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B reHaX. 

B HaCTORUee  BpeMH npOBOAMTCH IrrMpOKOMaC- 

U T ~ ~ H O ~  o n p e n e n e H M e  n o c n e n o ~ a ~ e n b ~ o c ~ e f i  p a -  
JIMYHbIX reHOMOB. B p e 3 y n b T a T e  3TEM pa6o.r MCCne- 

AOBaTeIHM C T U H  AOCTJTIHbI O v O M H b l e  0 6 5 e ~ b 1  

H y w t e o T w H b m  n o c n e n o ~ a ~ e n b ~ o c ~ e f i  ~3 p a ~ r ~ e s -  

HbrX reHOMOB, n p e A C T a B n X l O W  ~060fi TeKCT 83 Ye- 

TblpeX CMMBOnOB p a 3 n W I ~ 0 f i  WrWHbI. Ha CerOAHXIU- 

HUG AeHb IIOnHOCTbKl M3BeCTHa HyKJIeOTWHaSl 

n o c n e A o B a T e n b H o c n  r e H o M a  Y e n o B e K a  (3 M w m u a p -  

fla H ~ K ~ ~ O T M A O B )  M HywteOTMAHbIe nOCneAOBaTenb- 

HOCTH MHOrEIX ApYrMX 3YKaPHOTllqeCIUIX EHOMOB. 

B HYKJIeOTmHbrX nOCneAOBaTeilbHOCTHX HPMCYTCT- 

BYICVr TeHbl, KOTOPble COCTaBnRKlT AOnM n p O l J e W a  OT 

W M H ~ I  ~ ~ K ~ ~ M O T W I ~ C K O ~ O  r e H o M a  [I]. B H a c T o x u e e  

BpeMH YHCnO M3BeCTHbIX R H O B ,  C O ~ P ~ H H ~ I X  B KUOT- 
C K O ~ ~  3HUHKnOneAMM reHOB U RHOMOB (Kegg) [2], 
n p e B b m a m  8 M u n n u o H o B .  3aqa~a COCTOMT B TOM, 

~ 0 6 ~ 1  HaYYUTbCH U3BneKaTb 6uonormec~ym 
MH+OPMIUMK) M3 HYKJIeOTH,QHbIX nOCneflOBaTenbH0- 

c~efi. %0fi 3waqefi 3aHMMaeTCR CpaBHIITenbHO HO- 

B o e  H a n p a a n e H u e  u c c n e ~ o ~ a ~ ~ i i .  ~ a s b r ~ a e ~ o e  6uo- 
MH+OPM;LTMKO~~. 

P~CCMOTPMM O q e H b  KPaTKO 3aAaYH, KOTOPbIMM 

B HaCTOHIIlee BPeMH 3aHMMaeTCH ~ U O M H ~ O P M ~ T U -  

Ka. K YMCny 3 a A a q  ~ U O U H ~ O P M ~ ~ T M K M  MOXHO OT- 

wecm c n e n y ~ l u u e  npo6ne~b1. Bo-nep~b~x,  TO 

npo6ne~a  a ~ a n ~ 3 a  u u 3 ~ n e s e ~ u ~  6 M o n o r n ~ e c ~ o f i  

MH+OPMI~JHU M3 H y K J I e O T ~ H b I X  M aMMHOKMCnOT- 

H ~ I X  n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i  [3-41, a T a m e  HeKoTo-  

PbIX APYrMX BpeMeHHbIX PHAOB, B03HMKaKlUMX H 3  

npHMf2HeHMH ~ M O Y H ~ O B  K U3YYeHMKl aKTUBHOCTM 

E H O B  ( M M K P O ~ P P ~ ~ ~  a~Uki3) [5-61. B AaHHOM Ha- 

n p a B n e H u u  ~au6onee a ~ ~ y a n b ~ o A  HBnrreTcrr s a ~ a ~ a  
no p a 3 p a 6 0 ~ ~ e  MaTeMaTMqeCKMX MeTOnOB nOMCKa 

r e H o a  B r e H o M a x  ~ ~ K ~ P M O T ,  npenc~a3a~us  mb- 
TePHaTMBHOrO C I I E I J I ~ ~ ~ C H H ~ ~  R H O B  M aHHOTaUMM 

H y K n e o T H A H b r x  n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i .  Aeno B 

TOM, YTO B X H O M e  KJIeTOK 3YKaPMOT R H b I  pa36u- 
Tbl  HeKOAMPYlQUJMMM BCTaBKaMM ( U H T P O H ~ M M )  H a  

qaCTM, KOTOPbIe Ha3bIBaK)TCII 3K30HaMM [7-81. 
Y ~ a n e ~ M e  UHTPOHOB M CUlUBaHMe 3K30HOB npOHC- 

XOAMT yxe H a  ypome PHK u  TOT npouecc nony- 
w n  ~ a 3 ~ a ~ u e  cnnaiicu~ra [7-81. O ~ a 3 a . n o c b  TaK- 

Xe, YTO B 0 3 M O X e H  U ~ T ~ P H ~ T H B H ~ I ~ ~  c ~ ~ ~ A c H H ~ ,  

K O r n a  MHTPOHb1 Bblpe3aKlTCH B U b T e p H a T M B H b I X  

K O M ~ U H ~ ~ L ( M R X  ( M O X ~ T  MeHHTbCR KaK COCTaB BbIpe-  

3aeMbIX UHTPOHOB, T I K  M MX T P ~ H U U ~ I ) ,  YTO npM- 

BOAUT K TOMY, qTO 3K30Hbl MOrYT BXOAMTb B PHK 
B Pa3,IMYHblX K O M ~ U H ~ U W I I X  [9- 101. ~ O T  npOUeCC 

no3~onrre~ OAHOMY r e H y  ~ P O M ~ B O A U T ~  p a 3 n u q H b I e  

6en~kI, YMCnO KOTOPbIX M O X e T  AOCTMraTb 

HeCKOnbKMX COTeH [9- 101. H U M ~ M ~  MHTPOHOB M 
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a J I b T e p H a T M B H O r 0  C n n a f i C W ~ r a  3 H a r M T e n b H O  YC- 

J I O X H R e T  p a 3 p a 6 0 ~ ~ y  MaTeMaTMqeCKMX M e T O n O B  

nOWCKa R H O B  B 3YKaPHOTM9eCKMX n 0 C n e A O B a -  

TeAbHOCTRX MaTeMaTWVeCKWMU MeTOAaMW. Papa -  
~ O T ~ H H O ~  B H a C T O H u e e  B p e M R  I I p O r p a M M H O e  

0 6 e C n e q e ~ M e  0 6 J I a ~ a e T  'TJJBCTBWTenbHOCTbIO no 
70% ( ~ . e .  n 0 3 B O n R e T  n p e n C K a 3 b I B a T b  a0 70% re- 
HOB ~3 06qero wcna B r e ~ o ~ e )  u c n e u u + w ~ o -  
C T ~ W  OT 40% no 70% [ l  1- 121. 3-0 0 3 ~ a q a e ~ .   TO 

reHb1 ,  n p e n C K a 3 a H H b I e  p a 3 p a 6 0 ~ a ~ ~ b l ~ M  M a T e M a -  

TMVeCKMMM MeTOaaMM,  C O n e p X a T  O T  30% no 60% 
H e n p a B M n b H b I X  n p e n C ~ a 3 a ~ M f i .  

B~opoii  ~ m o f i  sanaqeti n a ~ ~ o r o  H a n p a B n e -  

HMR R B n n e T c n  3anara O n p e n e n e H m  61lonoruve- 
CKOG +YHWIIU HYKJIeOTWHbIX M aMMHOKHCnOT- 

H ~ I X  nocneno~a~enb~oc~ek ,  T.e .  sanaqa HX 

aHHOTaUMM. R H O B  B 6 0 J I b l r r k i ~ c ~ ~ e  C i r y V a e B  

 TO 0 3 ~ a ~ a e ~  onpenenemie ~ M o J I o ~ M ~ ~ c K o ~ ~  +YHK- 

UMM T O ~ O  6en~a ,  K O T O P ~ I ~ ~  OHM KOAMPYIOT. Aaxe 
r e a o M o B  6a~-repkifi, B r e H a x  KOTOP~IX OTCYT- 

CTBYIOT MHTPOHbI, Y n a e T C H  aHHOTWPOBaTb  pa3pa- 
~ O T ~ H H ~ I M H  MaTeMaTMVeCKMMM MeTOHaMW B C p e n -  

H e M  H e  6onee 50% R H O B  [ I  3-14]. K p o ~ e  TOrO,  

p a 3 p a 6 a ~ b l ~ a I O ~ c R  MaTeMaTMVeCKMe M e T O n b I  ,D,.JlH 

a H H O T a q M M  P e ~ n R T O p H b I X  ~ O C J I ~ A O B ~ T ~ J I ~ H O C T ~ ~ ~ ,  

KOTOPbIe  Y n p a B n R I O T  aKTMBHOCTbH) R H O B .  K VWC- 

rry T a m  n o c n e n o ~ a ~ e n b ~ o c ~ e i i  OTHOCRTCR B nep- 
BYH) o z l e p e a b  n p o M o T o p H b r e  n o c n e n o B a T e n b H o c T H .  

KOTOpbIe  O n p e n e J I R I O T  TpaHCKPMnUMIO A a H H O r O  

r e H a  [15]. ~ P O M O T O P H ~ I ~  nOCneAOBaTenbHOCTM 

BbI3bIBaIOT ~ a W 6 0 n b l r r W f i  M H T e p e C  ,UJR p a 3 p a 6 0 ~ K W  

MaTeMaTM'IeCKMX M e T O n O B  nOMCKa B r e H O M a X  M3Y- 

YeHMR W3-?a T O r O ,  q T O  MX n p a B M n b H O e  n p e n C K a 3 a -  

HWe M B 0 3 M O X H a R  K J I ~ C C M + M K ~ U M R  I l O C n e n O B a -  

~ e n b ~ o c ~ e f i  I lpOMOTOpOB n 0 3 B O n W T  6onee TO'IHO 

H a X O n K T b  E H b l  W nepefi~ki K KOHCTPYMPOBaHMlO 

n u H a M M r e c M x  ~onenej i  r e H e T M q e c K H x  ce~eii  
T O n b K O  H a  OCHOBe 3 ~ a ~ M f i  0 HYKJIeOTMAHblX no- 
CnenOBaTeJIbHOCTRX. Ha c ~ ~ o ~ H R L L I H W ~ ~  n e H b  p a 3 -  

P ~ ~ O T ~ H O  HeCKOnbKO MaTeMaTMqeCKMX nOnXOflOB 

K nOMCKY IIPOMOTOPOB, O n H a K O  p a 3 p a 6 0 T a ~ ~ b l e  

M e T O n b I  DaIOT BePORTHOCTb O L U W ~ O ~ H O ~ O  H p e n C K a -  

3aHMH H e  M e H e e  5x1 0'' [16- 171. T ~ K  K a K  n n M H a  re- 
HOMa YeJIOBeKa COCTaBnReT I I O p R n K a  3 x109 HYK- 

J leOTWnOB E l  B H e M  COnePXkiTCR OKOnO ~ x ~ o ' T ~ H O B ,  

cpenmn m w H a  r e ~ o ~ ~ o i i  AHK, conepmaueii 
OAMH r e H  ( C O O T B ~ T C B ~ H H O ,  no ~ p a f i ~ e f i  M e p e  C O n -  

HWM ~POMOTOPOM),  COCTaBnReT - 10'. Ha 3~0fi  
S n H H e  6 y n e ~  C s e n a H O  HeCKOnbKO O ~ I I M ~ O ~ H ~ I X  

n p e ~ c ~ a 3 a ~ ~ f i ,   TO 2enae-r A o c T a T o q H o  npo6ne~a-  
TMqHbIM O ~ H ~ P Y X ~ H M ~  MCTMHHbIX IIPOMOTOPOB. 

P a 3 p a 6 0 ~ a ~ ~ b I e  n O m O n b 1  M O I Y T  C p a B H M T e n b H O  

XOpOLllO npMMeHRTbCR H a  6 a ~ ~ e p M a J I b ~ b l x  R H O -  

M a x ,  rae CpeAHI lR  m M H a  r e H a  COCTaBnReT n p M -  

M e p H 0  1 o3 Hj'KJIeOTUAOB. 

Ewe on~of i  npo6ne~ofi ~ M O M H ~ O P M ~ T M K M  RB- 

JIReTCR CO3AaHMe p a 3 ~ 0 0 6 p a 3 ~ b 1 ~  ~ M O J I O ~ W V ~ C K M X  

6a3 n a H H b I X ,  V ~ 0 6 b 1  MMeTb  B 0 3 M O X H O C T b  6 6 1 ~ ~ ~ 0 -  

ro nocTyna M n o n y r e H m  WH+OPM~LIMU ~3 O ~ ~ O M -  

H ~ I X  M a c c W B o B  A a H H b I x ,  KOTOP~IMM p a c n o n a r a e T  

C O B p e M e H H a R  6 ~ o n o r ~ n  [18]. K TaKMM AaHHbIM 

c n e A y e T  OTHecTM, B n e p B y m  oqepenb, B c e  M ~ B ~ C T -  

H b l e  H y w r e o T w H b I e  n o c n e n o B a T e n b H o c T n ,  o 6 5 e ~  
KOTOpbIX B 6 a ~ ~ e  n a H H b I X  Genbank COCTaBnReT 

100 r ~ r a 6 a t i ~  [19]. B 6nmaiiueii n e p c n e K T m e  

o 6 5 e ~  T a K O r O  T M n a  A a H H b l X  M O X e T  3 H a V M T e n b H O  

YBeHM'IMTbCR, T a K  KaK C T a H e T  B 0 3 M O X H b I M  O n p e -  

n e n e H l i e  n0n~0f i  ~ y l c n e o ~ ~ n ~ o f i  n o c n e n o e a T e n b -  

HOCTM r e H o M a  K a m o r o  r e n o B e K a  (3 M M n n H a p n a  

H ~ ~ ~ ~ ~ O T I I ~ O B )  3a CYTKM MnM M H e  T o r 0  38 CpaB-  

HMTenbHO ~e60nblrrJ'IO nnaTy ( H ~ C K O ~ ~ K O  AeCRT- 

KOB T ~ I C R ~  py6neii) [20]. npennonarae~cx, r T o  ~ T M  

D a H H b I e  M O T T  6 b 1 ~ b  M C n O n b 3 0 B a H b I  B MeAMUWHe 

n n R  o n p e n e n e H m  n p e n p a c n o n o m e H H o c T M  K pa3- 
n M q H b I M  3 a 6 0 n e s a ~ ~ ~ ~  M n n R  o n p e n e n e H M R  WHSM- 

~ M A y a J I b ~ o f i  'TJJBCTBMTenbHOCTW K pa3 I IMqHbIM ne- 
KaPCTBeHHbIM n p e n a p a T a M  [2 1-23]. 

Tpe~befi n p 0 6 n e M o f i  ~ I I O B H ~ O P M ~ T W K M  RBnR- 

eTCR T a M e  p a 3 p a 6 0 ~ ~ a  DMHaMMqeCKMX M 0 ~ e J l e f i  

r e H e T M q e c m x  ce~efi,  TO ~ O ~ B O J I M T  n p o e K T W p o -  

B a n  r e H e T n q e c m e  c e T k i  H a  K o M n b m T e p e .  3anasefi 
T a K H X  M o n e n e f i  CTaHOBWTCR nMHaMM'IeCKOe M O a e -  

JIWpOBaHWe B ~ ~ M M o ~ ~ ~ ~ c T B W R  KaK TeHOB. T a K  W pas- 
n M q H b I X  ~ ~ J ~ K o B  [24-251. @ ~ K T U ~ ~ C K M  PeLLIaeTCR 

T a K  H a 3 b I B a e M a R  0 6 p a ~ ~ a R  3anaqa M BOCCTaHaBnM- 

BaeTCR B ~ W M O ~ ~ G C T B W ~  R H O B  no A a H H b l M  M3MeHe-  

HMR aKTWBHOCTM R H O B  BO B p e M e H M  [5-61. P ~ ~ B M -  
TMe 3 T 0 r 0  HanpaBJ IeHMII  nO3BOJIWT n O n H R T b  

Y p O B e H b  C O B ~ ~ M ~ H H O ~ ~  ~ M o W H X ~ H ~ ~ W M  H a  HOByIO 

sbrco~y, K o r n a  B H e n p e H H e  r e H e T M q e c K w x  KOHCT- 

P Y K ~ M ~ ~  6 y n e ~  nPOBOAMTbCR B n O n H e  OCMbICneHHO. 

 TO O 3 H a q a e T .  ' IT0  M O X H O  6 y n e ~  n P O B e P M T b  pa60- 
Ty W C K Y C C T B ~ H H O ~ ~  r e ~ e T W q e C ~ 0 f i  KOHCTPYKUWM H a  

K O M n b I O T e p e  B AMHaMW'IeCKOM P e X W M e .  a 3 a T e M  

yXe M O M 0  ~ Y A ~ T  ee p e a J b H 0  C O 3 n a T b  M B H e n p W T b  

B K n e T K y .  B K o H e q H o M  C'IeTe, a a H H o e  H a n p a a n e -  

H u e  n 0 3 B O n H T  CKOHCTPYWPOBaTb W C K Y C C T B ~ H H ~ I ~ ~  

R H O M  W MCKj'CCTBeHHYIO KJIeTKy.  Ha H a q a J l b H O M  



3 T a n e  3 T 0  M O X e T  6 b 1 ~ b  TeHOM, K O T O P ~ I ~ ~  n 0 3 B O n H T  

p a 6 0 ~ a ~ b  TaK H ~ ~ ~ I B ~ ~ M o G  M W H U M ~ U I ~ H O ~ ~  KJIeTKe 

[26-27), T.e. KJIeTKe, cnoco6~ofi OCyUeCTBnRTb 

TOnbKO ( P Y H ~ U H  I I O m e p X a H H R  C O ~ C T B ~ H H O ~ ~  

m 3 H U  II Pa3MHOHCeHUR. no OueHKaM,  AnH 3 T 0 r 0  

6 y n e ~  AOCTaTOqHO HeCKOnbKO COTeH reHOB. no 
M e p e  P ~ ~ B I I T I I R  3 ~ 0 r o  H a n p a B n e H u R  MOXHO 6 y ~ e ~  
CKOHCTPYHPOBaTb Pi HOBbIe UCKYCCTBeHHbIe ~ U O -  

n o r w q e c u i e  B U A ~ I  H a  K o M n b m T e p e  c nocnenym- 
Uefi ~ K c I I ~ ~ u M ~ H T U ~ H O ~ ~  p e a J l U 3 a u ~ e G  TaKOrO 

HOBOrO r e H O M a  MeTOAaMll  ~ U O U H X ~ H ~ ~ H U .  

B qeTBepTbIX,  ~ U O H H ( P O ~ M ~ T U K ~  T a m e  3aHU- 

MaeTCR MOAenHpOBaHUeM H 113yqeHIIeM T p e X M e p -  

HbIX CTPyKTYP ~ ~ J ~ K o B  II HYKJIeOTUAHbIX IIOCneAO- 

B ~ T ~ J I ~ H o c T ~ ~ ~  [28]. C O ~ A ~ H  6 a ~ ~  AaHHbIX 

TpeXMepHbIX CTpyKTYp ~ ~ J I K o B  [29]. P i U p a 6 0 ~ a ~ b 1  

p a 3 n u s H b I e  M a T e M a T u s e c m i e  n o n x o n b l  m~ cpaa- 
HeHUR IIPOCTPaHCTBeHHblX CTPy KTYP 6 e n ~ 0 ~  [3 01. 
%O H a n p a B J I e H U e  TeCHO CBR3aHO C MOAenHpOBa- 

HHeM JIeKapCTBeHHbIX H p e n a p a T O B ,  TaK KaK MeXa- 

HM3M A ~ ~ ~ C T B H R  MHOrUX JIeKapCTBeHHbIX npenapa- 
TOB CBR3aH C B ~ ~ U M O A ~ ~ ~ C T B H ~ M  C ~ ~ ~ K O B ~ I M U  

M o n e K y n a M u  [3 1 1. 
M ~ I  n e p e q u c n m A  T o n b K o  H e K o T o p b l e  ~au6onee 

a K T y U b H b I e  3 a A a q k i  ~ U O U H ~ O P M ~ T N K I I  H a  CeTO- 

AHRLLIHUG AeHb.  B ~ a ~ ~ o i i  pa6o~e M ~ I  n p e A n a r a e M  

H O B ~ I ~ ~  M ~ T ~ M ~ T H V ~ C K M ~ ~  MeTOA nOllCKa nOTeHr[M- 

U b H b l X  CABMrOB P a M K l l  CYHTbIBaHHH. ~ O A  CABM- 

TOM PaMKU CYUTblBaHMe nOHUMaeTCR U 3 M e H e H l l e  

( (Hape3KH ~ 0 ~ U p y t O U e f i  IIOCneAOBaTenbHOCTH 

aHK H a  T p u n n e T b r  nocne A e n e u u u  unu xe  B c T a a -  

KU HeKpaTHOrO T p e M  KOnUqeCTBa O C H O B ~ H H ~ ~  AHK 
(Puc. 1 ) I .  n o c n e n o ~ a ~ e n b ~ o c ~ b  OCHOB~HUG mK 
r e H O M a  H e  RBnReTCR H ~ H ~ M ~ H H O ~ ~ ,  TaK KaK B XOAe 

CyUeCTBOBaHUR XUBbIX OpraHU3MOB B TeHeTHqe-  

CKOM T e K c T e  H a K a n n u B a m T c x  O n p e A e n e H H b I e  u3- 
MeHeHUR, T.e .  MYTauUH. My~aullki B nOCneAOBa- 

TenbHOCTRX O C H O B ~ H M ~ ~  mK OCyweCTBJIRkOTCR 

IlOCpeACTBOM 3 a M e H  O C H O B ~ H U G ,  a TaKjKe W T e M  

~ e n e ~ f i  U BCTaBOK KaK OTAenbHbIX HylUleOTH.IlOB, 

TaK u u e n b I x  ( P p a r ~ e ~ ~ o ~  ,@IK [32]. Ha y p o B H e  

a M u H o K u c n o T H b I x  n o c n e ~ o ~ a ~ e n b ~ o c ~ e G  6 e n ~ o ~  
?ah.reHbI O C H O B ~ H U ~ ~  AHK M O V T  IIPUBOAHTb K 38- 

MeHaM aMUHOKUCJIOT, T . e .  OT 0 ~ ~ 0 f i  3aMeHbI  HYK- 

JleOTUAa M O X e T  U3MeHUTbCR TOnbKO OAHa IMMHO- 

KUCnOTa B ~ M W H O K H C J I O T H O ~  nOCneAOBaTenbHOCTU 

KOAHpj'eMOrO reHOM 6 e n ~ a  (PUC 2.). ~ ~ O C T ~ T O ~ H O  

I Bce PMCYHKH M ~ a 6 , l ~ ~ h l  A a H b l  B flpMJIWjh-ellHU B K o l r u e  CTBTLM. 

YaCTO T a K H e  aMHHOKUCnOTHbIe 3 a M e H b I  MOIYT OKa- 

3b1BaTb C e p b e 3 H O e  BnURHHe H a  C ~ O C O ~ H O C T ~  6 e n K a  

BbInOJlHRTb ~ U O J I O ~ M ~ ~ C K Y H )  (PYHWUH) [I]. O A H ~ -  
KO npIl A e n e u U H X  H BCTaBKaX O C H O B ~ H U ~ ~  M O X e T  

I I p 0 1 1 3 0 f i ~ ~  I13MeHeHMe IIPOTRXeHHOTO YqaCTKa 

~ M M H O K H C J I O T H O ~ ~  IIOCneAOBaTenbHOCTM 113-31 

CABMra PaMKM CYllTbIBaHEC3 (PHC 1.). B C H n y  3TOTO 

AeneUl lM M BCTaBKll O C H O B ~ H M ~ ~  MOXHO PaCCMaT- 

P H B a T b  KaK 6onee C y ~ e C T B e H H b I e  3BOnmlJUOHHble 

C O ~ ~ I T I I R  m R  6 e n ~ o ~ ,  q e M  3aMeHbI  O C H O B ~ H H ~ .  

B ~ U R H H ~  CABUrOB P a M K l l  C9MTbIBaHKH B R H a X  H a  

CTPYKTYPy U ~ Y H K U I I I O  6 e J I ~ a  CpaBHHTenbHO MiUIO 

U ~ Y Y ~ H O .  3 ro  C B X ~ ~ H O  c TPYAHOCT~IO peruc-rpaquu 
CABMrOB P a M K l l  CqllTbIBaHkiR, XOTR H 3 y q e H M e  

BJlEC3HUX CABMrOB PaMOK CqUTbIBaHUR B E H a X  H a  

CTPYKTYPY ~ ~ J ~ K o B  n p e A C T a B n R e T  6 o n b m o f i  MHTe- 

PeC.  Ecnu npll 3 a M e H e  OAHOrO OCHOBaHMR B 

6 e n K e  M O X e T  I13MeHHTbCR TOnbKO OAHa aMHH0-  

KUCnOTa, TO IIpM CABHre  PaMKU CqHTbIBaHKH ( ~ e  
KPaTHOM 3 O C H O B ~ H E C ~ M )  MSMeHRIOTCR BCe aMHHO- 

KMCIIOTb1, KOTOPble n e X a T  H W e  TOqKU CABEira no 
nOCneAOBaTenbHOCTM W H a .  Ecnu I IOCne  3 T O r O  6e- 
n o K  H e  n o T e p R n  c~oefi  (PYHKUUII, TO MOXHO npen- 
nonaram,  TO cABMr p a m u  npousoruen B (PYHK- 
U I I O H U b H O  MaJlO3HaqllMOM MeCTe WIki Xe VTO 

CABMr PaMKM CqllTbIBaHAR nOpO>yqaeT aMMHOKUC- 

JIOTHbIe nOCneAOBaTeJIbHOCTM, H M e I O ~ W e  IIOXOXUe 

(PYHKUIIII. O Y ~ H ~  HHTepeCHO O n p e A e J I I l T b  3aKOHO- 

MePHOCTll  M3MeHeHEC3 aMHHOKllCnOT B nOCJleAOBa- 

TenbHOCTU, KOTOPbIe n03BOnRtOT C 0 3 A a T b  HOBYIO 

aMUHOKUCJIOTHYm nOCJleAOBaTenbHOCTb C T a W M  

Xe ~ ~ H K U I I O H U ~ H ~ I M  3HaYeHMeM KaK y HCXOAHOG 
nOCneAOBaTenbHOCTU. E c n ~  Xe n O C n e  CABMra PaM-  

ui CYUTblBaHUR 6 e n 0 ~  U3MeHIISI CBOH) ~ Y H K U I I I O ,  

TO OYeHb UHTepeCHO HOHRTb, KaKl le  M3MeHeHIIR 

~ M M H O K I I C ~ O T H O ~ ~  nOCneAOBaTenbHOCTM nPUBOART 

K C O S A ~ H I I ~   HOBO^ I + ~ H K U U W  6en~a.  3 r u  p e s y n b -  

TaTbI  MOTYT 6 6 1 ~ 6  UCnOnb30BaHbI  AJIR n p O e K T U p 0 -  

BaHUR HCKYCCTBeHHbIX ~ ~ J I K O B  C 3 a ~ a ~ ~ o f i  6uono- 
r u q e c K 0 f i  4 y H ~ u M e f i .  

3 a~aqa  A ~ H H O ~ ~  p a 6 0 ~ b 1  COCTOMT B p a 3 p a 6 0 ~ ~ e  
MaTeMaTUYeCKOTO MeTOAa, ~ 0 ~ 0 p b l f i  n 0 3 B O n M n  6 6 1  

B03MOXHO 6onee n O n H 0  H ~ G T M  CABllrU PaMOK CYU- 

TbIBaHUR B CYUeCTBYIOU(H,Y r e H a X .  B H a C T O R U e e  

BpeMR OCHOBHbIM MeTOAOM IIOUCKa CABUrOB PaMKki 

CYllTblBaHUR U N H B ~ P C W G  RBJMeTCR HOUCK no~o6ufi  
M e m y  aMUH0KUCnOTHblMH nOCJleAOBaTeJlbHOCTR- 

MU npki I I O M O ~ U  n p O r p a M M b 1  Blast H n l l  eG no~o6-  
H ~ I X  [33-341. n p ~  woii npouenype r I o u c K a  caau- 



6MOMHQOPMATMKA M MaML(MHA M.A. K O ~ O T K O B ~ ,  E.B. K O ~ O T K O B  

r O B  PaMKU C9HTbIBaHHR H Y X H O  K ~ K H M - J I M 6 0  CnO- 

~ 0 6 0 ~  BbIAeJIUTb Y91CTOK E H a ,  r A e  MbI n p e A n O J I a -  

r a e M  CABMr PaMKU C9MTbIBaHMR. 3 a ~ e ~  3TOT yqa- 
CTOK HJ'KJI~oTUAHO~~ nOCneAOBaTeJIbHOCTN H Y X H O  

I l epeKOAMpOBaTb B aMUHOKMCJIOTHYH) IIOCneAOBa- 

TeJIbHOCTb no HOBOG P a M K e  CqMTbIBaHMR H nOJIy-  

YUTb TMnOTeTH9eCKYlO aMMHOKMCJIOTHYH) IlOCJIe- 

AOBaTeJIbHOCTb. n0cJIe 3TOTO nPOBOAMTCR KIOUCK 

n o ~ o 6 ~ f i  AJlR T H ~ O T ~ T M Y ~ C K O ~ ~  ~ M M H O K U C J I O T H O ~ ~  

nOCJIeAOBaTeJIbHOCTM B 6 a ~ ~ e  AaHHbIX IMMHOKMC- 

JIOTHbIX ~ o c J I ~ A o B ~ T ~ J I ~ H o c T ~ ~ ~  Swiss-PTO~. E c n ~  
6y i ry~  ~ a k e ~ b 1  CTaTUCTH9eCKM 3Ha9MMbIe  n O A 0 -  

6~12, TO AOCTaTO9HO Y B e P e H H O  MOXHO YTBeP- 

W a T b ,  9 T O  B AaHHOM r e H e  6 b 1 n  CABUr P a M K H  

C9MTbIBaHMR U YTO IlOCJIeAOBaTeJIbHOCTM, POACT- 

B e H H b I e  ~ M I I o T ~ T U ~ ~ C K O ~ ~  ~ M U H O K M C J I O T H O ~ ~  no- 
CJIeAOBaTeJIbHOCTU, C y U e C T B y e T  H a  CaMOM AeJIe. 

~ T N M  C ~ O C O ~ O M  B H a C T O R U e e  BPeMH yAa.JIOCb ~ a f i -  
TM HeCKOJIbKO COTeH R H O B ,  r A e  C 6 0 ~ 1 b W o f i  y B e -  

PeHHOCTbH) MOXHO n p e A I l O J I a r a T b  npMCyTCTBUe 

CABUra  PaMKM CVMTbIBaHUH [33-351. 
B 3~0f i  C X e M e  nOMCKa CABMrOB PaMOK C9MTbI- 

BaHUH e C T b  O n p e A e J I e H H b I e  O q a H M 9 e H M H .  Bo- 
n e p B b I X ,  H Y X H O  n0 KaKUM-TO KIpH3HaKaM ~ b 1 6 p a ~ b  

r e H ,  r A e  n p e A n o n a r a e T c R  c A m r  p a M m  C w T b r B a -  

HUH, 3 a T e M  H ~ G T M  B H e M  B 0 3 M O X H O e  MeCTO CABUra  

P a M K U  C9MTbIBaHUH. 0 6 U M f i  nOWCK C A B U r a  PaMOK 

C9MTbIBaHUR no BCeM R H a M  M O X e T  n o T p e 6 0 s a ~ b  

AOCTaTOqHO 6 0 J I b W U x  K0MnbH)TePHbIX PeCypCOB.  

Bo-BTOP~IX, A a x e  ecna M ~ I  II p e u m  n e p B y m  3a- 
A a y ,  H ~ O ~ X O A H M O ,  q ~ 0 6 b 1  6 a ~ ~  AaHHbIX SWISS- 
prot conepxarr a M m o K u c n o T H y H )  n o c n e A o B a T e n b -  

HOCTb, NMeH)U[YH) CTaTUCTM9eCKU 3Ha9MMOe 

no~o6ue  C ~ H ~ O T ~ T H Y ~ C K O ~ ~  ~ M U H O K U C J I O T H O ~  no- 
C J I e A O B a T e J I b H O C T b ~ .  OAH~KO TaKaR IlOCJIeAOBa- 

TeJIbHOCTb M O X e T  OTCYTCTBOBaTb BBUAY O r p a H U -  

9eHHOCTU 06 '6e~a 6 a ~ K a  AaHHbIX S W I S S - p r 0 t  MJIU 

U3-3a CJIMWKOM ~ O J I ~ U I M X  3BOJIH)uMOHHbIX pa3JIU- 

q ~ f i ,  HaKOnJIeHHbIX M e m y  aMMHOKUCJIOTHbIMU 

IlOCJIeAOBaTeJIbHOCTRMU. B C U n y  3TOTO HCnOJIb- 

3 y e ~ b 1 f i  IlOAXOA M O X e T  BbIRBMTb TOJIbKO HeKOTO- 

PyH)  VaCTb CABMrOB PaMOK CqUTbIBaHUH, HaKOn-  

JIeHHbIX B CyWeCTBYH)UMX R H a X  K HaCTORUeMY 

BpeMeHM. 

& l R  TOT0 q ~ 0 6 b 1  6onee y B e p e H H 0  BbIaeJIRTb 

CABMrU PaMKM CqMTbIBaHUR B r e H a X .  H ~ O ~ X O A H M O  

p a 3 p a 6 0 ~ a ~ b  ~ p y r 0 G  cnoco6 nOUCKa CABUrOB pa- 
MOK CqMTbIBaHMR BMeCTO IlOMCKa n 0 ~ 0 6 M i i  M e m y  

~UIlOTeTMYeCKMMU M PeaJ IbHbIMU aMMHOKUCJIOT- 

HbIMM nOCJIeAOBaTeJIbHOCTRMI1. B KaYeCTBe CUrHa-  

J Ia  0 CyUeCTBOBaHMM CABMra PaMKM CYUTbIBaHMR B 

H ~ K J I ~ O T H J H O ~ ~  nOCJIeAOBaTeJIbHOCTM E H a ,  KaK MbI 

nOKa3bIBaeM B A ~ H H O G  pa60~e, M O X e T  BbICTYnaTb  

CABUr +a361 T P U ~ J I ~ T H O ~ ~  nepUOAM.IHOCTU. T p M -  

n n e T H a R  o p r a ~ u 3 a u ~ ~  n o c n e ~ o ~ a ~ e n b ~ o c ~ e i i  

W K ,  K0AMpyH)WHX 6 e n ~ u ,  RBJIReTCH 0 6 4 ~ ~  
CBO~~CTBOM BCeX U3BeCTHbIX B H a C T O R U e e  BpeMR 

XUBbIX CMCTeM [36-431 M O H a  n p w ~ ~ 3 a ~ a  K P a M K e  

C9MTbIBaHMH, C Y W ~ C T B Y H ) U ~ ~ ~  B T e H e  [44]. n p U 9 M -  

H a  3~0ro  3 a m m q a e ~ c ~  KaK B C T p y K q p e  r e H e T u 9 e -  

CKOTO KOAa, K O T O P ~ I ~ ~  IIpaKTMqeCKM OJUHaKOB KaK 

y n p e n c ~ a ~ u ~ e n e f i  n p o K a p u o T ,  Tab: M y ~ Y K ~ P M O T ,  

T a K  M B HaCbIWeHHOCTU ~ ~ J I K o B  OnpeAeJ IeHHbIMI l  

aMUH0KHCnOTaMM [45-481. Ecnu H a   OH^ TpM- 

n n e ~ ~ o f i  n e p M o n m H o c T M  B r e H e  n p o m o f i ~ e ~  
CABMr PaMKM CqMTbIBaHEIR, TO 3 T 0  MOXHO ~ Y A ~ T  

3aMeTMTb. T a K  KIK I l p 0 ~ 3 0 f i ~ e ~  CABHT. M e w  TPM- 

I l J I e ~ ~ o f i  nepMOAM9HOCTbH) U P ~ M K O ~ ~  CqHTbIBaHMR 

(PUc .3 ) .  ~ O C K O J I ~ K Y  TPMnJIeTHYH) I lePUOAHqHOCTb 

n o c n e A o B a T e n b H o c T n  ,I&IK A o c T a T o q H o  ~ p y n ~ o  
C y U e C T B e H H O  M3MeHUTb nOCPeACTBOM CPaBHU- 

TeJIbHO ~ e 6 0 J I b W 0 r 0  qMCJla 3 a M e H  O C H O B ~ H M G  [49], 
TO T ~ K O G  CABMT. M O X e T  COXPaHRTbCR CPaBHMTeJIbHO 

AOnrO.  ~ ~ U C Y T C T B H ~  T a K O r O  C A B U r a  M e m y  TPU- 

n J I e ~ ~ 0 f i  IlePMOAMqHOCTbH) H Y K ~ ~ O T H A H O ~ ~  IlOCJIe- 

AOBaTeJIbHOCTM M p a ~ ~ 0 f i  CqMTbIBaHMR M O X e T  C n y -  

X U T b  y K a 3 a H U e M  H a  CABUr PaMKN CYMTbIBaHUR B 

a H a J I U 3 U p y e M O M  K H e .  

BbIRBneHUH T ~ u I ~ J I ~ T H o ~ ~  IlepMOAMqHOCTU B 

H a C T O H U e e  B p e M R  p a 3 p a 6 0 T a ~ b 1  MeTOAb1. HCIlOJIb- 

3 y H ) U U e  P e r y J I R p H O C T b  B n p e A n O 9 T e H U U  CUMBOJIOB 

B P ~ ~ J I M Y H ~ I X  ~ O ~ U U U R X  T p M n n e T a  B nocnenosa- 
TeJIbHOCTRX ,I&IK. B K a q e C T B e  MaTeMaTUqeCKOTO 

a n n a p a T a  B HHX u c n o n b 3 0 ~ a n ~ c b  n p e 0 6 p a 3 0 ~ a ~ U e  

m y p b e ,  CKPbITbIe U e n M  M ~ P K O B ~  M A P Y r U e  CTaTU- 

CTUqeCKUe MeTOAbI, OCHOBaHHbIe H a  I I 0 3 U ~ U O H H O -  

3aBUCUMbIX I l P e A n O q T e H U R X  HyKJleOTUAOB B KOAU- 

p y H ) U M X  IlOCJIeAOBaTeJIbHOCTRX [50-5 51. r l p ~ ~ e -  
HReMbIe  MeTOAbI UCnOnb30BaJIMCb JJIR BbIRBJIeHMR 

~ o a ~ p y m ~ u x  n o c n e ~ o ~ a ~ e n b ~ o c ~ e i i  A H K  u ux 
OTAeJIeHMR OT HeK0aUPYH)LIJUX YqaCTKOB. n03~e 
,&NR nOUCKa T ~ M ~ J I ~ T H o ~ ~  rlepMOfiUqHOCTM 6 6 1 ~ 1  

I l p e a J I O X e H  MeTOA M H + O P M ~ ~ I ~ O H H O T O  p a 3 n O X e -  

HUH [49,56], K O T O ~ ~ I ~ ~  n03BOJIHeT BBeCTM IlOHHTUe 

LTaCCa  T ~ u I ~ J I ~ T H o ~ ~  I l e p U O A M ~ H O C T U  B B U a e  MBT- 

P M u b I  pa3MepHOCTM 4x3. B M a T p U U e  npM3HaKaMU 

C T O ~ ~ U O B  R B J I R ~ T C R  ~ O ~ M U M U  nepuona. a n p u s ~ a -  
KaMU CTPOK RB,TRH)TCH HYKJIeOTUabI. 



B pa6o~e CTaBMnHCb n B e  3 a n a q U .  B o - n e p ~ b ~ x ,  

MbI X o T e n u    ah^ BCe R H b l  B 6a3e AaHHbIX Kegg, 
r A e  C y W e C T B y e T  C n B l l r  @3bl TpurlJle~~ofi n e p M 0 -  

AH9HOCTu.  3~0fi  4 e n M  B HaMM pa3pa60~a~ Ma-  

T ~ M ~ T H ~ ~ c K H ~ ~  nOAXOn K BbIRBneHHIo  C A B H r a  4 a 3 b l  

~ p u n n e ~ ~ o f i  nepMOnM9HOCTH B H Y K J I ~ o T U A H O ~ ~  no- 
CneAOBaTenbHOCTU. BbMBJleHUH CABMra +a361 

~ p u n n e T ~ 0 f i  nepMOAU.IHOCTH BbIAeslRIoTCR A B e  

cnenymmue npyr ?a , q p y r o M  n o c n e A o B a T e n b H o c T u  

n n M ~ 0 f i  OT 60 A 0  600 HYKJIeOTMAOB ( J U I M H ~  K p a T H a  

T p e M  H ~ K J I ~ o T H A ~ M ) .  n e p ~ 0 e  OCHOBaHUe nep~0fi  Pi 

B T O P O ~ ~  n o c n e n o ~ a ~ e n b ~ o c ~ e f i  B c e r n a  c o o T B e T c T -  

B y e T  n e p B O M y  OCHOBaHMIo KOnOHa.  3 a ~ e ~  CTpORT- 

CR 4 M ~ T P M U ~ I  ~ p u n n e ~ ~ o i ' i  n e p u o A u r H o c T u  

[49,56]. n e p ~ m  M a T p H u a  COOTBeTCTByeT P a M K e  

c 9 u T b I B a H m  B nep~ofi n o c n e A o s a T e n b H o c T u ,  BTO- 

pax COOTBeTCTByeT P a M K e  CYMTbIBaHMR BO B T O P O ~ ~  

n o c n e A o a a T e n b H o c T I . r .  b e  o c T a a u r u e c a  M a T p u u b l  

CTPORTCR no B T O P O ~ ~  n o c n e A o B a T e n b H o c T u  co 
CABMrOM H a  OAHO M n B a  OCHOBaHkLII, 9 T O  COOTBeT- 

CTBYeT ABYM LllIbTepHaTHBHbIM P a M K a M  CYUTbIBa- 

HllR. M o X H O  rOBOpMTb, 9 T O  M e w  ABYMR TaH-  

n e M H b l M H  nOCneAOBaTenbHOCTRMU H ~ ~ ~ W A ~ ~ T C X  

CABMr +a361 TpurIJIe~~ofi nePUOHMqHOCTU, e C n H  

n e p B a H  M a T p H u a  T ~ M ~ ~ J I ~ T H o #  n e p H O n H 9 H O C T H  60- 
nee noxoxa H a  T p e T b m  m u  q e T B e p T y m  M a T p u q y ,  

a H e  H a  BTOPYKI MaTpML[Y (Pwc. 3). Ha OCHOBe pa3- 
~ ~ ~ O T ~ H H O ~ O  MaTeMaTMqeCKOrO I l O n X O n a  6 b m  

npOaHaJ lU3MpOBaH 6 a ~ ~  AaHHbIX Kegg-46 [2] M H a  

CTaTUCTMqeCW 3HaqAMOM YPOBHe 6 b 1 n o  ~ a f i n e ~ 0  
2741 7 cnyqaea c n B u r a  +a361 ~ p ~ n n e ~ ~ o f i  nepuo- 
AMqHOCTN, 9 T O  M O X e T  YKa3b lBaTb  H a  H W l U 9 U e  MY- 

~ a u ~ f i  B N H e ,  n p M B O A R ~ U X  K C A B M Y  paMKki C9U-  

TbIBaHNR. 

Bo-BTOP~IX, M b l  X O T e n N  n P O B e P U T b ,  A ~ ~ ~ C T B M -  

T e n b H O  nu  r M n 0 T e T M q e C K H e  aMUHOKMCnOTHble 

n o c n e A o s a T e n b H o c T I . r ,  n o n y s e H H b I e  n p M  u c n o n b -  

30BaHMM P a M K H  CqUTbIBaHMR T P N ~ ~ ~ T H O ~ ~  n e p H 0 -  

AUL~HOCTM, u M e m T  r o M o n o r u r o  c n o c n e n o a a T e n b -  

HOCTRMM M3 6 a ~ ~ a  AaHHblX SW~SS-PTO~. T a ~ y m  
n p o a e p K y  M ~ I  A e n a n u  AnR T e x  p a f i o ~ o ~ ,  y KOTO- 

p b r x  ~ a 6 n m n a n c ~  c n B u r  no +ase M e m y  TPM- 

n n e ~ ~ o f i  n e p M O n M q H O C T b f 0  P ~ M K O ~ ~  CqUTbIBa-  

HUH. M b l  nOATBePnMnM CYUIeCTBOBaHMe TaKNX 

CSBMrOB A n R  q a C T U  TeHOB, T a K  KaK HaUInM TOMO- 

n O r H W  M e X n y  HeKOTOPblMU TMIlOTeTMqeCKUMU 

aMMHOKUCnOTHbIMU nOCJ lenOBaTenbHOCTIIMu Pi 

aMMHOKUCnOTHblMM nOCneAOBaTenbHOCTRMU W 3  

6 a ~ ~ a  n a H H b l X  Swiss-pr0t. 

6 y ~ e ~  C9UTaTb. YTO 3 a A a H a  KOAHpyIoIUaR 

H y K J I e o T m H a H  nOCnenOBaTenbHOCTb S={s(k), 

k = 1,2,. . . ,L) , me K w O e  3Ha9eHl lR  ~ ( k )  ~ b 1 6 ~ p a e T ~ R  

u3 a n + a ~ u ~ a  A={a, t , c . g }  . L e c T b  anma nocneaosa- 
TenbHOCTU S, O H a  K p a T H a  TpeM.  B ~ e n e ~  TpM PaMKU 

CYUTblBaHMR B nOCnenOBaTenbHOCTH S ki 0603~aqm 
m KaK TI, T2 u T3 (Puc.3). O c ~ o ~ a m e  s(1) nocneno- 
BaTenbHOCTU S R B J H ~ R  nepBbIM,  TpeTbUM U BTO- 

PbIM OCHOBaHMeM KOAOHa rn P a M W  C9UTbIBaHMI1 

TI, T2 I? T3 COOTBeTCTBeHHO. P ~ M K ~  CqHTbIBaHkur TI 
p e a n b H o  CyWeCTByeT B n o c n e n o B a T e n b H o c T u  S, a 
p a M W  C9UTblBaHMR T2 Pi T3 MOXHO PaCCMaTpMBaTb 

KaK r U n o T e T u q e c m e .  O n p e ~ e n u ~  T a m e  rpu MaT- 

PMWI ~ p u n n e ~ ~ o f i  n e p u o m H o c m  M1(il, i2), M2(i1, 

i2) M M3( i l ,  i2) A.TLII PaMOK C q U T b I B a H M  TI, T2 M T3 m R  

+par~ema n o c n e A o s a T e n b H o c T u  S B K o o p n M H a T a x  

OT il AO i2. 0 6 0 3 ~ a ~ m   TOT + p a r ~ e m  KaK S(il, 12). 

3 n e ~ e ~ ~ b 1  M a T p H u  t n l ( i j )  m 2 ( i , ~ )  Pi rn3[ij) nOKa3bI- 

B ~ K Y T  wcno  o c ~ o ~ a ~ u f i  T u n a  i B n o c n e A o s a T e n b H o -  

CTU S(i=l NIX a, +2 JUIR t, i=3 NIX C, A.TLII g,), 
KOTOPbIe BCTpe9aeTCR B j n 0 3 M W M  KOAOHa M O X e T  

6 b m b  p a B H O  1, 2 MnH 3) rn paMOK CqMTbIBaHllR T i ,  

T2 Pi T3 COoTBeTCTBeHHO. 3a HaqaJ lbHyfO +a3y MaT- 

PHLI MI, M2, M3 npMMeM KOOPnNHaTy k T o r 0  OCHO- 

BaHllR 113 ~ ( l ) ,  ~ ( 2 )  U ~ ( 3 ) ,  KOTOPOe B X O m T  B n e p B Y m  

n03UI@lFO TpmeTa PaMOK CqUTbIBaHllR TI, T2 M Tj. 
,@A MaTpUU MI, M2, MJ HaYWlbHaH +a3& COOTBeT- 

CTBeHHO P a B H a  1,2 Pi 3. 
Aanee o n p e n e n u M  ycnosm, npu KOTOP~IX MOX- 

HO CqUTaTb, T O  B nOCneAOBaTenbHOCTU S n O C n e  

Hymeo-runa s(x} cyqecmym cnmr +a3b1 q u n n e ~ -  
~ 0 f i  n e P U O ~ 9 H O C T M .  3TOr0 ,  BO-nepBbIX, B no- 
CneAOBaTenbHOCT1.i s AOJIXHa CyUeCTBOBaTb TpM- 

W I e T H m  n e P M O m q H O C T b .  YC~OBMR Cyl l l eCTBOBaHm 

T p u m e ~ ~ o f i  nepMOnM.IHOCTH KOnMYeCTBeHHaR Me- 

pa m R  Bb1RBneHlG-l T p u n J I e T ~ o f i  nepkiOnMqHOCTH B 

n o c n e n o a a T e n b H o c m  S m u  ee + p a r ~ e ~ ~ a  onpene- 
n e H b 1  B W H K T e  1.2. Bo-BTOP~IX, H ~ O ~ X O A H M O  BBeCTU 

KOnUqeCTBeHHyfO M e p y  pX3nMqHR MaTpMLI T p U m e T -  

~ 0 f i  ~ e P U O n W H O C T M .  B B ~ A ~ M  HeKyfO +YHKIWO U M 

6 y n e ~  CqUTaTb,  qTO A B e  MaTPUUbI T p u W I e T ~ o f i  ne- 
p u o n u r ~ o c ~ ~  n o n o 6 ~ b r  npyr ~ p y r y ,  ecnu US&. B 
IlpOTMBHOM C J I y q a e  6 y n e ~  CVUTaTb MS Pa3nUqHblMU. 

A e T a n b ~ b l f i  BMA ~ Y H K ~ M  U PaCCMaTpHBaeTCR B 

nyame 1.3. 6 y n e ~  CwiTaTb ,  YTO nocne H y I c n e o T m a  



6MOMHOOPMATMKA M MEAMUMHA M.A. K o p o ~ ~ o e a ,  E.B. KO~OTKOB 

S(X) B nOCneAOBaTenbHOCTM U CYLZIeCTBYeT C D M r  

4 a 3 b 1  ~ p M m e T ~ 0 f i  nepMOAM9HOCTM H a  1 OCHOBaHMe, 

e C n U  OAHOBpeMeHHO BblnOnHXKJTCII YCJIOBUR: 

I U{M,(l, x), M2(x+l, 4 1  5 uo 
U{M, (1, 4, MI (x + 1, L)) > U, ) I) 
U{M, (1, x), M 3  (x + 1. 4) > Uo 

6 y n e ~  T a m e  CqHTaTb,  q T O  n 0 C n e  HyKJIeOTUAa 

S(X) B nOCneAOBaTenbHOCTU S CYmeCTBYeT CABMr 

@3bl  ~ p k i I U I e T ~ 0 f i  nepMOAUsHOCTM H a  2 OCHOBa- 

HMII, eCnM OAHOBpeMeHHO BblnOnHXI0TCII yCn0BI.vr: 

I U{MI (1, x), M3 (x + 1, L)) 5 u, 
WM, (1, x), MI (x + 1, 4 1  > U, ) (2) 

U{M, (1, x), M, (x + 1, 4 1  > Uo 
Ecnu Xe BbInOnHRIoTCR YCJIOBMII: 

1 WM, (1, x), MI (x + 1, 4 1  5 U, 

U{M, (1, XI, M~ (X + 1, L ) )  > U, 13) 

U{M, (1, x), M, (x + 1, L)1 > Uo 
TO ~ Y A ~ M  CqMTaTb, 9 T O  n O C n e  HyKJleOTHAa S(X) 

T ~ U M ~ T H O ~ ~  n e p U O A U s H O C T U  OCTaeTCR 6e3 
U3MeHeHI.vr, T.e .  CABUr +a361 T ~ u ~ J I ~ T H o ~ ~  n e p M 0 -  

AU9HOCTU P a B e H  H y n I 0 .  C A B H ~  +a361 6 y n e M  O n p e -  

A e n R T b  KaK p a 3 H U w  H a 9 W l b H b l X  +a3 M a T p U u  AJtR 

~ P ~ ~ M ~ H T O B  S(x+l,L) M S( 1 ,x), BXOA5ImMX B n e p B O e  

ypameaue ycno~nf i  ( I ) ,  (2), (3). C n ~ u r  +am 
T ~ U M ~ T H O G  n e p M O n u s H O C T M  H a  1 U 2 OCHOBaHWI 

COOTBeTCTByeT BCTaBKe 1+3r1 M 2+3n (MnM Aerie- 
uuw 2+3n u 1+3n) o c ~ o ~ a ~ u i i  (n=0,1,2,3,. . .) no- 
cne H y w t e o T u A a  s(~). 

1.2. T~HI - IJ I~TH~SI  I-IePHOAHWIOCTb 
n o c n e ~ o s a ~ e n  ~HOCTHS 

MaTp~qbl Tp~nJIeT~ofi nepHOAM9HOCTU MOXHO 

PaCCMaTpUBaTb KaK ~a6naqbl COnpRmeHHOCTH n p U -  

3HaKOB [57]. Aanee PaCCMOTpUM MaTpUIJy Ml, A.rUI 

MaTpMu M M3 BCe BblBOAbI 6 y ~ y ~  aHaJlOrkNHb1. 

~ P M ~ H ~ K ~ M W  CTPOK MaTpMUbI MI RBSLRWTCII OCHOBa- 

HWI nOCneA0BaTenbHOCTM LS, a flpH3HaKaMM C T O ~ ~ -  

UOB - nO?MUMU O C H O B ~ H H ~ ~  B KOAOHaX PaMKM C9HTb1- 

BaHMR T I .  6 y n e ~  CqMTaTb, W O  B H Y K J I ~ O T U A H O ~ ~  

nOCneAOBaTenbHOCTM S CyUeCTByfX T p M M W H a R  He-  

PMOAM9HOCTb, e C n H  YPOBeHb B ~ ~ M M H O ~ ~  M H + o ~ M ~ -  

UMM Ij M e m Y  OCHOBaHMRMM nOCneAOBaTenbHOCTM S 
M n 0 3 M W M M  O C H O B ~ H W ~ ~  B KOAOHaX 6 y ~ e ~  6 0 n b w e  

H ~ K O T O P O ~ ~  BeJ lM~MHbl  I. [44]. B 3 a M M ~ i l l l  M H + O P M ~ -  

UWI BbI9MCnRWCII no + 0 p M y n e  [57]: 

/=I 

3 4 

me x(i) = m, (i, j) . y( j) = ml (i. j) . Y ~ B o -  

COOTB~TCTBH~ 2 4  p a c n p e n e n e H w I o  X2 c 6-10 c T e -  

neHXMM C B O ~ O A ~ I ,  a B e n I l W i H b I  xj - CTaHAaPTHOMY 

~ o p ~ a n b ~ o ~ y  p a c n p e n e n e H u m  n o c T u r a e T c R  B 

C n y 9 a e  AOCTaTO9HO 60nbll10ro 0 6 . b e ~ a  CTITUCTM- 

qeCKUX AaHHbIX, T.e .  AOCTaTOZlHO 6 0 ~ 1 b l l I 0 r 0  

3Ha9eHMR AJtMHb1 nOCneAOBaTenbHOCTM S. q ~ 0 6 b 1  

o n p e n e n u T b  M U H U M ~ ~ ~ H ~ I ~  A J I M H ~  n o c n e n o B a -  

TenbHOCTM ~7, KOTOPaR Il03BOSLReT IICIlOnb3OBaTb 
2 

+YHKUUIO x A n 2  onwcaeurr p a c n p e A e n e H u R  B e n u -  

qMHbl 21j, Mbl  nPOTeCTUPOBNIM COOTBeTCTBMe 213 
2 pacnpeneneaum x A J ~ R  p x 3 n u s ~ b 1 x  n n u H  nocne- 

A O B ~ T ~ ~ ~ H O C T ~ ~ ~ .  C n O M O q b I 0  AaT9MKa ~ J I j ' V a f i -  

HbIX 9 M C e n  reHepUPOBalTHCb MHOXeCTBa HyKneO-  

T U A H ~ I X  n o c n e n o ~ a ~ e n b ~ o c ~ e i i  n n H  K ~ O G  AnMHbI 

OT 30 A 0  1000 HyKJleOTMAOB. K w o e  T a K O e  MHO- 

x e c T B o  conepxano 10000 n o c n e n o ~ a ~ e n b ~ o c ~ e G .  

nocne   TO TO WR B c e x  n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i  ~3 

K a m O r O  MHOXeCTBa paCC9MTblBUlaCb  B3aMMHaR 

MH+OPM~L(IIR M AJtR K w O r O  MHOXeCTBO CTpOU- 

n a c b  r u c T o r p a M M a ,  n o K a 3 b l B a m q a x  pacnpenene- 
H u e  BenMqMHbl 213. 3 ~ a  r M C T O r p a M M a  CpaBHMBa- 

n a c b  c T e o p e T a s e c K u M  p a c n p e n e n e H M e M  no 
K P M T ~ P U I ~  x2. 0 ~ a 3 a n o c b .  STO A n 2  nocnenoaa- 
~ e n b ~ o c ~ e f i  A ~ M H O ~ ~  6onee 60 HyKJIeOTMnHblX nap 
p a c n p e n e n e H M e  2 4  c o o T s e T c T B y e T  X2 c B~PORTHO-  

C T ~ W  H e  M e H e e  99%. Bce n o c n e A o s a T e n b H o c T M  c 
T P M ~ ~ ~ T H O ~ ~  nepMOAU9HOCTbI0,  a H a n M 3 M p y e M b I e  B 

H a C T O R q e M  MCCJleAOBaHMM, 6b1nM A n M H H e e  60 H.n .  

 TO n 0 3 B O n R e T  M C n O n b 3 0 B a T b  B A ~ H H O ~ ~  pa6o~e  



TenbHOCTM S, e C n N  A n R  o60m + ~ ~ ~ M ~ H T O B  S(1,X) 
u S(x+l,L) 3 ~ a . i e ~ u e  X3 66~10 6 0 n b ~ e  4.0. Bepo2~- 
HOCTb TOTO, .iTO A a H H a R  T p l l n n e T H a R  I I e p M O n H r -  

HOCTb 6 y n e ~  0 6 p a 3 0 ~ a H a  r IHCT0 C ~ Y Z I ~ ~ ~ H ~ I M I ?  @K- 

T o p a M u ,  c o c T a B n R e T  M e H e e  s e M  4x10-~. 

1.3 AJ~~OPHTM nOHCKa CaBHra @3bl 

~ p n n n e ~ ~ o i 2 n e p n o a n ~ ~ o c ~ n  

~ Y c T ~  X I IOKa3bIBaeT K O O P A H H a v  OCHOBaHUII S ( X )  

B n o c n e n o B a T e n b H o c m  S A rryc~b x ~ b r 6 u p a e ~ c ~  KaK 

L1+3n, rne n=0,1,2,3 ,... (L-L1)/3, L1 K p a T H o  T p e M  M 

HaXOJlJiTCR B H H T e P B U e  O T  60 A 0  600. P~CCMOT~HM 
+ p a r ~ e m  n o c n e n o s a T e n b H o c m  S(x-LI+I, x) u NIX 
H e r o  nocTpom M a T p w  TpameT~oii nepuomao- 
CTH Mi(x-LI+I, X )  Arrrr P a M K l l  CqkiTblBaHUII TI IIOCne- 

AOBaTenbHOCTH S. P~CCMOT~MM T a m e  + p X M e H T b 1  

S(x+l, x+Ll), S(x+2, x+Ll+l) u S(x+3, x+L1+2) w 
rn ~ T H X  + p a r ~ e m o ~  n o c T p o u M  M a T p u m r  q u -  
me~aoii nepuomocrru  M,(x+l, x+LI), M2(x+2, 
x+Ll+l) H M3(x+3, X+LI+2) j3JlA P a M O K  CWiTbIBaHUII 

Ti, T2 U T3 I IOCneAOBaTenbHOCTH S COOTBeTCTBeHHO. 

Ecnu cpa3y xe  3a nosusueii x B n o c n e n o B a T e n b H o -  

CTH S npou30iiHe~  CAB^ p a M w  C w n I B a m  H a  on- 
HO Will A B a  OCHOBaHUII 3a CYeT BCTaBKki OAHOrO W l H  

ABYX H y m e o T m o B  ( n e n e w  m u  B C T ~ B W  6onbrueii 
~ H H ~ I ) ,  T O  MaTPMUa Ml(x-Ll+1, X )  6yne-r 6onbrue 
noxoxa H a  M a T p a w  M2(x+2, x+LI+l) mu M3(x+3, 
x+LI+2). Ecna xe  3a nosuweii x H ~ T  BcTaBoK WK- 
n e o T m o B ,  TO ~ a ~ p u s a  Ml(x-LI+I, x) 6 y n e ~  6onbrue 
B c e r o  noxom H a  M a T p u u y  MI(x+l,  x+LI). B Ka.ie- 

CTBe + Y H K ~ & ~ H  KOTOPaR II03BO.JMeT C A e n a T b  Bbl- 

B o n  o pa3nmua n ~ y x  M a T p u s  ~ p u m e ~ ~ o i i  nepuo- 
nmaoc~u,  6bma sb16pa~a senmma: 

Ikl = Ikl(1)+Ikl(2)+Ikl(3)  9 (6) 
rne : 

I,, < i )  = 

4 4 =x m/( i .  J )  lNm1 ( i ,  j ) )  + z  mi ( i ,  j )  ln(ml ( i ,  j ) )  - 

4 

- z (mk ( i ,  j )  + mi ( i .  j ) )  ln(mk ( i ,  j )  + ml ( i .  j ) )  + 
, = I  

+ ( Y ~ ( J ) +  Y ~ ( J ) ) ~ ~ ( Y ~  ( J )  + Y , ( J ) )  - y L  ( j )  In yL ( j ) -  

- Y / ( J ) ~ ~ Y , ( J )  (7) 

I ( 1  = . j , yk ( j )  = z mk (i. j) . 3 ~ a r e -  
1 = l  , = I  

H l l e  Ikl@ n O K a 3 b I B a e T  pa3nllWle C T O ~ ~ U O B  C HOMe- 

POM j y A B ~ X  M a T p u u  Mk u MI 3 ~ a s e ~ u e  21k1(j) 
p a C n p e n e n e H 0  KaK X2 C 3 C T e n e H R M l l  C B O ~ O A ~ I  n p M  

C p a B H e H H M  A B y X  M a T p H U ,  I lOCTpOeHHbIX m R  CJry- 

saiiab~x nocneno~a~enb~oc~ef i  [28], B cmy ~ T O ~ O  

s ~ a s e ~ u e  1 ~ 1  p a c n p e n e n e H o  K a K  2 H e  Gonee, q e M  c 
9 - W  CTeI IeHRMH C B O ~ O A ~ I .  B ~ U b H e f i U l e ~  Mbl  MC- 

n O n b 3 0 B U H  Ill, 112, 113 A n R  IIOHCKa CABMra P a M K l l  

Cql lTbIBaHUII .  Ecnu B I I O C n e n O B a T e n b H O C T l l  S I IOCne  

X OTCYTCTBYeT BCTaBKU c tnH A e n e w H  O C H O B ~ H M ~ ~  

AHK (C & I ~ H H o ~ ~  A e n e u H M  MnH BCTIBKH, H e  KpaT-  

H 0 f i  T p e M  OCHOB~HUIIM), TO B 3TOM C n y z I a e  111<112 I? 

Ill <Il3, E c n ~  IIPMCYTCTBYeT BCTaBKa 4 p a r ~ e H ~ a  

nnuaoii Q=3i+ 1 m r ?  x e  nenesm + p a r ~ e ~ ~ a  nnu- 
~ o i i  p3 i+2 , ( i=1 ,2 , .  . .), TO M O ~ O  ~ O B O P I I T ~  o ne- 
P e X O A e  n O C n e  X O T  P a M K I l  Cs l lTb IBaHUR TI K P a M K e  

CVHTbIBaHHX T2. B 3TOM CJIyZIae Il2<II1 M Il2<II3. 
E c n ~  I I p H C y T C T B y e T  BCTaBKa  4 p a r ~ e H ~ a  A ~ H H O ~ ~  

p 3 i + 2  m u  x e  nenesm + p a r ~ e ~ ~ a  meaofi 
Q=3i+l,(i= 1,2,. . .), TO M O ~ O  ~ O B O P M T ~  o nepexo- 
A e  I I O C n e  IIO3HIJHM X O T  P a M K l l  CYHTbIBaHUII TI K 

p a M K e  CYMTbIBaHHH T3. B 3TOM CJryWN.2 Ilj<Ill a 
I13<I12. Y A O ~ H O  A J H  n O H C K a  C n B l l r O B  PaMKM CqM- 

Tb lBaHHR B3XTb BeJIMYHHbI Fl=IIl 112 I? F2=Ill 113. B 
C n y s a e  nPUCYTCTBlDl C A B H r a  +a361 T P H M ~ T H O ~ ~  

I I e p l l O A l l ~ H O C T M  O A H a  M3 3TMX B e n l l Y l l H  6 y n e ~  
I IP l lHMMaTb  AOCTaTOqHO 60nbruue 3HaYeHMX. Be- 
n u . i u H b r  FI I? F2 H M ~ W T  pacnpeneneawe O~rrrepa B 

TOM cnysae, ecnu OHH n o c T p o e H b I  m~ cnysa i i~b~x  
nocneno~a~enb~oc~ei i  [ 5  81. 

& I X  ~ ~ 0 f i  KOOpnMHaTbl  .K Mbl B a P b l l P O B U M  

s ~ a s e ~ u e  LI .  B a p b M p o B a H M e  n p o B o n c t n o c b  c se- 
J I b W  I lOl lCKa ~ a ~ 0 i i  W l l H b l  LI,  KOTOPaH 3 a A a B U a  

6 6 1  M a K C l l M U b H O e  3 H a s e H M e  A n R  BenMriHH FI,  I? 
F2. Ta~oi i  IIOHCK H ~ O ~ X O A M M O  IIpOBeCTM, T a K  KaK 

T p H n n e T H a l r  n e p u o n r ? s a o c . r b  no M u H e  nocnenoaa- 
TenbHOCTM M O X C T  MeHRTbCR, M 3 T 0  M3MeHeHMe 

M O X e T  BnUIITb H a  3 H a s e H M X  F/ I? F2. M ~ I  BapbWpO-  

B U H  LI A n R  KXiK;lOrO X, K P a T H O r O  3-M, B H H T e p B a -  

ne OT 60 30 600 O C H O B ~ H I ? ~ ~ .  

B M T O K  m X  I lOCnenOBaTenbHOCTM S 6 b l n  no- 
C T p O e H  r p a + M ~  3aBMCMMOCTM M a K C M M U b H b I X  Be- 

n M s M H  Fl Pi F2 O T  KOOPAMHaTbl  .K, K a M a R  113 KOTO- 

P b I X  6blna n O n y W ? H a  AJIR H ~ K O T O P O ~ ~  AnMHbl  L I .  Ha 
3TOM r p a + M t i e  MbI  O T ~ H ~ U H  KOOPAMHaTbl nOKaJ lb -  

HbIX MIKCHMYMOB. E Y A ~ M  CYMTaTb, 9 T O  B n 0 C n e -  

AOBaTenbHOCTM e C T b  CABMr 4 a 3 b 1  T P M ~ ~ ~ T H O ~ ~  ne- 



M.A. K O ~ O T K O B ~ ,  E.B. KO~OTKOB 

PMOflHYHOCTH, ecnw 3 ~ a s e ~ w e  Fl w n H  F2 B J I O K U b -  

HOM MaKCMMYMe 60nbrue HCKOTOPOrO n O P O r O B O r 0  

s ~ a s e ~ u ~  Fo. IIoporo~oe s ~ a s e ~ ~ e  Fo onpenenrr- 
n 0 C b  MeTOfiOM MOHT~-Kapn0 (n. 1.4). 

K p o ~ e  TOrO, m R  H ~ ~ H T H $ M K ~ ~ H H  C n B H r a  @a361 

~ p P i n J I e ~ H 0 f i  nepM0nHYHOCTH B n03AUMU X ~ e 0 6 -  
x o n u ~ o  Y ~ ~ A H T C H ,  YTO B n o c n e n o B a T e n b H o c T H x  

s ( x - L 1 + I ,  x), S(X+~. .X+Ll), S ( X + ~ ,  x+L1+1) H 

S&+3, x+L1+2) T p u n n e T H a r r  n e p u o n u r H o c T b  cy- 
UeCTBYeT,  TBK KIK 3HaYeHHH Il l ,  I IZ,  113 nOKa3bIBa-  

IOT M e P Y  P a C X O m e H H H  MaTPUII  T p l l I I J t e ~ H ~ f i  ne- 
PwOAHYHOCTH. %a M e p a  6 y n e ~  T e M  MeHbIIIe ,  YeM 

s b r u r e  nono6ue npyr npyry y M a T p u q  Tpunne~~of i  
n e p u o n u r e o c T u ,  YTO npn OTC~TCTBBU nocnen~efi 
MOXCT 6 b 1 ~ b  06ycno~neao YHCTO c J I y Y a f i H b 1 ~ ~  

@ ~ K T O ~ ~ M H .  ,@IH HCKJIIOYeHUH nono6ua YHCTO 

cJtYYafiHb1X MaTpHlI  MbI 6pXJl~  K PaCCMOTpeHHIO 

TOnbKO T a m e  nOCnenOBaTenbHOCTH S(X-LI+ 1 ,  x), 

S ( x + l ,  x+L1), S(x+2,  .u+L1+l) u S(x+3 ,  x+L1+2), 

KOTOPbIe 06nana10~ AOCTaTOYHO ~ b 1 p a X e H H o f i  

T p u n J I e ~ H o f i  nepHOnHYHOCTbIO (n. 1.2). 

1.4. n p n ~ e ~ e ~ ~ e  MeToaa Mon~e-Kapno 
m a  onpeaeneHna noporosoro 3narlen~a F, 

ASIH n o H c K a  n o p o r o B o r o  ~ H ~ Y ~ H H H  Fo 6 b m M  MC- 

n O n b 3 0 B a H b I  nOCJIeAOBaTeJIbHOCTH R H O B ,  C O ~ P ~ H -  

H b I e  B 6 a H ~ e  AaHHbIX Kegg BepCHH 46. Bcero B 

3~0f i  BePCHH 6 a H ~ a  AaHHbIX COAePXCUTCH 

3.3 1 8.628 reHOB.  M ~ I  C03AWlH ~ J I y Y a f i H b l f i  6 a H K  

n a H H b I x  n y T e M  n e p e M e r u u B a H m  n o c n e n o s a T e n b -  

HOCTH O C H O B B H U ~ ~  K W O r O  E H a .  C IlOMOUbIO Me- 

T O n a  MOHT~-Kapn0 3 T 0  n03~0nwno COXpaHHTb T a -  

K o e  x e  pacnpenenemie ~ H H  c n y s a f i ~ b r x  

I I o c J I ~ A o B ~ T ~ J I ~ H o c T ~ ~ ~ ,  KaK B 6 a H ~ e  AaHHblX Kegg, 
u a H a n o r H s H o e  p a c n p e n e n e H w e  O C H O B ~ H M ~ ~ .  ASIH 

COXpaHeHHH T ~ H I I ~ ~ T H O ~ ~  IIepHOnHsHOCTPi B C n y -  

YaCiaofi  n o c n e n o B a T e n b H o c T u  H a  T a K o M  x e  YPOB- 

H e ,  KaK H B PeaJIbHOM r e H e ,  I lOCnenOBaTeJIbHOCTb S 
p a 3 6 w ~ a n a c b  H a  T ~ H  n o n n o c n e n o B a T e n b H o c T w .  

n e p ~ a n  143 HHX ( O ~ O ~ H ~ Y W M  ee KaK CI) n o n y s e H a  

B ~ I ~ O P O M  M3 nOCneAOBaTeJIbHOCTM S O C H O B ~ H M ~ ~ ,  

KOTOPbIe CTOHT H a  HOMepaX.  PaBHblX i=1+3n. BTO- 
pax n o c n e n o B a T e n b H o c T b  C'2 n o n y q e H a  n y T e M  B ~ I -  

6opa o c ~ o ~ a a u f i ,  CTOHUHX H a  ~ O ~ H U M R X  i=2+3n, a 
TPeTbR IIOCneAOBaTenbHOCTb C3 - B ~ I ~ O P O M  OCHO- 

~ a ~ ~ f i ,  CTORUHX H a  II03klUMRX C HOMepaMH 

i=3+3n. npw c o s ~ a ~ ~ u  n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i  C,, 
CZ M C3 I I  MeHReTCR OT 0 20 L/3-1. 

Aanee n a T s w K o M  c n y s a f i ~ b r x  swcen cosna~a- 
n w c b  n o c n e n o B a T e n b H o c T u  RI ,  R2 a R3 nnu~oi i  L/3. 
% T ~ M  MbI YnOPHnOYllBWIU n O C n e ~ O B a T e J I b H O C T H  

R1, R2 w R3, no B03paCTaHWW W 3anOMMHWlll  n o p H -  

~ O K  C n e n a H H b I x  n e p e c T a H o B o K  B ~ a m o i i  nocneno- 
BaTenbHOCTH. n 0 c J I e  3TOrO HYKJIeOTllnbI B nOCJIe- 

AOBaTenbHOCTRX CI ,  C2 W C3 nepeCTaBnRJIMCb TaK, 

KaK 3 T 0  6 b 1 n 0  CneJ IaHO npPi y n O p ~ O Y U B a H M k i  no- 
c n e n o ~ a ~ e n b ~ o c ~ e f i  R,, Rz w R3, no ~ o s p a c ~ a ~ u l o .  
nocne T a K o r o  n e p e M e u r u B a e m  n o c n e n o B a T e n b H o -  

c ~ e f i  R1, RZ u R3 c o 3 n a ~ a n a c b  c n y s a i i ~ a ~  nocneno- 
BaTenbHOCTb R. B nOCJIenOBaTenbHOCTH R H a  no- 
3MUUHX i=1+3n CTORJIH HyKJIeOTHnbI H 3  

n o c n e n o B a T e n b H o c T w  R1, H a  no3u~arrx i=2+3n - 
HYKneOTMAbI U3  FIOCJIeAOBaTeJIbHOCTW R2 U H a  no- 
3uquax i=3 +3n - H y m e o T w b r  u3 n o c n e n o B a T e n b -  

HOCTU R3. & I l l H a  nOCneAOBaTenbHOCTM R 6 b 1 n a  

P a B H a  L, H B Hef i  6 b m  COXpaHeH ~ a K 0 f i  Xe COCTaB 

H y K n e o T u n o B ,  KaK H B n o c n e n o B a T e n b H o c T w  S. 
nocne co3na~m 6 a ~ ~ a  c n y r a f i a b r x  n o c n e n o B a -  

T ~ J I ~ H o c T ~ ~ ~ ,  H M e l O U e r O  ~ a K 0 f i  Xe 0 6 b e ~ ,  nJ I l lHy  M 

TpllmeTHJ'IO nepHOnHYHOCTb K w 0 f i  nOCJIenOBa- 

TenbHOCTkl, KBK H B 6 a H ~ e  n a H H b I X  Kegg, MbI BbI- 

6 p ~ H  YpOBeHb Fo PaBHbIM 2.5 H IIOnCYMTanM YHC- 

no reHOB, KOTOPbIe MMeIOT XOTH 661 OAUH 

J I o ~ W l b H b ~ f i  MaKCMMyM ( K ~ K  3 T 0  OnMCaHO B n. 1.3) 
mrr Fl u F2 B b I w e  Fo nnrr n o c n e n o ~ a ~ e n b ~ o c ~ e f i  u3 
6 a H K a  naHHbIX Kegg-46 I? n n H  c n y s a f i a b l x  nocne- 
n o ~ a ~ e n b ~ o c ~ e f i .  ,@IH YPOBHH FoZ2.5 YHCJIO 

Haf ineHHbIX CfiBMrOB @a361 T ~ H I I J I ~ T H o ~ ~  nepki0- 
AMYHOCTH B c n y s a f i a b ~ x  H y u e o T u n H b r x  nocneno- 
BaTenbHOCTHX COCTaBnHeT -1.5% OT YHCna CnBH- 

rOB, KOTOPbIe MbI HaWJIM B 6 a H ~ e  AaHHbIX Kegg- 
46. ~ O ~ T O M Y  A ~ H H ~ I G  YPOBeHb M O X e T  6 b l ~ b  BbI- 

6 p a ~  KaK I I o ~ o ~ o B ~ I ~ ~ ,  TaK KaK IIpMMeCb CaBMrOB 

~ p u n n e ~ ~ o f i  n e p u o n w r H o c T u  ws-sa YMCTO cnysafi- 
HblX (P~KTOPOB MOXHO CYHTaTb H ~ ~ H ~ Y H T ~ J I ~ H o ~ ~ .  

1.5. noc~poenne r p a a n ~ a  I,,(x, ,x,) 

6 b 1 n  n o c T p o e H  K O H T ~ P H ~ I ~ ~  rpa@w~(contour 
plot) nnrr s ~ a q e ~ w f i  Ill(.Yl..~3, rne .ul u x2 n o ~ a s b l -  

B a m T  K o o p n w H a T b I  H a z l a n a  n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i  

S, M S2 B nOCneAOBaTenbHOCTH S. B 3TOM CJIyYae  

~ O C J I e ~ O B a T e n b H O C T k i  Sf H S2 YXe H e  CnenYIOT 

fipyr 3a A p y r O M ,  a BblAeJIRIOTCH B KOOpJHHaTaX (XI, 

xl+L1- 1) H (x-. .Y-+L 1-1). K O O P ~ M H ~ T ~ I  XI M.Y2 Me- 

HRIOTCR He3aBMCMMO fiPYr OT Jpyra OT 1 a0 L- 
L1+1 C r u a r o h l  B ~ p w  o c H o e a H w r r .  3 ~ o  0 3 ~ a r a e ~ ,  

YTO x 1 = l + 3 i ,  i=0,1,2,3,.. ., a x 2 = 1 + 3 j ,  j = O ,  1,2,3,.. ., 



me i H J  - H a T y p U l b H b I e  WiCJIa. A a H ~ b 1 f i  KOHTyP- 

Hblf i  rpa+Ei~ 6 y n e ~  CllMMeTpMYeH OTHOCHTenbHO 

M ~ B H O ~ ~  A H a r O H U l H  H n 0 3 B O n R e T  YBllAeTb p a f i o ~ b l  

CABllrOB +a361 T p l l n J I e ~ H ~ f i  llePllOAllYHOCTll B no- 
CneAOBaTenbHOCTH s. 

CABHraMH 4 a 3 b l  TpunJ IeTHof i  nepHOAHsHOCTH. OC- 
TaBllIHeCR 10% I I p k i X O ~ T C R  H a  reHb1, me ~a6~11ona- 
eTCH 6onee omom cmura. B ~ J I y s a f i H o f i  ~ b 1 6 0 p ~ e  

TaKOrO me o 6 5 e ~ a  MbI HaLLUIH 41 1 CABmOB TpH- 

mmofi nepuomaocm, TO C o c T a B m e T  - 1.5% OT 

Y u c n a  nocneAHkiX B 6ame AaHHbrX Kegg-46. *O 

& I H  H a r a n a  M ~ I  H ~ ~ Y M ~ M  CABMI- +a3b1 T p n n n e T -  

H 0 f i  rIePHOAH9HOCTB y B C K Y C C T B ~ H H O ~ ~  IlepkiOAki- 

s e c ~ 0 f i  nOCJIeAOBaTeJIbHOCTM. ,&R 3TOrO B nepMO-  

AHseCKyIO nOCJIeAOBaTeJIbHOCTb (a /g ) ]59  nOCJIe 

nO3llIJllM 477 OCHOBaHHR Mbl BCTaBWIM HYKJIeOTU- 

A ~ I  at, nocne sero n o 6 a ~ m u  c n p a B a  n o c n e n o B a -  

T e n b H o c T b  ( ~ t g ) ~ ~ ~  u B more nonysmu nocneno- 
BaTenbHOCTb (atg)l59at(atg)200. A ~ H H ~ R  
nOCJIeA0BaTenbHOCTb COAePmkiT BCTaBKy AByX OC- 

H O B ~ H H ~ ~  n O C n e  nO3MIJHll 477. K ~ K  O T M e s U l O C b  

s b r r u e ,  B  TOM cnysae TO 113<111 u I13<I12.u c n e n y e T  

OmMAaTb, VTO SHaYeHkLR F2(477) 6 y ~ e ~  AOCTMI'aTb 

MaKCHMUlbHbIX 3HaseHEif i ,  T O r A a  KaK Fl(x) 6 y n e ~  
MeHRTbCR He3Haql lTenbHO.  Ha P M c . 4  nOKa3aHbI  

s H a r e H m  F 2 ( x )  u BWHO, ZITO ~ 2 ( 4 7 7 ) > 1 0 ~ ,  T o r A a  

KaK F~(x)< 1 .O W R  BCeX X. 

,&R 3~0 f i  me nOCJIeAOBaTeJIbHOCTII 6b1n  no- 
CTpOeH K O H T Y P H ~ I ~ ~  r p a + M ~  (P~c .5 )  M H a  HeM TeM- 

HblM IJBeTOM BbmeJIeHbI pa f i0Hb1  IIOCJIeAOBaTeJIbHO- 

cm, r A e  T p u m e T H b I e  nepaonmoc-ru, ~ b m e n e ~ ~ b r e  

B nOCJIeAOBaTeJIbHOCTRX S1 H S2 (n. 1.4) OTJIWaIOTCR 

A p y r  OT A p y r a .  Ha 3TOM r p a + M ~ e  YeTKO BbUeJLXKYTCR 

ABa Y s a C T K q  me T p H W I e T H m  nepMOAHYHOCTb HMeeT 

CABllr 4a3b1 .  *O paf i0Hb1  OT 1 A 0  477 H y K J l e O T w a  ki 

OT 480 A 0  1080 HyKJleOTHAa. ~ O T  T ~ C T O B ~ I ~ ~  npM- 

M e p  nOKa3bIBaeT, T O  p a 3 p a 6 0 ~ a H H b l f i  MaTeMaTMre-  

C K I I ~ ~  nOAXOA nO3BOJLXeT 0 6 ~ a p y m M ~ a ~ b  CABMFH +a- 
361 B T p M r U I e ~ ~ 0 f i  IIepllOAHYHOCTM R H a .  

Bcero 6 b m o  npOaHUlM3MpOBaHO 3.3 18.628 re- 
HOB, HaKOWIeHHbrX B 6 a H K e  AaHHbM KEGG BepCMM 

46 (http://www.genome.ad.jp/kegg/). O6qee wcno 
R H O B  CO CABMrOM +a361 T ~ M I L J I ~ T H o ~ ~  nepMOAUYH0- 

CTM COCTaBUnO 27417 (F(~2 .5 ) .  %cJIo E H O B  C On- 

HMM CABUFOM +a361 T p u I L J l e T ~ 0 f i  IIepMOAEnHOCTM 

COCTaBJIReT 90% OT O G ~ C T O  KOnHYeCTBO K H O B  CO 

CpaBHeHl le  nOKa3bIBaeT, T O  IIOYTM BCe H a k e H ~ b l e  

CABHIM +a361 TpHILVeTH0fi n e p H O m H O C T H  HOCHT 

~ e c n y ~ a i i ~ b r i i  xapamep. 
Ha P ~ c . 6  n O K a 3 a H  n p u M e p  r e H a  C OAHkiM CABM- 

TOM +a361 T P H ~ J I ~ T H O ~ ~  nePMOAllYHOCTM. %O TeH 

cytochrome C 133 G.sulfurreducens (HMR B Swiss- 
Prot Q74A96-GEOSL). M3 PMC. 6 BHAHO, YTO B 

IIOCneAOBaTenbHOCTH B paf i0~e 880 HyKJIeOTMAa 

eCTb n H K  W R  3 H a ~ e H H f i  F l ,  T O r A a  KaK 3HaseHMR Fr7 
H e  IIpeBbIIIIaIOT 1.0. %O 03HaYaeT,  YTO TpHIIJIeT- 

HaR nepMOAHYHOCTb nOCJIe 880 OCHOBaHkH CABH- 

H y n a c b  H a  o n H o  o c a o B a a a e  K H a s a n y  r e H a .  Ecnu 
YseCTb,  YTO M e w  T P H I I J I ~ T H O ~ ~  IIepHOAHsHOCTbIO 

M p a ~ ~ o f i  CYHTbIBaHHR C 1 no 880 OCHOBaHlle OT- 

CYTCTBYeT CABHr +a3bl ,  TO 3 T 0  OSHaYaeT,  9 T O  no- 
CJIe 880 OCHOBaHWl B03HUKaeT CABMT. (pa3bl M e m Y  

p a ~ ~ o f i  CYHTblBaHHH U T p ~ n n e T ' H ~ f i  nepHOAHYH0- 

CTbIO. ~ O T  CABHr COOTBeTCTBYeT AeneUUM OAHOrO 

OCHOBIHWI m H  me BCTaBKM ABYX O C H O B ~ H U ~ ~  OKO- 

no 880 H y m e o T u n a .  He ucmmreea T a w e  ~ 0 3 -  

MOXHOCT~ A e n e u n u  + p a r ~ e ~ ~ a  nnu~oi i  Q=3i+ 1 
unu me BcTaBKa + p a r ~ e ~ ~ a  m u ~ o f i  Q=3i+2,  rae 
i=1.2,. . . M o m e ~  6 b 1 ~ b ,  HMeHHO n 0 3 T O M y  BePXHRR 

YaCTb nMKa H a  P ~ c . 6  OKa3UlaCb HeCKOJIbKO C m a -  

rne~aoii. K O H T ~ P H ~ I ~ ~  rpa+w~ ~m ~ T O ~ O  r e H a  no- 
Ka3aH H a  PMc.7 .  

B~opoii  n p m e p  r e H a  co c n s w r a M u  +a361 ~ p u -  
n J I e ~ H 0 f i  IIepllOAMYHOCTM n O K a 3 a H  H a  PMc.8 .  Ha 
3TOM PHCyHKe IIpMBeAeHbI 3aBllCMMOCTll Fl II F2 OT 

KOOPAUHaTbI X M R  IIOCJIeAOBaTeJIbHOCTll F 15A2.6 
us Kegg-46 u3 r e H o M a  C.elegans. ~ O T  r e H  KOAM- 

p y e T  BR serinelthreonine kinase. M3 PMC. 8 BHAHO, 

YTO B 3~0fi  IIOCJIeAOBaTenbHOCTM C y q e C T B y e T  H e  

M e H e e  nRTM CABMrOB T ~ M ~ J I ~ T H o ~ ~  nepMOAMYHOCTM. 

M o m ~ o  BbIAeJIMTb n R T b  n03MIJMfi C KOOPAMHaTaMM 

1 195. 1285, 1816. 195 1 M 2326 HyKJIeOTUA B no- 
CJIeAOBaTeJIbHOCTM R H a .  B I IepBof i ,  B T O P O ~ ~  M nR- 

~ 0 f i  n03MIJHRX B03MOXHa AeneIJMR + ~ ~ ~ M ~ H T O B  

~ w a o f i  &3i+ 1 wnM me BcTaBKa + p a r M e ~ ~ a  mu- 
~ 0 f i  Q=3i+2,  a B ~ p e ~ b e f i  M Y ~ T B ~ P T O ~ ~  n03MIJMRX 

BO3MOXHa AeJIeIJMR ~ P ~ ~ M ~ H T O B  m M ~ 0 f i  &3i+2 
wnw me BcTaBKa + p a r ~ e ~ ~ a  m ~ ~ o f i  Q = 3 i + I ,  me 
i=O, 1,2,. . . . P H c . 8  nOKa3blBaeT,  YTO CABMr @3b1 



M.A. K O ~ O T K O B ~ ,  E.B. KO~OTKOB 

T p k i r U I e ~ H o G  nepkiOflMrHOCTH XOpOIIIO B b l p m e H  ki 

3 ~ a r e ~ m  F1 ki F2 3 H a r M T e n b H O  6 0 n b ~ e ,  r e M  2.5. 
&R r e H a  c M H o x e c T B o M  C A B H ~ O B  +a361 T p u n n e T -  

HOG nePMOAM9HOCTM Mbl H e  CTPOMnU KOHTYPHOrO 

rpa+uea, T a K  KaK B  TOM cnyrae OH H e  u M e e T  Ha- 

rJIRHHOCTki. 

M H T ~ ~ ~ C H O  nOCMOTpeTb p a C n p e & e n e H k i e  Hafi- 

AeHHbIX R H O B  CO CnBUraMki +a361 T ~ H I I J I ~ T H O G  ne- 
PHOAMrHOCTki no ~ H O ~ O I - U ~ ~ C ~ ~ M  + Y H K ~ U H M .  

C ~ H C O K  + Y H K U H ~ ~ ,  AIlR KOTOPbIX 6 b m 0  H ~ & ~ H O  

60nbUe B c e r o  r e H o a  co c n s n r a M u  +as61 T p e r m e T -  

HOG nePMOnMqHOCTM, n O K a 3 a H  B Ta6n. 1. n0nl30-  

CTbIo  CnUCOK +yHKIJllfi MOXHO C K a q a T b  ki3 

httw://victoria.biengi.ac.ru/. M3 Ta6n. 1 B u n H o ,  r ~ o  
~ a u 6 o n b m e e  rucno c n e u r o B  +am ~ p k i n n m o i i  ne- 
PHOAM~HOCTU m e m T  n c e B A o r e m I ,  qucno KOTOP~IX 

C O C T a W € T  46 10. T a K a R  BbICOKaR YaCTOTa C n B U r a  B 

~ p k i n n e ~ ~ o i i  n e p u o A u r H o c T u  B n c e a o r e H a x  H e  YAM- 
BHTenbHa, T a K  KaK nCeBAOreHb1 nMllIeHb1 @yHKI@i0- 

H a n b H o r o  s ~ a r e ~ m  ki M y T a w u  B HMX R B J I R ~ T C R  

H e 6 T P a J l b H b l ~  ~ 0 6 b l T U e ~  r e H O M a  ki M O Y T  CpaB- 

HHTenbHO 6 b l c T p 0  HaKaIIJIABaTbCR [2, 321. 
B~opoe  no KJlaCCy MHOXeCTBO r e H O B  CO CABU- 

TOM +a361 T P U ~ I J I ~ T H O ~ ~  IIePMOAHSHOCTki COCTaBJlR- 

WT r e m ,  B KOTOP~IX p a H e e  yxe  6 b 1 ~ 1 a  s a ~ e ~ e ~ a  
MyTaqkU3 CABI i ra  P a M K H  CqMTbIBaHMR. MLI BbIRBII- 

n U  568 T a W X  TeHOB. %OT ~ P K T  ~ O ~ O ~ H k i T e n b H O  

n O A T B e p m a e T ,  q T O  CABAr PaMKki C4MTbIBaHkiR B 

r e H e  M O X e T  6 b 1 ~ b  BbIRBneH nOCPeHCTBOM nOMCKa 

CABHra  +a361 T P H ~ ~ ~ T H O ~ ~  nepHOAHrHOCTki.  

P ~ C C M O T ~ H M  reHb1, me MbI o 6 ~ a p y x u n u  CnBMr 

+a361 T ~ H M ~ T H O G  nepPiOnkirHOCTki. 0 6 0 3 H a q k i ~  

H O M e p  HyKJleOTMAa i, me n p O H 3 O l l I e n  CJBMT 4 ~ 3 b 1  

T ~ H ~ J I ~ T H o G  nepHOAkirHOCTki,  KaK Xu. B 3TOM C n y -  

Y a e  ,WlH nOCneAOBaTenbHOCTIl  ~ ( 1 )  I<XO Mbl 

MOXeM CqMTaTb, q T O  e C T b  COBIlaAeHMe M e w  

T ~ H ~ J I ~ T H o G  nepk iOAHsHOCTbIo  ki p a ~ K 0 f i  CqUTb1- 

BaHuR.  B TO x e  B p e m  mfi n o c n e n o B a T e n b H o c T n  

~ ( i )  AnR i > x o  6 y a e ~  H a 6 n k O A a ~ b ~ R  CABUr M e m y  

~ p M n n e T H 0 f i  nepPiOAMqHOCTbIo H c y q e c ~ ~ y ~ o ~ e f i  
B r e H e  ~ ~ M K O G  CqMTblBaHkiR. MOXHO n p e A n O n a -  

n o c n e A o B a T e n b H o c m  s(i) nnx i > x o  c y q e c T B y e T  m e  
PaMKLi CqMTbIBaHkU3 - OAHa P e U b H O  C y u e C T B y f O -  

q a H  B r e H e ,  a A p y r a R  n p e n n o n a r a e M a R  H a  o c a o B e  

T ~ u ~ J I ~ T H o ~ ~  nepMOAMYHOCTM Mnl l  Xe n p e B M R  

P a M K a  CqHTblBaHkiR. Ecnu MyTaUHR nOCpeACTBOM 

cneera p a M m  C q k i T b I B a H m  npousoruna B r e H e  

CpaBHHTeJlbHO HeaaBHO,  TO M O Y T  OCTaTbCR Bapki- 

aHTbr  3~01-o r e H a  6e3 ~ y ~ a q k i k i .  Ecnw n e p e t c o n u p o -  

B a T b  HyKJleOTMnHJ'Io nOCneA0BaTenbHOCTb m X  

i>x0 B aMMHOKUCnOTHJ't0 no AByM PaMKaM CYUTbl- 

BaHHR, TO MOHCHO n O n 4 q M T b  A B e  aMHHOKMCnOTHble 

nOCJleAOBaTenbHOCTM. n e p ~ a R  113 HHX - 3TO p e a l l b -  

HO C Y U e C T B Y I o U a R  aMMHOKIlCnOTHaR nOCneAOBa- 

T e n b H o c T b ,  a BTOP~A - n p e A n o n a r a e M a A  a M u a o -  

KkicnoTHaA n o c n e n o B a T e n b ~ o c ~ b .  KOTOP~IO MOXHO 

H a 3 B a T b  ~ P ~ B H ~ G  ~ M U H O K H C ~ O T H O ~ ~  nOCJIeAOBa- 

T e n b H O C T b m .  &R KaXJJofi H J ' K ~ ~ O T M ~ H O ~ ~  n O C n e -  

AOBaTeJlbHOCTH, me 6 b l n  H a k e H  CABHr +a361 TPM- 

n n e ~ ~ o G  n e p H o a w n i o c T k i ,  M ~ I  C O ~ A U M  A B ~  T a m e  

aMHHOKHCnOTHble nOCJIeAOBaTeJlbHOCTU. Ecnu B 

~ y w r e o ~ ~ , a ~ o f i  n o c n e n o a a T e n b H o c T M  6 b m o  He-  

CKOnbKO CABNrOB @3b1 T P N ~ J I ~ T H O G  nePkiOAMqHO- 

CTH, TO M ~ I  6 p a n k i  n o c n e n ~ ~ f i  c n p a B a  cnawr. 3 ro  
0 3 ~ a r a e ~ ,   TO M ~ I  H e  A e n a n k i  c c p e c T a B p a u u I o ) )  B c e x  

CABMrOB B nOCneAOBaTenbHOCTU C 9 B C n O M  CABMTOB 

@i3b1 T P I I M ~ T H O ~ ~  nePkiOAMYHOCTU 60J Ib l l l e  eAH- 

HUl&I. M ~ I  CqHT;LnH MiUOBePORTHblhl, qTO TaKaR 

n o n H a R  p e c T a s p a u u R  M o x e T  n a T b  s ~ a r u ~ o e  nono- 
6 k i e  C aMMHOKMCnOTHbIMki nOCne,!IOBaTenbHOCTRMM 

B 6 a H K e  AaHHbIX. 

T ~ K M M  06pa30~,  Mbl C 0 3 A U H  27417 nap aMw- 

HoKkicnoTHblx  n o c . r l e ~ o ~ a ~ e n b ~ o c ~ e i i ,  n B c e  OHM 

n p o r p a ~ ~ o f i  Blast [59-601 6 b m n  CpaBHeHbI  C no- 
CneAOBaTeJIbHOCTHMM 6 a 3 b 1  2 a H H b I X  S W ~ S S - ~ ~ O ~  
[61]. B p e 3 y n b ~ a ~ e  c p a B H e H u R  10705 nap nocne- 
A O B ~ T ~ ~ ~ H O C T ~ ~ ~  H e  WMenM 3HaqkiMOrO n 0 ~ 0 6 1 1 R .  

&R 12096 nap n o c n e n o ~ a ~ e n b ~ o c ~ e i i  nono6ue 
H ~ ~ ~ I O A ~ J I O C ~  TOnbKO AnR ~ M H H O K M C ~ O T H O ~ ~  no- 
CneAOBaTenbHOCTki, ~ 0 3 A a H H 0 f i  no P a M K e  CqMTb1- 

BaHMR, KOTOpaR nPIlCYTCTBYeT B E H e .  &R 4198 
nap n o c n e n o ~ a ~ e n b ~ o c ~ e G  noso6ue ~ a 6 n m n a n o c b  

TOnbKO n n R  f l p e ~ ~ e k  ~ M M H O K H C J T O T H O ~ ~  n O C n e A 0 -  

B a T e n b H o c T u  u , W ~ R  488 nap n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i  

nono6ue ~ a 6 n r o n a n o c b  A n n  o 6 e ~ x  aMMHoKkicnoT- 

H ~ I X  n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i  ~3 n a p b l .  3 ~ a q e ~ e e  E 
flpki HCnOnb3OBaHHH n p O r p a M M b l  Blast 661~10 Bbl- 

6 p a H o  PaBHblM qTO 2 a e T  B CpeAHeM nOpHAKa 

50 c n y q a f i H b 1 X  nono6uG n p U  CKaHMpOBaHUM 6onee 
q e M  54 TbICRq aMkiHOKMCnOTHb1X n0C;leAOBaTefl  b- 



H O C T ~ ~ ~ .  ~ T I I  LJli+pb1 rOBOPRT 0 TOM, 9 T O  AOnR 

c r r y r a f i ~ b ~ x  nono6uii OT 06we1-o qucna ~ a f i n e ~ -  
H ~ I X  non06uii C o c T a B n x e T  M e H e e  1 %. 

P a c c ~ o T p s ~  npmep, me nono6ue 6 b m o  ~a f i -  
A e H O  AnR aMHHOKllCnOTHbIX I IOCnenOBaTenbHO-  

c~efi ,  c o 3 n a ~ ~ b r ; u  no c y q e c ~ ~ y m q e i i  u n p e ~ ~ e f i  
P a M K e  CrHTbIBaHMR ( ~ O K Y C  X003621 6 a 3 b 1  n a H -  

H ~ I X  Kegg). B B ~ ~ M  nnx   TO TO r e H a  TPH p a M w  

CYUTbIBaHkW TI ,  T2 Pi T3. P ~ M K H  CrllTbIBaHMII T I ,  T2 
H T3 BbIflenXIOT T p H M e T b I  O C H O B ~ H H ~ ~  H a 9 l l H a R  C 

nepeoro, B T o p o r o  a T p e T b e r o  o c a o B a a m  nocne- 
nOBaTenbHOCTH X 0 0 3 6 2  1, COOTBeTCTBeHHO. no- 
KYC X 0 0 3 6 2  1 c o n e p m T  r e H  extracellular protease 
u3 X.oryzae u OH u M e e T  w u y  B 1281 H.n.  B HeM 

BbIAenReTCR n B a  C A B H r a  +a361 T P H ~ ~ ~ T H O ~ ~  I IepHO-  

A U ~ H O C T U  (PUC 9). n e p ~ b ~ f i  cnmr ~ a 6 n m n a e ~ c x  B 

paii0~e 478 OCHOBaHMII II OH B l l n e H  no +YHKUIIII 

FI ,  q T O  COOTBeTCTByeT I I e p e X O n y  OT P a M K l i  C W -  

T b I B a H m  TI K P a M K e  C9l lTbIBaHllR T2. BTOPO~~  
C n B l l r  @a361 ~ p k i n n e ~ ~ ~ f i  nePkiOnkirHOCTki  ~ a 6 n m -  
n a e T C R  B pafio~e 937 OCHOBaHHR I? OH BbIRBneH no 
+)'HKUIIII F2, 9 T O  COOTBeTCTByeT I I e p e X O H y  p a M W  

C911TbIBaHIIR OT T2 O ~ ~ ~ T H O  K Tl .   TO o 3 ~ a r a e ~ ,  
T O  6eno~,  K O T O P ~ I ~ ~  KOnl lPYeT n a H ~ b 1 f i  TeH 

(QSGWP6_XANOR), 6ynm H M e T b  H ~ M ~ H ~ H H ~ I O  

a M u H o w c n o T H y m  n o c n e n o B a T e n b H o c T b  T o n b K o  c 
160 aMliHOKIlCnOTbl no 3 13 aMHHOKHCnOTY (C 478 
no 937 H y u e o T n n  B r e ~ e ) .  M ~ I  cosnane nse a m -  
HOKHCnOTHble nOCneflOBaTeJIbHOCTH IIOCne 478 
HyKJleOTl lna  A 0  KOHUa r e H a  no P a M K a M  CYHTbIBa- 

~m TI u T2. H a 3 o ~ e ~  ux W, u W2. n p o ~ e n e ~  HY- 
M e p a u u m  a M u H o K H c n o T  n o c n e n o ~ a ~ e n b ~ o c ~ e k  WI  
I? W2 C I I e p ~ ~ f i  aMUHOKUCnOTb1 PaMOK CqHTbIBaHHR 

TI u T2 n o c n e n o s a T e n b H o c T u  r e H a  a3 n o K y c a  

X00362  1. C ~ ~ B H ~ H M ~  n p o r p a ~ ~ o f i  Blast nocne- 
nOBaTenbHOCTH Wl C ~ ~ H K O M  AaHHbIX S w i s S - p r o t  

n O K a 3 U 0 ,  9 T O  O H a  nono6~a @ p a r ~ e ~ T ) '  aMMHO- 

K H C ~ O T H O ~ ~  n o c n e n o B a T e n b H o c T u  EXPR-XANCP 
(N? 1, Ta6n. 2). n o c n e n o ~ a ~ e n b ~ o c ~ b  w2 T a m e  

no~asma H a n u r u e  nono6ux c n o c n e n o B a T e n b H o -  

C T ~ W  EXPR - XANCP (N22 ,  Ta6n. 2). 3 a ~ e ~  M ~ I  

CpaBHHnH nOnHOCTbIO aMHHOKHCnOTHYW n O C n e n 0 -  

BaTenbHOCTb Q5GWP6-XANOR (WI  ee r a C T b  CO 

160-0fi ~ M H H O K W C ~ O T ~ I )  C ~ M W H O K H C ~ O T H O ~ ~  no- 
CneAOBaTenbHOCTbW EXPR-XANCP w B b I R B m w  

ABa Y r a C T K a  nono6w~, KOTOPbIe nOKa3aHbI  H a  PWC. 
10 H 0 6 0 3 ~ a 9 e ~ b 1  KaK A li C. nono6ue, ~ a f i n e ~ ~ o e  
m~ n o c n e n o B a T e n b H o c T n  WI (Ncl, Ta6n. 2), COOT- 

BeTCTByeT nono6wm, O ~ O ~ H ~ ~ ~ H H O M Y  H a  Puc.8 

KaK C. nono6ue n o c n e n o B a T e n b H o c T u  W2 (N92  B 

Ta6n. 2) nOKa3bIBaeT ,  9 T O  aMuH0KHCnOTHaR no- 
Cnef lOBaTenbHOCTb W2 ( C O ~ ~ ~ H H ~ R  no P a M K e  C r H -  

TbIBaHUR T2 U R  p a f i 0 H a  C 478 no 937 HyKJleOTl ln  

n o K y c a  X00362  1) n p u c y T c T s y e T  B n o c n e n o B a -  

TenbHOCTl l  EXPR - XANCP B paiio~e B (PHc. 8). 
O ~ H O B ~ ~ M ~ H H O  C 3TUM MbI H e  o6aapymnu CnBH- 

r O B  +a361 T p ~ M e ~ ~ o f i  n e p l l O n l l 9 H O C T l i  B HYKneO- 

T W H O ~ ~  IIOCnenOBaTenbHOCTH H 3  n O K y C a  XCC085 1 
(6a3a n a H H b I X  Kegg), me COnepXHTCR r e H ,  KOnH- 

pyIOLI&ifi aMIIHOKIICnOTHYIO IIOCJlenOBaTenbHOCTb 

EXPR-XANCP. T ~ K H M  06pa30~,  MOHCHO c n e n a T b  

BbIBOn, 9 T O  IIOCneflOBaTenbHOCTb r e H a  H 3  n O K y C a  

XCC085 1 H e  H M e e T  n B y X  CnBHrOB PaMOK CqHTbI- 

B a H m  u + p a r ~ e ~ ~  n o c n e n o s a T e n b H o c T a  W2 co 
170 no 286 a M u H o K u c n o T y  n p e n c T a B n e H  B nocne- 
n0BaTenbHOCTI.r  EXPR-XANCP B y q a C T K e  B. 
MOXHO n p e n n o n o x u T b ,   TO n o c n e n o B a T e n b H o c T a  

X H O B  XCC085 1 H X00362  1 npou3orrrna OT on- 
HOrO r e H a  T e M  W l H  UHbIM C ~ O C O ~ O M .  3 a ~ e ~  B pe- 
3 y n b T a T e  n B y X  CnBHrOB PaMOK CqUTbIBaHUR B r e H e  

X00362  1 BO3HHKna HOBaR KOnkipyIOUa5I  IIOCne- 

nOBaTenbHOCTb,  KOTOPaR C 0 3 n a J l a  HOByIO aMHH0-  

KIICJIOTHYIO n O C n e n O B a T e n b H O C T b  C 160 no 3 13 
aMFiHOWCnOTy.  T ~ K  KaK 6uonorl i rec~a~ @YHKUIISI 

E H O B  H e  113MeHWlaCb, TO HOBaR aMHHOKHCnOTHaR 

nOCJIenOBaTenbHOCTb,  B03HIIKIlIaR B p e 3 y n b T a T e  

~ a ~ 0 f i  ~ ~ 0 f i ~ 0 f i  MYTaUHW, C O X p a H H n a  CBOIO 6130- 
n o r u r e c K y m  +~HKUIIIO. 

B n a ~ ~ 0 f i  pa6o~e Y n U O C b  nOKa3aTb ,  r T 0  H3y-  

q e H u e  c n s u r o B  M e w  ~ p u n n e ~ ~ o f i  nepuonurao- 
CTbIO II P ~ M K O ~ ~  CWiTbIBaHHR M O X e T  HaXOnHTb 

B 0 3 M O X H b I e  MYTaUHI? IIOCpenCTBOM C n B H r a  PaMKIl  

CqHTbIBaHliR B R H e .  Y ~ W I O C ~  HZI~~TI? 27417 TaKHX 

reHOB,  rile C y q e C T B O B U O  n B a  Y r a C T K a  OnHOTHn- 

~ o f i  ~ p w n n e ~ ~ o i i  n e p u o n u r H o c T u .  p a 3 n e n e H H b r e  

f leneUHRMI? H n H  Xe BCTaBKaMH HyKJleOTHnOB, r T 0  

COcTaBnReT n p ~ 6 n P i 3 ~ ~ e n b ~ o  0.7% OT o6qero 
q M C n a  n p O a H a n H 3 H p O B a H H b I X  reHOB.  M ~ I  npenn0- 
n a r a e M ,   TO p a H e e  B s ~ w x  pafio~ax p a m a  crw.rk.1- 

BaHHR TI H T P U n n e T H a R  FIePUOnUgHOCTb 6 b 1 n u  On-  

H 0 3 H a q H O  CBR3aHbl M e w  ~060fi I? TOnbKO n O C n e  

neJ IeUHf i  H BCTaBOK HyKJleOTHnOB M e W Y  HMMI? 

O ~ P ~ ~ O B W I C R  C a B H r  [62]. Ta~oi i  CpaBHHTenbHO He- 

6 0 n b r u o i i  n p O U e H T  reHOB,  M O r  6 b 1 ~ b  OCYUeCT- 

B n e H  CABHT. PaMKH C'4HTbIBaHHII. M O X e T  6 6 1 ~ 6  0 6 % -  

RCHeH HeCKOnbKHMU TIPH'4HHaMH. B o - n e p ~ b l x ,  



6MOMHOOPMATMKA M ME,QL/IUMHA M.A. K o p o ~ ~ o s a ,  E.B. KO~OTKOB 

p a 3 p a 6 0 ~ a ~ ~ b l f i  M ~ T ~ M ~ T I F I ~ C K H ~  MeTOA nO3BOnR- 

e T  MCKaTb TOnbKO CPaBHMTenbHO ~ e 6 0 n b I I I M e  no 
p a 3 M e p y  BCTaBKkI H AeneuMM CUMBOJIOB.  TO CBR- 

3 a H O  C TeM, YTO IIpOTRXeHHaR BCTaBKa M O X e T  pa3- 
PyIIIMTb KaK CaMY T p H n J l e T H y m  IIepMOAMsHOCTb 

(4), T a K  H nono6ue MaTPMLI T ~ H ~ J I ~ T H o ~ ~  n e p H 0 -  

AH.lHOCTH (6). T ~ K M M  06pa30~, ~ a ~ ~ b l f i  MeTOA 

6 y ~ e ~  nP0rI)'CKaTb 3 H a s H T e n b H y K I  W C T b  reHOB, 

COAepXall lMX 6 0 n b ~ ~ y ~ 3  (>50 O C H O B ~ H N ~ ~ )  BCTaBKY 

UnM Xe A e n e U W  HyKJleOTMAOB, KOTOPaR M O X e T  

IIPHBOAHTb K C A B H V  P a M K H  C9MTbIBaHMR. Bo- 
BTOPbIX, n p M ~ e H 5 l e ~ b l f i  HaMM nOAXOA XOPOIIIO pa- 
6 0 ~ a e ~  n p M  H ~ ~ o J I ~ I I I o M  KOnMqeCTBe P ~ ~ ~ O H O B ,  r A e  

6 b ~ n u  npOH3BeAeHbI  BCTaBKH UnM Xe AeJIelJHH 

HyKJleOTMAOB. Ecnx IUIOTHOCTb BCTaBOK M ~ e n e ~ k i f i  
~ Y A ~ T  6 0 n b I I I e ,  r e M  OAHa BCTaBKa Will Xe AeJIeuMR 

H a  HeCKOnbKO AeCRTKOB HYKJleOTWOB (-50), TO 

T O s H O  PaCCTaBMTb A e J I e w l l  Pi BCTaBKkI npll nOM0-  

q u  n p u M e H x e M o r o  a n r o p M T M a  ~ Y A ~ T  H e  B c e r n a  

B03MOXHO. %O n P H B e A e T  K TOMY, 9 T O  Mbl H e  

CMOXeM IIOJIYWiTb CTaTHCTHqeCKll 3Ha9MMOe 3Ha-  

s eme  F, M n u  F2 AJIR T a K o r o  r e H a .  B - T p e ~ b P i x ,  M ~ I  

3aAaJlM AOCTaTOsHO ~ b 1 ~ 0 K k I f i  YPOBeHb TpHIUIeT- 

~ 0 f i  IIePMOAMqHOCTU AJIR r a p a H T M P O B a H H O r 0  06- 
H a p y x e H m  c n e u r o B  (pa361 Tpunne~~of i  nepuo- 
AllrHOCTH X3 (5). KOTOPbIe C Y q e C T B Y e T  A U e K O  H e  

B K a m O M  E H e  H 3  6 a b 1  AaHHbIX Kegg-49. Msyse- 
H l l e  CABkirOB @a361 T ~ H ~ S I ~ T H O ~ ~  nepllOAMZIHOCTH 

AJIR 6onee H113KkIX 3 ~ a q e ~ H f i  x3, BePOIITHO, M O X e T  

n 0 3 B O J I m b  BbIRBllTb 6 0 J I b l U e e  KOnllYeCTBO R H O B  

AnR KOTOPblX Fl u n M  F2 ~ Y A ~ T  6 0 n b I I I e  n o p o r o B o r 0  

YPOBHR. 

B UenOM MOXHO CqMTaTb, VTO B A ~ H H O #  pa60~e  
MbI 0 6 ~ a p ~ ~ u t n l l  HHXHKIKI r p a H l l U y  YHCJIa R H O B .  

r A e  B 0 3 M O X e H  CABHT. M e m Y  P ~ M K O ~ ~  CVllTbIBaHHR 

M ~ p l l n n e ~ ~ o f i  n e p H O n H s H O C T b I 0 .  B P e U b H O C T M  

9MCnO TaKHX R H O B  M O X e T  6 6 1 ~ 6  3 H a W i T e n b H O  

6 0 n b L I I u ~ .  0 6  3TOM CBllAeTeJlbCTBYeT TOT @KT, 

q T O  BCerO B 6 a ~ ~ e  AaHHbIX Kegg-46 COAepXHTCR 

TOnbKO 2069 R H O B  C M3BeCTHblM CABMrOM P a M K l l  

C9MTblBaHHR, T O r A a  KaK HaM YAaJIOCb BbIRBHTb 568 
TaKHX X H O B ,  q T O  IIPOHCXOAIInO 113-38 OTMeqeHHbIX 

BbILIIe 0 r p a ~ k i s e ~ M k  n p H M e H R e M O r 0  M e T O n a .  On- 
HaKO n p M ~ e ~ R e ~ b 1 f i  nOAXOA 0 6 ~ a p y x M n  eqe  no- 
n O n H l l T e n b H 0  OKOnO 27 TbICRs  R H O B  CO CABMTOM 

(pa361 T ~ M ~ J I ~ T H o ~ ~  nepMOAHYHOCTH. AnR KOTOPbIX 

MOXHO n p e A n o n a r a T b  H a n u w e  cABMra  paMKM csu- 
T b I s a H a x .  MOXHO n p e n n o n a r a T b ,  VTO r e H o B  co 
CABMTOM PaMKM CVllTbIBaHllR ~ Y A ~ T  no ~ p a f i ~ e f i  

M e p e  B 4 pa3a 6 0 n b I I I l l ~  H M O X e T  COCTaBnRTb He- 

CKOnbKO n p O q e H T O B .  

n p ~ ~ e ~ ~ e ~ b ~ f i  HaMM nOAXOA IIOMCKa CABHTOB 

M e m y  T ~ M I U I ~ T H O ~ ~  nepMOnMsHOCTbI0  Pi ~ ~ M K O E  
CZIMTblBaHWl AJIR nOMCKa M Y T ~ U H ~ ~  B R H a X  no- 
CpeACTBOM paMKH C q M T b I B a H m  n p H  er0 2 a J l b ~ e E -  

IIIeM Pa3BHTMN IIpeACTaBnReTCR HaM npeAnO.lTH.1- 

T e n b H e e ,  s e M  n p H M e H e H u e  n o H c K a  B O ~ M O X H ~ I X  

nono6ufi n p M  I I O M O ~ H  T u n a  Blast. 3 0  CBII3aHO C 

TeM,  9 T O  ~ a ~ ~ b 1 f i  MeTOA AJIR O ~ H ~ ~ Y X ~ H H R  B r e H e  

~ y ~ a u u f i  nOCpeACTBOM CABHra  PaMKH CVMTbIBaHHII 

H e  ~ p e 6 y e ~  IIpHBJIeseHMR ,IlOnOJIHHTenbHblX AaH- 

HblX, OCHOBbIBaeTCR TOnbKO H a  M C X O A H O ~ ~  IIOCne- 

,IlOBaTenbHOCTll R H a .  T ~ K  KaK o 6 5 e ~  6 a ~ ~ a  AaH- 

HbIX aMllHOKMCnOTHblX ~ o c J I ~ A o B ~ T ~ ~ ~ H o c T ~ ~ ~  

O r p a H H r e H ,  TO BCeTAa ~ Y A ~ T  C Y q e C T B O B a T b  B e P o -  

RTHOCTb TOTO, 9 T O  ~ O A O ~ M R  H e  ~ Y A Y T  ~ a f i ~ e ~ b l ,  a 
B P e U b H O C T l l  MYTaUMR nOCPeACTBOM CABMra pa- 
MOK C W i T b I B a H m  B R H e  C Y q e C T B y e T .  M ~ I  n O n a r a -  

e M ,  ZITO 6onee n o n H o e  B b r m n e H w e  My~awfi no- 
CPeACTBOM CABMra PaMOK CZIllTblBaHMR B R H a X  

B03MOXHO H a  IIJ'TII 0 6 5 e ~ k i ~ e ~ k i R  ABYX nOAXOAOB. 

3ro o3~aram,  TO WXHO T a m e  u c c n e A o B a T b  T e  

TeHbI, AnR KOTOPblX Fl<Fo MnH F2<Fo ki CWiTaTb,  

9 T O  MbI HaLIIIlM M y T a u H K I  nOCpeACTBOM CABMra 

PaMKU C911TbIBaHMR, eCnM JIJlII aMMHOKMCnOTHbIX 

n o c n e ~ o ~ a ~ e n b ~ o c ~ e f i .  c o s n a ~ ~ b r x  no p a M K a M  

CZIMTbIBaHMR T2 Pi T3, CYqeCTBYKIT CTaTMCTllqeCKN 

3HaVMMbIe n0~0611~.  B 3TOM C n y Y a e  CpaBHHTenbHO 

~e6onbmoe y B e n M s e a u e  F1 u F2 T o n b K o  y ~ a s b r ~ a -  

e T  H a  B03MOXHOCTb CABl l ra  PaMKkI CVHTblBaHHR ki 

(~ZIKT ~ a ~ 0 f i  MYTauMki MOXHO C W i T a T b  AOKa3aHHbIM 

TOnbKO IIOCne 0 6 ~ a p y X e ~ u ~  nono6wfi. C npyrofi 
CTOPOHb1, YnYWIIeHl le  n p M M e H R e M O r 0  B HICTOII- 

qefi pa60~e  nOAXOAa M O X e T  nPOUCXOAMTb H a  rI)'- 

TH l lCnOnb30BaHIIR 6onee COBepIIIeHHbIX aJlrOpUT- 

MOB nOMCKa T ~ M ~ J I ~ T H o ~ ~  nepMOAMsHOCTH, 

H a n p M M e p ,  T a W X  KaK CKPbITbIe M ~ ~ K O B C K M ~  MO- 

AenM. B 3TOM C n y V a e ,  BePORTHO, YAaCTCR BbIRB- 

n R T b  CABIIrM p a M K l l  CVMTbIBaHMR. Bb13BaHHble 

MHOXeCTBOM ~ 0 6 6 1 ~ ~ f i  BCTaBOK Pi ~ e n e ~ ~ f i  HYK- 

n e o m n o B  B p a n ~ s ~ b l e  p a i i o ~ b ~  r e H a .  

C @ Y H K U H O H ~ ~ ~ H O ~ ~  TOYKH 3PeHMR MYTalJMM 

IlOCpeACTBOM CABMra PaMOK CqMTbIBaHMR n p e A -  

CTaBnRtoTCII C O ~ ~ ~ T H R M I I ,  C ~ O C O ~ H ~ I M ~  KapAH- 

H m b H O  H3MeHUTb @YHKUHIO r e H a  M KOAHPYeMOrO 

MM 6 e n ~ a .  %O M O X e T  0 6 5 1 1 c ~ I I ~ b  C p a B H l l T e n b H O e  

~ e 6 0 n b L I I 0 e  VMCnO T a W X  C O ~ ~ I T I I ~ ~ ,  H ~ ~ ~ A ~ H H ~ I X  B 

P a H e e  BbInOJlHeHHbIX MCCnenOBaHHIIX M B HaCTOII- 



IIIefi pa6o~e [2, 32-33]. HX OCylueCTBJIeHMe M O X e T  

BHOCMTb 6 0 n b ~ u o i i  BKJIaA B 0 6 p a o ~ a ~ ~ e  HOBbIX 

R H O B  FIOCpeACTBOM KOnMpOBaHWl U3BeCTHblX re- 
HOB U O ~ P ~ ~ O B ~ H U I I  T a M  M Y T ~ U H ~ ~  nOCpeACTBOM 

CABUra  P a M K H  CrUTbIBaHHX [3 3-3 51. OAH~KO X H e -  

T H ~ ~ C K U ~ ~  KOA T a m e  AOJIXeH 6 b l ~ b  KaK-TO anan- 
TUpOBaH 3TUX C O ~ ~ I T M ~ ~  [45, 631, 11 HOBaH 

aMNHOKHCJIOTHaR nOCneAOBaTenbHOCTb AOruKHa 

0 6 n a ~ a ~ b  K ~ K O G - T O  ~ U O J I O ~ N ~ ~ C K O ~ ~  + Y H K L ( I I ~ ~ ~ .  B 
npOTUBHOM C J I y q a e  nepe6op MYTaUAOHHbIX ~ 0 6 b 1 -  

~ ~ i i  NIX C O ~ A ~ H U X  ~ o ~ o i i  + y ~ ~ q a a  r e H a  B ero KO- 

HUM M O X e T  6 6 1 ~ 6  CnAIIlKOM BenUK M HeOCYUeCT- 

BUM 3a P a Y M H O e  3BOJlK3UUOHHOe BpeMX. 

B c B e T e  ~ T M X  n p e ~ n o n o x e ~ u i i  T p a n n e T H a r r  ne- 
PUOAUrHOCTb M O X e T  C J I y W T b  HeKWM TeCTOM no 
nposeprce U e n o c T H o c T H  r e H a  B r e a o M e .  Ecnu x e  
r e H  6 b 1 n  n y n n u q u p o ~ a ~  B r e a o M e ,  TO y ~ o ~ o i i  KO- 

nMU TaKaX n p O B e p K a  M O X e T  H e  OCYIIIeCTBXRTbCX, 

q T O  OTKPblBaeT  B03MOXHOCTM AJIX 3BOnK3IJIIOHHbIX 

H ~ M ~ H ~ H &  KOnMII r e H a  IIOCpeACTBOM CABHra  P a M -  

KII CqNTblBaHHR A B U T O R  - C03AaHUX HOBOrO r e H a  

c ~ o ~ o i i  6uonormec~oii +y~wue i i .  

H2A1-HUMAN MSGRGKQGGKARA--KAKTRSSRAGLQFPVGRVHRLLRKGNYAERVGAGAPVYLA 1-53 
H2A - CAEEL MSGRGK-GGKAKTGGKAKSRSSRAGLQFPVGRLHRILRKGNYAQRVGAGAPVYLA 1-54 

H2A1 HUMAN AVLEYLTAEILELAGNAARDNKKTRIIPRHLQLAIRNDEELNKLLGKVTIAQGGV 54-108 
H2A - CAEEL AVLEYLAAEVLELAGNAARDNKKTRIAPRHLQLAVRNDEELNKLGVTIAQGGV 55- 109 

- - - - - - 

H2A1 HUMAN LPNIQAVLLPKKT 109-121 
H2A - CAEEL LPNIQAVLLPKKT 110-122 

A. 
aac tat gcc gag cgg gtc ggg gcc ggc gcg ccg gtg tat ctg gca gcg gtg ctg gag tac ctg acC gcc gag 
atc ctg gaa ctg gcg ggc aac gcg gcc cgc gac aac aag aag 
aac tat gcc gag cgg gtc ggg gcc ggc gcg ccg gtg tat ctg gca gcg gtg ctg gag tac ctg acg ccg aga 
tcc tgg aac tgg cgg gca acg cgg ccc gcg aca aca aga ag 

6. 
NYAERVGAGAPVYLAAVLEYLTAEILELAGNAARDNKK 
NYAERVGAGAPVYLAAVLEYLTPRSWNWRATRPATTR 

P ~ c . 2 .  B ~ M ~ H M ~  n e n e u ~ ~  o A H o r o  o c t i o e a H m  B H Y K ~ ~ O T M A H O ~ ~  n o c n e A o e a T e n b H o c T M  r e H a  

HaaMMHOKMCnOTHYIO n O C n e A O B a T e n b H O C T b  

A - C p a B H e H M e  no T p M n n e T a M  A B y X  HylcneOTMAHblX n ~ ~ n e ~ ~ ~ a ~ e n b ~ ~ ~ ~ e f i .  T p M n n e ~ b l  O C H O B ~ H M ~ ~  KOAMPYIOT C O O T B e T C T B Y I O ~ M e  

l l M  aMMHOKMCnOTbl B COOTBeTCTBMM C TeHeTMVeCKMM KOAOM. B T O ~ ~ R  HylCneOTMAHaR n O C n e A O B a T e n b H O C T b  nOny'ieHa M3  n e p B 0 h  

n y r e M  AeneUw o c t i o s a H M R  C H a  66 ~ O ~ M U M M  n o c n e A o s a T e n b n o c T M .  T ~ K ~ R  A e n e u M R  n p M B o A M T  K TOMY,  TO nocne 66 ~ O ~ M U M M  

B C e  TpM.lnneTbl MeHRIOTCR. L(TO nPMBOAMT K M3MeHeHMIO C O O T B ~ T C T B Y H ) L L ( ~ ~ ~  ~ M M H O K M C J ~ O T H O ~  nOCneAOBaTenbHOCTM.  

6 - EiMMHOKMCnOTHble nOCneAOBaTenbHOCTM,  n O n y V e H H b l e  A0 A e n e U M M  O C H O B ~ H M ~  C B 66 n03MUMM M l l O C n e  T ~ K O ~  A e n e U l l M .  

BMAHO, 'iTO n O C n e  22 aMMHOKMCnOTbl  n o ~ o 6 ~ e  M e w y  ABYMR nOCneAOBaTenbHOCTRMM OTCy lCTByeT .  H e n o ~ o 6 ~ b l e  VaCTM BMMHO- 

KMCnOTHblX F ~ O C ~ ~ A O B ~ T ~ ~ ~ H O C T ~ ~  B b l A e n e H b l  X l l P H b l M  WPM@TOM. 
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f l e p ~ b l e  TPM n O C n e n O B a T e n b H O C T M  f lOKa3blBalOT P a M K M  CqMTblBaHMR T,, T, M T,. n0cne 3 T O r O  n O K a 3 a H a  KOAMPYDUlaR n 0 C n e n O B a -  

TeJ lbHOCTb S,  M M e D l l 4 a R  T p M n n e T H Y D  nePMOnH' iHOCTb.  3 ~ 0 f i  f l O C n e ~ O B a T e n b H O C T H  f l p O M 3 B e n e H a  BCTaBKa  HyKJ leOTMna  C q 19 
f lO3MUMD. R B H ~ R  nePMOAMqHOCTb 3 ~ 0 f i  f lOCneAOBaTeJ lbHOCTM B b 1 6 p a H a  .4JlR HarJ lRAHOCTM. B CJ lYqae  6onee a p a 3 ~ b l ~ o f i , >  I l ePMO-  

.L(MqHOCTM CMTYaUMR 6 y n e ~  T ~ K O ~  Xe KaK H a  3 T O M  PMCYHKe,  TOJlbKO 3 p M T e n b H O  f l epMOnMqHOCTb T p Y n H O  6 y n e ~  3aMeTMTb.  3 a ~ e ~  
M b l  CTpOMM M a T p M U b l  T P M ~ J I ~ T H O ~ ~  nepMOf lMqHOCTM M,(1,18), M , (  19,37), M 2 ( 1  9,37) M M , ( 1 9 , 3 7 ) .  n e p B a R  M a T p M U a  M, CTPOMTCR 

WR pahotla AHK c 1 no 18-oe o c ~ o e a ~ ~ e .  3 n e ~ e ~ ~ b 1  BTMX M ~ T P M U  m, ( i , j ) ,  m 2 ( i j )  M mm,(i,j) ~ O K ~ ~ ~ I B ~ D T  wcno o c ~ o e a ~ ~ f i  a, t, c M 

~ ( M H A ~ K C  I) H a n p O T M B  n 0 3 M u M f i  q TpMnJleTClX P a M O K  CqMTblBaHMR T,, T, M T , ( M H ~ ~ K c ~ ) .  E c n ~  C p a B H M B a T b  MaTPMUY M,(1 18) C MBT-  

P M U a M M  M , ( 1 9 , 3 7 ) ,  M , ( 1 9 , 3 7 )  M M , ( 1 9 , 3 7 ) ,  TO M O X H O  3 a M e T M T b ,  qTO O H a  6onee B C e r O  n O X O X a  H a  M a T p M U y  M , ( 1 9 , 3 7 ) .   TO 0 3 H a -  

r a e T ,   TO M e p a  p a c x o w e H m  U WR n a p b l  M a T p M u  ( M , ( 1 , 1 8 ) ,  M , (19 ,37 ) )  6 y n e ~  M e H b w e  U,, a m~ nap M a T p M u  ( M , ( 1  l a ) ,  

M , ( 1 9 , 3 7 ) )  M (M,(l,l 8 ) ,  M3(19,37)) O H a  6 y n e ~  6 o n b w e  'ieM U, ( ~ ~ H K T  2.1 ). Ha' iaf lbHaR @ a 3 8  M a T p M U  M,, M, M M3 q nocnenoea- 
TenbHOCTM S P a B H a  1,2 M 3, TaK KaK OCHOBaHMR n O C n e n O B a T e n b H O C T M  S C H O M e P a M M  k PaBHb lMM 1 ,  2 M 3 RBI IRDTCR n e p B b l M M  OC- 

HOBaHMRMM T p M f l n e T a  B PaMKClX CqMTblBaHMR T,, T2 M T3. (I~YHKT 2.1 ). ~ O ~ T O M ~  q n O C n e n 0 B a T e n b H O C T M  S n O C n e  f l 0 3 M ~ M M  8 H a -  

6 n D ~ a e T c R  C A B M ~  @ a 3 b l  ~ p M n J l e ~ H 0 f i  ~ ~ ~ M o ~ M ~ H o c T M  H a  1 O C H O B ~ H M ~  ( p a 3 H M u a  ~ a q a n b ~ b l x  @ a 3  M ~ T P M U  M,M M,) 
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PMc. 6. 3HaveIiM51 @ y n ~ q ~ R  f ,  M F, m n  nOCJleAOBaTeJlbHOCTM GSU2494 M3 6 a n ~ a ~ a n ~ b l x  Kegg 

~ O T  reH KOAMPYeT aMMHOKMCJlOTHylO nOCJleAOBaTeJlbHOCTb cytochrorne C M3 reHOMa G.sulfurreducens 

Puc.7. KOHTYPH~IR r p a @ u ~ m n  ~ Y H K U M M  II,(x,,x2)), rAe x, ~ x ~ n o ~ a a b ~ e a o ~  KoopAMnaTbl Havana nocne~oea~enb~oc~eR S, M S, 
B nOCJleAOBaTeJlbHOCTM GSU2494 (~YHKT 1.5) 



PMC. 8 . 3 ~ a r e ~ 1 . 1 ~  QYHKUMR F, 1.1 F,wR nocneAosaTenbHocT1.1 F15A2.6 1.13 ~ ~ H K ~ A ~ H H ~ I X  Kegg 

 TOT TeH KOAMPYeT aMMHOKMCnOTHY0 nOCneflOBaTenbHOCTb.  TOT TeH KOAMPYeT BR serinephreonine kinase. 1.13 TeHOMa 
C.elegans 

PMC. 9 . 3 ~ a r e ~ 1 . 1 ~  Q Y H K U M ~  F, 1.1 F, ,WIR nocnenoeaTenbtiocT1.1 X003621 1.13 6atiKaflati~blX Kegg 

  TOT reti KoAMpyeT ~ M M H O K M C ~ O T H Y O  nocneaoeaTenbtiocTb extracellular protease 143 retioMa X.oryzae 
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no~o614e M e m y  HMMM 6blno Hafi~eH0 B p a i o ~ e A  M B pafi0He C, KOTOpble BblAeneHbl paMKaMM. 

Ta6n. 1. ~ M c ~ o  reHOB CO CABMraMM @a3bl ~pklf lne~H0fi  flepM0AM'tHOCTM B rpyflflax, C03AaHHblX 
fl0 M A ~ H T M ~ H O M Y  OI~MC~HMK) 6M0n0rM'te~~0fi @ Y H K ~ & ~ M  B 6838 A ~ H H ~ I X  Kegg 

17 

18 

19 

20 

17 

16 

16 
-- 

Erythrocyte membrane protein 1 (PfEMP1) 

60 kDa inner membrane insertion protein 

Protein kinase domain containing protein 

16 



U'I, frame T I ,  gene 
X00362 1 

K, M K, ~ O K ~ ~ ~ I B ~ O T  nesble M npasble rpaHMubl NR ~ a h n e ~ ~ o r o  noao6~n.  I l o c n e ~ o e a ~ e n b ~ o c ~ b ,  BblAenetitiaR mMpHblM WPM@TOM, n o ~ a 3 b l ~ a e ~  coenanatotwe 
aMMHOKMCnOTbl B H ~ ~ ~ ~ H H M X  BblpaBHMBaHMRX 

112, frame T?, gene 
5 0 0 3 6 2  1 

Sequence 

SVA LTPA V+ LLK +?R L AC+ GG G G 

SVAPTALTPMVETLLKNTKRFILPGACS-GGCGAG 

KI Score 

and E 

Ze- 17 

139 

K2 

494 

174 

Frame 72  

Alignment 

580 

311 

Frame TZ 

MTGAELNYTITVPAGSGTLTVTTSGGSGD~L>WGSAPTDSAYTCRPYRSGNAETCTITAP-SGTY~LW1YSTFSG\'TLMSY 

- 

QNAINSAVSRGTNVWACIS-AANVSGLLPANCWIhVAATTSAGAKASYSNFGAEIDVSAPGSGILSTLtJSGTTTPGTPSYASXNGTSMlrVFifr'XG\~AWQ 

QNAIN AVSRGT W A  + A+NVSG LPANCAHVIAVAATTSACAWSYSNFG IDVSAPGS ILSTLNSGTTTPG+ SYAS NGTSHA PHVAGWALIQ 
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