genotypo space

OINMMNCAHWME NMPOEKTA

«JlaHpwadT puTHECca> - KIIOYEBOM KOHLEMT B 9BOJIOLMOHHON 6UMONOrMK, OTOBPAXKAIOLLMI
B3aMMOCBS3b MEX Y FeHOTUMNOM 1 PENPOAYKTUBHbBIM YCnexoM (uTHecom). B Takom

npencrtasneHnn, 0 CXo4HbIX (No nocnefoBaTENBHOCTAM) FEHOTUMAX FOBOPAT, YTO OHU «Bnn3KN>»

APYT K APYrY, O CUIbHO Pa3NYIOLLMXCS, YTO OHU «Aanekv» ApYr OT Apyra, a Mo BepTUKau

OTKNaAblBaloT d)l/ITHeC. 310 yﬂ,O6Haﬂ TeopeTnyeckasd KOHCTPYKLUMA - OAHAKO, HECMOTPA Ha rofbl

TEOPUM 1 SKCMIEPUMEHTOB, Mbl MO-MPEXHEMY Maso 3HAEM O PeasbHOM YCTPOMCTBE 3TOrO
nangwadTa, 0cObEHHO Ha r1obanbHOM MacLuTabe.
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JTy pMarpammy nonayuunu
npoeKumei ynopsaao4eHHoro
no ybbiBaHUIO BpeMeHn
“nocnepgHen mogudmkauun”

CTpecc onpenenaeTcsd no

ronapHbIe PaCCTOSHUS MEXAY

THE BIOmBLECK

INLE:

6bI10 HeNOCTaTO4YHO BEe/IMKO 1 NPOCTO He NO3BOJIA/1I0 BEeCU BbILLIeI'IOMSIHyTbIﬁ aHaNu3 - HO Tenepb

AHHOTUPOBAHHbIX NocnefoBaTENbHOCTEN - @ 3HAYUT, U TOYEK B NPOCTPaHCTBE nocnefoBaTeNbHOCTEN —

OOCTAaTO4YHO BE/IMKO.

B Hawem NpoeKTe Mbl UCMONb30BaNMN NOAXOAbl 13

reoMeTPUU U TOMONOTUN ANS U3yYEHUSs
pacnpegeneHns 6enKoB B UX «MPOCTPAHCTBE
nocneAoBaTENbHOCTEM» U Ha NaHALWadTe
dUTHECA Ha Pa3HbIX - Y 6OMBLIMX U ManbIX -
paccTosHUaX. 115 OTAENbHbIX CEMENCTB 6eNKOoB
Mbl OLLEHUN <UHANBUAYANbHbIE» CBOMCTBA UX - T
MPOCTPaHCTBa MOCNELOBATENbHOCTY - U i z
BU3Yann3npoBanmn TakoBoe. OTAENbHO-
WNHTEPECHO 6bl/I0 MPOBEPUTL FMMMOTE3Y, YTO B
cuny yHAAMEHTasbHbIX OCOBEHHOCTEN
3BOJIIOLMOHHOrO MpoLecca, NapaMeTpsbl O
pacnpefeneHus NocneaoBaTeNbHOCTEN, B : {
rno6anbHOM «MPOCTPAHCTBE>» BCEX UX
BO3MOXHbIX BAPWAHTOB, OCTAOTCH MOCTOSIHHbLIMM

6EeKOBbIX CEMENCTB Ha NPOTAXEHNN
MUNINapPLAOB NeT 3BOOLUN.
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]

PaccMaTpurBas NPOCTPaHCTBO NOCNEA0BATENbHOCTEN N «HACENAIOLWLMNX>> €0 TOYEK, BNONHE ECTECTBEHHO
nepenTu K HabNIAEHMIO HEKOTOPbIX 06/1acTEN NOBILLEHHOW U MOHMXEHHOW NJIOTHOCTU TOYEK, PeaslbHO
BCTPEYAIOLLMXCS B MPUPOAE — GYHKUMOHAbHBIX, «NOAXOAALMX> NOCNE[0BATENbHOCTEN. TOrAa MOXHO
ONepUpPOBaTh FEEOMETPUYECKNMMI U TOMOMOTMYECKUMIN KaTEFOPUSMU ANS U3yYEHUS 3TOro NPOCTPaHCTBa. o
HeflaBHEro BPEMEHU KOMYECTBO JOCTYMHbIX (CEKBEHNPOBaHHbIX) buonorunyeckmnx monekyn (AHK, PHK, 6enkwn)

BM3YyOAN3ALNN

Sequence Space

PaboTa ¢ gaHHbIMK NponcxoaunT B cpefe Python 3 B MHCTaHLmm
Jupyter Notebook, koTopbii nexxumT Ha 6ecnnaTHOM cepBepe Kaggle
HoyT6yk cumTbiBaeT 3arpy>keHHble Ha cepsep FASTA daiinbl
BbIPABHMBAHWSA 1 BbIAENSET M3 HUX CaMU BbIPOBHEHHbIE
nocnefoBaTENIbHOCTU, KOTOPBIE HY>KHbI A1 MOCTPOEHUA Ssequence
space.

3aTeM MAeT pacyeT MaTpULbl OTHOCUTE/NbHbBIX MOMAPHBIX PACCTOSAHUIA
XaMMUHra Mexay BCEMU BblAENEHHBIMU 13 BbiPaBHWBAHWS
nocnefoBaTebHOCTEN.

Ha ocHoBaHWK 3TOM MaTPULIbl CHUTAETCS CPefHee NonapHoe °
PacCTOsAHNE, a TaKXKe PACCYNTLIBAETCH KOPPENALMOHHASN Pa3MEPHOCTb
NPOCTPAHCTBa 3TUX NOCNeA0BaTE/IbHOCTEN.

3aTeM C NOMOLLbIO MHOFOMEPHOIO WKa/IMPOBaHUA M3HaYa/IbHOE 'Y
MHOrOMEpPHOE sequence space 3TUX NOCNefoBaTENbHOCTEN

NPoeLMpPYyeTCs Ha TPEXMEPHOE 1 3aTEM BU3YaNIM3NPYETCS C MOMOLLIO
WMHTEPAaKTMBHbIX scatter plots.
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KnroueBnie mopyau:

NAEN aAnst UCCAEAOBOHMS
MPOCTPAHCTBA
MOCAEAOBATEABHOCTEN - KOK
PEAAN3OBAHHBIE, TAK U AAS
ByAYLLETO PA3BUTUS MPOEKTA

CpaBHEeHVe TOMOMOrNI "HaTypPabHOro" Habopa ToYekK (B3ATbIX
13 NPUPOLbI) U "CTOXaCTUYECKOr 0" (CreHepUpPOBaHHbIX
C/ly4arHbIM pacnpeaeneHnemM MyTauuim)

BOCCTaHOB/NEHWE PUNOreHNM (AN KOHKPETHOrO CEMENCTBA)
1 nocnepyoLlas B13yanmsaums Sequence Space'a ¢ y4€ToM
pacnpegeneHus Tovek (nocnefoBaTenbHOCTeN) Ha
3BOJMIOLMOHHbIX BETKAX

CpaBHeHVe pacnpeaeneHns Toyek 415 paboTalolwen 1 He-
paboTatowen konun OAHOIO n TOIO XKE reHa (T.K. Torga mbl
MOXEM UX HabnaaTb/n30bpaxaTb B OAHOM ‘cekTope”
Sequence Space'a) - 1, TakMM 06pa3oM, OLEHKa BANAHWNS
oTbopa (1 ero oTcyTcTBMA) HAa GOPMUPOBAHME TOMONOT UM

COCTaB/IEHNE CMUCKOB "3KCTPEMasIbHbIX" BUAOB (bakTepuin) C
HEeOobbIYHbIMW CBONCTBAMU - TEPMODUIBI, BbICTPO-
9BONIOLUMOHMUPYIOLME, 1 MP. - Y HANUCaHWe
ABTOMATUYECKOI O NMAPCEPA, KOoTOpbI MOT 6bl
COMOCTaBAATb HA3BaHUS BUAOB U3 TakMX CMIMCKOB C

Ha3BaHWAMK B 60/bLWIOM gaTaceTe, YTobbl ‘MOMETUTL OCObbIE S |\/| B

TOYKM"

BM3yanu3auma 1 aHanus
SequenceSpace'a reHoB, KoTopble h h Howard Hughes
0 0 5 > Medical Institute
ONNLETBOPSAIOT" KaKOM-TO BayKHbIM

MEXBULOBOW NEPEXOL,.. HAMPUMEP:

FeHbl, KOTOPbIE GbIIN MOA CUIbHBIM

LBUKYLLMM OT60OP BO BPeMs

oTAeneHnda YyenoBeka 1 nprMaToB

dopmyne’, rae dij - M3HavanbHble

HOBOP.I
CTOXACTUNYECKMX
(CAYHAMHbIX) TOYEK

6enka, HaumHas ot Hambonee

TOoYKaMU, a 6ij - COOTBETCTBYIOLME

CTapbiX (KenTbiit uBeT) U
3aKaHuMBas GpuoNeToBbIM S
yepes Becb rpagmeHT viridis. I .

ronapHbIe PacCTOAHUS B

MPOCTPaHCTBE HOBOW Pa3MEpPHOCTMU.
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dunoreHeTnyeCKoe NOCTPOLHME:
HauWHas C XKeNToro, 3aKaHyMBas
$unonetoBbIM
(nanutpa viridis)

Mpn nnoxoMm “cTpecce” kaxabii
pa3s Nosy4aloTCs pasHble
naTTepHbl. O6patute
BHMMaHWE Ha KPaCHble TOYKM,
€C/IN XOTUTE B 3TOM Y6eamnThCs.

(cTpecc NnpMepHO 0.4)

Bbino peleHO NOCTaBNTb IKCNepPUMeHT
(KOTOprl7I noaBepr Cepbe3HoMy NUCMblITaHUIO

s ;% Haly BepYy B NPUMEHUMOCTb MCMOMb3YEMBIX B
. (] npoekTe MeToAunK) C reHepupoBaHUEM
\\ cny4YanHbIX NocnepoBaTe/ibHOCTEN
AMUHOKMUC/OT Ha OCHOBE KOHCEHCYyca U
* / 2 CPe/HEero PaccTosHUS OT
nocnefoBaTebHOCTEN, Ha OCHOBAHMM

KOTOPbIX OH 1 6bl/T paccunTaH Kak “‘cpefHss”
" CTPOKa, 4O KOHCEHCYCa Xe. Y AUBUTENMbHO
/“é 6bl10 Pa3BEHYATb HaLLW OXKNAAHWUS YETbIPEX
KOHLIEHTPUYECKMX (C LEHTPOM B KOHCEHCYCE)
chep prcyHKaMK, MOKa3aHHbLIMU BhbiLLE.

oTAenbHo baktepuu: ctpecc 0.35-0.4, OTAeNbHO N03BOHOYHbIe: cTpecc 0.35-0.4,
nonapxoe paccrosxue X =0.65 nonapxoe paccrostue X = 0.76

MO3BOHOYHbIX

CemeiictBo 3

3arpyska « ”
Hocneuog:;nbﬂomeﬁ g%?:;?gpzzz:z:a (MpeanonaraeTcs, YTO TU FeHbl Kak-
¢ 1/WIH TOTOBBIX TO CBS3aHbl C OPMUPOBAHNEM
BBIPaBHUBAHUI VHTEeNeKTa)
‘ L
1
. Mbl BbiGpanv 6enku,
BV|3YOL\V|3GLMQ CMKBEHCOB ABYX nocnefoBaTeNbHOCTN KOTOPbIX O4EHb
O4eHb PA3HbIX 9BOAIOLIMOHHbIX noxoxwu V1 B 6aktepusix, 1 B
v rpynn - MO3BOHOYHbIX. TAKUM 06Pa30M, Mbl
XOTeNn NOCMOTPETL Ha Sequence
NMO3BOHOYHbLIX U 6GKTepVIVI Space A1 CEMEeNCTB, rae TOUYKM PE3y/\ bTATbl
(nocnefoBaTenbHOCTH) NPOLWAN
3e/1eHbIE - MO3BOHOYHDIE . OYEHb Pa3HbIN 3BOSIOLMOHHbI OTOOP, : )
KpacHble - 6aKTepl/II/I 1 HaBepHsKa C¢OpMMpOBaJ'II/I OYeHb o Co3flaH y,EI,O6HbII/I NPAKTUYHbIM UHCTRYMEHT aHanmsa}/l
Pa3Hble NaTTepHbl B MPOCTPAHCTBE BM3yain3aunmn NpoCTpaHCTBa nocinegoBate/ibHOCTEN
nocnegosatenbHocTen, HO
COXPaHUM 3aMeTHOEe CXOACTBO o BuzyanunsnpoBaHbl NPOCTPaHCTBa NOCAe[0BaTENbHOCTEN ANs
CemencrBo 1 nocsiefoBaTeNIbHOCTEN = CTPYKTYP = 6EeNKOBbIX CEMENCTB, MOCNEL0BATENbHOCTN KOTOPbLIX CUIbHO CXOXKM
bYHKUMIA. Ansg 6aKTePUA U NO3BOHOYHbIX (@ 3HAYNUT, UMEIOT U eANHYIO0
crpecc = 0.35-0.4, cpepHee nonapHoe paccrosinue X = 0.8 SBOMIOLWIOHHYIO MCTOPUIO). DTO NO3BOASAET “B3rNAHYTL' Ha
bakTepun nomectunnco BHYTpU chepbl, a NO3BOHOUHbIE Ha ee SequenceSpace B CUTyaLuK, KOrAa TOYKM (FeHbl) MPOLLIV OYEHb
obonouke B 0CHOBHOM. ToueK NO3BOHOYHBIX YYyTb MEHbLUE, YeM Pa3HbIi SBOMIOLMOHHBIM OTEOP (TaKOBask PasHULIA O4EBUAHA 4151
bakTepnanbHbix cuTyaumm bacteria VS vertebrates)
CemeiicTBo 2
BupHa Takas e 3aKOHOMepPHOCTb Npw
OAVNHAKOBOM KOJIMyecTBe Touek bakrepwii n Y.

HeoXknaaHHbIMK - C TOYKM 3PEHNS UHTYTUMBHbIX OXXMAAHUA -
ABNAIOTCA BU3yaslbHble NATTEPHbI PacnpeseneHns MHOXECTB TOYeK,
OTCTOSALWMX OT 3a4aHHOIO LLEHTPA Ha Pa3NnyHble AUCKPETHbIE
“lWarn”; MOXHO 6bl10 Hbl MPEANONOXKNTb, YTO TAKOBbIE MHOXECTBA
0ob6pasyloT chepbl Pa3NNYHOIO ANAMETPA, BIOXKEHHbIE APYT B ApYyra
no NPUHUMNY ‘Matpewkn’ - HO B AENCTBUTENBHOCTU TOYKM STUX
MHOXECTB NepemMellaHbl ApYr C APYroM, 06pasys HEKOTOPbIV
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