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CpaBHEHNE MUTOXOHOPWANbHOW
anepHon OHK

lable 1 | Comparison between the human nuclear and mitochondrial genomes*

Characteristic
Size

MNumber of DNA molecules
par call

MNumber of genes encoded
Gene density

Introns

Percentage of cading DNA

Codon usage
Associated proteina

Mode of inheritance

Feplication
Transcription

Recombination

Nuclear genome
~3.3x10°bp
23in haploid cells; 46 in diploid cells

~20,000-30,000

-1 per 40,000 bp

Frequently found in most genes
~3%

The universal genetic cocle

Muclecsome-associated histone
proteins and non-histone proteins

Mendelian inheritance for autosomes
and the X chromosome; paternal
inheritance for the Y chromosome

Strand-coupled mechanism that
uses DNA polymerases o and &

Most genes are transcribed
individually

Each pair of homologues recombines
during the prophase of meiosis

Mitochondrial genome
16,568 bp
Several thousand copies per call (polyploidy)

37 (13 polypeptides, 22 tHNAs and 2 rENAS)
1 per 450 bp

Absent

~83%

AUA codes for methionine; TGA codes for
tryptophan; AGA and AGG specify stop codons

Mo histones; but associated with several proteins
(for example, TEAM) that form nuclecids

Exclusively maternal

Strand-coupled and strand-displacement
models; only uses DMNA polymerasa ¥y

Al genes on both strands are transcribed as
large polycistrons

There is evidence that recombination occurs at
a calular leve but litthe evidence that it occurs at a
population level

"Table modified from REE 171 @ (1299) John Wiley and Sons. TRAM, mitochondrial transcription factor A; rRNA, ribcsomal RNA,



3agayu:

. Hantn mutoxoHapunansHyto JHK, BCTpoOeHHY0 B
OHK aopa (numt) opranmnamoB Candida

d

bicans, Arabidopsis thaliana, Apis melliformes

® I_

anTU reHbl, BCTPOUBLLUMECH B NOJIHOM pa3smepe

. Onpenennutb PYHKLUMOHANbHYHO aKTUBHOCTb
BCTPOEHHbIX rEHOB



OOBbeKkTbl uccrnegoBaHus

Apis melliféra

Pasmep reHoma: 453 Mb
Pasmep mutoxoHapuoHa: 16343 bp

Arabiddpsis thaliana

Pa3mep reHoma: 30,43 Mb
Pasmep mutoxoHapmoHa: 366924 bp



ilcnonb3oBaHHbIE CTOPOHHUE
OaHHblE N cOT
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(spepHas OHK) unn B doopmate genbank (ans
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Vlcnonb3oBaHHbLIM CTOPOHHUU COMT

. BLAST+
. lgv- browser



[ lonck nocrnegoBaTeribHOCTEN
numtDNA

. JlokanbHbI BriacT ¢ NnapameTpamu:
makeblastdb.exe -in A.thaliana_all_chr.fasta -dbtype nucl

blastn -task blastn -db A.thaliana_all_chr.fasta -query
A.thaliana_mitoch.fasta -outfmt 7 -evalue 1e-06 > a.out

. Numt1.py - ckpunt Ha Python ¢ ncnonssosaHnem Biopython (Ha
Bxoge — blast_output n mit_dna.gb) — npeopa3sosaHue BbiBOAa
blast 1 nonck numt

. Numt2.py - ckpunt Ha Python onga noncka pyHKUMOHasbHbIX
reHoB B numt

. AHanus gaHHbIX B BUae tabnuubl Excel



Blast-output fragment

# BLASTN 2.2.28+

# Query: gi|26556996 |ref|NC_001284.2| Arabidopsis thaliana mitochondrion, complete genome

# Database: A.thaliana_all_chr.fasta

# Fields: query id, subject id, % identity, alignment length, mismatches, gap opens, g. start, . end, s. start, s. end, evalue, bit score

# 825 hits found

gi| 26556996 |ref|NC_001284.2| gi|240254678|ref|NC_003071.7|  99.66 74085 95 87 44698 1187363435331 3509305 0.0 1.322e+
qi| 26556996 |ref|NC_001284.2| gi|240254678|ref[NC_003071.7]  99.67 66106 84 49  2176882837653313244 3247243 0.0 1.181e+
gi| 26556996 |ref|NC_001284.2| gi|240254678|ref[NC_003071.7]  99.44 44829 63 70  1115711562873367972 3412723 0.0  7.956e+
gi| 26556996 |ref|NC_001284.2| gi|240254678|ref[NC_003071.7]  99.71 37960 60 39  3056703436073360738 3322806 0.0 6.783e+



OparmeHT BblBOAaA AN CKpUNTa

9i(323388985|ref[NC_007072.3|,LG3,9646351,9647650,1337,84.44,ND2gi|323388985|ref[NC_007072.3|,L
G3,12673440,12672786,735,78.64,ND4Lgi|323388985|ref[INC_007072.3|,LG3,11520453,11521003,59
0,80.17,ND3gi[323388985|ref[NC_007072.3|,LG3,13134469,13134749,282,96.10,ATP8gi[323388985|r
ef[NC_007072.3|,LG3,12659723,12660660,988,64.57,ND4Lgi|323388985|ref[NC_007072.3|,LG3,1266
0388,12660656,298,66.44,ATP8gi|323388985(refINC_007072.3|,LG3,12659655,12660168,545,64.95,
ATP8gi|323388982|ref|[NC_007075.3|,LG6,12559955,12559370,635,84.09, ATP8gi|323388986|ref|[NC_
007071.3|,LG2,12060424,12060808,393,89.31,ND4Lgi[323388981|ref[NC_007076.3|,LG7,11973595,1
1972861,822,81.39,ATP6gi|323388981 |ref|



KonnyecTBeHHbIE XapaKTEPUCTUKU
HanaeHHbIX humt

A.thaliana A.melifera

KonnyecTto X1Tos, 2572 6915
cogepXxalimx

mMuToxoHapuaneHyto OHK =

Konm4yecTtBo numt

KonnyecTtso numt, 123 44
cogepXalimx nosiHble reHol

MUTOXOHAPMUASTLHOIO

MPOUCXOXOEHWS

Konn4yectBo numt, 120 40

coAepXKalLuX reHsb,
MonaBLUUX B OTKPbITblE
paMKW CYUTbIBaAHUS



OTHOLLEHME NepeHECEHHbIX FEHOB K 00LLEMY
KONIM4eCTBY reHOB B MUTOXOoHApUN Apis
mellifera

B KOJfiM4eCcTBO reHoB B MUTOXOHOPUN

= konun4yectBo Numt ¢ NONHbIM MUTOXOHAPUANbHBIM FEHOM B
A0epPHOM reHome
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KonnyectBo HyKIeoTnagoB B BUAe
Numt n B MutoxoHgpumasribHOM
reHome Apis mellifera

KOSIMYECTBO HYKI1eOTUAOB B BUAE
Numt B agpe

KONnm4ecTBO HYKINeOTUaoB B
MUTOXOHOPUN
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UTo 3TO 3a reHbl?

[Nna A.thaliana HnoeHo 68 reHoB:

« Donblag 4YaCcTb N3 HUX HE MMEKT U3BECTHbIX BENKOBbIX
npoayktos ArthMp

e  OyHKUMOHanNbHO 3T10: cyobeanHuubl ATdasbl, tRNA, matR
Martypasa, benku, yyactsyoLwime B bmuoreHese uutoxpoma C.

« [lpakTn4yeckn Bce reHbl BCTPOUINCb HECKOSbKO pas3

« [na A.melifera HangeHo 5 reHoB

ND2, NADH dehydrogenase subunit 2, protein coding
« ND3, NADH dehydrogenase subunit 3, protein coding
 ND4L,NADH dehydrogenase subunit 4L, protein coding
« ATPS8, ATP synthase FO subunit 8, protein coding,
ATP6, ATP synthase FO subunit 6, protein coding
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leH Konunyectso

ND4L 9
ND2 1
ND3 8
ATP6 2
ATP8 24
ArthMpo67 80
ArthMpo66 48
tRNA-Ser 9
tRNA-Tyr 7
ArthMpo71 6
ArthMpo75 8
ArthMpo21 11
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