2BoOJTIOUNA PEPMEHTOB
MUOKCUMATHOIO LMKIa

SMTB



MMokKcmnatTHbIU
LLNKJT

MUOKCUNATHbIN LUK — 3TO aHabonunyeckum
nyTb, cny>awmm ans npeBpaLleHuns
aueTunbHbIX rpynn auetun-CoA B CyKUUMHaT.

Bnarogapa rMUOKCUMAATHOMY LMKAY, KIeTKka
MOXeT WCMosib30oBaTb aueTtaT B KayecTBe
npenlwecTBeHHUKA ONA  CUHTe3a  pa3HbIX
MOEeKyI.

Ncrnonb3yeTca B 6oraTbiX TMNMOAMM CEMeEHax B
npouecce npopacrtaHund, Korga pacreHme eule
He ¢OTOCMHT€3VIpyeT, no3BONA4A ceMeHaM
KOHBEPTUPOBATb XXUNPbl B INMIOKO3Y.

GLUCOSE

Phosphoenol- o,
pyruvate
PEP acetyl-CoA CoA
Carboxykinase

Citrate
Synthase

Oxaloacetate

Citrate

Aconitase

Fumarase

Fumarate a-Ketoglutarate

Succinate
Dehydrogenase

NADH + COy

. — -
Succinate 4 Eeinyl-CoA Succinyl-CoA

Glyoxylate specific steps —=—=-~-
TCA specific steps
Shared steps
Gluconeogenesis



N3ouutpaTtnmasa

MWOKCUNaTHbIN  LUUKN ornpenendroT OBa
K/Tro4YeBbIX cbepMeHTa: nN3ounNTpaT/inasa w“
ManaTCUHTa3a.

N3ouumnTpaTnmasa npesBpawlaeTt nN3ounTPaT B
CYKUUMHAT N TMNOKCUIaT.

ManaTcuHTasa npeBpawaeT rMMoKCcunaT m
auetunn-CoA B Manar.

N3yuyasa 3BOMIOUUIO TNIMOKCUNATHOIO LMKNA,
CTOUT 06paTUTb BHUMaHME Ha 3TU K/lloYeBble
bepMeHThI, n3oumTPaTINa3y "
ManaTCUHTa3Yy.

ManatcuHTa3a

GLUCOSE

Phosphoenol- o,
pyruvate
PEP acetyl-CoA CoA
Carboxykinase
Oxaloacetate Citrate Citrate

Synthase

Aconitase

pcitrate
NAD*
-
Gpoxylath < -~ 4 Isgfitrate
Fumarase ¢ Dehydgfenase
NADH + CO,
1
Fumarate ! a-Ketoglutarate
Succinate a-Ketoglutarate "
Dehydrogenase »  Dehydrogenase NAD
- 7 ”
-
, - - NADH + CO,
stgcinate Succinyl-CoA

Succinyl-CoA
Synthetase

Glyoxylate specific steps —=—=-~-
TCA specific steps
Shared steps
Gluconeogenesis
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W Rhizaria

Sar

Alveolata
* Original ‘Supergroup’

Stramenopila =) @ No molecular data in 2004

B Hay4dHOWM NuTepaType ecTb paboThbl, MoATBepPyKaatoLLmne
rMnoTesy ropW3OHTA/IbHOrO MepeHoca B 2BOMOLMU
FMUOKCUATHOIO LUMKIa.

Llenblo OaHHOro npoekTa 4aBnAdeTca UccregoBaHme
MOMTHOM 3BOMIOLUMKM TMTMOKCMIATHOIO LMKMA (HAaCKOMbKO
3TO BO3MOXHO) C TMPUMEHEHMEeM Bcex MNoCnegHux
OaHHbIX MOJTHOFEHOMHOIO CEKBEHMPOBaHMS.

MS_A

ICL




Xopn paboThl

Mpw NpocMoTpe AepeBbeB
Mbl MOTTIM MOHATb KaKue
6enKn 6IM3KOPOLACTBEHHbIE,
a Kakue HeT

BbiBOAbI

B sakntountensHom

sTane Mbl ﬂ,epeBbﬂ

CTpoeHune
CbVU'IOI'eHeTl/IL{eCKl/IX
nepeBbeB

plAST D
_Bl

Mbl XOTeN” M3y4nTb KaK
6eNKN MMMNOKCMNATHOIro
LMKMa nponaganm nnm
npuobpeTanncb y
Pa3HbIX TUMOB
opraHM3MoB.

)

BbipaBHMBaHMSA
NCMOSIb3YIOTCH A4
MOCTPOEHMA
dunoreHmnn.

A

Mbl MCKanu 6enKkn cxoaHble

Mo NocneaoBaTeENbHOCTU C
MaflaTCMHTa30M U
N30LUUNTPAT/INA30M B
Pa3NNYHbIX OpraHM3Max

HanpeHHble
nocnegoBaTeIbHOCTU
BblPaBHWMBALOTCS.

BLAST — 310 canTt
MO3BOMAOLLNN HAaXoaUTb

CXoOgHble rnocsieoBaTes/iIbHOCTU

HYKNeoTnnoB.




MeToabl

BLAST anga noucka ILC u
MS y: BakTepuii, Apxen um
DyKapuoT.

NcKanu peKypCcuUBHO,
HayMHagqa ¢
nocnenoBaTeslbHOCTEN U3
E. coli (IC1L: MHOO05562
MSa: MHOO05561).

Muscle
MMMNJIeMEeHTUPOBaHHbINA B
MEGA.

BblpaBHUBaHWE U
MOCTPOEHNE MEPBOIO
dUNoreHeTNYeCcKoro gepena
MeTogoM Maximum

MrBayes:

BTopoe noctpoeHume
[JepeBa yepes
KOMaHOHYO CTPOKY C
napamMeTpaMm no
YMONYaHUIO.

Mesquite:
Busyanmnsaumna
OaHHbIX 3 MrBayes B
6onee ygobHoM BMae.

Likelihood.
Species/Abbrv \

1. MBT17576.1 malate synthase G Dehalococcoidia bacterium\ | L S
2. MBU27748.1 malate synthase G Flavobacteriales bacterium\| | S
3. MSU49663.1 malate synthase G Opitutus sp.\

malate synthase [Phycisphaeraceae bacterium]
Sequence ID: MAE64273.1 Length: 627 Number of Matches: 1
Range 1: 6 to 627 GenPept Graphics

Score Expect Method
899 bits(2324) 0.0

Identities Positives

Query 5
Sbjct 6
Query 65
Sbjct 66
125
126

SIIIRDNLKEQYRDIYTEEVLLALNTMAHFNKSVKHLMNERIKRRNDRHTNSKRIEFYDP
+ I+D L++ Y D+ TE+ L AL+ + +RR R
ALUIQDRLQDTYPDVLTEDALRALDALAPLNDVRREMMAARIQRRRRRAAEGERITFLDP
ESLIPGSSIKVKDAREGRFEGSVIPHDLQROWIQGTGPAAKPNASLESSIRNAAYALLSG
+IP +++ V+ AR+G F+GS IP DI QGT!¢ ALL!
DEIIPRTTLTVRAARDGDFDGSEIPDDLQRQWIQGTGPGAKPRAELRSSIRNVAYALLSG
Query

Sbjct

ADGWMFDGEDALGQIASMSLDNQRNLKLAIAKDPVFLKVAEQVAAEMNRWSEGFLGQEIV
ADGWMFDGEDALGQ+++MSLDN RNLKI

ADGWMFDGEDALGQVSTMSLDNLRNLKLAIDRDTMFLEVAEOVAAEMNRWGEPFFGRPIV
185
186

245

Query
Sbjct
Query
Shjct
Query
Sbjct

KDWKSQLDFTTKIFRCRGLHLDDRHIRDADGVALAASIADLCLYVVNNYRQLRKSGSSIV
++W+SQLDFTTKI+R RGLHLDDRH+R DG  +ASI D LYVVNN+R+L+ G+SIV
ENWRSQLDFTTKIYRVRGLHLDDRHVRKGDGKGFSASIVDSVLYVVNNHRRLQADGASIV

LYLPKIQTAGEAALWNSMLSALEDHLGLENGTIKVYLLVEQLEATYQLMEIRAVLGKHFV
LYLPKIQTA EAAL+N +L+ALE HLGL GTIKVY+LVEQ+EA++QLMEIRA L HFV
LYLPKIQTADEAALFNDILAALERHLGLAVGTIKVYVLVEQVEASFQLMEIRAALAPHFYV

GYNTGRWDYINSVSDAMAWDKGFINPNIESVTMTYGYMRNYEDRVRRAVNTPDINGNCAI
G+NTGRWDYINSV+DAMAW++ F+NPNI+++ MTYGYMR+YEDRVRRAVNTPD
GFNTGRWDYTI mrwIDAIVMTvun RHY TPDRNGRCAL

246
305
306

Gaps
Compositional matrix adjust. 427/622(69%) 514/622(82%) 0/622(0%)

64
65
12
12
18

185
244
245
304
305
364
365

4. MT133903.1 malate synthase G Luteivirga sdotyamensis\
5. CAA6820408.1 Malate synthase G (EC uncultured Thiotricha
6. HCC99932.1 TPA: malate synthase G Planctomycetaceae ba L ||
7. HEV57096.1 TPA: malate synthase G Phycisphaerales bacter |

8. MAL98640.1 malate synthase G Alteromonadaceae bacteriui V D!
9. MBK68909.1 malate synthase G Legionellales bacterium\

11. MS048278.1 malate synthase G Thermoleophilia bacterium\ V E
12. MS048278.1 malate synthase G Thermoleophilia bacterium V |
4 13. MVZ89370.1 malate synthase G Microbacter sp. ANSKLABC
14. NCA68620.1 malate synthase G Sphingobacteriia bacteriunm

5
4

) FWMS LIEN | VD E F
FMEIESI L BN | | K F|
FWATLAVLVREL
FWAILAALV 1
FWA FWN 1
VWT AFGAIVET L
FWHALAD LHREH
FwTlEl LBt L vHp L 100 T
w FDRVTHE | 100 100
FWHS FAAI VBEL
E R F
H 100
n

SQFY43U07. 1 Tharate Symnase G Pau
WP 050703472.1 malate synthase G
WP 166885419 1 malate synthase
REDICTED unchab
WP 061288699.1 malate synthase G
WP 131350827.1 malate synthase G
WP 152387452.1 malate synthase G
WP 090732479.1 malate synthase G
MVZ89370.1 malate synthase G Mic
RIK12569.1 malate synthase G Aci
VTR02520.1 Malate synthase G Clc
RFA04839.1 malate synthase G Myc
WP 068389642.1 malate synthase G
CAA6820408.1 Malate synthase G

100ﬂ WP 181740970.1 malate synthase G

100

100

Q)

100

100

00
100

61

61

100

L ——

100

PC175059 1 malate synthase G SAR
WP 022593445.1 malate synthase
KAES276435 1 hypothetical protei
PRD39711.1 UNVERIFIED CONTAM gl
WP 007186255.1 malate synthase G

.—.QQ- HCC99932.1 TPA malate synthase

NQU63034.1 malate synthase G SAl
malate svnthase”
las bsiza ot

D 0141400671




ICL 1 MS, KOTOopble Mbl HaLLNKU

ICL1 ICLz ICLh MSa MSg MSi MSh MSd
JyKkapuoTbl + + _ + + + - -
Bakrepum + _ - + - - - +
Apxen _ _ + _ - - + -

1.Y aykapuoT peako BcTpedatotca ICLz, MSg, MSi, cpaBHUTENbHO YacTo BcTpedaeTca ICL1 n MSa.
2. Y MHOIMX 3yKapuoT He BCTpedatoTca oba pepMeHTa OQHOBPEMEHHO.
3.DepmMeHThl ICL1, MSa BCcTpedatoTca y 6aKTepuii NoBCEMECTHO, a MSd B peakunx cny4asx.

4.Y apxel pefKo HaxogaTca 3T depMeHTbl, BcTpedaeTca nsodopma ICLh, KoTopol HeT y 6aKTepuUi.



e Ka)kgoe pasBeTB/ieHMe Ha CI)I/I}'IOFeHeTl/IL—IeCKOM

aepeBe 03Ha4YaeT O4HO 3BOMOLMOHHOE
— QV
/ cobblTHe.
| e HEBO3MOXXHO OQHOBpPEMEHHOE
CyLLLECTBOBaAHWNE HECKOSTIbKMX 3BOSTIOLIMOHHbIX
‘ | CcobbITUN.
e OO6bIYHO, 6EeNKN OPraHM3MOB Pa3HbIX FPYMM
DBOMOLLMOHHOE Hepa3pelleHHOCTb HaXoOATCa OTAE/bHO OAPpYr OT Apyra
cobbITne nepesa
— = Bacl
— . == Bac2
Euc KoHTaMUHaLus
— — EUuCl H
— — — EUc2,3
— [pre— ' VS
= Bac3 .
>~ Bac [OPUM30OHTaSIbHbIN
— —= Bac4 nepeHoc
— — EUC4




KoHTaMMHauun4ga

KoHTaMMHaUUM - 3TO 3arpa3HeHnd, KOTopble 0OB6bIYHO
NPOUCXOOAT NPU CeEKBEHNPOBaAaHMKN. Hanpumep,
mHorga B JHK opraHmsmMa npm ceKBeHUpPOBaHUNU
MOXXeT nornacTtb dparMeHT [HK 6akTepun.

Mbl 60porMCb C HWUMU Ha 3Tane paboTbl C 6GNacToM, UCKYada
nogo3puTenbHbie CUKBEHCHI B BUAE:

- HEMOJMHbIX FEHOMOB

- HEKPACUBbIX N KOPOTKUX BbipaBHUBaAHUM

- MOAO3PUTENIbHO XOPOLLUMX BblpaBHUBaAHMI
[na 3Toro ncnosb3oBanu MeToabl 06paTHOro 6/1acTa U NOMNapPHOro CpaBHEHUS,
HO HEKOTOpPble KOHTaMUHAaL MK BCE YKe NPOHUKITUA B UTOFOBYIO Tabnuuy.



- OaKTEPUU
- OYKapPKMOTb

MpnMep KoOHTaMUHaLU UK

NWG72184.1 malate synthase A Par

I= RMBO8B000.1 malate synthase Eilat
0868!
:|'WP 109326259.1 malate synthase A

0YQ35871.1 isocitrate lyase Nive
I= RCL44604 .1 isocitrate lyase SARS

a0V
SI :I'WF‘ 109836568.1 isocitrate lyase
I= WP 093555633.1 isacitrate lyase

) = RZV42777.1 isocitrate lyase part
9 @_95%7::'WP 068387304.1 isocitrate lyase

=PRD37241.1 UNVERIFIED CONTAM Is

:' SAJ27073.1 Isacitrate lyase Ente
| =\/TS61276.1 Isocitrate lyase Stre

] q:hwp 090940598.1 isocitrate lyase

I= WP 131254017.1 isacitrate lyase

o657

I= TXE29923.1 isocitrate lyase Empe

TXG98280.1 isocitrate lyase Rhod

b 12 52 G2

WP 044499626.1 isacitrate lyase

I= WP 0459624351 isacitrate lyase
| : :l'WP 123591211

isocitrate lyase
= WP 152145134,

isocitrate lyase
WP 085366075.1 isacitrate lyase
G = WP 054581406,

isacitrate lyase
Bl \WP 1139557521 isocitrate lyase
= \WP 129780841,

1
1
1
1
1
1
1
1

isocitrate lyase
WP 159550903.

isacitrate lyase
::ml_'l' THD77330.1 malate synthase A Phe

Bl TH986110.1 malate synthase A Pse

WP 158484255.1 malate synthase A

WP 160072208.1 isacitrate lyase

WP 162545110.1 isacitrate lyase

WP 166929706.1 malate synthase G

PSNB83967.1 methylisocitrate lyas

AAC49686.1 isocitrate lyase Pinu

XP 016610879.1 isaocitrate lyase

XP 018026360.1 PREDICTED isacit

XP 024381041.1 isocitrate lyase

Ha 3ToM gepeBe BUOHO, YTO 3YKAPWOTbl BblAeneHbl OTAebHO OT
6aKTepU, HO OOMH OPraHM3M HaxoOMTCH OKOoNo GakTepuh. Ha
MepBbl B3rNA4 Ka)XeTcd, UYTO 3TO FOPM3OHTallbHbIM MepeHoC

reHoB

Ho npoBepka nonapHbIM
BblpaBHMBaHWEM MOATBEPXKAAET,
UYTO 3TO KOHTAaMMHALUMSA N HNUKAKOIro
FOPWM3OHTANIbHOIO NEPEHOCA Mbl TYT
He HaLK

Score Expect Method Identities Positives Gaps
768 bits(1982) 0.0  Compositional matrix adjust. 368/524(70%) 429/524(81%) 3/524(0%)

Query 9 HVRAVKEKLGGT - -WGAIRPEDAARMMVQNRFHTGLDIAKYTAAIMRKDMAEYDADSSKY 66
H++A+ E G W AT PE AARM +QNRF +GLDIA+YTAAIMR+DMAEYD D+S+Y
Sbjct 7 HIKALTELAGKNPNWAAINPEYAARMRLQNRFKSGLDIARYTAAIMRRDMAEYDQDASRY 66

Query 67  TQSLGCWHGFIAQQKMIANKKYFGTTSKRYIYLSGWMVAALRSEFGPLPDQSMHEKTSVP 126
TQSLGCWHGFIAQQK+IA KK+ +T KRY+YLSGWM+AALRSEFGPLPDQSMHEKT+VP
Sbjct 67  TQSLGCWHGFIAQQKLIAIKKHQKSTEKRYLYLSGWMIAALRSEFGPLPDQSMHEKTAVP 126

Query 127 KLIAEIYTFLRQADAKELNDLFRALQKAEQAGDSAKAAEIISQIDNFESHVVPIIADIDA 186
LI EIY FLRQAD +EL+ LF AL KA AG++ +  +++QI+ F++HVVPIIADIDA
Sbjct 127 ALIGEIYDFLRQADTRELDLLFSALDKARAAGETREETALLAQIEGFQTHVVPIIADIDA 186

Query 187 GFGNEEATYLLTKQMIEAGACAIQIENQVSDAKQCGHQAGKVTVPHEDFLAKINAVRYAF 246
GFGN EATYLL K+MIEAGAC IQIENQVSD KQCGHQ GKVTVPH DFLAKINAVRYAF
Sbjct 187 GFGNAEATYLLAKKMIEAGACCIQIENQVSDEKQCGHQDGKVTVPHADFLAKINAVRYAF 246

Query 247 LELGVDEGVI\/ARTDSEGADLTQKIPVSKEKGDLASQYISYLDTKEIDISEASDDEILIK 306
LELGVD+GVIVARTDS GA LT++I VS++ GDL
Sbjct 247 LELGVDDGVIVARTDSLGAGLTKQIAVSEKPGDLGDQYNRFLDCDEIHPAELQNGEVLIS 306

Query 307 RDGKLHRPTRLASGLYQFREGTQHDRVVLDCVTSLQNGADMIWIETPTPDVAGIAGFVND 366
RDGKL RP RLASGL+QF++G+ DR VLDC+TSLQNGADMIWIET P + I G ++
Sbjct 307 RDGKLLRPKRLASGLFQFQKGSGEDRCVLDCITSLQNGADMIWIETEKPHIGQIKGMLDR 366

Query 367 IKKQVPNAKLVYNNSPSFNWTLNFRQQAYDRWVAEGKDVSGYDRAKLMSAEYDNSELAAD 426
I++ VPNAKLVYNNSPSFNWTLNFRQQ +D W AEG+D++ Y R LMSAEYD +EL
Sbjct 367 IREVVPNAKLVYNNSPSFNWTLNFRQQVFDAWQAEGRDLAAYQRDALMSAEYDETELGKV 426

Query 427 ADEKIRTFQADAAREAGVFHHLITLPTYHTAALSTHELAKGYFGEEGMLAYVAGVQRKEI 486
AD KI++FQ DA+R+AGVFHHLITLPTYHTAALST L++GYFG + MLAYV GVQR+EI
Sbjct 427 ADAKIQSFQRDASRDAGVFHHLITLPTYHTAALSTDMLSRGYFGSDAMLAYVKGVQRQEI 486

Query 487 RGGIACVKHQAMAGSDIGDDHKEIFAGENALKAGDASKNTMNQF 530
R GIACVKHQ MAGSDIGD+HKE FAG ALKA NTM+QF
Sbjct 487 RRGIACVKHQNMAGSDIGDNHKEYFAGVAALKAS-GKDNTMHQF 529



HekoTopble

npoeBapmMTes/ibHble

BblBOA,bI
oepeBbam

Mo MNMoCTpoOeHHbIM

L1 B Armatimonadetes

0.5967-

09806 1" sk

0.6664 0:8589

5665 05603 P
0.6967

L1 B candidate

CL1 B Candidatus

ICL1 B Acidobacteria
403 ICL1 B Aquificae

CL1 A Asgard <:
= NPADS143 ICL1 B Chlarabi

08 ICL1 B Saprospiria
081 ICL1 B Cytophagia
305 ICL1 B Chitinophagia
81 1CL1 B Ignavibacteria
CL1 B Pelagibacterales
1188 ICL1 B Legionellales

= PYP0482 ICL1 B Acidobacteriia

| [— .

0:694 | S

: = | B
694 AL <

It P o rospiri
= , o=
0.9998
0.
0.8955¢

XP 016610 L1 E Opisthokonta




HekoTopble
npenBapuTeribHble
BbIBOObl MO MOCTPOEHHbIM
oepeBbam

_:9976 1= DOK64609 MSa B Sphingobacteria
o :1 = VTQ29495 MSa B Firmicutes

— 1= WP 001529540 MSa B Burkholderiales
0:9661 l= WP 159759848 MSa B Flavobacteria

1= KGQL1104 MSa E ASCOMYCOTa ¢

1= MBA4793302 MSa B Caulobacterales

O Didals
I :- WP 110148779 MS5g B Cyanobacteria

8795
(62 RZV44370 MSg B Acidimicrobiia
0675 1= GBG31427 MSg E Stramenopiles

}' KAF4696844 M5g E Alveolata e

L d= MALT7 MSi B Sneathiellales
_ pr—]= PYS14009 MSd B Bacteria
e PYU30082 MSd B Bacteria

1 1‘I__l- NAY8Z2070 MSd A Thaumarchaeota
1= PSO08481 MSd A Candidatus Marsarchaeota
1-|
l= WP 012020994 MSd A Archaea
8 MS5d A Archaea
i B Bacteroidia

I 14
e~ C SR S




3aK1r4yeHme

1. Mbl HAWNWM OBe HOBblE M30POPMbI M30UUTPATING3bI N TPW HOBbIE
N30POPMbl MaSTAaTCUHTA3bI

2.  Mbl BbIACHUN, YTO Y BOMbLUMHCTBA 3YKapMOT pepMeHTbl IMMOKCUIATHOIO
LIMKJIa KMNACTapU3YyoTCa BMECTe C apXeNHbIMUM. DTO YKA3bIBAET Ha UX
MpOoMCXOXOeHMEe OT ObLLEero npeaka 1 NocnenytoLlyo NoTePO BO MHOMMX
Knagax ayKapuor.

3. HekoTopble cny4vyan nogo3pUTENbHO MOXOXXKM KaK Ha Ccriydaun
FOPUM30OHTANIbHOIO NepeHoca Tak M Ha KOHTaMMHaLMUIO.

4. B HeKOTOpbIX Cny4yaax cyLecTBoBaHMeE MMNOKCUIATHOMO LUMKMIa He
[OKa3blBaeTCca Hann4ymem pepmMeHTOB



—]

W

Han yeM elé Mo)KHO paboTaTtbh?

YBENMYNTb TOYHOCTb BblPaBHUBAHUA 1 OepPEBLEB.

Joka3zaTb Haln4me rMrUOoKCUNATHOIO LIMKIa SKCNepUMEHTaNbHO U
3HAaKOMMUTbCHA CO CTAaTbAMU 06 MU3YyUEeHHbIX CyYaax.

N3y4YnTb 3aKOHOMEPHOCTU CoYeTaHMAa N30POPM B Pa3HbIX OpraHM3Max.

KOppeKTl/lpOBaTb pPe3ysibTaTbl Mocie rnodBieHNA HOBbIX OaHHbIX O XXNBbIX
opraHMN3Max.



