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Comprehensive analysis of the role of horizontal gene transfer in prokaryotic
genome evolution based on comparative genome analysis
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Using a microbial comparative genome database (MBGD), we have conducted
comprehensive analysis of horizontal gene transfer among prokaryotic genomes. We considered “
non-core genes,” i.e. genes that are not conserved among the genomes of the same species, as
candidates of horizontally transferred genes, and constructed a structure consisting of non-core
genes with conserved gene order. Moreover, we identified orthologous relationships among the entire
gene repertoire of species (pan-genome) and extracted non-core genes that appear in distantly
related organisms. In addition to these results, we added conventional indices of horizontal gene
transfer and knowledge of known mobile genetic elements and constructed a database of comprehensive
prediction of horizontally transferred genes among prokaryotes.



HGT)

CoreAligner
2008)
MBGD(Uchiyama 2003)
(Uchiyama 2013)

HGT

Helicobacter pylori
RECOG(Uchiyama 2017)

Uchiyama et al. 2016

HGT
HGT
HGT

)
()
©)
(MGE) MGE

®)
HGT

MBGD

CoreAligner

o )

@

3) HGT MGE
HGT
k-mer

(Horizontal Gene Transfer;

MGE

(Uchiyama

HGT
(4)

MBGD

Gl
CoreAligner

HGT



*

MBGD

MBGD MySQL

@ ()

CoreAligner

Gl Findlsland

i B
CoreAligner R T = : s
fozess: = o esrssesesesed] :
st essssess = e :
26695-1 cessoocce el id e eceececcsccoccccccce .
26695-ICL. oeeeeecce oo eee ¢ eceecsesecocrecoces .
mﬁl.cn coeeeescce e oo *  scescessscessssssse .
BMOI2S o -n esececocncsca cowc @ . e
BMOI2A —oneu ——————a
HPAGI . -
PeCant . < eee .
Aklavikl 17 .
P’:ﬁg . . seece . : seeecoecccccna
- v225d caecceoocoeoocoecn
Findlsland St : s
D NS 000000. HSRMRSRRNINY =~
:lg . eeseceae
Shid17 Eesse oue .
74 . - .
B leeeenst s ;
MLI sessee u o - e ces o . wmeoese .
ML3 sessse o o Sesscuscess Be oo . .
UM298 oo e oo e+ eeeesssec seceees
UM299 oo e me oo semscccsesscc coseses
UMO32 oo oo me oo scmsossessssc sossses
lllﬂ(: . - eee .
e,
GI g’é;ﬂ e aaad - . e ¢ -
— o Bem s e
R -
35A L - .
FindMobile (Uchiyama et al. 2016)
Mobile, Semi-Mobile, Stable
H. pylori
CoreAligner
0 2000 4000 6000 8000 10000 12000 14000 16000 18000
Bacillus cereus  IEEG—G_— I
Escherichia coli - IEEG_— I
Bacillus thuringiensis  IEG—_—_—S— I
MB D 2 1 Pseudomonas fluorescens | EEG—_—_—— I
GD 2018 monelaeverc. E— —
Pseudomonas putida  IEEGE—_G— I
Pseudomonas aeruginosa I
—
143 (3077 ) ——
Klebsiella pneumoniae | EEG—|——— I
Enterobacter cloacac |IEEEEG—_—_— I
core =
- Bacillus subtilis ~ EG_—_————— -_—
island melioti - Total
Klebsiella oxytoca  IEEG—S —
- Rhodopseudomonas palustris  EEG—_— ]
non-core -
Clostridium botulinum | E———— I
25 Paenibadllus polymyxa  EG_——— _—
Ralstonia solanacearum | EEG—I—— —
Burkholderia thailandensis | IEEEG—_|— -
syringae -
abscessus —_—
smegmatis 1 mcore = non-core misland
Serratia marcescens | IEEEEEEG_—_—|I—— -

mcore mnon-core misland

16%
20-30%

@ g5 — 07—
MBGD gEFr—yns5s—J1

BL X)L

(Uchiyama et al. 2019) S A
BLAL : :
r—vaiF—JL
BL AL
- AL WIN e

BLAL | | |
t—vngr—y A | | ||

T

MBGD 2018



1.24
1.56
3) HGT MGE
mer (k=4)
k-mer

PSTk

core, island, non-core
core k-mer
HGT
HGT

MGE
2015
ICE

Roux et al. IS

al. 2017

CRISPR-Cas(CRISPRCasFinder; Couvin et al.

2018) (REBASE)
Gl

(IslandViewer; Bertell et cl. 2017)

Mobile,

Semi-mobile, Stable

)

Gl 10

(Dalevi et al. 2006)

VirSorter;
ISESearch; Xie et
Iceberg; Liu, et al. 2018

(

island

noncore

m both_normal
both_abnormal

HGT

kmer_abnormal
homology_abnormal

HGT

HGT

HGT

Length of island
21-
11-20 Wl
6-10 I
4-5 .|
3 I
2 I

Mobile

2- W
11~20
6-10 [N
Semi-mobile -5 .
3 —
2

21- 11
11-20 I
610 Wl
45

3 .

2 I

0 50 1000 1500 00 2500 2000 50
#islands

Stable

mICE mphage mIS = CRISPR mRM = Gl ®none

MGE

Mobile, Semi-mobile

IS

©)
MySQL
SQL
MBGD
taxon specific ortholog table

taxonomy ID  cluster ID

k-mer
HGT
MGE

MBGD

MGE

4000

species. phaeroides, taxon by similarity: (family)

taxid clusterid class _ mobility length _ kmer rank __top kmer tax __normal sim __taxonomy of tophits _rank Ica rank
1063 1 noncore 141 58 mox no Bacteria superkingdom superkingdom
1063 2 core CORE 2859 1 1ax1063 yes Rhodobacteraceae family family
1063 3 core CORE 633 1 1ax1063 yes Rhodobacteraceae family family
1063 4 noncore 300 1 tax1063 no Alphaproteobacteria class class
1063 5 noncore 132 18 sme yes Rhodobacteraceae family family
1063 6 core CORE 822 1 1ax1063 yes Rhodobacteraceae family family
1063 7 core CORE 1584 55 hne no Alphaproteobacteria class class
1063 8 core CORE 1848 1 1ax1063 yes Rhodobacteraceae family family
1063 4993 noncore 06 3 sth no Proteobacteria phylum phylum
1063 4994 noncore 162 2 sti no Proteobacteria phylum phylum
1063 4995 noncore 183 85 hne no
1063 499 islamd MOBILE 252 1 1ax1063 no Chelativorans genus class
1063 4997 noncore w7 156 gm03554 no
1063 4998 island SEMISTABLE 1218 1 1ax1063 no Proteobacteria phylum phylum
1063 4999 island SEMISTABLE 198 387 cgl no
1063 5000 island SEMISTABLE 186 120 bja no
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