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CEKBEHWPOBAHUE
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O6eJIKaMU TOKe MOXXHO, HO MHayve)
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https://www.thoughtco.com/dna-versus-rna-608191
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MOLECULAR STRUCTURE OF
NUCLEIC ACIDS

A Structure for Deoxyribose Nucleic Acid

E wish to suggest & strucdure for the sals

of deaxyriboss nudleic meid (DLN.AL).  This
struoture has novel features which are of sonsiderable
biological intarest.

A ateucturs for nwelsic acd has already been
proposed by Pauling and Corey!, They kindly made
ther manusceipt available o us i advanes of
publicatior., Their model consista of three inter-
twined chains, with the phosphates near the fibre
wxis, and the bascs on the outside. Tn our opinion,
this structure 3 unsatiefactory for two ressons :
(1] We bolieve that the material whish gives the
X-roy disgrame iz the salt, nob the free aoid. Without
tho aeidie hydrogen atoms it is not clpar what forpes
would hold the structure togecher, especinlly as the
nogatively charged phosphates nesr the axis will
mepel each other. (2 Some of the van der Waads
distanoes appear Lo be too small,

Another threechain structure has aleo baen sug-
geated by Fraser (in the press). In his modsl the
phosphates ara on the outside and the hases on the
mgide, linked together by hypdeogen bonds.  This
structure os described is mather ill-<defined, and for

ks reason we shall not eomment
- on it

We wish to put forward a
mdically different atructure for
the salt of deoxyribose nuclsie
agid.  This structure has two
helioal chaine each ceiled round
the same axis (seo disgram). Wo
have made the ussl chemical
assumptions, nsmely, that oach
chain consista of phoaphate di-
witer groups joining f-Dadpoxy-
ribofuranose residuss with 3,5
linkages. The two chaing (but
not their bases) are related by a
dyad perpendicular 10 the fibre
axis. Toth chains follow right-
haacled helioes, but owing to
the dynd the saduences of the
atoms in the two chains run
in opposite  directions,
chain  loosely
berg's® model Noo 1

that is,
the besss are on the inside of
the helix and the phosphates on

tho oueside,  The configuration
of the suger and the stoms
near it ig close to Furberg's
‘standard configuration”, the
B o 4 cts sugar being roughly perpendi-

s s iy e emlae b6 the atteched bass, Thare

T ablar
[ ||hm.nlm.k—augn.r
chalue, wnd ite bort

CTPYKTYPA JIBOVHON CMIUPATU [IHK

NATURE 737

is w residue on each ohain every 34 A, in the s-direr
ton,  We have assumed an sngle of 367 between
ndjncemt pesidues in the samo chain, s0 thst the
atructure reprats after 10 residues on each chain, that
ig, after 34 A, The distance of & phosphoms naom
from the fibeo axis iz 10 A, Aa the phosphates are on
e owizide, eations have sasy accoss ta them,

The struesturn is an open one, and iks water content
is rather high. At lowser waker eontents we would
cxpot tho bases to tili so thet the siructure could
bocome more sempact.

The novel festure of the streture ia the manner
in which the two chains are held together by the
puring and pyrimidine bases, The planes of the bases
are perpendicular to the fibre axis, They are joined
together in pairs, o single base from one chain being
hydrogen-bonded to 8 eingls bass from the nnhor
ohain, 80 that the two lie side by side with identicsl
z-on-ordinates. Tne of the pair must be & purine and
the other & pyrimidine for bonding 1o ccour, The
Tiydrogen honds are made as follows : purine position
1 to pyrmidine position 1; purine position & Lo
pyrimidine position 6.

If it s assamed that the bases only osour in the
structure in the mosi plausible taatomerio forms
(that is, with the keto rather than the emol con-
figurations) it in found that only specific pairs of
bases oan bond together. These pairs aee : adenines
(puring) with thymine (pyrimiding), snd goanioe
(purine) with sytosine (pyrimiding),

In tther words, if an adenine forms cne membes of
& pair, on either chain, thon on these assamptions
the other momber must be thymine ; similacly for
gusaine and oytosine. The sequonce of boases on a
single chivin doos not sppear to be mestricted in any
way., However, if only specific pairs of bases can be
forroed, it follows that if the ssquence of bases on
ore ohain 8 given, then the sequents on the other
chain is sutomatically deternined.

1t has been found exparimentally®t that the ratio
of the amounts of adenine o thymine, and the ratio
of gusnine Lo cytosine, am slways very closa to unity
for \'I.eomﬂmau nucleie soid.

It is probably impossible to build this stroctare
with s ribose sugar in place of the deaxyribose, as
the extra oxygen abom would make too close a van
der Waals eonract,

The proviously published X-ray date®s on deoxy-
rihoae nuelaie acid wre insuficient for & rigorous test
of our strugture, So far ss we can tell, it is roughly
l‘om‘pnnihk\ with the exporimental dats, but it must
ba pegarded aa unproved until it has beem checlked
aginst more exact results, Bome of thess are given
in the following communications. Wa were not aware
of the details of the results preserled there when we
devised our strusture, which rests mainly though not
entiraly on publishod experiments] data and sterso.
chemioal arguments,

Tt has not esgaped our notioe that the specifio
pairing we have postulated immediately suggests a
premible copying mechanism for the genetic material.

Full details of the strueture, inoluding the con
ditions wssumed in building it, together with & se
of co-ordinates for the atoms, will be published
alsrwhere.

We are much indebted to Dir. Jerry Thonohue for
eonstant adviee and eritirism, cially on inter-
stomic distances, Wa have also been stimulated by
& lenowlodge of the general nature of the unpublished
cxparimental resalta and ideas of De. M. H. F.
Wilking, . B. E. Franklin and their co-workers st
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https://ru.wikipedia.org/wiki/%D0%93%D0%B5%D0%BD%D0%BE%D0%BC_%D1%87%D0%B5%D0%BB%D0%BE%D0%B2%D0%B5%D0%BA%D0%B0

4CNO XPOMOCOM Y PASHBIX B1J10B

Maxkaxka - 42

Key:

Telomere =]
Centromere W

| W Ramynus - 54

Mocne cnusHUa ABYX XPOMOCOM OCTaloTCH
XapakTepHble creabl: OCTaTKu TeromMep U
pyAMMeHTapHas ueHTpomepa
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Apabunpronc - 10
[onyBs - 16
Kouka - 38
JIta-34
Moub - 40
Cobaka - 78
Vika - 80
CazaH-104
Kopoea - 120

Pak (Canbarus clarkii) - 200
Xeoww- 216
Kpab - 254
Babowka - 380

14%

16 %'

Bl 1Y 4

20 %

24V L @ONOT A
Rwu=R0&
Tl K
BEGEGR
408 &
42 i &

IVESE ROR

46 @

48 @ %

509m *

569 @

60%%

7488

78 v (VW
80'@® 2~

g2 A

0 Y

174 QD



https://pikabu.ru/story/chislo_khromosom_u_raznyikh_vidov_5141209
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[IPOEKT «TEHOM YEROBEKA»

= Havasiu B 1990 roay
= [TpuHsaao ydyactue 18 ctpaH
= 2001 - «<4epHOBOE OKOHYaHHE NIPOEKTA»

= ~10 et u 3 mupa $




KOHKYPERLWA

= [IpoekT Kperira Benrtepa

= Celera Corporation
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LIEHTPAJIbHAR I0TMA

MOJNEKYNPHOW BUONOTUNA
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https://biologydictionary.net/central-dogma/

LIEHTPAJIbHAR I0TMA
MOMEKYNAPHON BHONOMUN

DNA ]

( °‘T ~20,000 genes

M-::rd.-ﬁca nn: l 2000
ranscription il 4sm Transcription
(~2 mRNA/hr) factors
mRNA (7.6 to Shrs
degradation half-life)
mRNA } i QUL

‘ - ~10s copies/cell

Modifications ~1.000
Translation bindi

~ g 4m RNA-binding
( M?n%ﬁﬁiﬁﬁ proteins

Protein  (46hrs
degradation half-life)

Protein _— — — —
(“I ~50,000 copies/cell ’ -
~7100s of ubiquitinating,
Modifications deubiquitinating enzymes and
proteases

* CKpbIBRET
PoIARHUMA *



https://pubs.rsc.org/en/content/articlelanding/2015/MB/C5MB00310E

bEJIOK-KOIMPYIGIAE TEHDI

Kaptodesnb - 39 000
Yesosek ~ 20 000

Yepsu - 14 000

Myxu - 12 000

['pu6bI — 6 000

baktepuu - 2 000 -4 000
Mukomnsa3dmel - 500
Bupyc rpunmna - 12
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Earth's heart of iron begins MI ia in chronic pain recovery ! Particle acceleration *
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u Closing in on a complete
) - human genome p.42

COMPLETING THE HUMAN GENOME

Researchers have been filling in incompletely sequenced parts of the
human reference genome for 20 years, and have now almost finished it,
with 3.05 billion DNA base pairs.
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PA3MEPbI TEHOMOB

Methanococcus

ARCHAEA tham
Buchera sp. CEE  E.coli

BACTERIA

Mycoplasma Paramecium

PROTISTS M
Yeast
FUNGI s

ALGAE I
Pine
GIMNOSPERMAE mmnks

Arabidopsis  Rice Onion
ANGIOSPERMAE
Drosophila Locusts

INSECTS  mellmnnd

MOLLUSCS I
Sharks

sl

TELEOST FISHES M
Frogs Toads Newt

Guillardia

Corn

CARTILAGINOUS FISHES

AMPHIBIANS
Boa

REPTILES Ml
Hen
BIRDS dlam

Humans

MAMMALS mln

| 10 100 1.000 10.000 100.000

Mb

Pa3zMep reHoma yesioBeka:
~ 3 MJIpA, TTap HYKJIEOTUL0B =
3 rurabasnbl

Paszmep reHoMa KUILIEYHOW NAJIOYKH:

~ 5 MJIH nap HyYK/IeOTH/0B =
5 M6


https://metode.org/issues/monographs/the-size-of-the-genome-and-the-complexity-of-living-beings.html

PA3MEPbI TEHOMOB

Sl .

Ameba 686000 Mb

Ceda .

18000 Mb

Slamard 9300 Mb

5500 Mb

Gripay ..

Home.— 3400 Mb

Galhny

1,200 Mb

A80 Mb

Nematode. .7

57 Mb

“Alow

Q28000

Woow

156000

Wow
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https://metode.org/issues/monographs/the-size-of-the-genome-and-the-complexity-of-living-beings.html

HAKONNEHWUE UHOOPMALIK

XpOMOCOMBI + MOJIHbIE TeHOMBI = 46903

I Eukaryota |l Bacteria || Archaea [ Viruses
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MONEKYNIAPHAA OUINOTEHETUKA

= YcTaHOBJIEHUE POJACTBEHHBIX CBA3EU MeX /1y OpraHU3MaMHU
= UccenoBaHue NPOUCXOKAEHHUA LITAMMOB BUPYCOB M OAKTEPUH

" HCCJ’IC,Z[OBaHI/Ie 3JIOKA4Y€CTBEHHDbIX OHYXOJIGIZ



https://itol.embl.de/

TREE OF LIFE

Trlobites - extit Aeenonites - exinct Echinoderms

Sea scompions - extnct Armoeed fish - exinct

Protostomes

Amphibians

o Muine reptiles - extinct

o Reptiles
Plants ~

Eukaryotes
/ Pro

Archaea

\
.
Bacteria o
%4
£
Earth Birth =7
=)
1 1 o J
201 252 370 444 541 700 1000 2000 3000 Millions Of Years A g0 3000 2000 1000 700 541 444 370 252 201
All the major and many of the minor living branches of life are shown on this diagram, but only a few of those that have gone extinct are shown. Example: Dinosaurs - extinctm' © 2008, 2017 Leonard Eisenberg. All rights reserved.

evogenean.com

Tree of life



https://flowingdata.com/2018/10/25/tree-of-life/

ZOONOMIA PROJECT

Euipotyphla
(shrews, moles
and hadgahogs)

Phaldota
{pangclins]

Cammora
{carnivores)

Perssodactyla
{cdd-toed
unguiates)

Catartiodactyla

{whales and even-

tosd unguiates)

Chiroptera
{bats)

Lagornompba
{rabbits,
haree and pkas)

Solenodomtaae 1)
Erracaces |1
Soncitw (2)
Takoscham &3

§
Nandnadae ()
Eupleridae 1)
Herpestidae (3)
Hysenidoe {1)
Vivemndae (1)
Febdoe (1)
Candios 3
Procyorsdam ()
Nesasbdios (5
Aluricoe (1)

Neobialssreciae 10}
Prrpssstenci |1)
Platirdaticlas (1)
Ziphidaa (2)
edoe {3
Phocoenicae (2)
Monodontidae (2)
Delphinkdae (2)

Traguidae (1) Hrola
l\c»?’"’n‘.-l‘:_____/_
Bowvicden (14)

Grealltos (2

Arlocagedae (1)
Caervidae {3}

Cramsormpctenciae (1) . :
Fnrokoptlas 7} _\_ .

Hpp d

Prarapodidan (5) Bumblebes bat

Leporics (7 ——— Snowshoe hare

Rodentia
(rodents)

Primates

Dermoptera
{arboroal
giding
mammals)

Scandentia
(troa shraws)

Cingulata
(armadiios)

Pilcea
(anteaters
and sioths)

Sirenia
(8ea cows and
manateas)

Hyracodea
(Myrawes)

Proboscikiea
(elephants)

Afrasonciia
(goidan moles
and tenrecs)

Macroscelidea
(efephant

Tubuligentata
(8ardvarks)

Bl Zconomea

e

M
LR

Glirdae 3y
Lorisgoe 1)
Gabygaoe (1)
Cabectonsdan (1)
Inchruls |25

Lz berrmanchaon 0y
Cheirogakeichas (3)
Levundae (3)
Pithecidae 2)
Cobidoe 5
Aondae 1)
Adelcoe (7}
Ceorcopirmaidam (1)
Fodottictae (1)
Hommdee 15
Tirsicton [1)

Canp =
Myrracophagicos (2)
Cyclopeaddme
Mugslcaycradm (2]
Bradtypockdem (1)
Trichechicos |1}
Cupcogoos 1
Procavidae (2|

\

Terrecdon {2

Chrysochiondas (1)
Macroscelichdam (1)
Oryrmrcpocddem (1)

Southern three-
banded armadilo

Brown-throated sloth
[ Zoonomia and GenBank [ No sequenced speckas


https://www.nature.com/articles/s41586-020-2876-6



https://www.nature.com/articles/s41586-020-2873-9

METATEHOMUKA

= MeTareHOMMUKa U3y4yaeT HabOpbl TEHOB BCeEX MUKPOOPraHW3MOB B
o6pasle

= [[puMeHeHue:

= I3aMeHeHHe MUKPOPJIOpbI YesI0BEKA (KOHKPETHBIX OPTaHOB U CUCTEM )
KOppeJupyeT C U3BMEHEHUSMU B MeJIMIIMHCKUX MTOKa3aTeJ X

= UpeHTUUKALUS BULOB

= M3y4yeHHEe NOYBEHHBIX MUKPOOHBIX COOOIIECTB BAXXHO B CEJIbCKOM
X03AHUCTBE

= B XxruMH4eckou ¥ papMaleBTUYECKOH OTPaCIU

« )
?’ eO rth mlcroblome

Qmerican‘“ 2

M 2gut ©



https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/human-microbiome-project

Appings

Phase 3 papers
published in Nature:
‘A global reference of

human genetic

variation

2014

June 2014:
First release of
Phase 3 variants

2002

HAPMAP launches

Now ~3million SNPs
2000 - 1400 individuals

11 populations
Human Genome

- High-throughput
Project completed genotyping chips QOO?

mes Project

yposed in

1bridge, UK

2008

April 2008: First
Submission of Data
to the Short Read
Archive

2012

Dec 2012: First release
of complete genomics
data

March 2012:
1000 Genomes
mirrored on AWS

May 2008: First
public data release

October 2008:
201 1 SAM/BAM
Format Defined
QOctober 2011:
Phase 1integrated
variant release
made

1000 Genomes Project
Timeline 2000 - 2016

December 2008:
First High Coverage
Variants Released

May 2011: First Variant
Release made on more
than 1000 individuals

December 2008:
First 1000 genomes
browser released

May 2011: @1000genomes
appears on Twitter

2009

May 2009: First
Indel Ce

January 2011: Final
Phase 1 Low coverage
alignments are released

June 2009: VCF
Format defined

2010

October 2010: A Map August 2009:

First Large Scale

December 2009: Deletions

First Main Project released
Sequence Data

of Human Variation
f lation

mp

sequencing is
published in Nature

Released

ref



https://www.embl.org/news/science/1510-1000genomes/

biobank’

UK BIGBANK

Data on UK Biobank participants

Cognitive function and
hearing tests

Lifestyle, medical
history,

sociodemographic Health outcome data

Physical measures Genotyping & imputation

(n = 500,000)
Environmental
measures Web-based
questionnaire data
(~200,000)

Urinary biomarkers

Physical activity
Genetic data via the monitor (100,000)

EGA (500,000)

Imaging (15,000+)



https://demondementia.com/ukb-sig-launch/

bUOBAHK OIBY «HMML TIM»
MUH3[PABA POCCIK

= KOJIJIEKLIMM OMOMaTepuaJsia OT aljueHTOB C CepAeyHo-
COCyAUCTbIMU 3a00sieBaHUSAMU (MBC, apuT™MHH, KapIMUOMHUOIIATUU U
JIp.), TAaTOJIOTHUEN KeNYA0UYHO-KUILLIEYHOTO TPAKTA, O’)KUPEHHUEM U
Apyrumu XHU3

= KoJsiekiuss 6MuomMaTepuaJsia OT perpe3eHTaTUBHOU BbIOOPKHU
HaceJIeHUs] POCCUMCKUX peruoHoB (41 peruoH, 79516 y4acTHUKOB)

= 001Iee KOJIMYeCTBO 00pa310B CbIBOPOTKH, IJIa3Mbl U LI€JIbHOU
KPOBH JIJIsl KCCJIeA0BAaTEeJIbCKUX LieJier Ha HadaJsi0 2023 roga —
>773 ThIC.




KIWHWYECKHUE BOTIPOCH!

= 1000 genomes, gnomAD: 4acTOThl BApUAHTOB B NONYJIALIUAX

= GWAS: nouck noJiuMop@pu3MOB, aCCOLITMMPOBAHHBIX C O0JIE3HSIMHU:
= MOHOTeHHbIe (MyKoBUCLKMA03, TeH CFTR)
= [IOJINTeHHbIe (KIIeMHUYecKas 60Jie3Hb Cep/ila, U30pPEHUS, ...)

= (DapMaKOFeHeTI/IKa U UHIANBHUAYaJIbHbIEC 0COOEHHOCTH

= BapdapuH
= MCCJIeJOBAaHUE TEHOB U3 CUCTEMbI CBEPThIBAHUS KPOBU

= PSCK9 u xosiecTepuH



CEPNOBWIIHO-KNETOYHAA AHEMMA

= 3aMeHa Bcero ogHoro (!!!l) HykneoTraa

GTGCACCTGACTCCTG?GGAGm

GTGCACCTGACTCCTGTGGAG -

single strand of mutant /
B-globin gene ,'

/

J
single nucleotide COOH
I

changed (mutation) H-.C CH
3w M3
G
CH»
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https://iobio.io/2017/09/29/gene_2.5.0/

JAYEM BUOMHOOPMATUKA?

= HakonsieHo OYEHb MHOro faHHbIX

= 06paboTaTh, IpOAHAJIU3UPOBATH U CTPYKTYPUPOBATh BCHO
MMeIoNy0csd MHGOPMAIMI0 BPYYHYIO He Mpe/ICTaBJIsSIeTCs
BO3MO>KHbIM

= Upesa (ogHa us):
= C IIOMOIIBIO aBTOMATHYE€CKHX ITOAX040B MUHHUMHU3UPOBATD 00J1aCThb
ITOHUCKa

= HpOBepI/ITb OKCIIEPHUMEHTAJIBHO KOHKPETHbIEC CJIY9aH . MOpe AdHHBIX
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KAK CEKBEHUPOBATb?

= 1 noKoJieHHe: MaJIeHbKMMHU KYCOYKaMH, A,0JIT0, TOYHO (CaHrep)
= 2 IOKOJIEHHE: MaJIEHBKMMHU KyCO4KaMH, HO cpa3y MHoOro (NGS)

= 3 MOKOJIeHUEe: BCIO MOJIEKYY 1IeJIMKOM, ObICTPO, MHOTO OLIMOOK
(oAHOMOJIEKYJIIPHOE CEKBEHUPOBaHUE)
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CXEMA NPOLIECCA
CEKBEHUPOBAHWA N0 C3HIEPY
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https://www.youtube.com /watch?v=FvHRio1lyyhQ @



COBPEMEHHAHA METOIMKA

= Ceryac BMeCTO TOT0, YTOOBI IPOBOAUTH GOpE3 B YETHIPEX
npobupkax ¢ pasubiMU dANTP, mpoBoaAT 0iH popes Ha cMecH,
KoTopas cofeprkaJsia Bce yeTbipe TUa ddNTP, kaxkabli1 U3 KOTOPBIX
OKpallleH [10-CBOeMY

= Qope3 NPOBOAUTCS B KallWJIJIsIpax (a He B rejie) — TakK y HETO
noJiy4yaeTcs O0Jiblile pa3pelieHre

= MakcuMaJibHad JJIMHA Npo4YTeHHss — He 6oJibine 1000-1200
HYKJIEOTHU/IOB

= [ToueMy f0 cux op NpUMEHSIETCS, €CJIH €CTb O0Jiee
NPOU3BOAUTENbHbIE METO/ bl CEKBEHUPOBAHMUS?
[CTEGTEGTGAAATTGTTATCCGC TCACAATT CCACACAACA'AEGAGCCCGAACCA TAA
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COBPEMEHHbIN KAMUINSPHbIN
CEKBEHATOP

MHOro Kanu/uigAposB -
CEKBEHHpyeM NapaslieIbHO

HECKOJIbKO pparMeHTOB
HK €



NGS

= Next generation sequencing

«“

= “+” - 0JHOBpPEMEHHO U/ ET CUKBEHC 00JIbIIIOr0 KOJIMYeCTBA Pa3HbIX
dbparMeHTOB

o

= “." - mpouTeHus gauHOHU 75 - 150 HyKA



NGS - ILLUMINA
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CKOJIbKO CTOUT?

Cosl ol sequencing a [ull human genome
The cost of sequencing the DNA of a full human genome, measured in US$. This data is not
adjusted for inflation.
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Source: National Human Genome Research Institute (2022) OurWorldInData.org/technological-change « CCBY



OIHOMONEKVNAPHOE CEKBEHUPOBAHUE

= [IHK-nonnmepasa goctpameaeT BTOPYHO Lenb Mmonekynol AHK
= HYKNeoTnabl, MEYEHHbIE Pa3fMYHbIMU NYOPECUEHTHBIMN METKAMM

= perncrtpaunda cCmrHanoB C NOMOLLBbHO |<0ch0|<3an0|7| MUWKPOCKOINMnn
BbICOKOIO pa3peLlieHnd

Pacific Biosciences — Real-time sequencing

Phospholinked hexaphosphate nucleotides
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https://ru.wikipedia.org/wiki/%D0%9E%D0%B4%D0%BD%D0%BE%D0%BC%D0%BE%D0%BB%D0%B5%D0%BA%D1%83%D0%BB%D1%8F%D1%80%D0%BD%D0%BE%D0%B5_%D1%81%D0%B5%D0%BA%D0%B2%D0%B5%D0%BD%D0%B8%D1%80%D0%BE%D0%B2%D0%B0%D0%BD%D0%B8%D0%B5_%D0%B2_%D1%80%D0%B5%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%BC_%D0%B2%D1%80%D0%B5%D0%BC%D0%B5%D0%BD%D0%B8

PACIFIC BIOSCIENCE

= “TIroChbl”
= niivuHa npoyteHuu 20000-60000

= 0e3 aMIJIMPUKALIUH
= OBICTPO

= “MHUHYyCBI”
= OOJIBIIIOU MPOLIEHT OLIMOOK

= IJeHa




O1HOMONEKVNAPHOE CEKBEHUPOBAHUE

= Oxford Nanopore

= “rirrochbr”

= navHa npoyteHun 20000-60000
= 0e3 aMIJIMPUKALIUH
= OBICTPO

= KOMIAKTHOCTb U MOOUJIbLHOCTb

= “MUHYCBI"

= OOJIBIIIOU MPOLIEHT OLINOOK




TEXHGNOIU

CEKBEHMPOBAHKA

Sequencing Technology Primary Errors  Error Rate
Capillary Sanger Sequencing | substitutions 0.1%

454 FLX Indel 1%

PacBio SMRT CG deletions 13%
Oxford Nanopore deletions 7 %

lon Torrent indels 1%
[llumina substitutions 0.1%
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Number of sequences entries in Genbank database
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https://www.mdpi.com/1422-0067/23/3/1395

4TO XE BbIbPATb?

= Bce 3aBUMCHUT OT 3aJla4yH
= KoOMOMHUPOBATH NJIATGOPMBI

= YBeJIMYHUBATh IIOKPbBITHUE

= T2T Tak u caenanu!
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