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[ eHOMUKAa

* Area of genetics that concerns the sequencing and analysis of an organism’s genetic information

* DNA sequencing + bioinformatics => sequence, assemble and analyze the function and structure
of genomes (the complete set of DNA within a single cell of an organism)
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CekBeHMpoBaHUE N cbopKa reHoMoB De novo

: o 2000 - draft human genome
e , N
Prosein capsd _I‘;"-I-_ "'.__. -.-._._____.--"'- :.-‘:;. e Seq uence .
.' '- . $ 2003 - completed (kind of)
| | \M“H.__ i [':
.'._ ; . H”Hﬁ =
j;‘ ~O / e \ 3300 books of 1000 pages with 1000 bp per
"'H.__H_. £ g L= _.__.:_'_x page
Mudear gencms Mitochondnal genome .
viral e 85, Ensembl genomes:
Gt s oo - 69 BbICLUINE XXMBOTHbIE +
S PN
carvoti 1 .11‘;‘-“-3‘, MOJE/IbHblE OpraHU3Mbl
proxaryotic TR - 55 HaceKoMbIX
Baclirial chromosome  Plasmids - 39 paCTeHMVI
. eukaryotic - 563 rpubos

- bonee 200 npoTtncTtos
- bonee 20 000 6akTepUn

+ perynsipHble NOnoJIHEHUS



CekBeHaTtophl

* Sanger First developed in 1986

* [llumina Genome Analyzer (HiSeq/MiSeq/NextSeq)

* Pacific Biosciences (PACBIO RSII)

* Oxford Nanopore




NcxooHbi curHan (lHlumina)

1.6 BILLION CLUSTERS
PER FLOW CELL
o 4, .




NcxooHbi curHan (Pacific bioisciences)

fluorescence intensity (a.u.)




NcxonHbin curHan (Oxford Nanopore)
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[eHOM

Pusunyeckmne metoabl (CoHudukaums)

Genomic Fragments
(200 b or 400 b or 1kb)




C>XaTume n xpaHeHne AaHHbIX

~ 108 3anncen
NN

~ 10-30 'banT




3a4eM ceKBeHNpoBaTb FreHOMbI ftoaen?

- InarHocTuKa 3abonesaHum (B T.4. NnpeHaTasibHas)
- Mop6op MHAMBUAYANIbHOIO JIeYEHUS

- OLEeHKa pUCKa pa3BuTUA 3ab0s1eBaHUM B byayLueM
- OLEeHKa NpeapacnooOXKEHHOCTEM

- OueHKa pu1cKa pa3BuUTns 3abosieBaHUN Y AeTen



3a4eM CeKBeHUpoBaThb Apyrme reHoMbl?

- Moagbop nevyeHns 0N KOHKPETHOro BapuaHTa
bakTepun nnm Bmpyca

- bonee «ocMblicneHHasa» cenekumnsa m
OMOTEeXHOIOrNA CeJ&ibCKO-XO03ANCTBEHHbIX
OpraHM3mMoB



CTOMMOCTb CEKBEHNPOBAHNA reHoOMa 4YesloBeKa

Moore's Law

National Human Genome
Research Institute

genome.gov/sequencingcosts

$1K

o e e i i

20012002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017







®opmaT FASTQ

@SRR566546.970 HWUSI-EAS1673 11067 FC7070M:4:1:2299:1109 length=50
TTGCCTGCCTATCATTTTAGTGCCTGTGAGGTGGAGATGTGAGGATCAGT
+SRR566546.970 HWUSI-EAS1673 11067 FC7070M:4:1:2299:1109 length=50
hhhhhhhhhhghhghhhhhfhhhhhfffffe ee[ X]b[d[ed [Y[™Y

@SRR566546.971 HWUSI-EAS1673 11067 FC7070M:4:1:2374:1108 length=50
GATTTGTATGAAAGTATACAACTAAAACTGCAGGTGGATCAGAGTAAGTC
+SRR566546.971 HWUSI-EAS1673 11067 FC7070M:4:1:2374:1108 length=50
hhhhgfhhcghghggfcffdhfehhhhcehdchhdhahehffffde bVd

left-to-right increasing order of quality (ASCII):
"#$%&'()*+,-./0123456789:; <=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"™ _"abcdefghijkimnopqgrstuvwxyz{|} ~



®opmaT FASTA

;LCBO - Prolactin precursor - Bovine

; a sample sequence in FASTA format
MDSKGSSQKGSRLLLLLVVSNLLLCQGVVSTPVCPNGPGNCQVSLRDLFDRAVMVSHYIHDLSS
EMFNEFDKRYAQGKGFITMALNSCHTSSLPTPEDKEQAQQTHHEVLMSLILGLLRSWNDPLYHL
VTEVRGMKGAPDAILSRAIEIEEENKRLLEGMEMIFGQVIPGAKETEPYPVWSGLPSLQTKDED
ARYSAFYNLLHCLRRDSSKIDTYLKLLNCRITYNNNC*

>MCHU - Calmodulin - Human, rabbit, bovine, rat, and chicken
ADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAELQDMINEVDADGNGTID
FPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGYISAAELRHVMTNLGEKLTDEEVDEMIREA
DIDGDGQVNYEEFVQMMTAK*

>0i|5524211|gb|AAD44166.1| cytochrome b [Elephas maximus maximus]
LCLYTHIGRNIYYGSYLYSETWNTGIMLLLITMATAFMGYVLPWGQMSFWGATVITNLFSAIPYIGTNLV
EWIWGGFSVDKATLNRFFAFHFILPFTMVALAGVHLTFLHETGSNNPLGLTSDSDKIPFHPYYTIKDFLG
LLILILLLLLLALLSPDMLGDPDNHMPADPLNTPLHIKPEWYFLFAYAILRSVPNKLGGVLALFLSIVIL
GLMPFLHTSKHRSMMLRPLSQALFWTLTMDLLTLTWIGSQPVEYPYTIIGQMASILYFSIILAFLPIAGX
IENY



Genome assembly

Genome

Reads f_— _=—_ ::_— ___
Contigs ——— ——— ——— E—
Scaffolds — — —— —

* Read - continuous sequence produced by sequencer

* Coverage - the number of short reads that overlap each other within a specific genomic
region (how many times the particular base or region is read)

* Contig - set of overlapping segments (reads) of DNA sequences forming continuous
consensus sequence

* Scaffold - set of linked non-contiguous series of genomic sequences, consisting of contigs
separated by gaps of roughly known length
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Cbopka reHoma De novo

CTGCATCGACTAC ACTAGCGAGCT
CGACTACGACTAG GCGACGCCG
ACGCCGCTGCA ACGACTAGCGAGCT
CGGACTGACTG TGACTGCATCGA
TGCATCGACTA AAGCTGCGA
GCATCGGACTG GCCGCTGCATC

AAGCTGCGACGCCGCTGCATCGGACTGACTGCATCGACTACGACTAGCGAGCT



Cbopka reHoma De novo

CTGCATCGACTAC
ACGCCGCTGCA CGGACTGACTG CGACTACGACTAG GCGACGCCG
GCATCGGACTG  TGCATCGACTA  ACTAGCGAGCT
AAGCTGCGA GCCGCTGCATC TGACTGCATCGA ACGACTAGCGAGCT

AAGCTGCGACGCCGCTGCATCGGACTGACTGCATCGACTACGACTAGCGAGCT



TpyaHocTn c6opkm De novo

DY | e —

Sequence coverage gaps

o

Satellite-associated gaps

Segmental duplication-associated gaps

Muted gaps

Nature Reviews | Genetics

Chaisson et al., 2015



PecekBeHpoBaHMe

CTGCATCGGCTAC
ACGCCGGCA CGGACTGACTG CGGCTACGACTAG
GCGACGCCG GCATCGGACTG TGCATCGGCTA ACTAGCGAGCT
AAGCTGCGA GCCGGCATC TGACTGCATCGG ACGACTAGCGAGCT

AAGCTGCGACGCCGCTGCATCGGACTGACTGCATCGACTACGACTAGCGAGCT



PecekBeHpoBaHue

CTGCATCGGCTAC
ACGCCG--GCA CGGACTGACTG CGGCTACGACTAG GCGACGCCG
GCATCGGACTG  TGCATCGGCTA  ACTAGCGAGCT

AAGCTGCGA GCCG--GCATC TGACTGCATCGG ACGACTAGCGAGCT

AAGCTGCGACGCCGCTGCATCGGACTGACTGCATCGACTACGACTAGCGAGCT



[Tonck oTan4mm (MyTauunn)

3 [l 3 93 498 0N 98 A JE N A O NN S 98 e JE E S B EEEEE 8 OE EaEEN E JaaEEm E
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CIGHR

CIGARD

36 140136 140 26 168 LI36 168 CV3 149



®opmaT VCF

#CHROM POS ID REF ALT  QUAL FILTER INFO FORMAT NABBEa1
NAGGeaz NAG@ee3

28 14378  rs6@54257 G A 29  PASS  NS=3;DP=14;AF=0.5;DB;H2 GT:GQ:DP:HQ ©|8:4

8:1:51,51 1|E:4E:H:51J51 1/1:43:5:%. .-

28 17338 . T A 3 gl@  NS=3;DP=11;AF=8.817 GT:GQ:DP:HQ @|8:4

0:3:53,50 8|1:3:5:65,3 @/@:41:3
28 1118696 rso@d4@3ss A 6T 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1|2:2
1:6:23,27 2|1:2:0:18,2 2/2:35:4

28 1238237 . T ; 47 PASS  NS=3;DP=13;AA=T GT:GQ:DP:HQ @|@:5
4:7:56,60 8|0:48:4:51,51 8/08:61:2
28 1234567 microsatl GTCT  G,GTACT 58 PASS  NS=3;DP=0;AA=G GT:GQ:DP  8/1:3

54 B/2:17:2 1/1:48:3



OueHKa NoKpbITUS

TG AGIATICICITICIAICIG A GA .
AT C T CARCGE AGA L,
GATCSTEACGE AGA .

« 7 6 AGA T CCTCA

« P AGATCE T LCAIKLGE A
-« 116G AGA T CCITCACL

k_'_l

70% c noKpbITUEM 5X




[Tonck oTan4mm (MyTauunn)

3 [l 3 93 498 0N 98 A JE N A O NN S 98 e JE E S B EEEEE 8 OE EaEEN E JaaEEm E
(ERFTERE PRET S PREE PR EOE PR PRSP T PRFRETPRESE PR ETERE PR O F FTESE B OEETE FOPSET PAESPRE N PSPREIESE ETE PRPRPSE PRPRERE B O PSS PIESETE F PSR PARSES R P
CIGHR

CIGARD

36 140136 140 26 168 LI36 168 CV3 149



Indel examples

wild-type sequence
ATCTTCAGCCATAARAGATGAAGTT

3 bp deletion
ATCTTCAGCCAAAGATGAAGTT

4 bp insertion (ocrange)

ATCTTCAGCCATATGTGAAAGATGAAGTT






®opmaT VCF

##fileformat=VCFv4.0 » - Sublime Text (UNREGISTERED) 1

9 Ble

DA DDwWe nEe s

Y

4r

##fileformat=VCFv4.0 »

#ifileformat=VCFv4.0

##fileDate=20110705

##reference=1000GenomesPilot-NCBI37

##phasing=partial

##INFO=<ID=NS,Number=1, Type=Integer,Description="Number of Samples With Data">
##INFO=<ID=DP,Number=1, Type=Integer,Description="Total Depth">
#H#INFO=<ID=AF,Number=. ,Type=Float,Description="Allele Frequency">
##INFO=<ID=AA,Number=1, Type=String,Description="Ancestral Allele">
##INFO=<ID=DB, Number=0, Type=Flag,Description="dbSNP membership, build 129">
##INFO=<ID=H2 ,Number=0, Type=Flag,Description="HapMap2 membership">
##FILTER=<ID=q10,Description="Quality below 10">
##FILTER=<ID=550,Description="Less than 50% of samples have data"=>
##FORMAT=<ID=GQ,Number=1, Type=Integer,Description="Genotype Quality">
##FORMAT=<ID=GT,Number=1,Type=5tring,Description="Genotype">
##FORMAT=<ID=DP,Number=1, Type=Integer,Description="Read Depth">
##FORMAT=<ID=HQ,Number=2, Type=Integer,Description="Haplotype Quality">

#CHROM POS ID REF ALT QUAL FILTER INFO FORMAT Samplel Sample2 Sample3
2 4370  rs6057 G A 1 NS=2;DP=13;AF=0.5;DB;H2 GT:GQ:DP:HQ ©|0:48:1:52,51 1|0:48:8:51,51 1/1:43:5:.,
2 7330 . T A 3 qlo NS=5;DP=12;AF=0.017 GT:GQ:DP:HQ 0|0:46:3:58,50 0]1:3:5:65,3 0/0:41:3
2 110696 rs6055 A G, T 67 PASS NS=2;DP=10;AF=0.333,0.667;AA=T;DB GT:GQ:DP:HQ 1|2:21:6:23,27 2|1:2:0:18,2 2/2:35:4

2 130237 . T 47 . NS=2;DP=16;AA=T GT:GQ:DP:HQ ©|0:54:7:56,60 0|0:48: a: 56,51 0/0:61:2
2 134567 microsatl GTCT G GTACT 50  PASS  NS=2;DP=9;AA=G GT:GQ:DP 0/1:35:4 0/2:17:2 1/1:40:3
chrl 45796269 G C

chrl 45797505 C G

chrl 45798555 T C

chrl 45798901 C T

chrl 45805566 G C

chr2 47703379 C T

chr2 48010488 G A

chr2 480306838 A T

chr2 48032875 CTAT -

chr2 48032937 T C

chr2 48033273 TTTTTGTTTTAATTCCT

chr2 48033551 C G

chr2 48033910 A T

chr2 215632048 G T

chr2 215632125 T -

chr2 215632155 T C

chr2 215632192 G A

chr2 215632255 CA TG

chr2 215634055 C T




GWAS (Genome-wide association study)

Patients \

S ﬂ’ =~ Non-patients
=5
el S
Patient DNA Non-patient DNA

N

Compare
differences -
to discover 3t 3t
SNPs associated saeill, }

with diseases

Disease-specific SNPS Non-disease SNPS



o0 @ CrFTR aF3o8  (Cystic Fibrosis) |
\\ |
Highly Penetrant R |
Mendelian L Common Variants |
—~ large . . with Large Effects |
[ 8 Mutations . 5 i
H \\ .
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o :
g5 CFH (AMDJ{) :
-D 5.0 |~ K\‘\ :
O | \\ Less Common \\ i
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SNP1 - SNP2 | SNP...

Cases Cases Repeat for all
Count of G: ‘ Count of G: ‘ SNPs
2104 of 4000 1648 of 4000

Frequency of G:‘ Frequency of G: ‘

52.6% 41.2%
Controls ‘ Controls ‘
Count of G: Count of G:

2676 of 6000 ‘ 2532 of 6000 ‘

Frequency of G: ' Frequency of G:
44.6% ‘ 42.2% ‘

P-value: ‘ P-value: ‘
5.0-101° 0.33



—logqg(p-value)
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Manhattan plot

chromosome



MOXHO noynTartb Aoma

 Afield guide to whole-genome sequencing, assembly and
annotation

https://www.ncbi.nim.nih.gov/pmc/articles/PMC4231593/

« Genome-wide association study

https://en.wikipedia.org/wiki/Genome-wide_association_study


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4231593/
https://en.wikipedia.org/wiki/Genome-wide_association_study

Cnacmnoo 3a BHumaHune!
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