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Initial dataset:
5 members
of a family

Male or
Female?

Male: Female:
3 2
Hair Hair
colour? colour?
Black: Blond: Brown: Blond:
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Model built from
either sequence or
structural alignment

Get corresponding

PDB file

Y

For each atom group within
each amino acid

Calculate distance
between atom and
all groups after it

Type of atom
group identified

Distance used to
work out which
matrix to use

y

Sum values to
calculate total
energy of structure

A

Y

Atom type used to
work out position
within matrix

Y

Get value from
correct matrix and
position
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Aligned parent and
target sequence

Choose length of

gap randomly <
(between 1 and 5)

For parent sequence

Insert gap
randomly

For target sequence

Insert gap

randomly

When enough alternatives
are generated

Remove duplicate
alternatives

Repeat until enough
alternatives are
generated
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Sequence alignments Structural alignments
by Needleman-Wunsch by SSAP
algorithm

Initial data set
~56,000 pairs

10 residue window where at
least 5 amino acids are
mis-aligned

Y

~8% of original set
~4,500 pairs

10 residue window where at
least 6 amino acids are

mis-aligned
y 9

0.13% of original set
82 pairs

Sseq greater than
or equal to 2Sstruc

31 pairs

Genuine?

Y

Final data set
9 pairs
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Structural alignment

lisaAo 77 VENCENLTRG - AFECHEED
5= VR NN VPGEPEEG

3sdpA0

lisak0
3sdpA0

1bmfD3
1skyE3

Sequence alignment
1bm D3 AGVGEIVILTMETL TRNVARARGG BV
1skyE3 ACVCHIV L1 BN A BB TEVE

Structural alignment

lgafLl
laeé6Ll

Sequence alignment

lgafLi
lae6Ll










: x x x :

Str X Calculate mean hydrophobicity on Str X = X
Calculate mean hydrophobicity on Seq X' = Xs
: X X x :
E X X X E
: X XX X :

Stry Calculate mean hydrophobicity on StrY =Y
Calculate mean hydrophobicity on Seq Y' = Ys
E X XX X E

SeqY'

x
x
X
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Averaged
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Averaged
Averaged

Averaged
Averaged

Y hydrophobicity
Ys hydrophobicity

X hydrophobicity
Xs hydrophobicity

Y hydrophobicity
Ys hydrophobicity

X hydrophobicity
Xs hydrophobicity
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Y hydrophobicity =
Ys hydrophobicity =

X hydrophobicity = 1.09

Xs hydrophobicity = -0.16
Y hydrophobicity = -0.36
Ys hydrophobicity = -0.98

X hydrophobicity = 1.00

Xs hydrophobicity = 0.54
Y hydrophobicity = -2.11
Ys hydrophobicity = -0.84
X hydrophobicity = —-0.93
X5 hydrophobicity = 3.44






H

Averaged Y hydrophobicity = -0.10
Averaged Ys hydrophobicity = -1.43

Averaged X hydrophobicity = 2.16
Averaged Xs hydrophobicity = —-1.63















Structural alignment

lisaAo0 TYVTNLNNL IEG--TA SL
3sdpAo - TYVVNLNNLVPGTPH T.
Sequence alignment

lisaAo0 TYVTNLNNL IBGTA— SLE
3sdpA0 TYVVNLNNLVPGTPH LE
Structural alignment

1bmfD3 LFGGAGVGETVLIMHELINNV -—— -GG

1skyE3 LFG———-GAGVGETVLIQEL IBNIAQEEGG

Sequence alignment
1bmfD3 LFGGAGVGRITVLI INNV GYSVF
1skyE3 LFGGAGVGETVLI IHENT A GISVF

Structural alignment

lisaA0 ———————— SFELPALPY LAPHIS
3sdpAl0 —————————— PPLPY ——LQPHIS]

Sequence alignment

lisaAld ———————— SFELPALPY LAPHIS
3sdpAl0 — PPLPY LOPHIS
Structural alignment

lvewA) ———————— SYTLPSLPYAYHALEP T
3sdpA0 —————————— PPLPYARMA —-LOPHIS

1vewAld ———————— SYTLPSLPYAYEALEPR T
3sdpAl0 — PPLPY LOPHIS
Structural alignment

imfelL2 —————————— OPEsspsvTLFPPSSHEHELET
losplLl —————————————] BIOMSQSSSSFSVSLG

Sequence alignment
Imfel2 —————————— QOPRESSPSVTLFPPSS BT
lospLl ————-] B1oMSQSSSSFSVSL——— TIT

Structural alignment

lgaflLl —————————- TVAAPSVFIFPPSHEBQOLESG
lae6Ll ————— ] B1vMTQAAPSVPVTRGHE
Sequence alignment

lgafrli, —————————— TVAAPSVFIFPPS LEsG
lae6Ll —————— B1vMTUAAPSYVPVTP - —GESLSIS
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Hothing
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His 415 Asp 246

Glu 24 Hothing

________ SHELPALPYARALAPHIS
__________ PPLPYARNA--T.OPHIS

S A

Ly=s 20 Glu 187

| |
TLPSLPYAYBALEP T
PPLPY —-LOPHIS

Lys 132

|
__________ PRSSPSVTLFPPSSHELET
______________ IQMSQSSSSFSVSLG

Ile 106

Ly= 183
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Gather all
structural alignment
into array

Y

Take one structural
file

No

Y

Does the equivalent
sequence alignment
file exist?

| Yes

v

Extract sequence
from both alignment
files

Compare alignments
for first protein

\ 4

Print sequences, where
they differ and
secondary structure

Compare alignments
for second protein

y

Print sequences, where
they differ and
secondary structure

Calculate and print
SeqID for alignment
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Sequence Hidden Layer

Cutput

Secondary Structure ‘ ‘

Pas=sivre layer Activre layers
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Secondary Structure
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Percentage Correct SSMA

ercentage Correct SSMA

Confidence Score
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Protein

alignment
Split sequence 1 Split sequence 2
into pattern into pattern
file file
A y
SSMA areas SSMA areas
predicted predicted
for sequence 1 for sequence 2

\/

Predicted SSMAs
and sequences into
a single table

Y

Combined pattern
file created

\ 4
Combined pattern
file run through
neural network

\

SSMA predictions
for the alignment







Output laver

1 = 20 hidden laver

1=t. 55HA prediction Znd 55HA prediction







































Original Alignment
SSMA Prediction

Choose one
sequence

A

\ 4

Insert gap
of a randomly chosen
length

A

Insert gap of equal length
randomly in the SSMA of
the second sequence

Repeat for the gap at the
f
end of the SSMA region Rerf]i?; *

permutations

If SSMA is greater
than a set length

If SSMA is less
than a set length

A

Insert additional .| Remove matching gaps

gaps If all gaps have in the alignment
been inserted

\ 4

Print alternative
alignment to
standard output




Original alignment
SSMA Prediction

\

Smoothing of the
SSMA predictions

Y

Alignment split into
SSMA and non-SSMA

Y

All gaps
removed

For each block of SSMA

Lengths match Lengths don't match

Equal length gaps

placed randomly in both
sequences

A 4

Repeated until set
value satisfied

Gap of suitable
length reintroduced

A 4

Gap moved to each
possible position

\/

Clean-up phase

Merging of non-SSMA
and permuated SSMA
blocks




GHYTTILLIG-CCGVNRRK
GGTTTLLLL-ECGGVPHGK

By eliminating the
adjacent unaligned gaps

A

GHYTTILLIGCCGVNRRK
GGTTTLLLLECGGVPHGK







Original dataset:

Single sequence

Predicted as

Score

~56,000 prol‘eln SSMA prediction correct alignment alignment
domain pairs
A
Final set of
N Predicted with ! new Score
Score i SSMAs in sequence i s alignment
alignment algnmen
A
A
Score new
Permutate
alignment
A
Y
Set of
New
alternative "
. alignment
alignment
A
A 4
Dual sequnce Choose best
SSMA scoring
alignment

Prediction





































Protein 1 ‘ ‘ Protein 2

Protein structures superimposed






























Input

Corrected W

\

Corrected W °

A

Corrected W °

A

Correction

Output

\

Error

Target


















































































