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AVVOUIKOC TPOYPOLLATIGLOC

F(i-1,j-1) F(ij-1)
™ |
ts(x,,y;) f

F(i-1j) —=23%  F(ij)




AVO TEPIMTMCEIC CTOLYICEDV

(F(i-1j-D)+s(x,Y;),
”F(i—l,j—1)+s(xi,yj)ﬂ o F(i-1 j)-d,
F (i, j) = maxd F(i—1 j)—d, R EmaG L g
\F(i,j—l)—d ) 0
F10)=-d, F(i,0)=0
F(0.)=-id (1,0)=0,

F(0.))=0




ITowég yio T Keva (gap
penalties)

AN Towvn Y10 ToL KEVAL:

y(9)=-gd

20vOeTn movn yio T KEVAL:

y(9)=-d-(g-1e



[Tapaoeryuo
‘Ectm ovo akoAovbiec:

x = AAGTTAGCAG
y = CAGTATCGCA

Av €yovue Yo T KEVAL

S(Xi’yi):{

d=1

Tote n kakOtepn OAkN cToiyion Oa lval:

1L av X, =Y,
-1, av X #Y.

AAGT-TAGCAG
CAGTATCGCA -
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AAAOI aAyOpI1Buol

* YTTAPXOUV €TTIONC EIOIKEC TTEPITITWOEIC
oToixiong (1T.X. TTpoCcapuoyn)

* @¢Aoupe ONAAdN va EVTOTTIOOUUE, IO HIKPEN
aKoAouBia av ouvavTtaTtal o€ Pia JEyaAUTEPN

‘EoTtw 611 BEAOUNE va avixveUoouuEe av oTnv aAAnAouxia Tou yovidiou
lacl Tn¢ E.coli uttdpxel n yvwoTtry aAAnAouxia Tou utrokivnt (promoter).
‘EOTW akoOua OT1 TO TURUa Tou yovidiou €xel aAAnAouxia:

X =TCGCGGTATGGCATGATAGCGCCCGGAA

Kal N aAAnAouxia Tou UTToKIVNTA €ival
y =TATAAT



OUVEXEID...

F (I, J) = max-

F@i-1j-D+s(x,y;)
F(i-1j)—d,

F(i,0)=-id
F(0,j)=0

F(i, j-1)-d
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RNA secondary structure prediction

attached amino
acid (Phe)

'end

anticodon % @
loop

anticodon a clover leaf

(A) (B) (C)

5 GCGGAUUUAGCUCAGDDGGGAGAGCGCCAGACUGAAYAYCUGGAGGUCCUGUGTYCGAUCCACAGAAUUCGCACCA 3

—_
(D) anticodon
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FiG. 1. Base pairing in a simple planar structure. (A) Extended form. Base pairs are represented by arcs which join nucleotides located
along the circumference of the circle. (B) Condensed form. The individual bonds from the structure shown in A were shortened and set to a
fixed length, resulting in a more conventional representation of a base-paired structure with one branch. Single-stranded loops are labeled according
to the nomenclature of Tinoco et al. (2).



of the entire molecule is obtained. To illustrate the approach
we will consider the sequence B. . .B, containing the subsec-
tion By. . .By of length p. The method used to find the maximal
number of base pairs occurring in By. . .B; is shown in Fig. 2.
The variable k is allowed to assume each position from B, to
B;- ;. At each point the algorithm tests the ability of By to pair
with B;. It further determines the total number of base pairs
in the section by checking for the number of base pairs present
in the subsections B;. . .By—; and By ;. . .Bj—). After all posi-
tions of k have been tested, the best value obtained is saved and
stured in the matrix M(i,j). If B; cannot pair with any k in
By, then M(i,j) = M(i,j — 1). Information on base pairing
for adc{ltmnal sections of length p is obtained by incrementing
i and j successively. The maximum number of base pairs that
can form in sections of increasing length is obtained by incre-
menting p to p + 1 and repeating the search. Thus, for each
interval B;. . .B; within the sequence:
MGE=1)+ Mk +1j-D+1
Mij—1) i<k<j=i+p )
Because M(i,j) is filled with sections of increasing length, the
values M(i,k — 1), M(k + 1, — 1), and M(i,j — 1) are known
and can be read directly from the matrix. This results in an
extremely efficient search procedure. The value 1 corresponds
to the base pair BxB;. The last value in M(i,f) is obtained when

the section B;. . .B; corresponds to Bj. . .By. This value of M(4,f)
specifies the maxlmum number of base pairs that can be found

for the entire sequence.

M(i,j) = max

Fic. 2. Various possibilities for B, B; bonds as k sweeps across
the sequence B; . .. B;—; and the separate simple planar structures
(i, k — 1)and (k + 1, — 1), obtained this way.

FiG. 4. Secondary structure for the 25-nucleotide chain with
maximal pairings as deduced from the algorithm for maximal
matching.
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Table 1: Multispanning Protein Sequences Used To Calculate
Topogenic Parameters?

RCEL_CHLAL
ACEM_CHLAL
EHT2_CRIGR
5HT3_MCUSE
SHTA_HUMAN
Alps_HUMAN
AZAA_HUMAN
EDGI_HUMAN
MOTA_ECOLI
MALF_ECOLI
SECY_BACSU
OPS1_CALV!
OPFSE_HUMAN
OPSD_BOVIN
ARTR_CANFA
AAZR_CANFA
CEE1_BOVIN
ART_RICPR
CYoB_ECOL
CYOC_ECoL
CYOD_ECOL
SECE_ECOLI
GAPB_HUMAN
LEP_ECOLI
PTeM_ECOLI
ATHP_MELCR
LACY_ECOLI
OPPB_SALTY
TAPA_HUMAN
DHSC_BACSU
LSPA_ECOLI
IMM1_EGCLI
IMMA_CITFR
TCR1_ECOL
LHBT_ECOLI

REACTION CENTER PROTEIN L CHAIN, 5/82

REACTION CENTER PROTEIN M CHAIN. 582
5-HYDROXYTAYPTAMINE 2 RECEPTOR {8-HT-2), 582
5.HYDROXYTRYPTAMINE 3 RECEPTOR PRECURSOR (8-HT-3). 3/82
5-HYDROXYTRYFTAMINE 1A RECEPTOR [5-HT-14), 592

ALPHA.14 ADREMERGIC RECEPTOR. 582

ALPHA.24 ADREMERAGIC RECEPTOR (SUBTYPE C1a). 582
PROBABLE G PROTEIN-COURLED RECEFTOR EDG-1. 8/62
CHEMOTAXIS MOTA PROTEIN, 11/81

MALTOSE TRANSPORT INNER MEMBRANE MALF PROTEIN, 11/90
SECY PROTEIN, 3192

QOPSIN RH1 (OUTER R1-A6 PHOTORECEPTOR CELLS OFSIN), 881
BLUE-SENSITIVE OPE(N (ELUE COME PHOTQRECERTOR PIGMENT]. 8/81
RHOOOPSIN, /81

ADENOSINE A1 RECEPTOR, B2

ADENGSINE A2 RECEPTOR. B/82

CYTOCHROME BSEt, 7789

ADP ATP CARRIER PROTEIN (ADP/ATP TRANELOCASE). 891
CYTOCHROME O UBIQUINOL OXIDASE SUBUNIT | {EC 1.10.3.-). 1120
CYTOCHROME O UBIQUINGL OXIDASE SUBUNIT (11 {BS 110,35 11/480
CYTOCHROME O UBICUINGL OXIDASE ORPERCN PROTEIN CY2D. 1190
INNER MEMBRANE PACOTEIN SECE amn

GAP JUNCTION BETA-1 PROTEIN (SONNEXIN 32}, 3/82

SIGMNAL PEPTIOASE | {EC 3.4.--) (SPASE [} 892
PHOSPHOTRANSFERASE ENZYME |, MANNITOL-SPECIFIC, 382
PLASMA MEMBRANE ATPASE (EC 3.6.1.35) 12/82

LACTOQSE PERAMEASE {LACTOSE-PROTON SYIMPORT), 122
OLIGOPEPTIDE PERMEASE PROTEIN OPPB. 12/92

CELL SURFACE PROTEIN TAPA-1, 882

SUCCINATE DEHYDROGEMASE CYTOCHROME B-558, 7/88
LIPOPROTEIN SIGMAL PEPTIDASE, 5/@1

IMMUNITY PROTEIN FOR SOLICIN E1. 11480

IMMUNITY PROTEIN FOR COLICIN & 881

TETRACYCLINE RESISTANCE PROTEIN. 281

HEXQSE PHOSPHATE TRANSPORT PROTEIN. 8:92




PROPENSITIES

For each of the 5 structural classes, log likelihood ratios for
each of the 20 amino acids were calculated:

s; = In(q;/p;)

where p; is the relative frequency of occurrence (or fraction)
of amino acid i in all the sequences in the data set, and g; is
the relative frequency of occurrence of amino acid i in a
particular structural class. A positivescore indicatesa higher
than expected frequency for a given amino acid to be found
in a particular structural class and a negative score a lower
than expected frequency, and a score close to zero indicates
that the frequency of occurrence of the given amino acid in
a particular classis nodifferent from that expected from chance
alone. To circumvent the previously mentioned problem of
classifying globular domains as loops, loops longer than 100
residues are not classified as loops, and are ignored in the
calculation of g; values. These oversized loops are, however,
included in the calculation of the overall relative frequencies
of occurrence p;. The scores calculated for the previously
described set of sequences are shown for both single-spanning
(Table I in the supplementary material and Figure 2) and
multispanning segments (Table II in the supplementary
material and Figure 3).



The overall problem of determining the optimal position
and length of ntransmembranal helices ina sequence of length
m is divided into »n subproblems: namely, determining the
optimal position and length of a single transmembranal helix
along with its associated C-terminal coil segment. Let s¥ be
the score associated with a transmembranal helix of length
! at position 7 in the given sequence. This score is calculated
according to the diagram shown in Figure 1, where the helix
is divided into three sections (two caps of length 4, and a
center region of length / — 8). Whether the cap and its
associated loop are inside or outside depends on the initially
specified membrane topology. In order to find the best set of
sjf, we use a recursive algorithm almost identical to the
algorithms used for pairwise sequence alignment (Needle-
man & Wunsch, 1970; Sellers, 1974). A score matrix

S}(i :1...nj:1...m) is thus defined (see Figure 4):

f ! k
Sj = 1e17225t8) F kmirieantSpalh

where A is the minimum length of a loop segment,
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FiGurE 5: Predicted structure and topology relating to the optimal
path shown in Figure 4.

FIGURE 4: A hypothetical score matrix for three transmembrane
helices. The upper matrix holds the highest achievable path score
for each cell, and the lower matrix stores the helix length which

permits this score.



Ta 3 BaoiKa EpWTAMATO O€ VA
HMM

EKTiunon
» Aedouévou Tou PovTéEAou, TTwG Ba uttoAoyiooupe TNV OAIKA TTIBAVOTNTA UIOG
akoAouBiag GuuBOAwV. P(x|0)

ATToKWOIKOTTOIiNON

* [lwc¢ Ba Bpouue TNV TTI0 TMBAV] aAAnAouyia kataoTtdocswy (path) atrdé Tnv
oTroia £xel O1EABEI TO JOVTEAO, yia va dWOEl TNV CUYKEKPIMMEVN akoAouBia
OUMBOAWV.

Exktraidsuon

* [lw¢ Ba TPOTTOTTOINCOUUE TIC TTAPANETPOUC Tgu powrgA,og XET(gXbJO)TE val
MEYIOTOTTOINGEI N CUVOAIKN TIBAVOPAVEIa TWV OKOAOUBIWV

Oy =argmaxP(x|6)



... KOl Ol ATTAVTNOEIC TOUC

EKTipnon

*  AAyOpIBuoc FORWARD, aAyopiOuocg duvauikou TTpoypapuaTIodoU, TTou
utToAoyilel TNV OUVOAIKA TTIBavOTNTA TG aKoAouBiag, xwpic va d1EABel atrd
OAa Ta duvara povoTraTia (aAANAoUXiEC KATAOTACEWV).

ATTOKWOIKOTT0inoN
* AAyOp16uocg Tou VITERBI, aAyopiBuog duvauikou TTpoyPaUNATIONOU, TToU
MEow avadpoung (recursion) utroAoyilel Tnv 1m0 TTIOav) aAAnAouxia

KOTOOTAOEWV Yia Tn dedopévn akoAouBia kal To OEOOPEVO HOVTENO.
(EvoAAOkTIKG NBEST).

Exktraidsuon

*  AAy6pIBuoc Twv BAUM-WELCH (n aAAiwwg FORWARD-BACKWARD),
€I0IKN TTEQITITWON TOU aAyopIBuou EM (Expectation-Maximization), o
oTT0i0¢ XeIpileTal Ta OcdouEva oav dedopEva YE EAANEITTAC TIMES (MisSing
values) kai uttoAoyilel E.M.T1. yia TIC TTAPAPETPOUC TOU JOVTEAOU
(EvaAAakTika Gradient Descent).



Alyop1Buog Forward

Vk#B, i=0: f3(0)=1 £,(0)=0

VI<i<L: fi()=e(x)) fii-Day

P(x|0) = Z Ji(Dag

O aiyopiBuog avtoc. Katooksvalsl Evay mivokd le owotdcels N(L+1), omov N o apiBuoc
TOV KOTOCTACE®V Kot L To koS TS akolovbios, kot Bsmpel o evoldpect petafin
£ (i) v xéBe 62on i ko1 xotdotaon & e akoiovbicc. H moocodmte avti), TpoKTKd,
gival ion e TV amd kowol mBavoeTTa TS aAANAOLYINS EMC TO KOTGAOITO i, KOl TOL
LLOVOTIUTION OV CVTICTOVYEL OTNV KaTdotaon k. Aniaon:

i (D)= P(x, %50 X,, T, =)



Sequence
x3 | x4 | x5 X6 x7 X8

Ewova 2.6 Awypouponk amewovian tov mivaxka Forward, yvio éva vmofetikd povigho pe 12
KOTOOTACELS (states), kot o okolovBic umd & woatdiowme. To Tov vmoioyiopd S TS evog
rkehot (my. tov f1(2) ), vroioyilovial o1 GUVEICQOPES GhmV TV TpoNyolLEVeEY Keldy 11| BEan 1
¢ axoiovBiag (fein).



Evteidc avaioyog sival o aiyopiBuoc Backward (Durbin et al., 1998 Rabiner,
1989). o omoiog Sw@Epel HOVO MC TPOS TNV KATEDOLVGY TPOS TNV onoid MUTPEYEL TV
aiiniovyia. H evérapeon petafinm) mov ypnowonoieital, ovopdletor théov b (7). wo
opileton v kdBe 7 w¢ 1 mbBovotnTo ¢ axkoiovBiog amd v BEon i+1 &mC To TEAOC.
dsdoEVOL OTL Gt TNV BECT 7 GUVOVTALE TNV KOTdoToan k. AnAoon:

(i) = P(xynxy |, =K)

Apa o alyomBuoc. SlTuTMVETUL O ECNC:
AAyopi6poc Backward
Vk.i=L: b (L)=a,

V1<i<L: b (i)=Y aye (x,)b({i+1)
I

P(x|6)=> age(x)b (1)
e

Opotwa, av Osv LAGPYOLY KOTUOTAGELS ANCE®S, GTV  UPYIKOTOiNGl), Ol UVTIGTOVYES

mBovotnteg tifevton ioeg e 1. To telkd amotéieoua tov aivopiBpov, sival akpiPfdg

OL010 LE avTo Tov Forward.



Alyop1Buog Viterbi

AAyopi8pocg Viterbi

Tk#B,i=0: ug(0)=1, u.(0)=0

V1<i<L: (i) = e(x;)max {u,(i—-Day }

P(x,7"" | €) = max {u, (Dag |

O aiyopiBpog tov Viterbi, eival atnv ovcia opolog e tov Forward. pe tn povn oweopd va
Ppioketal oto O6T1 To Swwdoyikd afpoiopota avTikeBioTUVTIOL 0td UEYIGTOMOGELS. ZE TUTH)
mv nepintocn pe 1, covuforilovus To povomdn pe TN peyaAvTEp MBCVOTNTA KOl 1|
mbovotnte  avt]  ovuforiletan pe  Px. 16). [Tpopavdg, 1o%veEl  OT1

P(x,7™ |@) < P(x|0). Eve smmléov yopoKINPIGTIKG TOL aAYOp1BLOL 0uToD, £ival TO

OTL omaitei TV Vmapln evog Ceyoplotol mMivoko oTov omoio Bo KpOTOLVIOL OSIKTEC
(pointers), yia TV KoAOTEPT (MBOvOTEPY)) KUTACTACT G KGBe BEoN TG ukoiovbiog. Ms
avadpoun (back-tracking). og avtév Tov TWivOKd., OVOKTE KOVELS OTO TEAOC, TO 1610 TO

mBovOoTEPO LLOVOTTATL.



Anoxkmwdwonoinon forward

Movtero 1

S

Movtero 2

Movtero 3




"EK TV UOTEPWYV™ ATTOKWOIKOTTOINON

EvoAloktika propet vo vtoroyieBei n mbavotnras: |:)(7Ti =k | x)
ONAOON, N €K TOV VOTEPMV TLHAVOTNTO TO CLYKEKPLUUEVO VOUKAEOTIOWO VO

TPoNADE oo Lo KoTAoTOooN

Px.m. =k)=P(x{ . Xyen X;. T, = K)P(X g X,y | Xy a6, 7T = K)

i i

= P(X{, X500y X;. T, = K)P(X1pysen X, | T = K)

Kéavovtag ypnon tov Forward kot Backward:

P(x.m, =k)= f.(D)b.(i)
Tehoc. chueeva Le To Bempnua Bayes Ba £yovpe:

P(r,=k x)=%‘ij®

Me tov TUTO OLTO, UTOPOVLUE VO VAOAOYIGOLUE TNV MBovOTNTO L0 TOPUTPon vd
TPOEPYETOL OO L0 CUYKEKPILEVT] KOTAGTOoT. Mmropotue eniong va opicovpus o Giin
aAAAOLYIC KOTOGTAGEMY, V10 TV 0ol 1oyvat:

7, =argmax P(7, =k |x)
k



ID.covekTnnoto:

* OTIC TEPUTTMOCELS TTOV TOL EVOAAUKTIKA LOVOTTATIOL £YOVV TOAD LKPES
OLaPOPES 6TIC TPoPAenOUEVEC TIOAVOTNTEC.

* OTOV 1O KOTAGTACT £XELTOAD Uikp1] TOOVOTNTO KOl TO LOVOTTATL LE TNV
HEYIOTN TOAVOTNTA, OEV TNV KEMICKENTETOLY TOTE.

Me1ovEKTNUOTO.:

* Mropei va tpoPre@Oet o mBavotnta n onoia dev eival £yKvupn Yo To
HOVTELO (Lo un emTpenT) LetdPacn).



2. UVOTITIKA O OAYOPIOUOC

* YTTOAOYIOUOG TwV A Kal E
* YTTOAOYIONOG Twv EMIT
« ETTavaAnyn PEXPI VO CUYKAIVEI




‘Eva TTapaodeiyua...

aft++) ol --)
4
DA+ ) P(A-)
P(GH) | &)
PC+) P(C-)
e fe | @
-]

MONTEAC MONTEAO
) )



OUVEXEIQ...

MOavoTnTEC HETABACEWC:

1 0
0.90 0.10
0.10 0.90

MBavoTnNTEC YEVVNOEWC :

A T G C
0.70 0.10 0.10 0.10
0.25 0.25 0.25 0.25



OUVEXEIQ...

'EoTw pia akoAouBia DNA, n onoia npogpxeTal ano 1o
napanavw POVTEAO:

AAACAAGAATGCGCACACTACGCAAAAACAATTAGTCGCACTCACGATGAAACAAATTACCACGGTGAA

111111111100000000000001111111111100000000000000111111110000000000001

AACGAATAAACCTCAGAGGCCCAGCGTATATAAACAAGATAAAAACCTAGTCAGCACTCTGACCAGACG
111111111100000000000000000000011111111111111100000000000000000000000

AGCTCACGACTTGAGGATAAGAAAAAAACAACAGCTCACGACTTGAGGATAAGAAAAAAACA
00000000000000001111111111111100000000000000000011111111111111



OUVEXEIQ...

eeeeeeeeeeeeeeee
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OUVEXEIQ...

Av OPWC ol NIBavoTnTeC NeTaBaocewc aAhalav:
MOavoTnTEC HETABACEWC:

1 0
0.98 0.02
0.03 0.97

MBavoTNTEC YEVVNOEWC :

A T G C
0.60 0.10 0.10 0.10
0.25 0.25 0.25 0.25



OUVEXEIQ...

2 Observed Sequence - Posterior Probability
- cut
1 — e in 1 EeD] e 1 a1 Exed) Lo v 11 e}
[ | [ [ [
0 50 100 150 200

no



Posterior-Viterbl decoding

Opilovton o1 emtpentéc petafdoec:

(1 ifay >0
Sk )=+ .
0. otherwise

Tehkd, 10 PEATICTO EMIPENTO EXK TOV VOTEPOV [LOVOTTATL 77, divetar omé 1] OYECT):
L
77 =arg max | [§(7,.7,,) P(7, |x)
T i=1
O ocvvolkds aiyopiBuog, o omoiog TOPOLCIALsTUl MUPUKATM, £ivol GV ovcia o
napariayn) Tov aivopiBuov Viterbi, oty omola o1 mBavotntes vevvijoems aviikabicTavTol
amo TS EK TMV LOTEPpeV MBavoeTnTes ko1 ot mBavotnteg nstdfocng omd v Gl
GLVAPTNGT] ToL eldalle TUPUTAVE.
AlyopiBuoc Posterior-Viterbi
Vk#B,i=0: ug(0)=1, u, (0)=0

Vi<sisL:u(i)y=P(rx =1]| x:}m_ax{uk(f—]jcﬁ'[ﬁ(.f}}

P(x,7™" | 6) = max {uk (L)S(k,E }}



Optimal Accuracy Posterior
Decoding

[Moapariayn Tov Posterior-Viterbi, n oroio vroloyilel To povomartt:

L | { \
4 P | A ; R
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Fold recognition
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Figure 1. Flow chart of the local structural alignment method. The axes show secondary stroctare regions, where filled
rectangles represent alpha helical regions and narrower tectangles denote beta strands. Afber com paring all residue pairs
in similar structural environments and summing scores in the upper similarity matrix (U7, the pathway associated with
the highest seore in the matrix is identified, This path is traced back until the seore falls below the threshold, revealing
the most conserved region (nueleus) of a fragment pair {a). In the next step, at most 20 of the sligned residues in the
fragment nueleus ame re-compared and scores re-summed in the temporary matrix (1) allowing a refined alignment path
to he determined through the complete fragment (b). Before aearching the wpper matrix for the next path, all seores

Fnding the nucieua
of the fragment pair

(&} Refining the Alignmant
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Threading

Protein threading is the problem of aligning a protein sequence whose structure we
want to elucidate (the target protein) with a protein sequence whose structure is
known (the template protein) in such a way that mapping residues of the target onto a
template according to the alignment affords an accurate model of the backbone

structure of the target.

Figure 13. Sketch of the RDP
procedure: recursively mapping the
target sequence onto the template
structure.




Domain recognition

CRX_HUMAN
cone-rod homeohox protein

=_E=:-.— [299 residues]

40-36
Context: TF_Otix 164-250

SR68_HUMAN
signal recognition particle 66 kda protein (stp68)

= . l [619 residues)

Context: TPR180-213
Context: TPR 455-488

EZ2BG_CAEEL
putative translation initiation factor eift-2b gamma subunit

Context: NTP_transferase 5-280
Context: hexapep 3035-322
Context: hexapep 339-356
Context: hexapep 362-373



Dynamic Programming Algorithm. The space of all potential do-
main assignments for a particular protein is large. Hence we need
to design algorithms that concentrate on searching through
probable domain assignments. Our approach is to first run
HMMER against the protein for each Pfam family. We keep those
hits that have a HMMER e value =1,000. In this way, we obtain
alist d = dy...d, of potential domains, ordered by end
position, with corresponding amino acid sequences aj .. . dp,.
Our search space is now all possible combinations of domains in
this list. We optimize the search through this reduced space by
using a dynamic programming technique.

We want to find the domain sentence D =Dy .. . D, a sublist
of d with corresponding amino acid sequences 4, .. . 4,, which
maximizes the protein log-odds score §(I)), where

i=n+1
S(D)= 2 H(D) +C(D|D;-)) 8]
=1
[ PLA D)
'PfDJ i— ]'
C(D/ID;-) = 1og,2[_ﬂ—l§_}lj [10]

Note that H(I);) is just the HMMER score for the domain, and that
C(D;ID;—q) is the transition score. We denote the begin and end
states as Dy, D, 4 1, respectively, so that C(Dy11)g) is the transition
from begin state and C(D,+110)) is the transition to end state.
We set H(D,+1) = 0 as the end state contributes no sequence-
based score. We use the curated Pfam “gathering” threshold
for Tp,.

We define D' to be the highest scoring domain sentence that
ends in domain 4; without overlaps. The following recursion
relation then applies:

S(D) =H(d)+ max (S(D))+ Cidld))), [11]

Jeimra =g

where the condition a; M a; = ¢ ensures that the maximizing
sentence does not contain domain overlaps, which requires
tracking the protein coordinates of domains. We then set

D' =1{D’, d;}, [12]

where DV maximizes Eq. 11. Repeated application of Egs. 11 and
12fori =1...m + 1 gives the maximizing sentence ) = D™ 1
required by Eq. 8 (again, we use the convention that dp,+ is the
end state, so that D™ *1is interpreted as the maximizing sentence
ending with the end state).



