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Sweet Couples: Love and Indifference

Anastasia Zakharova, Anna Kaznadzey

BBeAeHue :
Abstract A MaTepUaAbl:
[€Hbl YTAEBOAHOTO METADOAM3IMA HACTO Programs:
Carbohydrate metabolism genes are often located together PACMOAQIAOTCS PIAOM HA OAKTEPUAABLHDIX developed ad hoc scripts on Python
on bacterial chromosomes forming combinations that here will | XPOMOCOMAX, POPMHUPYS KOMOUHALIMM, pruneTree (for tree parsing) by Zoya Chervontseva
be called cassettes. Many cassettes contain several genes of KOTOPbIE 3AECh Mbl OyAE€M HA3bIBATH treenmmweb (for ancestral conditions/events probability calculation) by Nadya
similar functions, which often can't be explained by respective | KACCETAMM. MHOTUE KACCETBI COAPXAT Bykova | | |
metabolic pathway characteristics. Our goal was to analyze OAFOBPEMERHO HECKOABKO TEHOB MOXOAKMX Phylogenetic Tree: allBacteriaTree from microbesonline
similar function genes co-localization tendencies in JOYHKLLUM, YTO YOCTO HEAb3S 96bﬂCHMTb C Random distributions: tables obtained with help of Pavel Shelyakin
comparison with random distribution pairwise and study how TOHKV 3PEHMS OCOOEHHOCTEN 5 Carbohydrate metabolism genes cassette database
COOTBETCTBYIOLLIMX METADOAMYECKMX NMYTEMN. Nucleotide search: nsimscan tool

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

Halwlen 3aaa4emn ObIAO NOMNAPHO
NPOAHAAMN3INPOBATbL TEHAEHLMIO TEHOB

glycosyltransferases as subject functions. QAR EIIRINLAIA X IRORAOIEIASOILAIA & MeToAbI:
Glycosyltransferase and glycosidase gene families generally slplEnsinlidl €O Cnysellnlaiin 3HAYMMOCTb KO-AOKOAM3ALMN CEMEMCTB FTEHOB BbIAC YCTAHOBAEHA MyTEM
do not tend to be co-localized with other carbohydrate PUCTPEASASHNEM, O TAIOKRES TCCAGAOB%T" CPOBHEHMS CO CAYHAMHBIM PACTPEAEAEHUEM U BbIMMCAEHMEM P-value. Momck
metabolism gene families, but almost all of them prefer to be KCK TAKME "CACAKME NAPOHKM" BEAYT CEOA B DOACTBEHHbIX FEHOB B BAKTEPUAABHBIX TEHOMOX OCYLLLECTBASAM C MOMOLLLBIO
co-localized with members of the same family. HOERPARIIBRS TSl IO S, CACmalcal QA MPOrPAMMBI NSIMSCAN (YCAOBMS: Boaee 60% CxOACTBA Boaee 30% AAMHbBI FEHA).
Numerous examples of pair formation and breakdown were C TequmeN%BpeN\eHm MAM PACXOAFTCA. B AQHHbIE O COBLITUAX CAMAHMA M PAZBUEHMA KOCCET M O CPEAHEM BO3PACTE
observed. At that, co-localized ancestor pairs are generally NHISENES @ orsarel SN oIRElaIA Al COOTBETCTBYIOLLIMX MPEAKOB BbIAM MOAYYEHbI C MOMOLLLBIO AHAAM3A BEPOATHOCTH
youngercompared to unpaired ancestors. We BbIOPAAM FAMKO3MAQC3bI U COBbITUIM MEPEXOAQ MEXAY COCTOSHUIMM U BEPOITHOCTU COCTOAHMI Y3AOB HO
suggest that the tendency to co-localization is higher than the INARSAARIRIRISO PISrelll, PUAOTEHETUYECKMX AEPEBLIX BAKTEPUM, COAEPXKALLMX MCCAEAYEMBIE MAPSI
breakdown tendency. reHoB. AAS 3TOM PADOTHI ObIA PA3PADOTAH PAA NPOrPAMM HA Python.

glggztisgﬂransferase gggzmﬁ Gene number in cassetti Cassette numb;[ Average random cassette@n;réngg?r Stangle_}rr%gg\iigaﬂgg 1,0?3?;1'83 Significanﬁg Gly’COSidGSGS:“br.eCI k|n9 .evenTS G|ycosy|frgnsfergses: bregking e\/enfs

glycosylransferase COG0438 1 1661 2171.0125 37.7215766339  1.00E-004 No 0.6 05

glycosylransferase COG0463 1 1434 1666.8884 290232207971 1.00E-004 No 0.45

glycosyltransferase COG1819 1 114 196.0801 9.6110645191  1.00E-004 No 0.5 A 0.4

glycosylransferase COG1442 1 a0 79,0429 5.9514586103  1.00E-004 No 04 0.35

glycosylransferase COG1215 1 689 1147328 18.3589488849 0.078192181 No ' 0.3

glycosyltransferase COGO0380 1 139 101.1348 6.8356493466  1.00E-004 Yes s 0.3 s 0.75

glycosyltransferase COG0297 1 201 166.3851 8.6211135006  1.00E-004 Yes 2 2 02

glycosylransferase COG3754 1 60 43.651 4,4204523524 0.00019998 Yes 702 015

glycosylransferase COG1216 1 755 696.064 18.3942193093 0.00089991 Yes 01 0.1

glycosylransferase COG2236 2 1 0.0254 0.15787101 0.00019998 Yes ' l . I 0.05

glycosyltransferase COG0438 2 842 1853919 12.6410013207  1.00E-004 Yes 0 . . 0 — - —

glycosyltransferase COG0463 2 235 63.9089 7.5006000287  1.00E-004 Yes 0 61 02z 03 04 05 06 O7 0B 08 0 01 02 03 04 05 06 07 08 09

glycosylransferase COGO297 2 4 0.3514 05678078257  1.00E-004 Yes Probability of event Probability of event

glycosylransferase COG1819 2 21 1.5887 1.2417456704  1.00E-004 Yes

glycosylransferase COG3754 2 8 0.1411 0.3762855166  1.00E-004 Yes g . . . . .

glycosylransferase COGLA42 2 13 09066  0.9202588984 1.00E-004 Yes Glycosidases: co-localization events Glycosyltransferases: co-localization events

glycosylransferase COG1215 2 36 10.8688 3.2181029443  1.00E-004 Yes

glycosylransferase COG1216 2 129 13.0837 3.5360846017  1.00E-004 Yes 0.35 035

0.3 B 0.3 D

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

cassettes. After comparison with the random distribution and selecting cases passing a strong P- P Di % DD;_

value filter, we see that 60% of glycosyltransferase families and 84% of glycosidase families do not 8 0 8 o

have a preference towards having specific carbohydrate metabolism neighbors when they 0.05 0.05

are located within cassettes as single representatives; however 84% glycosidase families and 79% O o ot ot o1 os oo O e 0 "oy s oo

glycosyltransferase families have a strong preference towards having a same-family neighbor within  siotesnt  esmiyeteem

the same cassette.

. . N Events of pair co-localization and breaking apart are shown both for
Glycosidases: correlation of ancestor condition with average age

. glycosidase (A, B) and glycosyltransaferase (C, D) genes.
0.45
s A
@ 035
S 03
s o Glycosidase example trees Glycosyliransferase example trees
g 0.2
% 0.15 272622 ® o000
= G A :
- L o2 A 1 =
=z 005 553482 ® 000 :
< H = = = = = B 33384 O 100 e S oo
01 02 03 04 05 06 07 08 09 1 & S 8 A o > S
Probability of genes unpaired in ancestor genomes 272621 ® 0.00 P 3 S
748671 ® o000 373384 B 0:00
324831 O 1.00 481805 ® o000
: b . ¢ 633699 £ Hiil sas035 e 05
Glycosyltransferases: correlation of ancestor condition with e & no se5054 8 o
average age of ancestors ra0s2 o o 272054 3 16
iy 557436 ® 0.00 0927 8 100
' 0.3 ® 203120 ® 000 550537 Q L.00
035 B L&' 265650 ® o000 320851 3 16
683837 ® 0gs 423368 O 1.00
0.3 454169 Q 1.00
E 454166 8 1.00
2 0 292415 ® 0.0 20301 O 100
g 02 76114 ® 0.00 554290 O 1.00
= ’ 397945 ® 000 B _{_LO 295319 O 1.00
T o iioos 8 Vo 69321;1514 9 é.gg
& 661410 ® 000 é Lq 290339 ® 0.0
E 0,1 419610 O 1.00 O 343509 O 1%8
272630 ® o000
0,05 l I . . 440085 9 1.00
H N - m - T g oo
01 02 0.3 0.4 05 0.6 0.7 0.8 0.9 1 . ' .O I § i
Probability of genes unpaired in ancestor genome 455%18327 4 ggg
0.90 ® 502025 ® 000 234621 O 1.00
. . 480224 Q 1.00 53
Ancestors with co-localized genes are generally younger, and the same ;5222 %8 e 5. Lop D
. ® o 101510 O 1.00
pattern can be seen both for glycosidases (A) and glycosyltransferases (B). lassgégﬁlgsi“ ¢ §§§
247156 ® o.00 632772 ® 0.00
101510 ® o000
632772 ® o0.00 <
526252256226 s ggg 405943 ® o000
o 298653 0.00
BbIBOBbIo 351607 ® o000
o 227882 : 0.00 O 471857 O 1.00
BONbLWMHCTBO CEMENCTB FEHOB MUKO3UATPaHChepPas U 710695 s 000 T
o : 471853 0.00 D27 O 526225 O 1.00
MINKO3MAA3 He MMEIOT CreLUnduYecknx NnpeanodTeHNn K Ko- P1oe =8 e e i
v 0.86 452637 s
NOKannsaumum c Apyrumm cemencTtsamm reHoB yrnesoaHoro ® o o

meTabonmama. Og4HaKoO NPaKTUYECKU BCE OHU AEMOHCTPUPYIOT
BbICOKOE Npeano4YTeHMNE K KO-N0KaNn3aLnmM reHos,
NPUHaaNeXallux K O4HOMY U TOMY K€ CEMENCTBY.

Bbinin 0bHapy*KeHbl AOCTOBEPHbIE COOLITUA KaK CAUAHUA, TaK U
pacnaga nap UccaeayemblX FeHOB Ha reHOMax baKkTepuii ¢ Examples of phylogenetic trees for glycosidase (A, B) and glycosyltransferase (C, D) gene pairs . [1] condition (white) stands for a co-localized pair, [O]

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

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

HEM He KO-/10Ka/In30BaHHbIE, 4TO MO3BONAET NPEANONOKNTD C. Two possible events of co-localization of a glycosyltransferase pair
Ha/M4Yyme 3BONOLUMOHHON TEHAEHLUMN, HANPABAEHHOW Ha KO- D. Two possible events of breakdown of a glycosyltransferase pair
NIOKaNU3aLMIO TeHOB KaK IMUKo3uATpaHchepas, Tak u

MMKO3MAas.
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