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OCHOBHbIE NOHATUA

[eHOM — 3TO NO/IHaA COBOKYNHOCTb HacneACTBEHHOM
MHPOpPMaLUM OpraHn3ma. 3akoamposaHa B moneKkynax AHK.

HyKneotuabl:
* afeHWH (A)
e unTo3nH (C)
* ryaHuH (G)
* TUMUH (T)

KomnnemeHmapHaa napHocme ocHosaHuu: A-T, C- G.



CeKBeHUpoOBaHMe

HecKonbKo KON reHOMa

YteHuna

RRRR

CekBeHatop komnaHuu lllumina: BbluneHseT cayyamHo
PACNONOXEHHbIN B reHome dparmeHT ANMHHOWN oKoso 500
HYKNE€OoTUAO0B, @ 3aTEM NPOUCXOAUT CYNTbIBAHMNE ABYX
nocnea0BaTeNIbHOCTEN C €ro KOHUOB (A/MHOM NPUMEPHO Mo
100 HYKNeoTMAoB KaxKaas). 3Tn nocsieao0BaTeNbHOCTHU
Ha3bIBAOTCA MAPHLIMU YMeEHUAMU.



CbopKa reHoma

Cbopka eeHoMa - 3TO NPOLECC BOCCTAHOB/IEHUA FEHOMa U3 YTEHU.

Y1enuna (puapl, reads) — pparmeHTbl JHK, KoTOpbie BblaaeT
CeKBeHaTop.

KoHmueu (contigs) — maKcumanbHble Nociea0BaTeIbHOCTY
reHoma, KoTopble y1aa0Cb BOCCTAHOBUTb.

CyLiecTByeT ABe pas/inyHble 3a434n COOPKMU:

* cbopKa Npu HaNN4YNK paHee BOCCTaHOB/IEHHOTO (pedepeHcHOoro)
reHoma ocobu Toro e Bnaa, YTo U nccnegyemas;

* de novo cbopKa, Koraa OTCYTCTBYET BOCCTAHOB/IEHHbIN FEHOM,



Llenn n 3apauun

AHann3d U1 BblABNEHME OCODEHHOCTEM COBPEMEHHbIX

COOPWMKOB Ha reHomax KuweyHou nanoykm (E. coli),

Apo3odunbl n TYbepKy/Ie3HOM NANOYKK;

OueHKM pe3y/ibTaToB KayecTBa cOOpOK,;

Bbibop napameTpoB cbopLinKa, obecneynBaroWmx xopolee

KayecTBO COOpKM:

e MopenupoBaHne nocneaoBaTe/IbHOCTU  HYK/IEOTUAOB
uenamm MapKoBa pa3HbiX NOPAAKOB;

* WccnepoBaHna BAMAHMA pa3HOro GC-KOHTeHTa Ha
KayecTBO COOPKM reHOMa;

AHanu3 BAUAHMNA BblIbOpa k-mep Ha Ka4yecTBO COOPKMU.



[pad ne bpronHa (de Bruijn)

BepwuHamm atoro rpada (o) %, §
TCCT
aBnatoTcA k-mepbl, TO ecTb (e EGe ) ey

CTPOKU AJINHBI K.
TATG
¢
CxaTblil rpad: <" e

MoBTOpP — NOCNenoBaTENbHOCTb HYK/1EOTUA0B e
AnnHbl 2(k-1), npucyTtcTBytowme B reHome bonee o—>e—ro—>e0
OZlHOrO pas3a. a)

[MapHbie YTEHUA NOMOratoT Pa3peLlaTb NOBTOPbI.



CHopLUKM

CHopLMKM, OCHOBAHHbIE HA MCNOb30BaHMM rpadax ae bpronHa:

* ABYSS - ucnonbsyer pacnpeaeneHHoe xpaHeHue HecxaToro rpada ae
BptonHa, npm KoTopom MHGOPMaLMA O pPasInNYHbIX k-mepax pacnpeneneHa
No pa3/InyHbIM GU3NYECKMM MALLMHAM.

e Velvet - ncnonbsyet opurmHanbHoe npeacTaBaeHne CxKatoro rpada, B
KOTOPOM OJHO3Ha4YHble Yy4aCTKM rpada CKUMAKOTCA He B AJIMHHbIE pebpa, a
N/IVMHHbIE BEPLUUHDI.

e SPAdes - cobupaer KOHTUIMM € pa3HbIM YPOBHEM MOKPbLITUA, BbINOIHASA
nocnenoBaTesibHble COOPKM C NOBbILWAOWMMCA 3HaYeHUem pasmepa k-
Mepbil.



[TapameTpbl OLLEHKU KayecTBa COOPKM

# contigs - KONIMYECTBO KOHTUTOB;

Total length — o6uiee KonnyecTso HyKNeoTUAOB B COOPKE;

GC (%) — obuiee konmyectBo G n C HykneoTnaoB B cbopKe, AeNeHHOE Ha
obuwyto ANnHy cOopKuU;

Reference GC (%) — obuiee kKonmyectBo G n C HYKNEOTUA0B B UCXOAHOM
nocaeaoBaTeNbHOCTH;

N50 — 3HayeHune, NP KOTOPOM KOHTUTU AJINHEE 3TOFO 3HAYEHMUS
NOKPbIBAOT NOJOBUHY COBPAHHOIO reHOMa;

# misassemblies — KonnyecTBo HENPABUAbHbIX COEAUHEHUN TEHOMHDbIX
nocaenoBaTeNbHOCTEN;
Unaligned length — 06was gnnHa Bcex HEBbIPOBHEHHbIX HYK/IEOTUAO0B MO
MCXOAHOW NOC/1ea0BaTEe/IbHOCTY;

Genome fraction (%) — 4015 BbIPOBHEHHbIX HYKNE€OTUA0B B UCXOAHOM
nocaen0BaTeIbHOCTM.



[TapameTp N50

N50 — Ba)KHaA XxapaKTepUCTUKa KayecTBa COOpPKM.

KoHTurn ynopaaoumsatoT no yb6biBaHUO AJINHBI.
CYMMMPYIOT UX AJINHbI, HAYMHAA C Camoro 60bLIOoro
KOHTUra.

N50 — AniMHa KOHTUra, Ha KOTOPOM AO0CTUrAETCA NMOKpbITUE

MOTOBUHDbI TEeHOMa. -
50%

———————————
o oo SR GG TGAR

N50 =30
( 300+100+45+45+30=520 > 500)



1. AHann3 coBpeMeHHbIX COOPLLNKOB



Pe3ynbraTbl cOOpKM reHoma E. coli

Abyss Abyss Abyss Velvet _ Spades
k=21 k=31 k=51 k=31 | Velvetk=sl| \ Za1 g
# contigs 6 5 4 367 367 4
Total length 500046 | 499283 | 500240 320126 320126 499990
GC (%) 50.95 50.94 50.95 50.55 50.55 50.93
Reference GC (%) |  50.92 50.92 50.92 50.92 50.92 50.92
N50 137150 | 269818 | 269795 902 902 270153
# misassemblies 0 0 0 0 0 0
Unaligned length 0 0 0 0 0 0
Genom(‘j/o';rac“on 99.745 | 99.655 | 99.840 63.689 63.689 99.978
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PesynbraTtbl cOOpPKKM reHoma E. cols

Cumulative length
600 - -

) 100[——77777—— ? 100) - Ao o ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
CpaBHEHUA KYMYNATUBHOTO NMOKPbITUA CpaBHeHUA KYMYNATUBHOIO NOKPbITUA
KOHTUramu ans scex cbopimkon KOHTUramu gna cbopuimkos ABySS n SPAdes
e_coli500

2.0
Genome, x100 kb
AbYSS 2 ] e Y

DY 3 S O S
by 5] ————— — D D' P3BHMBAHNE KOHTUIOB Ha
velvet_ 31 umto 1 VNS W N WO sy i PEPEPEHCHBIN reHom
eIVt S 50 1000000 0 00 0000 A 0 00 0 O 0
SPades 31 ) |

BbiBOAbI: NyylLmne pe3ynbTaTbl NoKasanu cbopwmku SPAdes n ABySS npu k=51.
12



2. MoaennpoBaHue reHoma Uenamm
MapKoBa



Llenb Mapkosa (LM)

[MocnenoBaTeNbHOCTb ANCKPETHbIX CAYYaNHbIX BENUYUNH {X n}
obpasyeT ogHOpoAHYIO Lenb MapKoBa, ecnm

P(X,=]|X,=K,, X; =Ky, X, =K ,, X, =1)=
=P(X, =X,y =1)
Llenb MapKoBa nopsaaka | :
P(X,=]|X,=K,, X; =Koy, X, =K ,, X, =1)=
=P(X, =]| X, =k _,,... X, =1)

MaTpu1ua nepexoaHbIX BEPOATHOCTEN Ha N-M Luare:
Pij (nN)=P(X,=]|X,;=1).



Pe3ynbTaTbl COOPKM

nocnegosatesibHocten — UM pa3HbIX

NopAAKOB
Oorder | lorder |Z2order |3order |[4order |5order |6order |[7order |8order |9order
# contigs 4 2 3 3 4 3 5 2 1 2
IZE;?L 499466 | 499407 | 499357 | 499424 | 499363 | 499394 | 499495 | 499269 | 499272 | 499302
GC (%) 50.57 50.61 50.59 50.61 50.57 50.59 50.59 50.54 50.61 50.50
N50 283746 | 331334 | 306503 | 256709 | 338184 | 307028 | 115526 | 395925 | 499272 | 482628
Cbopuwnk AByYSS

k=51
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Pe3ynbTaTbl COOPKU
nocneposBatenbHocten — UM pa3HbIX
nopAaKOB

Cumulative length
T

500

10| g A S S

CpaBHEHUA KYMYNATUBHOTO MOKPbITUA
KOHTUramu ana UM pasHbIXx nopAagKkos

200 f et ]

Cumulative length (kbp)

100

0 1 2 3 g 5
Contig index
- Qorder - Jorder 6order 8order
- Jorder dorder Jorder Sorder
- Jorder Sorder

BbiBOAbI: nyyllee KayecTBo cbopkm obecneuynmBaeTcs Ha NOC/NeA0BaTENbHOCTAX, B
OCHOBE KOTOpPbIX siexaT uenu Mapkosa 8 1 9 nopAaaKOB.



3. MoaennpoBaHue pasHoOro
GC-KOHTeHTa



Pe3ynbraTbl cOOpPKM NocnenoBaTeIbHOCTEN

Cbopuwmk ABYSS

k=51

Cbopuwmk ABYSS

k=51

BbiBOAbI: SiIBHasA 3aBUCMMOCTb KayecTBa cOOpKM OoT GC-KOHTEHTa He ObHapyKeHa.

C pa3HbIM GC-KOHTEHTOM

Oorder_ | Oorder | Oorder_ | Oorder_ | Oorder_
N1 N3 N5 N4 N2
# contigs 2 4 2 1 2
Total
499428 | 499425 | 499278 | 499243 | 499342
length
GC (%) 10.69 11.23 42.95 59.64 89.63
N50 461338 | 285575 | 301476 | 499243 | 370915
lorder | lorder_ | lorder_ | lorder | lorder
N1 N2 N3 N5 N4
# contigs 2 5 2 5 4
Total
499376 | 499598 | 499419 | 499516 | 499429
length
GC (%) 44.38 45.44 51.44 51.44 62.61
N50 307504 | 274082 | 446825 | 87384 | 271013
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4. AHann3 BAnaHUA Bbibopa k-mep Ha
KayecTBO cOHOpPKU



Pe3ynbraTbl aHanu3a k-mep

D O O
®\Q ® of’ k=3

.\ —~ /,

N3meHeHnAa oueHKkn N50 ana TybepKyne3HOM NanoyKu:

45000
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10000 /

5000 /
0 ~

N50

17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53 55 57 59 61 63 65 67 69 71 73 75 77 79 81 83 85 87 89 91 93

k-mepbi

BbiBOAbI: CyLLECTBYET 3HaYeHMe k-mepbl, obecneunBatoLLee Hannyyliee KavyecTso COopKu.
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Pe3ynbTaThl

NccnepnoBaHbl pa3nnyHble COOPLLUMKM MPU Pa3IMYHbIX 3HaYeHUaAx k-mep
Ha Pa3HbIX AaHHbIX.

CmoaenMpoBaHbl NOCAeA0BaTENbHOCTM, B OCHOBE KOTOPbIX /eXanu
uenn MapkoBa A0 9 nopAaaKa, KoTopble bbin UccneaoBaHbl HA KaYecTBO
cbopKu.

[Mpon3BeaeHoO unccneaoBaHUA BAUSAHMA pas3Horo GC-KOHTeHTa Ha
KayecTBO cOOpPKM reHoMa.

NccnepoBaHo BAMsaHMeE Bbibopa 3HaYeHUM k-mepbl Ha COOpPLLMK.

O6wue BbIBOADI:

* [lpMeHeHNA npeanoKeHHOM METOAMKM NOo3BOANAET BblOpaTb NapameTpbl
cObOpKM TakK, YTOObI OHA AaBasia XOpPOoLLUNe Pe3y/bTaThbl.

* JTa paboTa BaXKHa A/19 NOHMMAHMA KavyecTBa Nony4yeHHoM de novo cbopKu, 4YTo
MOXET OKa3aTbCA KPUTUYHLIM MPU CEKBEHUPOBAHUU OPraHU3IMOB W3 paHee
Heuccnea0BaHHbIX CEMENCTB.

* [apameTpbl COOPWMUKOB HYXHO BblIOUpPaATb yuMTbiBAaA CBOMCTBA WU
XapaKTEPUCTUKM KOHKPETHOIO reHoMa.



bnharoaapHoOCTb:

Ypouwnesy Jleonnay AHapeesnyy (MOlen PAH)
MacHnkoBown EKkaTepmnHe MapKoBHe
Kagbiposon Hatanbe OnerosHe



Cnacubo 3a BHMMaHUe



[lpoBepKa He3aBUCUMOCTU

HYK/1€e0TN408B
vy d fydz
dzégdzdi;dzglso? saOdzlsﬂtﬁf?]lziSul;i P(x.y) {0 Jtc0d
‘o ! | § tod dad BOJ Is
2 16.92 9 130 463.46 slse jtoe O
3 61.66 45 270287.17 Slso j 6@ O]
4 222.08 189 357945.11 slso j oG O
5 830.46 765 409 735.84 slso j 6@ O]
6 3198.99 3069 454 729.52 slso j oG O
7 12 543.96 12285 499 730.50 slso j 66 O
8 49 665.84 49149 566 328.30 slso j oG O
9 197 384.90 196353 762772.14 slso jte@d O
10 776 396.10 774348 1430472.58 slso j oG O
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Pe3ynbratbl COOPKM reHoOMa

Abyss Abyss Abyss Velvet _ Spades
k=21 k=31 k=51 k=31 | Velvetk=sl| \ Za1 g
# contigs 4 6 11 347 347 5
Total length 492740 | 617700 | 492879 301941 301941 487357
GC (%) 42.86 42.34 42.73 42.80 42.80 42.84
Reference GC (%) |  42.60 42.60 42.60 42.60 42.60 42.60
N50 339256 | 167145 | 297910 901 901 338341
# misassemblies 0 0 1 0 0 0
Unaligned length 0 0 0 0 0 0
Genom(ﬁ/o‘;ra‘:t'on 96.919 | 97.617 | 97.659 60.058 60.058 97.463
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Pe3ynbraTtbhl COOPKM reHoOMa
Apo3odunbl

Cumulative length Cumulative length
T T T T T T T T
R T
§ g b = o e - R W R N R Wy
g k= : : : : :
E g A0 emmmmes T ]
g v
= >
£ =
5 )
E 3
3 200 E 200
Q
0 i i i i i
0 60 120 180 240 300 0 i i i i i
Contig index 0 2 4 6 8 10 12
= abyss 21 = abyss 51 = yvelvet 51 = = Reference Contig index
— abyss 31 — velvet 31 Spades 31 51 — abyss 21 = abyss 51 = SPades 31 51 = = Reference
— — — == abyss_31
Cpa BHEHUA POCTa A/IMH KOHTUTOB Cpa BHEHUA POCTa A/INH KOHTUTOB A/1A

Ana Bcex cobopuwmKos cbopwmkoB ABySS n SPAdes

drosophila500
1.0 2.0 30
Genome . x100 kb
abyss_21 gy I e

abyss ST i
velvet 3T iy || g 000U 00O A 1000 10 O 00 A0 W A 0 0 0 00 0 AR

velvet S g i i 0 ) 00N 0000 000 A 0 0 T DO 100000 0 00 O
SPades_31_51 i

BblpaBHMBaHVIe KOHTUTOB Ha VICXOLI,HbIVI reHom
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