Kak npupyynTb nnasmmay

How to train your plasmid

hh

Howard Hughes
Medical Institute

INSTITUTE OF MOLECULAR BIOLOGY

BonblUMHCTBO OakTepuarnbHbIX rEHOMOB UMEKT OOHY XPOMOCOMY, KOTOpasa MOXET ObITb AononHeHa HebonbLwnMm HeobasaTtenbHbIMKU Nnasmugammn. OgHako OKoro
10% OakTepunn ¢ OTCEKBEHMPOBAHHLIMW reHOMaMu copepxaT bonee ogHOro ctabunbHOro pennukoHa OornbLIOro pasmepa. HekoTopble BTOPUYHBIE PEMITUKOHbI
BUOOCNEUNPUYHbI, MOTyT OTBeYaTb 3a MNATOreHHOCTb UMM HECTU cUMBbUMOTUYECKME reHbl. [dpyrue pennukoHbl ABRASAKTCA OOWMMKM OAnd poda W codepXXaT reHbl
OoomallHero xo3ancrtea. Mbl paccmaTtpuBaem aBa poaa baktepun ¢ HectaH4apTHOUM reHOMHON apxuTekTypou: Azospirillum v Prevotella.

Most bacterial genomes have a single chromosome, which can be supplemented with small optional plasmids. However, about 10% of bacteria with sequenced
genomes contain more than one stable replicon of a large size. Some secondary replicons are species-specific, may be responsible for pathogenicity or carry
symbiotic factors. Other replicons are common to the genus and contain household genes. We consider two genera of bacteria with non-standard genomic
architecture, Azospirillum and Prevotella.

s« Azospirillum Prevotella

Azospirilum — poa a3oTOUKCUPYOLWMX BakTepun, YemMrnumMoHOB MO Prevotella — 4acTb 300pOBON MUKPOOWOTHLI CIU3UCTLIX YenoBeKa, HO

KONMUYEeCTBY KPYMHbIX PEnMKOHOB B reHome (oT 6 o 10). Mbel nony4unu ot
Konner nonHbi reHom Azospirillum sp., BblAeNeHHOro U3 noyebl YepHEBOU
Taurn, octaribHble reHoMbl ObINK B3ATbI U3 RefSeq,.

Azospirillum is a genus of nitrogen-fixing bacteria, champion in the number
of large replicons in the genome (from 6 to 10). We were provided with the

complete genome of Azospirillum sp. isolated from the soil of the

Chernevaya taiga, the remaining genomes were taken from RefSeq.

BakTepum 3TOro poaa MoryT y4acTBoBaTb B BOCMANUTENbHbIX NpOLEeCccax.
HekoTopble BuAbl cogep)XaT OAHY KPYMHYHO XPOMOCOMY, Apyrue
coaep)kaT ABa KpYMHbIX pPeniMKoHa.

Prevotella is part of the healthy microbiota of human mucous
membranes, but may be involved in inflammatory processes. Some
species contain one large chromosome, others contain two large
replicons.
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B803MOXXHOE MECMO CKIieusaHUs PeriuKoHOS.
Fig.2. Cumulative GC-skew ((G-C)/(G+C)) for a strain with
— two large replicons (A,B) and two strains with a putative
fused replicon (C,D). The dotted line indicates a putative
position of the fusion.
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Mbl BbISBUNIN NpPeanoYTUTENbHbIE HanpasrieHUst PEKOMOUHLNN:
MeXOy BTOPbIM U TPETbUM PEenSIMKOHaMN U MeXay pensiMmkoHamm
C YETBEPTOro N MEHbLLE.
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Comparison of cumulative GC-skews between replicons within a
genome revealed transition from typical for a chromosome to
more noisy/non-structured one (typical for plasmids). Of 1675
single-copy universal orthogroups, ~800 always placed in the
chromosome, 287 always placed on secondary replicons. We
detected the preferred directions of recombination: between the
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N3 523 yHuBepcanbHbIX OAOHOKOMUUHLIX OpTOrpynn, reHol 123 A
OpTOrpynmn Bcerda fiexaTr Ha NepBbiX XpoMocoMax. HeTt oprtorpynn, v 1501
KOTOPbIX reHbl pacrofiaratoTcd Ha BTOPOU XPOMOCOME BO BCeEX Kragax
c AByms pennnkoHamu. Cutyauum, Kkorga cpasy donbluas rpynna reHoB

Puc.4. Konnudecmeo opmoezpyrin, y Komopbix
POBHO 8 3a0aHHOM 4ucrie WmamMmMo8
npedcmasumeriu pacriosioXXeHbl He Ha repeom
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Mexay BugamMu, HO BHYTPW OQ4HOro reHoma

(
(
— Azospirillum, strain 7, replicon 4 (16S
— Azospirillum, strain 7, replicon 1 (16S

(

(

(

(

Azospirillum, strain 1, replicon 4 (16S 1 i i i
Azospirillum, strain 7, replicon 3 (16S AZOSZ i reglicon , 51 . NpakTMYeckn uAeHTUYHb.. C  MOMOLLbIO is located on the second chromosome in the same large set of strains , , |
Azospirillum, strain 7, replicon 2 (16S Azospirillum, strain 1, replicon 1 (16S 1 BblpaBHMBaHUA, Mbl 06Hapy>|<[/|j'|[/| dare very rare. 12

*iAzospiril/um, strain 7, replicon 2 (16S
Azospirillum, strain 7, replicon 4 (16S

CBUAOETENbLCTBA rOpU30HTanbLHOro nepeHoca
reHoB 16S pPHK mexgy wrammamu.

The 16S rRNA genes differ between
species, but within the same genome they
are almost identical. We performed gene
alignment and found the evidence of
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Konuyecmeo opmoepyrirn, y KomopbiX pOBHO 8 3adaHHOM 4ucrie WmamMmo8
npedcmasumersiu  pacriofioXeHbl  Ha  8mopom  persiukoHe.  (B)
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Fig.3. Statistics of phyletic patterns of universal core genes. (A) The number
of orthogroups whose representatives are located on the second replicon in
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Puc.5. ®pazmeHmsbi ¢bunozceHemudyeckoz2o depesa 2eHos 16S pPHK. (A) Ha
gemkKe cKracmepu3osasnucb 16S pHK 2eHbl 00Ho20 wmamma. (B) Knalda
cooepxxum 16S PHK eeHbl u3 pasHbiX wWmaMMOo8, 4Ymo [10380719em
npedrnonazame 20pU30HMasIbHbIU NepeHoc.
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Fig.5. Clades of 16S rRNA genes tree. (A) The clade consists of the genes horizontal gene transfer of 16S pPHK genes a given number of strains. (B) Occurrence of non-unique phyletic patterns. 0 0 0 i " e 130
from the same strain. (B) The clade comprises genes from different strains Petween strains. Occurrence of identical patterns
indicating putative HGT.

BbiBOA: BbiBOA:

50% o06LKnX OOHOKOMUMHBLIX FEHOB neXxaT Ha OCHOBHOWM Xxpomocome, 20% y Bcex wWTamMMOB Ha
BTOPUYHbIX penninkoHax. Xpomocoma boriee ctabunbHa no pasmepam B pamMkax poda, Y BTOPUYHbLIX
PENSINKOHOB MHOrO cneaoB pekoMmbuHauun. Ectb HebornbluMe nnasmugbl C CUIbHO OTNUYaOLWMMCS
GC cocTtaBOM, BO3SMOXHO 9TO KOHTaMUHaLUUSA.

[lpeBoTensnbl ¢ ABYMS pennukoHaMmu obpasyloT Tpu Knagbl Ha dounoreHeTndeckom aepese. Pasmep
BTOPbIX PEMSIMKOHOB M KONMMYECTBO OOLLUMX OAHOKOMWUMHLIX FEHOB Ha HWUX 3HAYUTENLHO BapbUPYETCS
MeXxay rpynnamm. bonee Toro, HET opTOrpynn, ooWwmx Anst BCEX BTOPbIX PENSIMKOHOB, YTO NOATBEPXAAET
X He3aBMcUMoe obpasoBaHMe B pasHbIX Kragax.

Conclusion:

Prevotella with two replicons form three clades on the phylogenetic tree. The size of the second

replicons and the number of common single-copy genes on them varies significantly between groups.
Moreover, there are no orthogroups common to all second replicons, which confirms their independent
formation in different clades.

Conclusion:

50% of common single-copy genes are in the main chromosome, 20% of all genes are on secondary
replicons. The chromosome has stable size within the genus, secondary replicons have many traces
of recombination. There are small plasmids with low GC content (putative contamination).
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