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Abstract

We present new algorithms to find the sets of positions involved in correlated mutations
from amino/nucleic acid sequences. In this paper, we show that 1) use of the conditional
entropy H(i|j) is overall effective in detecting the sets of positions involved in correlated
mutations, 2) a natural extension of H(%|j) to the conditional entropy H (iy - - - i, |7) allows
us to detect the sets of more than two positions involved in correlated mutations, 3) pruning
rules derived from the monotonicity and closure of positions under logical equivalence boost
the running performance in terms of computational speed remarkably.
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BERT I BREICBT B HERIE, 2308 RNA OEE - #EE - HEEB OGRS B X
UEILICARENTERTH B LELLENTVWAS 9, 11, 17]. FT T, BWICKBOEF|F—2H 5
ZRZBRHL, Z2/S7E RNA OIS - B8 - HEEAZ FHT 2B M Tb TV, filz
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Major Conditional Joint Entropy and Mutual Information
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Major Conditional Joint Entropy : MJCE(ij)
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Algorithm FINDCRM(e)
NS S C I L B
C = |mj;
while C # ¢ do
CHOMEE: 2BL;
C:=C~{i}
call Expann({i},C, ¢);
end while
Procedure EXPAND(7, C,¢€)
1: Chegt = C}
2: for all: € C do

NPT @

Algorithm FINDCRMP (e)
C AIIXFHERESCI™ T3,
C = [m];
while C # ¢ do
CHOMER i &<,
C:=C-{i};
call ExPANDP({i},C, €);
end while
Procedure ExpanDP (7, C,¢)
1: Chegt = C;
2: for all : € C do

NP DR W

3 Chext = Chegt — {1}: 3 Crest = Chezt — {1}7

4 if MCJE(IU {3}) < ¢ then 4 if MCJE(IU{i}) < ¢ then

5 print 1 U {i}; 5 print J U {i};

6: end if 6: call EXPANDP(J U {3}, Cnext, €);
7:  call EXPAND(J U {i}, Crext, €); 7:  end if

8: end for 8: end for
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BZ7NVAYALERT. n%&|S1 &35, MCJE DFER O(n) THH, mBEOMNBOL4E
#2m—n— 1EKELTMCJE Z5tH T %728, FindCRM DFHEEE O(n2™) TH 5.
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w1 (BN (MEOESJ Cm| ZZENFN DD LOMEBIORAEELT . COL
%, JCJ%BE, MCJEI) < MCJE(J) Th3.

%1 (BMYUREN MEOEA T2 DU EOMBIORBEELTE. COLE, MCIE(I) >«
THA2E51E, FROME LT, MCIJE(IU{i}) >e¢TH5.

312, FindCRM IZEh 2B L7 d) X1 FindCRMP #7~9. FindCRMP 12D
BB M ICHB L RBECEET 2 ARERE 7 VI XL THB.

EE 1 AONEIES S C T ICX L, FindCRMP X, MCJE(i1 i) < e EITRTON
BES iy Cm B O(mmM) = O(n2™) RETHIESTS. T2k, M =002m) 3Rtk
MBES T DEHTHS.
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%, Th&b, K30 ExpanpP &, MNBEEOREBICH LUWUEBREMLEZNS, £ILTME
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R R BAIBEADERM = 02™) BESTLa—URT 4 VAL LT, HrhBiEr> %
BAL, BRBEXROMEBEZ {i; HO) > 7} C M KBETRZLNEUTHILEZLNS.



Algorithm FINDCRMP C(e) Procedure SQUEEZE(S)

L AIXFFEEZ SCE™ LT3, 1. C:=[m];
2: C = SQUEEZE(S); 2: while C # ¢ do
3: while C # ¢ do 3 CHOMEZ &<,
4 CHofiExz i LBL; 4  CL = CLOSURE(:, C);
5 C:=0C-{i} 5:  if |CL| > 1 then
6: call ExPANDPC({1},C,¢); 6: print CL;
7: end while 7. end if
Procedure EXPANDPC(I,C€) 8 lil=s &V ¥ 2 EETY B
1: Cnezt = C, 9: C = C - CL;
2: for all i € C do 10: end while
3: Chreat = Cnext — {i}§ 11: return C
4 if MCJE(IU{i}) < ¢ then Procedure CLOSURE(Z, C')
5: TUu{i} Z 51 jx £T5; 1: CL:={i};
6: print [ji]=; - [jr)=s; 2: for all j € C do
7: call EXPaNDPC(] U {i}, Crext, €); 3:  if MCJE(ij) =0 then
8 endif 4: CL:=CLU{j};
9: end for 5 end if
6: end for
7: return CL
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e 2 (Bat)
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m=328ENHE LT, e BRLERTMERERT. FindCRMPC LISV EFIELRTET, 6049
TEIERITBY o7, ¢ £0.0 LREL T FindCRM 3&X U FindCRMP I X BF2EMN7T Lk
VHEEREZ, 7TI/BRENEELLEVNEN 14 E8FFHD, ThoDLOEPES TITHL
TE MCJE(I) =0k7%b, 2" EOFERNMTbNS/cHTHS. —7%, FindCRMPC id 4%
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