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Sweet Couples: Love and Indifference

Abstract

Carbohydrate metabolism genes are often located together
on bacterial chromosomes forming combinations that here will
be called cassettes. Many cassettes contain several genes of
similar functions, which often can't be explained by respective
metabolic pathway characteristics. Our goal was to analyze
similar function genes co-localization tendencies in
comparison with random distribution pairwise and study how
such "sweet couples” behave in different genomes, to find out
It generally they become closer or farther away on the
chromosomes with time. We chose glycosidases and
glycosyltransferases as subject functions.

Glycosyltransterase and glycosidase gene families generally
do not tend to be co-localized with other carbohydrate
metabolism gene families, but almost all of them prefer to be
co-localized with members of the same family.

Numerous examples of pair formation and breakdown were
observed. At that, co-localized ancestor pairs are generally
youngercompared to unpaired ancestors. We

BBeAeHue

[€Hbl YTAEBOAHOTO METADOAM3IMA YOCTO
PACMOAQralOTCH PAAOM HAO OAKTEPUAABHbIX
XPOMOCOMAOX, DOPMMPYI KOMOMHALMMA,
KOTOPbIE 3AECH Mbl ODYAEM HA3bIBATb
KacceTamm. MHOTMe KaCcCeTbl COAEPXAT
OAHOBPEMEHHO HECKOABKO TEHOB MOXOXKMX
AOYHKLMM, YTO YOCTO HEAB3T OOBICHMTbL C
TOYKM 3PEHNI OCODEHHOCTEM
COOTBETCTBYIOLLMX METADOAMYECKMX MYTEMN.
Halwlen 3aaa4emn ObIAO NOMNAPHO
NPOAHAAUINPOBATbL TEHAEHLMIO TEHOB
CXOAHbIX OYHKLMM K KO-AOKAAM3ALLMM B
CPOBHEHUM CO CAYHOMHbBIM
PACMPEAEAEHMEM, O TAKXKE MCCAEAOBATH
KAK TOKME "CAQAKME MAPOYKU" BEAYT CeD4 B
PA3AMYHbBIX TEHOMOX M MOHITb, CXOAITCSH OHM
C TEYEHMEM BPEMEHU MAM PACXOAATCA. B
KQ4yeCcTBe OObEKTA MCCAEAOBAHMS Mbl
BbIOOAAM TAMKO3MAQ3bI U

MaTepuaAabi:

Programs:

developed ad hoc scripts on Python

prunelree (for tree parsing) by Zoya Chervontseva

treehmmweb (for ancestral conditions/events probability calculation) by Nadya
Bykova

Phylogenetic Tree: allBacterialree from microbesonline

Random distributions: tables obtained with help of Pavel Shelyakin
Carbohydrate metabolism genes cassetie database

Nucleotide search: nsimscan ool

MeToAbI:

3HAYMMOCTb KO-AOKAAM3ALMM CEMEMNCTB FTEHOB ObIAQ YCTAHOBAEHA MYTEM
CPABHEHMA CO CAYHYOAMHBIM PACMPEAEAEHMEM U BblMMCAEHMEM P-value. [Tonck
POACTBEHHbIX TEHOB B OAKTEPUAABbHbBIX TEHOMAOX OCYLLLECTBAIAM C MOMOLLLbIO
NPOrPAMMBbI NSIMscan (YcAoBma:. 6boaee 60% cxoacTea boaee 30% AAMHbBI TEHA).
AQHHbIE O COObBITUIX CAUAHMSI U PA3OUMEHMI KOCCET M O CPEAHEM BO3PACTE
COOTBETCTBYIOLLMX MPEAKOB ObIAM MOAYYEHBI C MOMOLLLBIO AHAAM3A BEPOITHOCTH
COObITUM MNEPEXOAT MEXAY COCTOAHMAMM M BEPLOATHOCTM COCTOIHMM Y3AOB HO

suggest that the tendency to co-localization is higher than the AT IR OO, JOUAOTEHETUHECKMX ACPEBBIX BAKTEPUM, COAEPXKALLUX MCCAEAYEMBIE MAPDI
breakdown tendency. reHOB. AAS 3TOM PADOTHI ObIA PA3PADOTAH PAA NPOrPAMM HA Python.
glir;tisg/r&ransferase g882236 Gene number in cassetti Cassette numb;lr Average random cassene6n6ur;9t)§; Stanga;rgsgg\fgﬂgg 105!3?)%2 Significan{t\:Js Glycosidases: brea |<|ng events Glycosyltra nsferases: breq |(|ng events
glycosyltransferase COG0438 1 1881 21771.0125 377215766339  1.00E-004 No 0.6 05
glycosyltransferase COG0463 1 1434 1666.8884 290232207971  1.00E-004 No 045 C
glycosyltransferase COG1819 1 114 196.0891 9.6110645191  1.00E-004 No 0.5 A 04
glycosyltransferase COG1442 1 50 79.0429 5.9514586103  1.00E-004 No " 035
glycosyltransferase COG1215 1 689 114,7328 18.3589488849 0.078192181 No ’ 03
glycosyltransferase COGO0380 1 139 101.1349 6.8356493466  1.00E-004 Yes ‘é 0.3 = 025
glycosyltransferase COG0297 1 201 166.3851 8.6211135006  1.00E-004 Yes 3 a2 02
glycosyltransferase COG3754 1 60 43.651 4.4204523524 0.00019998 Yes 0.2 015
glycosyltransferase COG1216 1 755 696.064 18.3942193093 0.00089991 Yes 01 01
glycosyltransferase COG2236 2 1 0.0254 0.15797101 0.00019998 Yes ’ I l I 0.05
glycosyltransferase COG0438 2 842 185.3919 126410013207  1.00E-004 Yes 0 — 0 — - —
glycosyltransferase COG0463 2 235 63.9089 7.5006000287  1.00E-004 Yes 0 01 02 03 04 05 06 07 08 09 0 01 02 03 04 05 06 07 08 09
glycosyitransferase COG0297 2 4 0.3514 0.5878078257  1.00E-004 Yes Probability of event Probability of event
glycosyltransferase COG1819 2 21 1.5887 1.2417456704  1.00E-004 Yes
glycosyltransferase COG3754 2 8 0.1411 0.3762855166  1.00E-004 Yes : - _ : : . .
glycosylransferase COGLA42 2 13 09066  0.9202588984 1.00E-004 Yes Glycosidases: co-localization events Glycosyltransferases: co-localization events
glycosyltransferase COG1215 2 36 10.8688 3.2181029443  1.00E-004 Yes
glycosyltransferase COG1216 2 129 13.0837 3.5360846017  1.00E-004 Yes 0.35 035
03 B 03 D

Glycosyltransferase and glycosidase genes are highly abundant among carbohydrate metabolism 025 02

. . . . . . . 0.2 0.2
cassettes. After comparison with the random distribution and selecting cases passing a strong P- : :
value filter, we see that 60% of glycosyltransferase families and 84% of glycosidase families do not B °
have a preference towards having specific carbohydrate metabolism neighbors when they 0.05 005
are located within cassettes as single representatives; however 84% glycosidase families and 79% O T os 0 oe o7 o8 oo O T 0 07 08 0o
glycosyltransferase families have a strong preference towards having a same-family neighbor within C esiyotesn  bosmiyoreent

the same cassette.

Glycosidases: correlation of ancestor condition with average age
of ancestors
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Glycosyltransferases: correlation of ancestor condition with
average age of ancestors
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Ancestors with co-localized genes are generally younger, and the same

pattern can be seen both for glycosidases (A) and glycosyltransferases (B).

BbiBOADbI:

BONbLWWNHCTBO CEMENCTB FrEHOB MUKO3UATPaHCPEPa3 U
MMUKO3MA3a3 HE MMELOT CreumnPrnyeckmnx npeanovyTeHUm K Ko-
IOKanu3saumnm ¢ Apyrmmm cemencTtBamm reHoB YrneBogHoro
meTabonmama. OgHaKO NPAKTUYECKM BCE OHMN AEMOHCTPUPYIOT
BbICOKOE npeanoyYTeHME K KO-/10Ka/IN3auunm reHos,
NPUHaANEXKALWMX K OAHOMY U TOMY Ke CEMENCTBY.

Bblnn o6HapyKeHbl AOCTOBEPHbIE COObITUA KaK CANAHUA, TaK U
pacnaga nap uccaeayembix reHoB Ha reHoMax baKkTepum C

TeyeHnem BpemeHu. C NOMOLLbIO PEKOHCTPYKLUMN NPEeaKOB Mbl
BbIACHWUN, YTO KO-NO0KA/IM30BaHHbIEe Npeakun - bonee "monogbie”,

YeM He KO-/I0Ka/ZIM30BaHHbIe, YTO NO3BONAET NPEeAno/IOKUTb
Hann4me 3BONOLMOHHOM TeHAEHL MU, HanpaBAEeHHOM Ha KO-
JIOKa/IN3aLMIo reHOB KakK rMUKo3mnTpaHcdepas, Tak U
MMKO3naas.

Events of pair co-localization and breaking apart are shown both for
glycosidase (A, B) and glycosyltransaferase (C, D) genes.

Glycosidase example frees
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Examples of phylogenetic trees for glycosidase (A, B) and glycosyltransferase (C, D) gene pairs . [1] condition (white) stands for a co-localized pair, [0]

condition (black) for a broken pair.

A. Four possible events of co-localization of a glycosidase pair
B. Four possible events of co-localization and at least one possible event of breakdown of a glycosidase pair

C. Two possible events of co-localization of a glycosyltransferase pair
D. Two possible events of breakdown of a glycosyltransferase pair
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