL ATO QUTEC:
http://genomesonline.org/cgi-bin/GOLD/index.cgi?page requested=GenomeMap
v  H.M.A: H xWwpo. LE TO TTEPLOCOTEPQ YOVIOLWHATIKA TIPOYPALLUATO. (KOTEXEL TO
npoBadiopa pe dtadopd amo Tig urtoAouneg, > 3.000 mpoypappata)

v" AkohouBouv to H. Baoiheto (~ 250 npoypappata), n lanwvia (~ 200
npoypappata) kot n FoAAio (~ 200 mpoypappota)

v Metafl TwV ONUAVTLKOTEPWV KEVTPWV aAAnAolxLong epthapBavovtal ta: JGI
(Joint Genome Institute), JCVI (J. Craig Venter Institute), Broad Institute
http://genomesonline.org/cgi-bin/GOLD/index.cgi?page requested=Statistics




Major Sequencing Centers for Plant Genomes

Major Sequencing Centers for Plant Genomes

@ DOE Joint
Genome Institu...

@ Beijing Genomics
Institute (BGI)

@ Kazusa DNA
Research Instit...

@ Huazhong
Agricultural Uni...

@ Association
Nationale Rech...

@ CEA Genoscope

@ University of
California, Davis

@ University of
Exeter

@ All Other

Fig. 3: Geographic distribution of the submitting institutions for 798 plant genome
assemblies.

Sweden _. ®
Ganad ) 1 @® . Finland .
anacd United Kingdom —_Denmark G Russia
@ ermany
__——Poland
Netherlands Czech Republic
Belgium 3 Switzer /austria
3 France Lzeridm South Korea
USA 90 - ! ;
Portugal ~ Spain Haiy .Turkey China ® Japan
Assembly count ® Nexi Saudi Arabia @ Banglades.h Q',I'aiwan
O 50 lexico
Oman  |ndia AP d.
O 100 . allan °
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O . i,
Colombia Singapore
- >
Domestication status Brazil
[ Domesticated
Il cuttivated ) Australia
B Feral Aggemma
[ Natural commodity Chile
o A ®
Wild relat
5 W:Id relative New Zealand

Circles are scaled by the number of genome assemblies produced in each nation and coloured by the relative proportion of domesticated, cultivated, feral,
natural commodity, wild and wild relative species sequenced.
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The number of genomes
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Trends in Plant Science



OL npwTec amonelpec aAAnAouxnong
HoplwV XapaKTNpLoTnKaV wg
"AAAnAouxnon 1nc yeviacg" - 1st Generation
Sequencing,

OTNV CUVEXELO EKAVAV TNV EUPAVLION TOUC
TEXVLIKEC 2nc¢ leviac -2nd Generation
Sequencing

Kall TEAOC 3n¢ 1 «Emouevnc leviac» - Next
Generation Sequencing ol oTtolec onpepa
xapaktnpilovtal ano tn duvatotnta
otk ¢ aAAnAouxnong, vPnAng TtaxvTNTOg
aAAQ KUPLWCE aTto XAUNAO KOOTOC




First generation Second generation Third generation

(next generation sequencing)

v 1

Sanger sequencing 454, Solexa, PacBio
Maxam and Gilbert lon Torrent, Oxford Nanopore
Sanger chain termination lllumina
Infer nucleotide identity using dNTPs, High throughput from the Sequence native DNA in real time
then visualize with electrophoresis parallelization of sequencing reactions with single-molecule resolution

500-1,000 bp fragments ~50-500 bp fragments | | Tens of kb fragments, on average

Short-read sequencing Long-read sequencing




AAANAoUxnon xnukng dtaomaonc Maxam- Gilbert

H texvikn Baoiletal otnv xnUikA dldomaon evog entonpacpévou popiov DNA oe
OUYKEKPLUEVEC BETELC OTIOU UTTAPXEL adevivn, youavivn, Kutooivn r Bupuivn.

Meta amo autn tn HEPLKN dLaoTaon €XOUUE v cUVOAO padLEVEPYWV
Bpavopatwy, Stadopetikov peyeBouc. Enetta and nAektpodopnon o€ TtleA
noAvakpuAapdiov kot avtopadloypadia dtaxwpilovtal AUTd T LOVOKAWVA
Bpavopata Katd HEyeOOC.

3l
afy & v+ Polynucleotide kinase
w-p-2-0 0 YVVYHY » w-pp 2 YYVVY

NNNNN NNNNN

[y-%PJATP 'end of oligonueleotide ADP P Labeled oligonucleotide




H &dudomnaon yivetal pe avtdpa- Figure 4A.4 Sequencing an oligonucleotide by the

OTAPLOL T OTIOLOL TIPWTOL EKTEAOUV B

TNV Tpomornoinon tng faong, R
EIT[E,LT(I aT,[Op'aKpL’NOUV TI’]\{ B('IOT] Wmeparailon of homogeneous
Qo To oAaKXapo tnG. To ocakxapo *ehgleet wn B

TIOU €lvol EKTEDELUEVO TOTE OTIAEL.

o Addition of *“P as 5’ phosphate

"ATTGAC[TTAGCC

o Cleavage at specific nucleotides

Ta Opavopota and TLC TECOEPLC Seva .
, , G reaction |A reaction, |T reaction, |C reaction
avtbpacelg nAektpodopouvtal Kot with some | with some
r ’ ' G cleavage |C cleavage
ETELTA OTTTLKOTIOLOUVTOL LE EKeEO'r] '_ (underlined) (underlined)
O€ OKTIVEG X yla TNV avayvwon Tng eSS mEmne N e
aAAnAouylac. . = A -
el o Electroehoresis
- {I::sg;;‘) o Fladioauitography
Chemical breakdown wow. U -
oligonucleotide —» 12| —— —— ——

Purines Pyrimidines

DMSO + Plperldlne Hydrazme + Plperldlne
ACIdIC ) R d
o] m o

¢ Cleaves ¢ Cleaves at ¢ Cleaves ¢ Cleaves at
specifically GorA specifically CorT

at G at C From Mathews and van Holde: Biochemistry 2/e. © The Benjamin/Cummings Publishing Co., Inc.

T NBAENDN®E© S




MeBoodoc Sanger

H 66€otu peBodoc 1 peEBodoc teppatiopol 1TNG
aAvoidac (chain terminator 11 aAwg pEBodOC
Sanger).

To kAewdbt t™ng pebodou eivat n xpnon OwbEotu-
voukAeoTidlwv (ddNTPs) yia tov TEPUATIOMO TNG
aAvcidac tou DNA.

Amntauteitatl pio povokAwvn aAvoidba DNA w¢ kadourtt
(template), ¢€vac ekkwntng (primer), picc DNA
nmoAuvpepaocn, padloonuoocpeva n  PpOopilovia
Frederick Sanger VOUKAgOoTiOLa Kol TpoTomolnuéva VoukAgotidla mou
Teppatifouv tnv emunkuvon tou DNA.

To Selypa tou DNA Suatpeital og 4 Eexwploteg avidpaoelc aAAnAouxnong, mou n
kKaBepia eplexel ta voukAeotidia (dATP, dGTP, dCTP and dTTP), tnv moAupepdon
Kot eva aro ta 4 dideotuvoukAeotidia (ddATP, ddGTP, ddCTP, ddTTP), ta omoia
otepouvtoal tne 3'-OH mou amaltteltol yio To oXNUATIoNO Tou pwododleoTtepLkoU
deopoU petall Vo voukAsoTidlwy.


http://en.wikipedia.org/wiki/Hydroxyl

(a)

AikA\wvo  [@eCGATGTACGTICTAGGS® *|

DNA [* *GCTACATGCAGATCCe e

Anuioupyia povokAwvng
HATPAG

\

¢ s GCTACATGCAGATCCe ®

MpaypaTonoinon Teocoapwv
avTIdpAacewV

v

NoukAgoTIOI0 A

dATP

\ dTTP
Meiypa 'vou- ddTTP
KAEOTIOIWV dGTP
dCTP

MpooBnkn DNA
NOAUMEPAONG

v

T

dATP
ddATP
dTTP
dGTP
dCTP

!

dATP
dTTP
dGTP
dCTP
ddCTP

dATP
dTTP
dGTP
ddGTP
dCTP



¢ e GCTACATGCAGATCC e o|]e s GCTACATGCAGATCCe ele e GCTACATGCAGATCC o eJe e GCTACATGCAGATCC e

(B) TGTA TGTAC
[FeCGATGTACGTCTA] TGTACGTC TGTACG

| | [ e CGATGTACGTCTAG]
* e CGATGTACGTCT FeCGATGTACGTCTAGG)
e —— | J
EkkivnTng l l -
(v) T L ]
= | c°©

Ta npoiovTa kabe - T 4

avridpaong avaAvovrar | __ — A G

o€ pia oThAn evog — C

NNKTOHATOG - L T G

NOAUGKPUAQUIBNG = —|,c A

A T G Cc

Avayvwapévn aAAnAouyia
ACATGCAGATCC




Ta tpupwodopika 2’, 3 -6tbsofuvoukAeotidia (AANTPs) pEpouv udpoyovo
avti udpofuliovotn B€on 3 tng deokuplBoOINC To omolo sival anapaitnto
yla vat dSnuoupynBet o pwododleotepikog Seouoc.

O 0O O 0O
Lo I
0=P-P-P-0 , 0=P-P-P-0
Lo Baon |1
O 0O OO0O
AwbeoéuvoukAeotidlo (AANTP) AcofuvoukAeotidlo (ANTP)
®)
P)
ddATF

H
ddATP terminates synthesis
because the 3’ H cannot act as
nucleophile in phosphodiester
Primer bond formation.

strand

Template
strand



Primer: e e | e

dTTP dTTP dTTP

GGC GGCCATCG
CATCGTTGA GGCC GGCCATCGTTG
GGCCATC

i

Q
]

apsBao=E-aar»

Template: ~3' ———— CCGGTAGCAACT ——— 5’

dATP dATP dATP
dCTP dCTP + ddCTP dCTP dCTP
| dGTP dGTP dGTP + ddGTP dGTP

GGCCAT
GGCCATCGT
GGCCATCGTT

_ Sequence complementary
to template DNA

05

=)




DYE TERMINATOR SEQUENCING

To 1998 kukAodpOpPNOE TO MPWTO EUTIOPLKA SLAOECLUO QUTOUATO CUCTNHA
avaAvong aAAnAouyiog Baocewv.

?m i E-:wn;'ﬁ Bsofupiovouxheotidia ?»amcupamhmwm * Every ddNTP labelled with different
ahvoibda-gxpaye -3 pBopoonpacyiéval) .
5% G- fluorescent dye — all together in one
T s ATy, reaction
G = 5 dCTP
G ddCTP
< (N on ddTTP
T o0 DNA [ gorP | ddGTP * Separation by size in capillary —
C .
G @ \ \ fluorescence detection
A
A W
A
3! A m H
KarsvBuvon)
kivnongrwy
DNA Inpaopévec ahuoideg 3 ahucibuw : Inpacpévn alvoiba pe To péyiaTo prikog
€ (ahoiba-gxkpaysio) ddG Y
T ddA A
G C C AviyveuTric
A - T T T
P G G G G
T A A A A
T A A A A Aalep ‘-
g o d-d{CS ‘(1-:-" (é (c'J (C; CC; (é E " Inpaopévn ahuoiSa pE 10 EAAYIOTO PiKOG
A T- T- 4 T4 T3 T- T- T- -
¢ 64 G6- 6 G- G6- G- G- G- G- k?r:?h?:oﬁ?::——g k
A T- ™ T4 T4 T4 T- T- T- T- e
yI-A 7 T4 14 4 4 14 14 T4 71 e | 28 A
Mikporepn Meyumtepnl s s S —
G —_—
A
Tehevuraia faon A i
mealvoidagpe | G §
To eMdyioTo prikog - C




Overview of whole-genome sequencing by conventional sequencing

method

Small genome (~10 Mb)

[ Genomic DNA J Large genome (>100 Mb)

Generate many
short fragments for
cloning

N

Sequence each
clone

J

v

BAC library

v

7

Mapping BAC
clones (FPC
Fingerprinting)

v

\

Selecting an
individual BAC clone

i

)

\

Shotgun clones
(derived from selected
BACs) clones)

J

v

P

|-

Shotgun sequencing

)

v

v

|

Assemble DNA sequence
(ex. CAP3, PCAP)

|

v

Bioinformatics (Annotation

—ex. GLIMMER, GenMark,

GO, FGENES)




H avaAvon tn¢ aAAnAouyiac evog peyalou yovidlwpatoc nAoUoLou o€
emavaANP el Onwe to avBpwrivo, pmopel va yivel pe dUo TPOMOUC
(International Human Genome Sequencing Consortium, 2001)

Human Genome Project

Launched in 1989 — expected to take 15 years —
— Competing Celera project launched in 1998

Genome estimated to be 92% complete
— 1st Draft released in 2000
— “Complete” genome released in 2003

— Sequence of last chromosome published in 2006

Cost: ~S3 bhillion
— Celera ~S300 million




Shotgun: ta emwoAvumtopeva tuApnato DNA mou kAwvormolouvtal,
MPOKUTITOUV tu)aia amo omdotpo svBepdtwyv BAC i oAOKAnpou tou
yovidlwpatog pe tn fonbeta umepnxwv N HEPLKWV TEPEWV HE EVIVUAL
TEPLOPLOUOU (OTIWC aKPLBWE Ll KAPOUTIIVOL XTUTIAEL [LE TOL OKAYLAL TNG
o€ TIOAAQ onUELa).

Genomlc DNA

e ——————————————————————————————————————————————————— ————————————
ACGATCGATCGATCGTAATTTATAGCATGCTAGCTACTGACGGGCOTTTTACGGCGTTAGATATATATCGATC GATCGATGCTATATAGCGTGACTGATCGTAGCTGTAGCTAG CTGTAGCTAGET
Genomlc Sequence



lepapyLkn Tunuatikn» avaivon ("hierarchical
shotgun sequencing" approach

* Avadepetal Kal w¢ «Baoclopevn oe xaptec» (“map-based"), «Baclopevn
oe BAC» (“BAC-based") n «kAwvo — kAwvo» ("clone - by - clone").

e Juviotatal otn dnuloupyia Kal opyavwon €vog cuVOAOU KAWVWV UE
peyada €vBeta tuApata (ouvnBwg 100-200 kb to kabBeva)
TOMOBETNUEVWY 0E PUOLKOUC XAPTEC TTOU KAAUTITOUV TO yovidlwpa Kol
KOTOTILV OTNV TUNMATIKA avAaAuon KATtAAANAQ ETUAEYUEVWV KAWVWV.

e E€alpetika akpBnig, aAAd xpeladletal xpovo Kat ivat darmavnpn



Anpoupyeitat pa yovidtwpatikn BLBALoOnkn o BACs (ocuvnBwg
100-200 kb to kaBeva).

Anpoupyeital xaptng amo enkaAuntopeva BACs.

Entidéyovtal 6co 1o Suvatov Awyotepa BACs yia tnv TANRpenN
kKAAun Tou yovidLwpatoc.

Ta BACs omnalouv o€ koppatio peyeBouc ~2 Kb rmou
kKAwvoTrtolouvTal o€ MAaouidLa.

AkoAouBel aAAnAouvxnon ota mMAaopidla pEXpLS O0tou emtteuxBel
ua 10mAaota kaAvPn touv BAC peow aAAnAouxnong.

Cloned genomes

Multipde genomes are theared
o variable sized segments

Unoedered sequenced
regments

Computational automated
assembly

Aesulting overlappng sequence
segments. {The higher the
coverage the better the quality
of the sequencing

Overlapping sequence wegments
combined to construct the
GENOME CONSEMAL




MeBodoc Tuyatiac mpoomeAaonC oOAOKANPOU YOVIOLWLATOCY,
(whole - genome shotgun) amo tov J. Craig Venter.

XpnowomownOnke amd tnv Wwwtkn etopeia Celera: OAOkAnpo TO
yovidiwpa omalel Tpelg GopEC YL VAL KATOLOKEUOOTEL:

* Mot mAaopdlakn BiBALoOnkn pe evBepata™ 2 Kb. Xpnowpormnoleital
ylo. 6rAdota KAAU YN Tou YOVIOLWHOTOC

* Mwa mAaopdtakn BLBALoBNkn pe evBepata ~ 10 Kb.Xpnowuomoleital
yLat 3rtAdola kaAun Tou yovidLwHoToC

* Mt BAC BiBAoOnkn pe evBepata ~ 200 Kb. Xpnoluormoleital yla
Lovr) KAAUn Tou YOoVIOLWHOTOC

Xpnowuomotlovuvtal evoepata dtadopetikwy peyebwv emedn Bonbave
oTNV CUVOPUOAOYNON TUNHATWY HETOED TWV OTIOLWV UTIAPXOUV KEVAL.



OAwkN MNOVISLWHOTIKA ZTPATNYLKA

Contig A : \ ContigB
AN TN TN RO

Aoylknl cuvappoAoynong yovidlwpatikwy dtafacpdtwy amnod BLBALoOnkec
SLoPOPETIKWY EVBEPATWV: ZTNV KATW OEPA paivovtal ot
ouvappoAoynoelg oo ta evBepata Twv Ukpwyv BBAoBnkwv (2 kat 10 kb)
omote €xouv tpokuPel Suo aveéaptnta contigs (A kat B). Map’ 6Ao rov
autd Oev €xouv evwBel og éva contig n aAAnAemikdAvdn tou KABevoCg e
Ta SVo dkpa amod tov kKAwvo 200 kb (mdvw oelpd) pag emitpénel va
KataAdBoupe OtL amoteAoUV HEPOC EVOC CUVEXOUEVOU XPWHOCWLLOTLKOU
TUAHOTOC, SNAadA paG EMITPEMOUY TNV KAAUTEPN cuvappoAdynon.



H oAokAnpwpevn aAAnAouyia evog tpnpatoc DNA npocdlopiletal peow
TNG CUVAPHOAOYNONG ETILKAAUTITOUEVWVY aVOyVWOoEwWV aAAnAouyiac.

(a) Avayvéoeic aAknAouyiac
Avayvmon 1 [CACATACACATGG |

Avayvwon 2 [TCAATGGCGGCTAA |
Aviyvwor 3 |[AGCACGGA G
Avdyvwon 4
Avayvwon 5 [GGGCTAATGATTIGICAC |

Aviyvwon 6 [TGATTGTCACATA]

Aviyvaaon 7 [ATTCATGAAGCACGGA|

Avéyvwon 8 [GTCACATACACATGATCAATGGGG]

lzumppahﬂmnr\ avayvioewy adiniouxioc e m Ponfaa unohoyviom

(B) 7ATTCATGAAGCACGGA |
3[AGCACGGACTTGTCACATACACATG]
B[GTCACATACACATGATCAATGGGG]
2
5[GGGCTAATGATTGTCAC]
6[TGATTGTCACATA]
1 [CACATACACATGG |
4ACACATGGAAATA|

lzuvuppnhn'm pévn akkniouyia

) ATTCATGAAGCA ACTTGTCACATACACATGATCAAT TAATGATTGTCACATACACATGGAAATA




Hierarchical shotgun sequencing

Whole-genome shotgun sequencing

of saquence reads

Construct | e memona'eay Production of over- | o ol oo oo o o -
SO0 TP | cronsktoa saermennr 1| 1APPING clones (e.g.  pEESSSSSLT TISSs
and select ACTOOGKTCCTAC] GEATTARAARCTA| mans - e mm e mmem e e
mapped | seacomaTaocer) cerraaarcan xres| BACS, YACS) and i S e
clones o] mascackzcacas| xor] . ST LTS TULST
aarcoamomt] aeecomen cox| construction of e R mE S - S

) ¥ physical map SR S i TS S

Generate e S5 SE M I : s SR e S S=S=D
sl =S =7 Z=Tmmms | Shearing of DNA T RESUESIEC S TRIET
USEN - —— - - . -
sequence = == —mmem=== | and sequencing of E=% TS SmSemm T ==
rﬂﬁl:js [ e e =-=== --=|--------------
done | == == _====— | subclones F TN LT R XL ¥ AT

Green (2001) Nature Reviews Genetics 2: 573-583

,.i}rf
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Nature Reviews | Genetics



2UyKpPLON 2TPATNYLKWV

O Melovektripata kol Twv 2 peBodwv slval OTL MAVTA UTIOPYXOUV
ETEPOXPWMOTIVIKEC OCUUTIUKVWHUEVEC TIEPLOXEC TIOU €ilvatl aduvarto
va KAwvorolnBouv, Kal KATOLEC KAWVOTIOLNUEVEG TIEPLOXEG
avaocuvdualovtal i XAVOUV TUNHOTA TOUG

d Me tnv mapodo tou xpovou, amodeliyOnke OTL T TMEPLOOOTEPA
EPELVNTLKA KEVTPpA Katadevyouv ma otnv WGS nmpoogyylon mou
elval o ypnyopn kat rtito ¢onvn.



OL avayKeC KL T EPWTNUATA ALEAVOVTOL:

Xpelaletal va yivel yvwotn n Asttoupyia 2500 yovibiwv ya va
KatavonBel To MPpoKaPUWTLKO yovidiwua

H avaykn ywa OUVOAMKEC avaAUoelG odynoe otnv OVvATTUEN
Loxupwv nAatdpoppwv (high-throughput platforms).

Mua yoviduwpatikn mAatdoppa uPnAng avaluong meplAapBavet:

" QUTOMOTO pNXovAMOTO Yyl mapaywyn Ttunpatwv DNA yua
aAAnAouvxnon,

" QUTOMOTO avaAutr aAAnAouxiag

= Kot MARBo¢ uTtoAoyLoTIKwY HEBOSWV yLla va cUAAEXBoUV Kol va
eneéepyaocBolv ta dedopeva



AMNAoUXNoN enopevnc yeviac (Next
generation sequencing-NGS)

e Ta teAevuTaia Xpovia €Xouv TipayUaTonolnNOel emavaoTatikeg e€eAifelc
OTL{ TeXxvoloyiec tng aAAnAovxnong tou DNA pe tnv Xpnon twv
TEXVIKWV  aAAnAouxnong emopevng yevwag. Ot peBodol NGS
ETUTPEMOUV TNV aAANAoUXNOoN EKATOMUUPLWY BAoswv o€ €va yUpo, o€
gvo. KAAOMO TOU KOOTOUC Of OXeEon HE TIC TIOPOAOOOLUKEC
aAAnAouxnoelc pe tn nEBodo Sanger.

* JAMepa, eival ePplktd va aAAnAouxnBouv Ta TEPLOCOTEPO PUTLKA
yovidlwpata (pe e€aipeon ekeiva pe MOAU PEYAAO Kol TTOAUTIAOKO
YOVLOLWHO) HE EVal OXETIKA ULKPO TMpoUTtoAoyLopo, cuvdualovtag TLG
texvoAoyiec Sanger kat tig NGS.



First generation Second generation Third generation

(next generation sequencing)

=

w il e

Sanger sequencing 454, Solexa, PacBio
Maxam and Gilbert lon Torrent, Oxford Nanopore
Sanger chain termination lllumina
Infer nucleotide identity using dNTPs, High throughput from the Sequence native DNA in real time
then visualize with electrophoresis parallelization of sequencing reactions with single-molecule resolution

500-1,000 bp fragments ~50-500 bp fragments | | Tens of kb fragments, on average

Short-read sequencing Long-read sequencing



1st Generation 2nd Generation

DNA sequencing Massive Parallel
sequencing

A

3rd Generation
Single Molecule
sequencing

1 !

| 'r Hal

lcos

llqldﬂl'lﬂﬁr

Solexn Gonoma Analyzor
ABl 50LID sequancar

Flucrescent Emulsion PCR

Singlesmolecule

Virtual terminator
nucleotidos

« . Dyo Capiilary Hu::mn i.l.'-ntnuérn real tima (SMRT)
angar, alectrophorasis omplato
Chaln l:ﬁrrrlhirla'llun ph PacBlo
1883 1987 l 1096 2002 2004 2008 i AL
L L o
1977 I 1085 1000 T 1898 2003 T 2008 ndn T 4
Hyrdn, P.1.
Mulilis, K 454 G5-20 1000 Sanomos
of af I;I:H WyTOAG Lanchng Pyredaquoncar Praojoct T
Firat Autamatic Caplilary
sequencer ABI 370 30qUONCOTS Reversibie I
terminater L
chamistry il
Cost per Raw Megabase of 2001 2003 2006 2007 2000 2011 2013 2015
DNA Sequence in US Dollar $ $ § § § § 5 §
5.292 2,230 TE8 2897 oLTE 0Log 008 0.014
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H g€€ALEn TNC avtopatomolnuevng mapaAAnAng aAAnAouvxnong

_______

Sequencing technology SOLID 5500

Completion
of Human

Genome
Project

Whole Genomes
Sequenced ina

Launch of 1000
Genomes

Genome Analyzer Project

lon Torrent ;
(Solexa/lllumina) MiSeq

3 lon Proton

454

SOLID

]
|
|
: |
1 (Roche) m Applied Bio " :
L.
; \ - |
! ,_3 e g = |,
I ' I . ' : l
. \ ' 7’ \ LY - PacBio \ I
K |
1 3 M J e v W IR
I L] E J Ll Ll Ll Ll Al L) I
2003 2005 2006 2007 2008 2009 2010 2011 2012 2013
year
~$3B » $100M » S$15M & S40K®» S10K === $5K & S$4K » $S1K?*

cost per genome

Cost per Genome

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

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



Sequencing the Human Genome

nature 2001: Human Genome Project
it 2.7G$, 11 years

-
o
1

2007: 454
1M$, 3 months

0]
1

¥ | 2001: Celera S 5008: ABI SOLID
100MS$, 3 years 60K$, 2 weeks

® 2010: 5KS,

. a few days
2009: Mlumina,
Helicos
40-50K$

o
1

—
Q
L
b
=)
—
=]
-
o
=]
wd

2015: 100089,
<24 hrs?

2010




First generation sequencing and Next (second) Generation Sequencing

I
‘Eva turjpa DNA (M£008o¢g Sanger) mmm)p [MoAAamAd tpuripoata DNA (NGS)

The Nobel Prize in T Fluorescently labeled nucleotides of many different
Lebelidbiuclectides DNA fragments being sequenced in parallel

=

Chemistry 1980

Reference Genome

Paul Berg Walter Gilbert Frederick Sanger

Prize share: 1/2 Prize share: 1/4 Prize share: 1/4

PEHPPBPDPPPO-AODPOPPOOOO--00-D

All Content

O Cell ® Al cell.com

Online Now CurrentIssue Archive Journal Information ~ For Authors ~ SequenCing Reads

< Previous Article Volume 155, Issue 1, p27-38, 26 September 2013

REVIEW CCATATTACGCATGATACGGGCATCTTACCGGCA} Reference

The Next-Generation Sequencing Revolution and Its Impact on Genomics H r AAAARAARAAA N AR A A AN AAD T T H T 5 oo

Daniel C. Koboldt, Karyn Meltz Steinberg. David E. Larson, Richard K. Wilson, Elaine R MardisF# = ATTACGCATGATACGGGCATCT
| Aﬁ? | @ GCATGATACGGGCATCTTACCG
Open Archive |gfe PlumX Metri
o R CATATTACGCATGATACGGGCA

DO hitps://dol.orgH0.1016/].cell 2013.09.006 | () CrossMark CCATATTACGCATGATACGGG Aligned
GATACGGGCATCTTACCGGCA | Sequencing
CCATATTAC|GCATGATACGGG [~ Reads

ATACGGGCATCTTACCGGCA
ACGCATGATACGGGCATCTTAC
TATTACGCATGATACGGGCATC
CATATTACGCATGATACGGGCAT
ICCATATTACGCATGATACGGGC
~ex ACGCATGATACGGGCATCTTACC

Depth  10x Depth  12x Depth




Xapoktnplotikad tng NGS

Fragmentation of DNA
(sonication or enzymatic)

QOO0 2000000 200G
Ligation of adapter and
primer (or barcode)

X0CO00COCoC000 T T T T 000000R00000000000

SOOCOCOTOCOINTOSOCOCOC000
XO000000000000000 00000 XO000000000000
YOO000 XOTOTOCOTOTO00
OO0 X000
XO000C0CO000N0 0000000

l Size-select the fragments

FOOOO0OUOUOT00 | X000O0OIOIOIN0
hovevevevevevedlisisveveveveves

OTOTOOOTO00O0  OTOCOCOCOCOCK
[20000000000000 | XOCOTOCOTCOCOCX

X0C0TCOCOCOTCOO00

| 1 1 1
Adapter Sequence Barcode Primer

@ DNA i RNA

@ KatakeppaTtlopHOg 0€ PKPOTEPO T AT

® KoOnAwon oe edkd vAkd (odoapidia ko chips pe
ELOLKEC UTTOBOXEC)

@ Barcoding mpokelpévov va yvwpiloupe TNV
ToToTtnTa KABE Seiyparog, | MAnOuopHoL popiwv

@ Evioxuon t¢ aAAnlouyiag (amapaitntn ota RNAs
ta ontola Sev Bpiokovtan os adBovia Ko o€ HEAETEC
£kdpaong)

@® AMAoUxnon, enefepyacia kot  avakTnon
6edopévwyv online (over the cloud) | péow edIkwvV
user-friendly AoyLopikwv

@® Toyvtnta (1987: ABI Automated Sequencer 4800
bp/day, Zrpepa: To yovidiwpa evog Baktnpiov oc 3
WPEC HE 99.6% akpifsla)

@ AxpiBsia (99.9% pe npoimoBéosig oe pehéte¢ DNA
aAAnAoUxiong N emMESwWV yovidLakng £ékppoaong)

@ De novo Sedopéva (ko dpa véor Seiktec)

@® NAndwpa debopévwv!!! (MoAA& Gb akdpa Kat yia
MLKPOU EVPOUC aVaAUOELC)



WHOLE GENOME SEQUENCING

Reference Genome Individual Genome

PomSPlg  PeqpePag

Y

{
Break genome into large %
fragments and clone m%?ﬂ e % @§Q3§%%gg

¥} Break individual clone
into small fragments T —_—_ T T
) Generate thousands of wlr e -
sequence reads - = e —

D D GEEEED LD GIEEEED GEED o

I

3 Align sequence reads into
a reference genome

4 Assemble sequence
reads for each clone 7

Reference genome ¢ Individual genome




Awaypappo pong avaluvong pe NGS

Amopovwon RNA kat Snuoupyia 5

Huépa 1

4 0’60 7“ 69\"

cDNA BiBALoBnKNng

‘EA£yX0OC TTOLOTNTOC KAl TIPOCOPLOYN
oAAnAouyxiog deiktn (adaptor)

— Huépa 3

- -

l

10 MaveAARvio Zuvédplo
Eneppatiknic Aktivoloyiag

AAAnAoUxnon

Eneéepyaoia

bedopgvwv \

‘EAeyxocg
TOLOTNTOC
bedopgvwv

Evioxuon aAAnAouxlwv mapouaoia
oAAnAouxLwv paptupwy (spikes)

Huépa 4

TeAwka
oapxeia
(o€ popdn

| e

Tautomnoinon aAAnAouxLlwy

Moootiwkomoinon
Anpoupyia SiKTUwv

FASTQ)




2UYKPLON TWV KUPLWV XAPOKTNPLOTIKWY TNC
oupBatikne aAAnAouvyxnonc (LeBodoc Sanger) kal
LEPLKWYV TEXVOAOYLWV NGS

Texvoloyia MnKo¢ Mbp o€ éva | Kdotog (S/Mbp)
Stafacpatog YUpo
(bp)

Sanger 1000 0.001 3000.00
454 Roche 450 450 66.00
Illumina Hi- 100 270000 0.07

Seq2000

Solid 5500x! 50 270000 0.07



AMNAouxNBevTa UTIKA YOVLOLW AT T
TEAEVTOLO XpOVLAL

DuTtiko €ido¢ Méye0o¢ ‘ETo¢ A pouG
YOVLOLWMATOG oAAnAoUxLong

Beta vulgaris ({oxapoteuTAO) 714-758 Mbp 2013
Prunus persica (pobdkivo) 265 Mbp 2013
Musa acuminata (punavava) 523 Mbp 2012
Citrus clemetine (kKAnpevtivia) 2013
Pyrus communis (axAadL) 2013
Nicotiana sylvestris (kamvog) ~ 3.6 Gbp 2013
Solanum lycopersicum (topdta) ~900 Mbp 2012
Solanum tuberosum (natdto) ~844 Mbp 2011
Phaseolous vulgaris (daooAL) 2013
Capsicum annum (TunepLa) ~3.48 Gbp 2014

Triticum aestivum (owtapt) 2012



The elusive dream of Summer selections for your Mesoscale eddies help drive
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Ten Thousand Plant Genome Project
https://en.genomics.cn/en-project-dzwyjs-6184.html

The Ten Thousand Plant Genome Project (10KP) €xeL w¢ otoxo TNV
aAAnAovxnon twv yovidwwpatwy 10,000 putwv

The Ten Thousand Plant Genome Project (10KP) was jointly initiated by BGI-
Shenzhen (Institute of Life Sciences) and several authoritative experts in the
field of botany during the 19th International Botany Conference in 2017.



Xpnon NGS otn BeAtiwon Qutwv

[

Genetic resources and technologies for next generation breeding ]

[Genetit ResnurcesJ[

.
TILLING population and
mutant lines

-
-

Germplasm callections
[renebanks)

o

Bi-parental segregating
populations and Nearly

lzogenic Lines

J

Advanced crossing
populations
[MAGIC, NAM)

J

)

Enabling Next Generation
Technologies Breeding
_[uas & bioinformatics: | | Genomie T'""'*'ﬂ" New useful
Genomae sequencin Genome editing
5 J TILLING-by sequencing alleles
NGS & bisinformaties: Allele mining

Genome re-sequencing

.

Pan genome analysis

NGS: High throughput
marker platforms

=

High throughput ]
phenotyping platforms

o

Marker-traits associetion

(linkege mapping, GIWAS)
Genomic estimated breeding
values

Control of recombination
frequency
Mete-QTL analysis

4 Exploitation of
| existing alleles

" MAS

Genomic
Selection




Xpnon NGS otn BeAtiwon Qutwv

Source population
(Few parental lines)

l

Partial/whole genome
Library construction

!

Deep sequencing

!

SNP discovery

Target population
(Large population, 200 - 500)

(!

Multiplexed
sequencing

l

SNP calling

|

Downstream applications
(mapping, validation, sclection)

GBS has been used in development of
high density map of 20000 SNPs in
wheat and 34000 SNPs in barley and to
map QTLs for spike architecture and
reduced plant height in barley



Reference genomes: [Meplwoootepa amd 100 yovidwwpata
KOAALEPYOU HLEVWV GUTWV

Transcriptome research pe xprion RNA-sequencing (RNA-seq) —
avaAvon €kbpaon yovidiwv, amokaAuvPn yovidiwv

ErtiyoviSlwpatikéc avaAvoelg: expression of small RNAs, and
modification of chromatins (i.e. DNA methylation and adjustment
of histone tails like in the cases of acetylation, methylation,
ubiquitination, and phosphorylation).

EUpeon yeveTIKWV SelkTwV yLo MAS.

GWAS yia genomic selection.



OLmAatdoppec NGS mou emikpatoUv o€ €BVIKO Kal TAYKOOMLO €Ttimedo

DNA whole genome (oi, Baktrpla, pukntec) Amplicon seq, ChiP seq, Methylation sites
(epigenome)

RNA sequencing (whole transcriptome, exome sequencing, small and long non coding
RNA:s,

Xpnon o€ ToANOUC TOUEIG €KTOC €peuvac katl dtayvwong (tpodiua, meptParloviikd
deilypata

Roche/454 FLX: 2004

lllumina Solexa Genome Analyzer: 2006
Applied Biosystems SOLID™ System: 2007
Applied Biosystems lon Torrent: 2010
Pacific Biosciences SMRT: 2010

Helicos Heliscope™




Overview of whole-genome sequencing by next-generation
sequencing method.

Van et al. (2013)

(b)

Genomic DNA

.,

y y
[ Sequence by synthesis ] Sequence by ligation [ Single - molecule sequencing ]

\I( 2 v \ 4 \l' v

~
Platform Roche / 454 lllumina lon Torrent Life /AB Solid Polonator Helicos Pacific
GS FLX+ HiSEg. 2000 PGM 5500 Series G.007 BioSciences BioScience
HeliScope PacBio HRS
l Jr ]
\ A 4
e ' N (G R 4 N\ ( . N\ \
Method Pyrosequencing Reversible Natural Cleavable Noncleavable Reversible Real - time
terminators nucleotides probe SBL probe SBL terminators
\. \ J\ J\ g\ J J
- I 1~ 1 T T
Shotgun Frag, Frag, MP, Frag, Cleavable Cleavable Frag, MP/ Frag only /
Library* MP/emPCR solid-phase emPCR probe SBL probe SBL single- single-
\ \ J J J molecule molecule
L 7\, y,
v ]
v

Assemble DNA sequence (ex. SOAPdenovo,
ABySS, Velvet, Newbler, MIRA, ALLPATHS-LG)

v

Bioinformatics (Annotation — ex.
GLIMMER, GenMark, GO, FGENES)

An



Shotgun sequencing

BAC/chromosome/whole genome

random cleavage +

l l l l l direct sequencing (NGS)

\ Alternatively (today)
Cosmids (40 Kbp): *._- long sequence reads
sequencing of "‘.,,"“"(PaCBIO, Oxford nano)
clone ends

(known distance

betwesn) ~500 bp ~500 bp



Pyroseqguencing

H avaAuon tng aAAnAovyiac pe Pyrosequencing sival pio pEBodoc pe uPnAn akpifela n
ormola Paoiletat otnv apxn “aAAnilovyxnon MEow ouvBeong” pe TNV omoia
TIOPOAKOAOUBOOUUE TTOCOTIKA TNV EVOWUATWON TWV VOUKAgoTISlwv amod pia ToAupEpAoN
O€ TIPOYUATLKO Xpovo. O nmpoodloplopog tou Pyrosequencing Baociletal otnv avixveuon
NG MoPAywyns pwtog otav amedevBepwvetal avopyavo tupoPpwodopLko.

Katd tnv ouvBeon tou DNA otav
éva. dNTP mpootiBetal oto 3 akpo
NG €EKTEWOMEVNC aAvoidoac Tou
DNA ta U0 dwodoplkd 0To AKPO
tou dNTP  ameAeuBepwvovrtal
gekAVovtag tupopwodopko PPi.

Av 6ev umdpxet mpooBnikn dNTP
dev Ba e\evBepwBel Kol
nupoPpwodopLKo.
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Me pot oelpa XNULKWV avTldpAoswv HE To TUPOPwWOdOPLKO TTOU EXEL
napoaxBei, ekAUeTal opaTo Pwc.

To mopayopevo GwTEWO onpa €ivat avaloyo tou aplBpol twv
dNTPs mou mpootiBevtat. H Stadikacio emavaiopPaveral pe Tto
entopevo dNTP.

Direction of
synthesis

dGTP{::T
+

APS
lATF sulfurylose

G

ATP
+
Luciferin
l fuci ferose

Oxyluciferin+ -



* To mapoyoueVO TIUPOSLAYPOULA ATTO Eva KEAL-DPEATLO.

T CCCAT CAA GO AT CC  TGCCC

1 1 1 1 | 1 1
TACGTACGTACGTACGTACDG




Roche / 454

» Tepaxwopoc DNA

» Juvbeon povokAwvou DNA pe aAAnlouxiec oavtamrtopeg ToOU
ETUTPEMOUV TN oUVOeon o€ LovadLK Uil 28 um SLapETpou

» Evowpatwvovtal og otayova Aadlol Omou UTAPYXouV Ta amapaitnta
UALKA yLa emPCR

» OLotayoves Aadlol dev evwvovtal - OXL EMLUOAUVON

» OL pmiAleg pe 1o unootpwpo DNA tomoBetolvtal pEoo O OAALVT
dwToEVALOONTWY OTTIKWY VWV OTIOU UTIAPXOUV KOl Ta oarmapaitnta
gviupa yla aAAnAouxnon

» Me kabs mpoobnkn &voc voukAeotwdiou umapxel pwrtosvaiocOnToC
atoOntipog mou daBalel to voukAeotidlo oe 1 armod toucg 1,6 EKATOLL.
avidpaotipeg!



454 FLX, Roche

H pébBodocg tng mupoaAAnAolxiong e€eAixBnke yia va
yivel amodotikotepn kat Alyotepo darmavnpn.

To DNA «koBetat oeg tuApata twv 300-800bp
QTOMAKPUVOVTOC TO EEEXOVTA VOUKAEOTIOLA

2Tol Akpa cuvOEovTal UTTOSOXELC KOl LETATPETOVTOL OE
LLOVOKAWVAL.

To «ka&Bs povokAwvo DNA mpookoAAdtal otnv
emupavela evoc pkpoodatpdbiov 28um. Movo Eva
sDNA mpémnet va uTtapxeL o€ kaBe pikpoodatpidlo.

Me PCR moA\amAaoialetat 1o DNA. Kabe
HUikpoodalpidlo amoteAeital amd €va  eKATOMUUPLA
Tepirou opoLla avtiypada.



= To «k&Bs pkpoodalpidlo
TOTIOOETETAL OTO E0WTEPLKO

Polymerasa ’ ’ ' ’

€voc mnyadlou peyeboug 0oo

0 e B Kol Tou pkpoodatpldiov.

APS
Tl % A Pﬁl.nne-:alnad

; g = primer n L 4 !

3 %‘f SR ! 2Tn OUVEXELQ &fKLVCX 0 KUKAOG
T — ATP | wciferin ™G mupaAAnAouxnong.

Light + oxy Luciferin ~~ ® To oo Kataypadetal amno
CCD kauepEC.

Sequencing

o hours

-Well diameter: average of 44 pm
400,000 reads obtained in parallel

-A single cloned amplified sstDNA
bead is deposited per well

Amplified sstDNA library beads = Quality filtered bases




Bridge PCR

P nnn ‘57 10 “# !H/L
IluErlqllﬂ +||[rl[rg'|“ ~ Illgullﬂ _’_7

= DNA fragments are flanked with adaptors

= A flat surface coated with two types of primers,
corresponding to the adaptors

= Amplification proceeds in cycles, with one end of each
bridge tethered to the surface

= Used by illumina




ILLUMINA sequencing systems

Sequencing by synthesis

Mpostolpaocia deiypatoc:

KAaopdtwon, adaptor
ligation, akwvntomoinon

In situ bridge
amplification

Avtidpaon pe RT dANTPs
ONUOOUEVA UE
SLadpopPETLKO
dBoploxpwpa To KaBEva

AkoAouBia armod snap
shots Ba dbwoeL tnv
aAAnAouvyia Twv
VOUKA£OTLO LWV TToU
EVOowHaTWONKAV

Genomic DNA

- Select ~200-300 bp fragments

attach adapters to
create sequencing library

cluster generation by
solid phase PCR

— (bridge amplification)

O0G

sequencing by synthesis with reversible terminators



H pon epyaoiac neplhapBavel t€cospa Baoikd frpata:

A. Library Preparation

GenoMIC DNA  e—

l Fragmentation

Adapters

Sequencing
Library

NGS library is prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.

Mpoetolpacia tng PLBAL0BAKNC: H BLPALOONAKN KATOOKEUALETOL LE TUXOLO KOTAKEPLOLTL-
opo tou deiypatoc DNA r) cDNA, kal akoAouBel cuvdeon npoocappoyEwv oto 5'kat 3'



lllumina — sequencing by synthesis (Solexa)

1. PREPARE GENOMIC DMNA S5AMPLE 2. ATTACH DMA TO SURFACE 4. BRIDGE AMPLIFICATION

X L o %, >
Randemly fragment genomic DMNA Bind single-stranded fragments randeomily to Add unlabeled nudeotides and enzyme to
and Bgate adapters to both ends of the the inside surface of the flow cell channels. initiste solid-phase bridge amplification.

fFagments.



lllumina — segencing by synthesis (Solexa)

4. FRAGMENTS BECOME DOUBLE 5. DEMATURE THE DOUBLE-STRANDED 6. COMPLETE AMPLIRCATION
STRAMNDED MOLECULES

The enzyme incorporates nudeotides to Drenaturation leave s single-stranded Several milkon dense dusters of double-
buld double-stranded bridges on the solid- templates anchored to the substrate. sgtranded DMNA are generated in each channel
phase substrate. of the flow cell.



B. Cluster Amplification

H

L

Flow Cell

Bridge Amplification
Cycles

lCIusters

Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment
is amplified into a clonal cluster through bridge ampilification.




Anuoupyia cuotadwy - clusters:

" Nla ™ Onuoupyia ocuvotdadwv, n BPAoONKN doptwveTal O pLa
KUPEAnN pong Omou ta  Opavopata  deopevovtal o€
OALYOVOVOUKAEOTIOlOL TIOU  €ival  OCUMMANPWHOTIKA TPOC  TOUG
npooopuoyeic BLBALOONAKNC Kal SeopeVEVA OE (Lo ETILPAVELQL.

= KaBs Opalopo OTn OUVEXELA €VIOXUETOL O OLOKPLTEC, KAWVLIKEC
opadec peow bridge amplification €tol wote va oxnuatiotoUv
ovotadec Opavopdtwyv DNA ano kdBs Bpavopua.

» ArtotéAeopa TNG moparndvw Oladikaoiag sival otL kabe BLBAL0OAKN
OpauopATwy armoteAeitol TAEOV OO €KATOVIAOEC eKATOUMUPLL
HovadLka oupmnAgypata (clusters).

= Otav oAokAnpwBel n dnulovpyla cupmAgypatog, ta templates eival
gtolpa ya aAAnAovxnon.



lllumina — segencing by synthesis (Solexa)

7. DETERMINE FIRST BASE 8. IMAGE FIRST BASE 9. DETERMINE SECOND B ASE

First chamistry cycle: to iniiate the first After lsser socitation, captre the image of Second chemistry orde: to nitiate the

sequendng cyce, addall fowr label ed reversible emit e fluorescence from each duster on the nesxt sequen dng cyde, add all four labeled
terminators, primers and DhA polymerase flow cell. Record the identity of the first base reversible terminators and enmyme to the

enzyme o the flow cell for each duster. flow cell



AAANAoUXNON

C. Sequencing

Sequencing Cycles

Data is exported to an output file l

Digital Image

Cluster 1 > Read 1: GAGT...
Cluster 2 > Read 2: TTGA...
Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC... Text File

Sequencing reagents, including fluorescently labeled nucleo-
tides, are added and the first base is incorporated. The flow
cell is imaged and the emission from each cluster is recorded.
The emission wavelength and intensity are used to identify
the base. This cycle is repeated “n” times to create a read
length of “n” bases.



H texvohoyia lllumina xpnowpornotel pta pEBodo avaotpePLpov TEPUATIOUOU
TIOU OWVLXVEUEL MEUOVWUEVEC PAoel KaBwWC eVowHATWVOVIOL O KAWVOUG
untpac DNA twv cuotadwyv

To piypa mou ypeladletal yia tnv avtidpaon tng aAAnAovxnong ko cuvBeong
DNA moapéxetal otnv emidpavela tng KUPEANG PONC Kal TIEPLEXEL TECOEPQ
avaoTpEPLUA VOUKAEOTIOLOL TEPUATIONOU TO KABe €va amd ta omola eival
onuaocpevo pe dtadopetikn POopilovoca xpwotiky kot to 3’-OH Akpo toug
UTTAOKOPLOMEVO XNHULKA €TOL WOTE KAOE evowpdTtwon va gival éva povadiko
YEYOVOC.

OL téooeplc dpBopilovoeg pe TIg Baoelc mAnotalouv tnv Bdaon tou cluster aAAa
HOvo pia Ba evwBel. Kol ol téooeplg Baoelg avtaywvilovtal petaél Toug yLa
va ouvdebolv pe TO eKkpayeio. Auto¢ o avtaywviopog eéaocdalilel tnv
vPnAotepn duvatn akpifeta. MOALg to Aéllep — CCD camera aviyveUOoEL TN
cupumAnpwpatikl Paon (amd 1o Xpwpa TOU eKMEUMEL), n $Oopilovoa
XPWOTIKA adatpeital Kal PEveL N Baon Hetd amo EEmAvpa. To Lo yivetal Kat
yla tnv emopevn Baon tng alvoidoag tou cluster pExpt va tepupatiotel. Etol
dnuLloupyouvTtal CUMTTIANPWHATIKEG aAUOLOEC TwV clusters.



I I PR LT (L P, 0 microns
100 microns . rex it —
Ny L% [ B

@ ¥ g

Illumina instant shot




lllumina — segencing by synthesis (Solexa)

11. SEQUENCE READS OVER MULTIPLE
CHEMISTRY CYCLES

10. IMAGE SECOND CHEMISTRY CYCLE

After laser excitation, collect the image data Repeat cycles of sequendng to determine
&2 before. Record the identity of the second the sequence of bases in & ghven fragment
base for each duster. & single base at time,

12. ALIGMN DATA

L GCTGATGTGCCGCCTCACTCOCGGTGE

CACTCCTGIGS

CTCACTCCTGTGG

= BCTGATGTGLCACCTCA

GATGTGCCACCTCACTC

GTGLCGCCT

|Inknown woriant

CACTCOTG
CTCOTGTGG

Encen

ichewriadd ra cofled S4F orlied

Align data, compare to & eference, and
identify sequence differences.



D. Alignment and Data Anaylsis

ATGGCATTGCAATTTGACAT
TGGCATTGCAATTTG
Read AGATGGTATTG
eads GATGGCATTGCAA
GCATTGCAATTTGAC
ATGGCATTGCAATT
AGATGGCATTGCAATTTG

Reference A GATGGTATTGCAATTTGACAT

Genome

Paired-End Reads Alignment to the Reference Sequence

| —
| ——
Read 1 |
| ——

| Reference m— = —

Read 2




lon Torrent, Life Technologies

Sequencing by synthesis

Xpnowuomnolel semiconductor technology

Aev xpnowuorolel Terminator dNTPs ouUte onjpavon
Elodyetal €éva voukAgoTidlo tn dpopa

AvixveUel ta H* ou ameAeuBepwvovTal PE TNV EVOWHATWON EVOC
voukAeotidiou otnv avéavouevn aAucida

H aneAevBepwon HY petplétal we aAayn oto pH Q otnv
Oy WYLLOTNTA

Mropet va Stafadletl peyaAUTEPO KOUUATLO OTTO TOUC
OVTAYWVLOTEC TOU

[Pr)yOpO KOl OLKOVOULKO

Mo koo ??? oto «SLaBacpo» OUOTIOAUUEP WV



lon Torrent-Life tech-AB|

» Xpetaletot MONO €va pKpOTOoLT LOVTWYV yia va Stafaoel €va Baktnplako
yovidiwpa (25 Mb) og 2 wpeg

» Ynapyouv 1,2 skatoppupla 0€oelc yia avtdpaoelc-(avaloyec pe 454)
» Boolletal otnVv LKAVOTNTA TOU UNXOVAMATOC va avayvwpllel Tnv aAAoyn
Tou pH amo ta LovTa Tou aneAevBepwvovTOL KATA TN IPOooBAKN TwWV

Baoswv katd tn cuvBeon tou DNA os kabe B€on avtidbpaong

» Méoo peyeboc koppatiwy 100bp



ION TORRENT DNA LIBRARY PREPARATION

C.

A [ ] B L
Streptavidin coating the >>K é

Blotin. =p- Magnetic bead
e —> M N N\

e TN TN

I~
s;g:g;\ — :I% M:gegztlcg emPCR product
sequenced ¥, 4.!,,1,;&-9” 1

l i ki S

T i kil i s

pH Sensitive Chip

https://apollo-institute.org/ion-torrent-sequencing/



» To poplo DNA otoxoc Sioomatal o mepimov 400 bp povokAwvao
tunpota DNA (ssDNA) kat dUo SladopeTIKoUC MPOCAPUOYELS, HE
Blotivn, oL omoiol oTtn cuvExeLa tpootiBevtal ota Akpa.

» H BPAoBNkn ssDNA mou TPOKUTITEL CUVOEETOL HEUOVWHEVA (ava
nopto DNA) oe €va payvnTtiko odpatpidlo péow tng aAAnAemnidpaong
otperntafdivne kot Plotivng, Kol eVIOXUETOL MECW OAUOLOWTAC
avtibpaong moAuvpepaong yalaktwpoatog (emPCR).

» QC amotéAeopa, eKatoppupla amo ta B Bpavopata ssDNA
ouvOéovtal og €va povo odatlpidlo. 2tn ocuvexela, kabe odalpidlo
TonoBeteital o €va tout evaioBnto oto pH pe xAddec mnyadakia.



ION TORRENT SEQUENCING & DATA ANALYSIS

A. B.

TCACCACTT TCAT TCAGCCACTT TCAT
kbl (2) €= P AR
roton hTWO
(D leased ‘I’ protons
1 released
Primer

jlmll

TCACTCACTGCACTGCAC
Changes in pH detection




Ma va Eekvrioet n aAAnAouxnon, €va ano ta tecoepa dNTP npootiBetal
Kol EETTAEVETAL AVAAOYQ LLE TO AV AVLXVEVETAL ON QL.

KaBe dopd rou €va dNTP eVOWHATWVETAL ETILTUXWCE OTOV EMLUNKUVOUEVO
KAwvo amo to DNAP, ameAeubepwvovtal Ovia uvdpoyovou e
aoTEAECUA TN HEiwon Tou pH Tou avixveVUETOL Ao TO TOUT MoV Eival
gvailoOnto oto pH. Mwa peyaAvtepn peiwon oto pH umodnAwvel otL
evowpatwvovtat Stadoxika dNTPs.

TEAog, Ta debopéva avaluovTal amo UTToAoyLoTn TPoKELEVOU va AndOel
n aAAnAouyia DNA tou apylkoU popiov DNA.

Av kal n aAAnAouxia Lovtwv torrent mpoodEpel pla AAAN TEXVOAOYia
Taxeiog aAAnAouyiog yla xprion amo TOUC EMLOTAHOVEG, OTIWE oKPLBwWC
KOl L€ TO pyrosequencing, €val CNUOVTLKO HLELOVEKTNUA €lval OTL TO O
yivetal Awyotepo kaBapd otav aAAnAouxouvtal emavoAApBAVOLEVEC
TIEPLOXEC OUOTIOAULEPOUC



Single-molecule, real-time DNA - SMRT
sequencing

AAANAoUXNon 316 yeviag

H uébodoc Baoiletal oto dpBoplopo

= Aev eilval amapaitntn n evioyvon pHe aAvcoldbwtn aviidpaon
noAvpepaonc PCR mpLv tov npoodloplopd aAAnAouyiog

= To mMopayoUEVO O CUAAQUBAVETAL OE TIPAYUOTIKO XPOVO KaBwC
nopakoAouBeital n mopeia tng eviupatikng avtidpaonc.

= Xpnowomnolwovvtal teooepa dwodopo-cuvdedpeva VoukAeoTidLa
SLaPOPETLKWV XPWHATWV

= O PpOoplopog amneAevBepwVETAL TAUTOXPOVO UE TNV VOUKAEOTIOWKN
EVOWHATWON



Pacific Biosciences

Baoiletal otov npoodloplopd aAlnAovyiac pe ocuvBeon Kal
ETUTPETEL TNV TTapatipnon tng ouvBsonc DNA tnv wpa mmou
oupPalvel, og TPOYUATLKO XPOVO.

AuTO umnopel va paypatonotnBstl pe tnv xprion (ZMW) ot
orolol eival edikol BaAapol voavodwToVIKNC ATTELKOVLONG.

Y& KaBe SMRT cell kataokevalovtal nepinov 75,000 ZMW
LLE TOUC oTtolou¢ pumopel va yivel avixveuvon 75,000
avtidpaoswv aAAnAouvyxLlong tapaAAnAa.

Mo TNV mpoetoacia tne BLPALoBnKkne ta Bpavopoata DNA
EVWVOVTOL LE TIPOOAPUOVELC BPOYXOU - POUPKETOC KAL OTLC
SdUo mAeupEc.

Ewova 1.16 IIpotvro SMRT bell



Pacific Biosciences

2to ZMW egival mpooapTnUEVO £va LOPLO TIOAUMEPACNC LECW TOU
ocuvotipatoc Blotivne - otpemntaBLdivnc.

O Bpoyxoc DNA Kweitol péow TN MOAVUEPAONC Kol KABs dopd Tov Eva
voukAeotidlo ouykparteital Evoc dwodoplkoc SEoUOC OTIAEL Kall
TIAPAYETAL £VAC TIAAUOC GWTOC O OTOLOC KaTaypAdETAL ATO LA KAUEPQ
CCD ko eppnveveTaL.

Paci!n: Biosciences — Real-time sequencing

Nature Reviews | Genetics

Ewova 1.17 Akinlodypien mpaypatikod ypovov pg SMRT. Ta enpacpiva vovkicotidia excépyovran
péca ota ZMW, 9Oavouv oty moivpepdaon ko dwoygéovrar Eava. Otav yiveTal 6m6TH EVEONATOGT
VOVUKAEOTIOI0V LITAPYEL VYNAOTEPT £VTAGT] GI|LOTOG 1) OTol0 KaTAyPaPeTUl amd kKapepa CCD



To yoviblwpa evOoC KUTTAPOU

OL vEeg texvoloyiec €xouv emutpePel TNV aAAnAolxnon Tou yoviOLWUOTOC
EVOC LLOVO KUTTAPOU

DMNA template

3 iAnnaaI primers
-

-
-,

MeBoboAoyla touv akoAouBeital

yLa tnv aAAnAovyxnon ano eva Jjprtins

uévo KL'JT'L'O(pO A_;J—a— Bst DNA polymerase
¥ lDenature
. . e e . 20 cycles of PCR
Single-cell sequencing in its prime — =) =(<)) and sequence
=) ;,)Q
Las ke Nn R.S. 2013, Nature Anneal Denature Looped full amplicons
e~ )
Biotechnology 31,211-212 Five cycles of
—==-3%  quasilinear ———
r——— ¥ amplification =~ — "
”, ™~ = 3 /q/l:’

3 3
Synthesis



To NextGen sequencing €xeL w¢ omoteAeopa TN Snuwoupyia
ekatovtadwyv YAladwv oAAnAouxlwv Ol OToleEC TIPEMEL v
enetepyaotouV e epyaleia BlomAnpodoplkng ya Ttnv e€aywyn tng
oAoKANpWHEVNCS aAAnAouxiac.

o

o |

6

& hitp://biocomicals!blogspot:com= =
iy P . ‘ R ) ‘u e




H emoyn Twv -omics

Phenome: mAnpng¢ meplypadn tou
dawvotumou (xpron Vok-aouT yovidiwv)

Interactome: OAEC OL LOPLAKEC
aAANAETILOPACELG EVTOC KUTTAPOU

Intergrome: n evowpatwon twv dedouévwy
o€ Baoelc bedopévwy Kal N ETLKOLVwWVia
TOUG

Incidentalome: ta yevetika dedopéva mou
avakaAUTITOVTOL «KTA AdBoc» T.X. 99
KOLVEC YEVETLKEC TIAPAAAOYEC OXETILOUEVEC
e a0BEveLeg

Toxome: w¢ avtdpad 0 opyavIoUOC O€
TOELKEC EVWOELG

Established

The genetic

material of an
organism

TRANSCRIPTOME
All RNA
expressed

from the genome

METABOLOME
All the small
molecules in
a system

Emerging

VARIOME

All genetic
variation across
a population

EPIGENOME

All elements
controlling gene
expression not
encoded in DNA

FLUXOME

Dynamics of
small molecules
over time

Aspiring

PHENOME
Complete physical
descriptions that
can ideally be
related to genotype

REGULOME

All the regulatory
elements in a cell

OMNISCIOME*
The entirety of
knowledge about
a cell, organism
or system

*Nature’s proposed addition
to the scientific nomenclature.
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