CHAPTER IV
RESULTS

4.1 Secondary structure, helix, sheet, turn, prediction in amino acid

sequence of protein

Training set.

Seventy patterns of amino acid sequences were saved as a learn-pattern file
for training (Table 4.1). Using these leam-pattemn file, the network was trained for the
prediction of helix, sheet and turn in the same network by amino acid properties in

section 4.1.1, 4.1.2, 4.1.3, 4.1.4 and 4.1.5.

Testing set.

Twenty eight patterns of ‘amino acid sequences were saved as a test-pattern file
for testing (Table 4.1). Using this test pattern file, the network was tested for the
prediction of helix, sheet and turn in the same network by amino acid properties in

section 4.1.1, 4.1.2, 4.1.3, 4.1.4 and 4.1.5.

4.1.1 Prediction of helix, sheet and turn in the same network using
numbers substituted amino acids
The input pattern was composed of 481 units of amino acids which were

coded with the following symbois:

GLY =0.01

ALA=0.06 VAL=0.11 LEU=0.16
ILE =0.21 PRO=0.26 PHE=0.31 TYR=0.36
TRP = 0.41 SER= 046 THR=0.51 CYS=0.56
MET=0.61 ASN= 0.66 GLN=0.71 ASP=0.76
GLU=0.81 LYS=0.86 ARG=091 HIS =0.96
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These numbers did not stand for any significant property of amino acids.

The output pattern was composed of 3 units of helix, sheet and turn. Symbol “1” and

“0” represented an existence and non-existence of these three structures, respectively

(Figure 4.1). The networks were trained with 7 and 70 hidden units. For testing, 28

input patterns were tested with the trained network. The accuracy of prediction

obtained from the networks with 7 and 70 hidden units were both 28 percent. The

example of result patterns id shown in Figure 4.2.

Table 4.1 The training set, testing set and possible outputs of secondary structures

prediction.
Training set Testing set Output Structure type
(Input No.)* (Input No.)* patterns | existing in amino
acid sequence
7, 13, 18, 25, 48, 59, | 77, 83, 87 100 only helix
73,78
4, 43 _ 010 only sheet
_ = 001 only turn
1, 5, 8, 9, 15, 24, 26, | 57, 67, 69, 76, 89, 91, 110 helix and sheet
33, 34, 37, 38, 39, 41, | 93
45 46, 50, 52, 55, 75
23, 28, 40, 53, 61, 70, | 86, 88, 94 101 helix and turn
84
6,10, 11, 64 68 011 sheet and tum
2,3,12,14,16,17,19, |71, 72, 74, 79, 80, 81,| 111 hélix, sheet and turn

20, 21, 22, 27, 29, 30,
31, 32, 35, 36, 42, 44,
47, 49, 51, 54, 56, 58,
60, 62, 63, 65, 66

82, 85, 90, 92, 95, 96,
97,98




Names of input no. were listed in Table 3.1
SNNS pattern definition file V1.4

No. of patterns

No. of input units

No. of output units :
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0.21 0.56 0.51
0.06 0,21 0.11
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Figure 4.1 The example of input and output patterns for training and testing. The

input patterns consisted of 481 units representing the numbers coded amino acid

residues. The outputs consisted of 3 units representing the helix, sheet and turn

structures respectively.



SNNS result file V1,4-3D

No. of patterns : 70
No. of input units : 481
No. of output units : 3
start pattern : 1
end pattern : 28

input patterns included
teaching outputs included

#inputl
0.46 0.96
0.96 0.41
0.71 0.46
0.76 0.26
0.06 0,51
0.66 0.11
0.86 0.01
0.31 0.96"
0.81 0.96
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Figure 4.2 The example of incorrect result after testing with a trained network. The

input patterns were the number coded amino acid residues. The observed outputs were

1 1 1 representing helix, sheet, turn structures respectively. The predicted outputs

were the three floating numbers, 0.9890, 0.9800 and 0.0123.
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4.1.2 Prediction of helix, sheet and turn in the same network using
hydropathy (2 groups)

The hydropathy tendency of eacﬁ amino acid was classified into 2 groups

(Table 3.1). All amino acid sequences were coded by the symbols representing these

two groups.

Input and output phtterns for training and testing

Each input pattern was composed of 481 input units of amino acid which
coded by 2 groups of hydropathy. The output pattern was composed of 3 units of helix
sheet and tum. Symbol “1” and “0” represented an existence and non-existence of
these 3 structures, respectively (Figure 4.3). There were 7 possible output results from

the training set (Table 4.1),

‘Training and testing.

Thé learn-pattern file, thy2gr3op.pat), with 70 patterns was used in
training the networks with various hidden units. The network file of each trial (one for
each number of hidden units) was shown in Table 4.2. The maximum value for cycle
was set to 100000 and the maximum error to stop was set to 0.01.

The test-pattern file, zehy2gr3op.pat, with 28 patterns was used in testing
the trained network as described above. The trained network files and the testing
result files are also shown in Table 4.2 and the example of result pattefns is shown in
Figure 4.4, Figure 4.5 and Table 4.2 show' that both hy2gr3op70.net and
hy2gr3op100.net which had 70 and 100 hidden units respectively, gave the highest

_percent accuracy prediction, 50%. The percent accuracy prediction decreased to
42.86% where the network had 120 units which was the highest unit in this trial.
Although both networks gave the ’same highest percent accuracy prediction,
hy2gr3op70.net was suitable for'usin'g as the network prediction because it was more
compact and trained faster than hy2gr3op100.net. The network with140 hidden units
was also-trained and gave the same result as 120 hidden network (data not show).
However, this network with 140 hidden units spent too much time for training. Thus,

the network with 140 hidden units did not performed in others study.
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SNNS pattern definition file V1.4
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Figure 4.3  The example of input and output patterns for training and testing. The

coded by 2 groups of hydropathy. The outputs consisted of 3 units representing the

helix, sheet, turn structures respectively.
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observed outputs were 1 1 0 representing helix, sheet, turn structures respectively. The

predicted outputs were the three floating numbers, 0.9941, 0.9873 and 0.0011.

Figure 4.4 The example of correct result pattern after test
The input patterns were hydropathy (2 groups) coded am

#input28
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Figure 4.5 Percent accuracy prediction of helix, sheet, and tum in the same network

using 2 groups of hydropathy as input vector with various numbers of hidden units

(7, 35, 70, 100, 120).

Table 4.2 The trained network file, testing result file and percent accuracy of helix

sheet and turn structure prediction in the same network using hydropathy (2 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file | prediction
7 491 | 3388 | hy2gr3op7.net tehy2gr3op7.res 46.43
35 519 | 16940 | hy2gr3op35.net | tehy2gr3op35.res © 46.43
70 554 | 33880 | hy2gr3op70.net | tehy2gr3op70.res 50.00
100 584 | 48400 hy2gr3op100.net tehy2gr3op100.res 50.00
120 604 | 58080 | hy2gr3opl20.net | tehy2gr3op120.res 42.86
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4.1.3 Prediction of helix, sheet and turn in the same network using

hydropathy classified into 7 groups.

The hydropathy tendency of each amino acid was classified into 7 groups
(Table 3.2). All amino acid sequence were coded by the symbol which representing

for these seven groups of hydropathy.

Input and output patterns for training and testing.

Each input pattern was composed of 481 input units of amino acid residue
which were coded by 7 groups of hydropathy. The output pattern consisted of 3 units
of helix, sheet and turn. Symbol “1” and “0” represented an existence and non-
existence of these structure respectively (Figure 4.6). The training and testing sets are

shown in Table 4.1.

Training and testing.

The learn-pattern file, thy7gr3op.pat, with 70 patterns was used in training
the network with various hidden units (Figure 4.6) The trained networks and testing
result files are shown in Table 4.3. The maximum leam cycles was set to 100000 and
the maximum error to stop was set to 0.01. . |

The 'test-pattem file, tehyZgr3op.pat, with 28 patterns was used in the
testing. The trained network, hy7gr3op7.net, gave the highest accuracy prediction,
46.43%. Whereas, the network with 35 and 70 hidden units gave the lowest accuracy
prediction, 39.29%. Thus, the network with 7 hidden unit was the best network for
the prediction the prediction of the existence of these 3 structures using hydropathy
classified into 7 groups (Table 4.3 and Figure 4.8). The example of testing result

patterns is shown in (Figure 4.7)



65

SNNS pattern definition file V1.4

No. of input units
No. of output units
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Figure 4.6 The example of input and output patterns for training and testing. The
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coded by 7 groups of hydropathy. The outputs consisted of 3 units representing the

helix, sheet, turn structures respectively.
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SNNS result file V1,4-3D
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Figure 4.8 Percent accuracy prediction of helix, sheet, and turn in the same network

using 7 groups of hydropathy as input vector with various numbers of hidden units

(7, 35, 70, 100, 120).

Table 4.3 The trained network file, testing result file and percent accuracy of helix,

sheet and turn prediction in the same network using hydropathy (7 groups).

Hidden | No.of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 491 3388 | hy7gr3op7.net tehy7gr3op7.res 46.43
35 519 | 16940 | hy7gr3op35.net | tehy7gr3op35.res 39.29
70 554 | 33880 | hy7gr3op70.net | tehy7gr3op70.res 39.29
100 584 | 48400 | hy7gr3op100.net | tehy7gr3op100.res 42.86
120 604 | 58080 hy7gr.;§opl 20.net | tehy7gr3op120.res 42.86
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4.1.4 Prediction of helix, sheet, and turn in the same network using 8 groups
of amino acid side chain properties
The amino acid sequences of proteins were substituted by the 8 groups of

amino acid side chain as input patterns for training and testing.

Input and output pattern for tra%ning and testing. .

Each input pattern was composed of 481 input units of amino acid which
coded b& 8 groups of the side chain properties. The output pattern consisted of 3 units
of helix, sheet and tum. A symbol “1” and a symbol “0” were represented for an
existence and non-existence of these structure respectively. The training set and

testing set were shown in Table 4.1.

Training and testing.

The learn-pattern file, aa8gr3op.pat, with 70 patterns was used in training -
the network with various hidden units (Figure 4.9) The trained networks and testing
result files was shown in Table 4.4. The Max learn cycles was set to 100000 and the

Max error to stop was set to 0.01.

The test-pattern file, teaa8gr3op.pat, with 28 patterns (Figure 4.10) was
used in the testing. Both aa8gr3op70.net and aa8gr3opl00.net, gave the highest
accuracy of 52.63%. Whereas, the networks with 7 and 35 hidden units gave 50 %
accuracy prediction. The lowest accuracy prediction resulted from aa8gr3opl20.net
(44.74%). Thus, the network with 70 hidden units was the best network for the
prediction of the existence of these 3 structure using the amino acid side chain

properties which classified into 8 groups (Table 4.4 and Figure 4.11).
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SNNS pattern definition file V1.4
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Figure 4.11 Percent accuracy prediction of helix, sheet, and turn in the same network

using 8 groups of amino acid side chain properties as input vector with various
numbers of hidden units (7, 35, 70, 100, 120).

Table 4.4 The trained network file, testing resul file and percent accuracy of helix,

sheet and turn prediction in the same network using amino acid side chain properties.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 491 3388 | aa8gr3op7.net teaa8gr3op7.res 50.00
35 519 | 16940 | aa8gr3op35.net | teaa8gr3op35.res 50.00
70 554 | 33880 | aa8gr3op70.net | teaa8gr3op70.res 52.63
100 584 | 48400 | aa8gr3opl100.net | teaa8gr3op100.res 52.63
120 604 | 58080 | aa8gr3op120.net | teaa8gr3op120.res 44,74
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4.1.5 Prediction of helix, sheet and turn in the same network using
hydrophobiciy (3 groups)

The relative hydrophobicity of amino acids was classified into 3 groups

(Section 3.2.2). All amino acid sequences were coded by the symbols representing

these 3 groups.

Input and output pattern for training and testing.

Each input pattern was composed of 481 input units of amino acid which
coded by 3 groups of the hydrophobicity. The output pattern consisted of 3 units of
helix, sheet and turn. A symbol “1” and a symbol “0” were represented for .an
existence and non-existence of these structure respectively. The training set and

testing set are shown in Table 4.1.

Training and testing.

The learn-pattern file, thydro3op.pat, with 70 patterns was used in trai_ni'ng
the network with various hidden units (Figure 4.12) The trained networks and testing
result files are shown in Table 4.5. The Max leamn cycles was set to 100000 and the

Max error to stop was set to 0.01.

The test-pattern file, tehydro3op.pat, with 28 patterns was used in the
testing. Both hydro3opl00.net and hydro3opl120.net, gave the highest accuracy of
35.71%. Whereas, the networks with 70 and 35 hidden units gave 32,14 % accuracy.
The lowest accuracy prediction resulted from hydro3op7.net. Thus, The network with
70 hidden units was the best network for the prediction of the existence of these 3
structure using the amino acid side chain properties which classified into 8 group
(Table 4.5 and Figure 4.14). The example of testing result patterns is shown in
(Figure 4.15)
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Figure 4.13 The example of correct result pattern after testing with a trained network.

outputs were 1 1 1 representing helix, sheet, turn structures respectively.
| predicted outputs were the three floating numbers, 0.8543, 0.75 and 0.9834.

The input patterns were hydrophobicity coded am

#input28
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Figure 4.14 Percent accuracy prediction of helix, sheet, and turn in the same network

using 3 groups of hydrophobicity as input vector with various numbers of hidden units

(7, 35, 70, 100, 120).

Table 4.5 The trained net work file, and testing result file and percent accuracy of

helix, sheet and turn prediction in the same network using hydrophobicity.

Hidden | No. of | No. of | Training network | Testing result file ' | % accuracy of
units units | links file prediction
7 491 3388 | hydro3op7.net tehydro3op7.res 28.57
35 519 | 16940 | hydro3op35.net | tehydro3op35.res 32.14
70 554 | 33880 | hydro3op70.net | tehydro3op70.res 32.14
100 584 | 48400 hydroéoplOO.net tehydro3op100.res 35.71
120 604 | 58080 | hydro3op120.net | tehydro3op120.res 35.71
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4.1.6 Comparison of the existence of helix, sheet and turn in amino acid
sequences prediction when using 2 groups of hydropathy, 7 groups of
hydropathy, 8 groups of amino acid side chain properties and 3
groups of hydrophobicity '

Figure 4.15 shows that each properties vector gave a different percent
accuracy prediction. The amino acid side chain properties (8 groups) were the best
properties which gave the highest prediction accuracy whereas hydrophobicity gave
the lowest accuracy prediction. The overall results of the prediction were not
significantly different in all properties except hydrophobicity, which gave the very low
percent accuracy. However, the‘overall predictions accuracy were not quite good.
Most of these networks still gave prediction accuracy lower than 50 %. This problem
might be the network were not specific for all three pattemns (helix, sheet and turn).
Moreover, the number of patterns for each possible output may not be enough to give a

good training network for a good prediction.

Thus, separate networks for prediction of helix, sheet and turn were
constructed, trained and tested as reported in the next sections ( section 4.2, 4.3 and
4.4).
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4.2 Helix structure prediction in amino acid sequence of proteins

Training set.

Seventy patterns of amino acid sequences (Table 4.6) were saved as a leamn
pattern file for use in training. Using this pattern file, the networks were trained for
the prediction of only helix structure using amino acid properties in the section 4.2.1,

4.2.2,4.2.3 and 4.2.4,

Testing set.
Twenty eight patterns of amino acid sequences (Table 4.6) were saved as a test
pattern file. Using this test pattern file, the networks were tested for prediction of only

helix structure using amino acid properties in the section 4.2.1, 4.2.2, 4.2.3 and 4.2.4.

Input and output patterns for training and testing.

An input pattern was composed of 481 input units of amino acid which were
coded with properties of amino acid as previously described. An output pattern had
one unit of helix structure. Symbol “1” and “0” represented an existence and non-

existence of helix structure.

A leamn-pattern file with 70 patterns was used in training the networks with
various hidden units, 7, 35, 70, 100 and 120. The maximum value for learn cycles was
set to 100000 and the maximum error to stop was set to 0.01. A test-pattern file with

28 patterns was used for testing the trained networks.
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Table 4.6 The training set, testing set and outputs of helix structure prediction in 7

separate networks.

Training set Testing set Output Structure type
(Input No.)* (Input No.)* patterns | existing in amino
acid sequence

1,2, 3,5,8,9 12,13, | 72, 73, 74, 75, 76, 77, 1 helix

14, 15, 16, 17, 18, 19, | 78, 79, 80, 81, 82, 83, |

20, 21, 22, 23, 24, 25, | 84, 85, 86, 87, 88, 89,

26, 27, 28, 29, 30, 31, | 90, 91, 92, 93, 94, 95, “

32, 33, 34, 35, 36, 37, | 96,97, 98

38, 39, 40, 41, 42, 44,

45, 46, 47, 48, 49, 50,

51, 52, 53, 54, 55, 56,

57, 58, 59, 60, 61, 62,

63, 65, 66, 67, 69, 70,

71

4,6, 10, 11, 43, 64 68 0 no helix

* Names of input no. were listed in Table 3.1

4.2.1 Prediction of helix structure using hydropathy (2 groups)

The learn-pattern file was thy2grih.pat and the testing-p#ttem file was
tehy2grih.pat (Figure 4.16). The trained network and testing result files were shown
in Table 4.7 and the example qf result patterns was shown in Figure 4.17. The
prediction with highest accuracy (100%) was the result from hy2grih100.net which
. had 100 hidden units. Whereas the prediction accuracy from others were lower.. The
networks with 7, 35, 70 and 120 hidden units gave 82.14 %, 78.57 %, 89.29 % and
92.90% accuracy respectively (Table 4.7 and Figure 4.18).
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Figure 4.18 Percent accuracy prediction of helix structure using 2 groups of

hydropathy as input vector with various numbers of hidden units (7, 35, 70, 100, 120).

Table 4.7 The trained network file, testing result file and percent accuracy of helix

structure prediction using hydropathy (2 groups).

Training network

Hidden | No. of | No. of Testing resuit file | % accuracy of
units units | links file prediction
7 489 3374 | hy2grih7.net tehy2grih7.res 82.14
35 517 | 16870 | hy2grih35.net tehy2grih35.res 78.57
70 552 | 33730 | hy2gr1h70.net tehy2gr1h70.res 89.29
100 582 | 48200 | hy2gr1h100.net | tehy2grih100.res 100.00
120 602 | 57840 | hy2gr1h120.net tehy2gr1h120.res 92.90
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4.2.2 Prediction of helical structure using hydropathy (7 groups)

The learn-pattern file, thy7grih.pat, was used in training the networks with
various hidden units. Figure 4.19 shows the example of learn-patterns. Test-pattern
file, tehy7grih.pat, was used in testing the trained network. The trained network and
testing result file are shown in Table 4.8 and the example of result patterns is shown in
Figure 4.20. .Table 4.8 and Figure 4.21 show that hy7grlh35.net, hy7gr1h100.net and
hy7gr1h120 which had 35, 100 and 120 respectively were the best ngtworks for helix
structure prediction. These network gave 92._86% accuracy. Whereas, the networks

with 7 and 70 hidden units gave 89.29 % accuracy.

Table 4.8 The trained network file, testing result files and percent accuracy of helix

structure prediction using hydropathy (7 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links ~ file prediction
7 489 | 3374 | hy7grlh7.net tehy7grih7.res 89.29
35 517 | 16870 | hy7grlh35.net tehy7grih35.res 92.86
70 552 | -33730 | hy7gr1h70.net tehy7gr1h70.res 89.29
100 582 | 48200 | hy7gr1h100.net | tehy7grih100.res 92.86
120 602 | 57840 | hy7grih120.net - [ tehy7grih120.res 92.86
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Figure 4.21 Percent accuracy prediction of helix structure using 7 groups of

hydropathy as input vector with various numbers of hidden units(7, 35, 70,100, 120).

4.2.3 Prediction of helix structure using amino acid side chain properties

(8 groups)

The  learn-pattern - file, ~taa8grlh.pat, - and | the test-pattern file,
teaa8grlh.pat, were used in training network and the testing respectively. The
example of training or testing patterns is shown in Figure 4.22. The trained networks
‘and testing result files are shown in Table 4.9 and the example of the testing result
pattern was shown in Figure 4.23. Figure 424 and Table 4.9 show that
aa8grlh7.net gave the highest percent accuracy prediction, 100%. The trained
network, aa8grlh35.net, aa8grih70.net and aa8gr1h100.net gave the same 96.42%

accuracy prediction. Whereas aa8grihl20.net gave the lowest accuracy prediction,
92.85%.
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SNNS pattern definition file V1.4
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SNNS result file V1.4-3D
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The observed output was 1 unit representing helix or sheet or turn structure. The

predicted output was the floating number, 0.7562.
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Table 4.9 The trained network file, testing result file and percent accuracy of helix

structure prediction using 8 groups of amino acid side chain properties.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 3374 | aa8grih7.net teaa8grlh7.res 100.00
35 517 | 16870 | aa8grlh35.net teaa8grlh35.res 96.42
70 552 | 33730 | aa8grlh70.net teaa8grlh70.res - 96.42
100 582 | 48200 |aa8grlh100.net | teaa8grl1h100.res 96.42
120 602 | 57840 | aa8grih120.net | teaa8grih120.res 92.85
100 T ——2 . -,
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3
é 60
0
<
®
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20 -
0 I I 1 I J 1
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HIDDEN UNIT(S)

&——¢ amino acid side chain properties (8 groups)

Figure 4.24 Percent accuracy prediction of helix structure using 8 groups of amino
acid side chain properties as input vector with various numbers of hidden units (7, 35,
70, 100, 120). '
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4.2.4 Prediction of helix structure using hydrophobicity (3 groups)

The leam-pattern file, thydrolh.pat, and the test-pattern file,

tehydrolh.pat, were used in training network and the testing respectively. An example

of what the training or testing pattern may look like is shown in Figure 4.25. The

trained networks and testing result files are shown in Table 4.10 and the example of

the testing result patterns is shown in Figure 4.26. From Table 4.10 and Figure 4.27,
the prediction from hydrolh7.net, hydrolh35.net and hydrolh70.net are all 96.42%

accurate, whereas both hydrolhl00.net and hydrolhl120.net gave 92.85% accuracy.

Table 4.10 The trained network file, testing result file and percent accuracy of helix

structure prediction using hydrophobicity.

" Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 | 3374 | hydrolh7.net tehydrolh7.res - 96.42
35 517 | 16870 | hydrolh35.net tehydrolh35.res 96.42
70 552 | 33730 | hydrolh70.net tehydro1h70.res 96.42
100 582 | 48200 | hydrolh100.net - | tehydrolh100.res 92.86
120 602 | 57840 | hydrolh120.net | tehydrolh120.res 92.86
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Figure 4.26 The example of correct result pattern after test

#input28

The observed

The input patterns were hydrophobicity coded amino acid residues.

output was 1 representing helix or sheet or turn structure. The predicted output was

the floating number, 0.8922.
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4.2.5 Comparison of the existence of helical structure in amino acid
sequence prediction using 2 and 7 groups of hydropathy, 8 groups of
amino acid side chain properties and 3 groups of hydrophobicity
Figure 4.28 shows that all group of property gave over 85 percent accuracy

for helix structure using a separated helical network. These exact percent accuracy are,
however, not significantly different. The network of 2 groups hydropathy with 100
hidden units and the network of amino acid side chain with 7 hidden units gave 100%

accuracy which were the best networks for prediction.
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B—& hydropathy (7 groups) ’ ¥ hydrophobicity

Figure 4.28 The comparison of percent accuracy prediction of helix structure using

various types of input properties.
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4.3 Sheet structure prediction in amino acid sequence of proteins

Training set.
Seventy patterns of amino acid sequences (Table 4.11) were saved as a train-

pattern file for training.

Testing set.
Twenty eight patterns of amino acid sequences (Table 4.11) were saved as a test-

pattern file for testing.

Input and output patterns for training and testing.

An input pattern was composed of 481 input units of amino acid which were
coded with amino acid properties as previously described in section 3.2.2. An output
pattern had one unit of sheet structure. Symbol “1" and “0” represented an existence

and non-existence of sheet structure.

A learn-pattern file with 70 patterns was used in training the networks with
various hidden units, 7, 35, 70, 100 and 120. The maximum value for learn cycles was
set to 100000 and the maximum error to stop was set to 0.01. A test-pattern file with

28 patterns was used for testing the trained networks.

These training and testing sets (Table 4.11) with input and output patterns as
describe above were used for all prediction of sheet structure in separate networks
(section 4.3.1, 4.3.2, 4.3.3 and 4.3.4)
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Table 4.11 The training set, testing set and outputs of sheet structure prediction in

separate networks.

Training set Testing set Output Structure type
(Input No.)* (Input No.)* patterns | existing in amino
. acid sequence

1,2,3,4,5,6,8,9, 10, | 66, 67, 68, 69, 71, 72, 1 sheet

11, 12, 14, 15, 16, 17, | 74, 75, 76, 79, 80, 81,

19, 20, 21, 22, 23, 24, | 82, 85, 89, 90, 91, 92,

26, 27, 29, 30, 31, 32, | 93, 95, 96, 97, 98

33, 34, 35, 36, 37, 38,

39, 41, 42, 43, 44, 45,

46, 47, 49, 50, 51, 52, -

54, 55, 56, 57, 58, 60,

62, 63, 64, 65

7, 13, 18, 25, 28, 40, | 73, 78, 84, 87, 88 0 no sheet

48, 53, 59, 61, 70, 77,
83, 86, 94

* Names of input no. were listed in Table 3.1
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4.3.1 Prediction of sheet structure using hydropathy (2 groups)

The learn-pattern file was thy2gris.pat and the testing-pattern file was
tehy2grils.pat (Figure 4.16). The trained network and testing result files are shown in
Table 4.12 and the example of result patterns is shown in Figure 4.17. Prediction with
highest accuracy (82.14%) were the results of hy2grls35.net, hy2gris70.net and
hy2grls100.net which had 35, 70, and 100 hidden units respectively. The networks
with 7 and 120 hidden units gave 78.57 % and 75.00% accurate, respectively (Table
4.12 and Figure 4.29).

100
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0 20 40 60 80 100 120 140
HIDDEN UNIT(S) '

e~——= hydropathy (2 groups)

Figure 4.29 Percent accuracy prediction of sheet structure using 2 groups of

hydropathy as input vector with various numbers of hidden units (7, 35, 70, 100, 120).



Table 4.12 The trained network file, testing result file and percent accuracy of sheet

structure prediction using hydropathy (2 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 | 3374 | hy2grls7.net tehy2grls7.res 78.57
35 517 | 16870 | hy2grls35.net tehy2grls35.res 82.14
70 552 | 33730 | hy2grls70.net tehy2gr1s70.res 82.14 _
100 582 | 48200 | hy2gris100.net | tehy2gris100.res - 82.14
120 602 | 57840 | hy2grls120.net | tehy2gris120.res 75.00

4.3.2 Prediction of sheet structure using hydropathy (7 éroups)

The Leam-pattern file was thyZgris.pat and the testing-pattern file was
tehy7gris.pat (Figure 4.19). The trained network and testing result files are shown in
Table 4.13 and the example of result patterns is shown in Figure 4.20. The
predictions with highest accuracy (78.57%) were the results from hy7gris35.net and
hy7gris70.net which had 35 and 70hidden units respectively. While, others networks
with 7 and 100 hidden units gave 75.00% and the network with 120 hidden units gave
71.43% (Table 4.13 and Figure 4.30).
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Table 4.13 The trained network file, testing result file and percent accuracy of sheet

structure prediction using hydropathy (7 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 | 3374 | hy7gris7.net tehy7grls7.res 75.00
35 517 | 16870 | hy7grls35.net tehy7grls35.res 78.57
70 552 | 33730 { hy7gr1s70.net tehy7gris70.res 78.57
100 582 | 48200 | hy7grls100.net | tehy7grls100.res 75.00
120 602 | 57840 | hy7gris120.net | tehy7grls120.res 71.43
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Figure 4.30 Percent accuracy prediction of sheet structure using 7 groups of

hydropathy as input vector with various numbers of hidden units (7, 35, 70,100, 120).
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4.3.3 Prediction of sheet structure using amino acid side chain properties -

(8 groups)

The leam-pattern file, taa8gris.pat, and the testing-pattern file,
aa8gris.pat, were used for training and testing the network respectively. The example
" of the ihput and output patterns was shown in Figure 4.22. The trained network and
testing result files are shown in Table 4.14 and the example of result patterns is shown
in Figure 4.23. From figure 4.31 and Table 4.14, the network with highest prediction
accuracy (85.71%) was the result from aa8gr1.s'100.net which had 100 hidden units.

Others networks gave lower prediction accuracy of 82.14%.

Table 4.14 The trained network file, testing resuit file and bercent accuracy of sheet

“structure prediction using amino acid side chain properties (8 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file | prediction
7 489 | 3374 | aa8grls7.net teaa8grls7.res 82.14

35 | 517 | 16870 aa8grls35.net teaa8grls35.res 82.14
70 552 | 33730 | aa8grls70.net teaa8grls70.res 82.14
100 582 | 48200 | aa8gr1s100.net | teaa8gris100.res 85.71
120 602 | 57840 | aa8grls120.net | teaa8gris120.res 82.14
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Figure 4.31 Percent accuracy prediction of sheet structure using 8 groups of amino
acid side chain properties as input vector with various numbers of hidden units (7, 35,
70, 100, 120).

4.3.4 Prediction of sheet structure using hydrophobicity (3 groups)

The Leam-pattem file, thydrols.pat, and the testing-pattern file, tehydrols.pat,
were used for training and testing. The example of the input and output patterns is
shown in Figure 4.25. The trained network and testing result files are shown in Table
4,15 and the example of result patterns is shown in Figure 4,26. The predictions with
highest accuracy (75.00%) were the result from hydrols70.net and hydrolsl100.net
which had 70 and 100 hidden units respectively. While, hydmIsZnet: hydrols35.net
and hydrols120.net were all 71.43 % accurate (Table 4.15 and Figure 4.32).
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Table 4.15 The trained network file, testing result file and percent accuracy of sheet

structure prediction using hydrophobicity (3 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 | 3374 | hydrols7.net tehydrols7.res 71.43
35 517 | 16870 | hydrols35.net tehydrols35.res 71.43
70 552 | 33730 | hydrols70.net tehydrols70.res 75.00
100 582 | 48200 | hydrols100.net | tehydrols100.res 75.00
120 602 | 57840 | hydrols120.net | tehydrols120.res 71.43
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Figure 4.32 Percent accuracy pfediction of sheet structure using 3 groups of

hydrophobicity as input vector with various numbers of hidden units (7, 35, 70, 100,
120).
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4.3.5 A comparison of sheet structure prediction in separate networks using
hydropathy (2 groups), hydropathy (7 groups), amino acid side chain
properties (8 groups) and hydrophobicity (3 groups)

Figure 4.33 shows the highest percent acéuracy prediction was 85.71%
which resulted from aa8grls100.net. This network with 100 hidden units was trained
from the amino acid side chain properties. These properties also gave the over all
percent accuracy higher than the others properties. Their percent accuracy predictions
were more than 80% in the different numbers of hidden units. Networks with others
properties gave the prediction accuracy between 70 - 80 % excepted some networks of
hydropathy (2 groups). These networks had 70 and 100 hidden units and gave

82.14 % accuracy prediction.
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B—8& hydropathy (7 groups) ~  hydrophobicity

Figure 4.33 The comparison of percent accuracy prediction of sheet structure using

various types of input properties.
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4.4 Turn structure prediction in amino acid sequence of proteins

Training set.
Seventy patterns of amino acid sequences (Table 4.16) were saved as a train-

pattern file for training.

Testing set.
Twenty eight patterns of amino acid sequences (Table 4.16) were saved as a test-

pattern file for testing.

Input and output patterns for training and testing.

An input pattern was composed of 481 input units of amino acid which were
coded with amino acid properties as previously described in section 3.2.2. An output
pattern had one unit of turn structure. Symbol “1” and “0” represented an existence

and non-existence of turn structure,

A learn-pattern file with 70 patterns was used in training the networks with
various hidden units, 7, 35, 70, 100 and 120. The maximum value for learn cycles was
set to 100000 and the maximum error to stop was set to 0.01. A test-pattern file with

28 patterns was used for testing the trained networks.

These training and testing sets (Table 4.16) with input and output patterns as
describe above were used for all prediction of turn structure in separate network
(section 4.4.1, 4.4.2, 4.4.3 and 4.4.4)
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Table 4.16 The training set, testing set and outputs of turn structure prediction in

~separate networks.

Training set Testing set Output Structure type
(Input No.)* (Input No.)* patterns | existing in amino

acid sequence

2, 3, 6, 10, 11, 12, 14, | 71, 72, 74, 79, 80, 81, 1 turn
16, 17,.19, 20, 21, 22, | 82, 84, 85, 86, 88, 90,
24, 26, 27, 29, 30, 31, | 92, 94,95, 96, 97, 98
32, 35, 36, 40, 42, 44,
47, 49, 49, 50, 53, 54,
56, 58, 60, 61, 62, 63,
64, 65, 66, 68, 70

1,4,5,7,8,9, 13, 15, | 73, 75, 76, 77, 78, 83, 0 no turn
18, 23, 25, 28, 33, 34, | 87, 89,91, 93
37, 38, 39, 41, 43, 45, ‘
46, 48, 50, 51, 52, 55,
57,59, 67, 69

* Names of input no. were listed in Table 3.1
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4.4.1 Prediction of turn structure using hydropathy (2 groups)

The leam-pattern file, thy2gritpat, and the testing-pattern file,
tehy2grit.pat, were used for training and testing respectively. The example of an input
and output patterns is shown in Figure 4.16. The trained network files and testing
result files are shown in Table 4.17 and the example of result patterns is shown in
Figure 4.17. The prediction with highest accuracy (57.14%) was the result from
hy2grit35.net and hy2griti20.net which had 35 and 120 hidden units respectively.
Whereas the network with 70 hidden units gave 50%. The lowest prediction
accuracy resulted form the network with 7 and 100 hidden unit. The lowest prediction
accuracy was 46.43% (Tabls 4.17 and Figure 4.34). ‘

Table 4.17 The trained network, testing result files and percent accuracy of turn

structure prediction using hydropathy (2 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 | 3374 | hy2grit7.net tehy2grlt7.res 46.43
35 517 | 16870 | hy2gr1t35.net tehy2grlt35.res 57.14
70 552" | 33730 | hy2gr1t70.net tehy2gr1t70.res 50.00
100 582 [ 48200 | hy2gr1t100.net - | tehy2gr1t100.res 46.43
120 602 | 57840 hngrltlZO.nét tehy2grit120.res 57.14
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Figure 4.34 Percent accuracy prediction of tum structure using 2 groups of

hydropathy as input vector with various numbers of hidden units (7, 35, 70, 100, 120).

~

4.4.2 Prediction of turn structure using hydropathy (7 groups)

The learn-pattern file, thy7grit.pat, and the testing-pattern file, tehy7grit.pat,
were used for training and testing respectively. Figure 4.19 shows an example of input
and output patterns. The trained network files and testing result files are shown in
Table 4.18 and the example of result patterns is shown in Figure 4.20. The most
accurate prediction (57.14%) came from hy7grit7.net and hy7grit100.net which had 7
and 100 hidden units. Others networks with 35, 70 and 120 hidden units gave 39.29%,
46.43% and 50% percent accuracy respectively (Table 4.18 and Figure 4.35).
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Table 4.18 The trained network file, testing result file and percent accuracy of turn

structure prediction using hydropathy (7 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 | 3374 | hy7grlt7.net tehy7grit7.res 57.14
35 517 | 16870 | hy7grlt35.net tehy7grit35.res 39.29
70 552 | 33730 | hy7gr1t70.net tehy7gr1t70.res 46.43
100 582 | 48200 | hy7grltl00.net | tehy7grit100.res 57.14
120 602 | 57840 | hy7grlt120.net | tehy7gr1t120.res 50.00
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Figure 4.35 Percent accuracy prediction of tum structure using 7 groups of hydropathy
as input vector with various numbers of hidden units (7, 35, 70,100, 120).
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4.4.3 Prediction of turn structure using amino acid side chain properties

@ groupsi |
The leamm-pattern file, taa8gritpat, and the testing-pattern file,
teaa8gritpat, were used for training and testing respectively. The example of the
input and output patten;s is shown in Figure 4.22. The trained network files and
testing result files are shown in Table 4.19 and the example of result patterns is shown
in Figure 4.23.. The most accurate prediction (67.8%) was the result from aa8gri1t7.net
which had 7 hidden units. While, the network with 35 hidden unit, aa8grit35.net, gave
64.2% accuracy. The network with 100 and 120 hidden units both gave 60.71%
accurate. The lowest accuracy (57.14%) was the result from the network with l70

hidden units.

Table 4.19 The trained network file, testing result file and percent accuracy of tum

structure prediction using amino acid side chain properties (8 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 3374 | aa8grlt7.net teaa8grlt7.res 67.80
35 517 | 16870 | aa8grit35.net teaa8grit35.res 64.20
70 | 552 | 33730 | aa8grlt70.net teaa8gr1t70.res 57.14
100 582" | 48200 | aa8gr1t100.net | teaa8gr1t100.res 60.71
120 602 | 57840 | aa8gr1t120.net teaa8gr1t120.res 60.71
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Figure 4.36 Percent accuracy prediction of turn structure using 8 groups of amino
acid side chain properties as input vector with various numbers of hidden units (7, 35,
70, 100, 120).

4.4.4 Prediction of turn structure using hydrophobicity (3 groups)

The Learn-pattern file, thydrolt.pat, and the testing-pattern file, tehydrolt.pat,
were used for training and testing. The example of the input and output patterns is
shown in Figure 4.25, The trained network files and testing result files are shown in
Table 4.20 and the example of result patterns is shown in Figure 4.26. From Figure .
4.37 and Table 4.20, the most accurate prediction (60.71%) was the result from
hydrolt7.net and which had 7 hidden units. Whereas, hydrolt35.net and
hydrolt100.net which had 35 and 100 hidden units respectively gave 53.57 % |

accurate. The hydrolt120.net network with 120 hidden unit gave 57.14% accurate. |

The lowest prediction (46.43%) was the result from hydrolt70.net which had 70
hidden units.
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Table 4.20 The trained network file, testing result file and percent accuracy of turn

structure prediction using hydrophobicity (3 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 489 | 3374 | hydrolt7.net tehydrolt7.res 60.71
35 517 | 16870 | hydrolt35.net tehydro1t35.res 53.57
70 552 | 33730 | hydrol1t70.net tehydro1t70.res 46.43
100 582 | 48200 | hydrolt100.net | tehydrolt100.res 53.57
120 602 | 57840 | hydrolti20.net | tehydrolt120.res 57.14
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Figure 4.37 Percent accuracy prediction of turn structure using 3 groups of

hydrophobicity as input vector with various numbers of hidden units (7, 35, 70, 100,

120).
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4.4.5 Comparison of turn structure prediction in separate networks using
hydropathy (2 groups), hydropathy (7 groups), amino acid side chain
properties (8 groups) and hydrophobicity (3 groups)

Figure 4.38 shows that most of percent accuracy predictions were in the
range between 50-60%. The lowest accuracy was 39.29% which resulted from
hy71t35.net. This network with 35 hidden unit was trained from hydropathy (7
groups). The highest accuracy resulted from aa8grit7.net which used amino acid side
chain properties ‘as input vector and had 7 hidden units. The highest prediction

accuracy was 67.80%.

100

80 -

% ACCURACY

20 -

0 T Y T T T T
0 20 - 40 60 80 100 120 140
HIDDEN UNIT(S)

®—@ hydropathy (2 groups) “— " amino acid side chain properties

B—& hydropathy (7groups) ¥ ° hydrophobicity

Figure 4.38 The comparison of percent accuracy prediction of turn structure using

various types of input properties.
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4.5 The existence of helix, sheet and turn structures prediction
4.5.1 The existence of helix, sheet and turn structures prediction using
hydropathy (2 groups)

From Figure 4.39, the percent accuracy of helix and sheet structures
~ prediction using the hydropathy (2 groups) were the range between 80-100%. The
highest percent accuracy (100%) was the result from the helix structure prediction
using the network with 100 hidden units. From the tum structure prediction, the
percent accuracy was lower than 60%. The range of percent accuracy for this structure
prediction was in the range between 40-60%. In the same way, the range of percent
accuracy of helix, sheet and turn which performed in the same network was between

40-60% accurate.

100 /./-\-
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% ACCURACY.
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0 T | T 1 0 I
0 20 40 60 80 100 120 140

HIDDEN UNIT(S)

—@ helix&sheet&turn " sheet

- B—A helix - .V ¥ turn

Figure 4.39 The percent accuracy predictions of the existence of helix, sheet, turn in

separate networks and in the same network using hydropathy (2 groups).
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4.5.2 The existence of helix, sheet, and turn sﬁructurw prediction using
hydropathy (7 groups)

From Figure. 4.40, this hydropathy (7 groups) property gave the overall
highest percent accuracy for the helix structure predictioh. The percent accuracy of
this helix structure prediction was higher than 85%. While, the percent accracy of the
sheet and turn structures prediction was in the range between 70-80% and 40 -60%
respectively. The percent accuracy of the helix, sheet and tum in the same network

was lower than the structure predictions in separate networks.
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Figure 4.40 The percent accuracy predictions of the existence of helix, sheet, turn in

separate networks and in the same network using hydropathy (7 groups).
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4.5.3 The existence of helix, sheet and turn structures prediction using
amino acid side chain properties (8 groups)

From Figure. 4.41, this amino acid side chain properties also gave the
over all higest percent accuracy for helix structure prediction in separate network. The
percent of the helix prediction was more more than 90% accurracy. While the range of
percent accuracy of sheet and tum structure prediction were in the rage between 80-
85% and 55-70% respectively. The percent prediction of helix sheet and tum structure
in the same network was lower than the structure prediction in separate network. The

range of the structure prediction in the same network was between 40-55% accuracy.
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Figure 4.41 The percent accuracy predictions of the existence of helix, sheet, turn in

separate networks and in the same network using amino acid side chain properties.
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4.5.4 The existence of helix, sheet, and turn structures prediction using
hydrophobicity (3 groups)

From Figure. 4.42, the hydrophobicity gave the highest percent accuracy
for helix structure prediction. The percent accuracy of this prediction was more than
90%. For the prediction of sheet structure, the range of percent accuracy was between
70-75%. While, percent accuracy of tum structure prediction was between 45-60%.
The percent accuracy of thé helix sheet and turn structures prediction in the same
network was rather low and lower than the structure predictions in separate networks.

The range of percent accuracy of this prediction was between 25-35% accurate.
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Figure 4.42 The percent accuracy predictions of the existence of helix, sheet, turn in

separate networks and in the same network using hydrophobicity (3 groups).
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4.6 Percent helix structure (6 groups) prediction in amino acid

sequence of proteins

Training set.

Seventy patterns of amino acid sequences were saved as a learn pattern file for
used in training (Table 4.21). The network were trained for the prediction of six
groups of percent helix structure using amino acid properties in the section 4.6.1,

4.6.2,4.6.3 and 4.6.4

Testing set.
Twenty-eight patterns of amino acid sequences were saved as a test pattern file
for used in testing (Table 4.21). The network were tested for the prediction of six
groups of percent helix structure using amino acid properties in the section 4.6.1,

4.6.2,4.6.3 and 4.6.4.

Input and output patterns for training and testing.
The input pattern was composed of 481 input units of amino acid which were

coded with properties of amino acid residue as previously described (section 3.2.2).

The output pattern had 3 units of percent helix structure. The percent helix
structure in amino acid sequence was divided into 6 groups. There were five possible
outputs representing the following ranges of percent values 1-20%, 21-40%, 41-60%,
61-80%, 81-100% and the sixth group represented 0%. The training set, testing set

and the possible outputs are shown in Table 4.21.

A learn-pattern file with 70 patterns was used in training the networks with 7,
35, 70, 100 and 120 hidden units. The maximum value for learn cycles was set to
100000 and the maximum error to. stop was set to 0.01. A test-pattern file with 28

" patterns was used for testing the trained networks.
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These training and testing sets (Table 4.21) were the standard sets for prediction

of percent helix structure (6 groups) using various types of properties in the next

section (section. 4.6.1, 4.6.2, 4.6.3 and 4.6.4).

Table 4.21 The training set, testing set and possible outputs of percent helix structure

( 6 groups) prediction.

Training set Testing set Output % of helix

(Input No.)* (Input No.)* patterns structure
4,6,10,11, 43,64 68 000 0
3,59, 16, 17, 20, 21, | 71, 72, 80, 81, 82, 87, 001 - 1-20
30, 32, 34, 36, 38, 45, | 92, 96
47, 52, 54, 55, 57, 58,
62
1, 8, 12, 15, 19, 22, 27, | 70, 74, 75, 76, 79, 90, 010 21-40
29, 31, 33, 35, 37, 41, | 91, 93, 95, 97, 98
44, 46, 51, 56, 63, 65,
67, 69
2, 14, 18, 24, 26, 39, | 84, 85, 88, 89, 94 011 41-60
40, 50, 53, 60, 61, 66,
73
7, 13, 23, 25, 28, 42, | 78, 83, 86 100 61-86
48, 49, 59, 77

- - 101 81-100

* Names of input no. were listed in Table 3.1




119

4.6.1 Prediction of percent helix structure (6 groups) using hydropathy

(2 groups)

The

learn-pattern file,

thy2gr%6h.pat,

and

testing-pattern file,

tehy2gr%6h.pat, with hydropathy (2 groups) coded amino acid sequences were used

for training and testing respectively. Figure 4.43 shows the example of input and

output patterns. The trained network file and testing result files are shown in Table

4.22 and the example of result patterns is shown in Figure 4.44. The best prediction

was the result from hy2gr%6h35.het. This network with 35 hidden units, gave 70.71%

accuracy prediction, the highest in its groups. Files hy2gr%6h7.net, hy2gr96hl00

and hy2gr%6h120.net with 7, 100 and 120 hidden units respectively gave the same
accuracy result, 57.14 %. File hy2gr%6h70.net, with 7 hidden units gave 53.57% the

lowest accuracy (Table 4.22 and Figure 4.45).

Table 4.22 The trained network file, testing result file and percent accuracy of the of

percent helix structure (6 groups) prediction using hydropathy ( 2 groups).

Hidden

No. of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 491 | 3388 | hy2gr76h7.net tehy2gr9%6h7.res 57.14
35 519 16940 hy2grZ6h35.net . | tehy2gr96h35.res 70.71
70 554 | 33880 | hy2gr%6h70.net | tehy2gr9%6h70.res 53.57
100 584 | 48400 | hy2gr96h100.net | tehy2gr966h100.res_ 57.14
120 604 | 58080 | hy2gr%6h120.net | tehy2grf6h120.res 57.14
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Figure 4.45 Percent accuracy prediction of percent helix structure (6 groups) using 2
groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).

4.6.2 Prediction of percent helix structure (6 groups) using hydropathy

(7 groups)

The ' learn-pattern - file,  thy7gr%o6h.pat, and test-pattern file,
tehy7gr%6h.pat, with hydropathy (7 groups) coded the amino acid sequences were
used in training and testing with various hidden units. Figure 4.46 shows the example
of input and output patterns. The trained network and testing result file are shown in
Table 4.23 and the example of result patterns is in Figure 4.47. Table 4.23 and Figure
4.48 show that, hy7gr%c6h70.net, _wilich had 70 hidden units gave the high&st percent '
accuracy of 57.14%. Files hy7gr96h7.net, hy7gr#6h35.net, hy7gr966h100.net and
hy7gr%6h120 gave 50.00%, 42.86%, 46.43% and 50.00% accuracy respectively.
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observed outputs were 0 0 1 representing percent helix or sheet or turn structures (6
groups). The predicted outputs were the three floating numbers, 0.0002, 0.1532 and

The input patterns were hydropathy (7 groups) coded am
0.7894.

Figure 4.47 The example of correct result pattern after test
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Table 4.23 The trained network file, testing result file and percent accuracy of percent

helix structure prediction (6 groups) using hydropathy (7 groups).

Hidden | No.of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 491 | 3388 | hy7gr%6h7.net tehy7gr%6h7.res 50.00
35 519 | 16940 | hy7gr%6h35.net | tehy7gr%6h35.res 42.86
70 554 | 33880 | hy7gr7%e6h70.net | tehy7gr%6h70.res 57.14

100 584 | 48400 | hy7gr7%6h100.net | tehy7gr%6h100.res 46.43
120 604 | 58080 | hy7gr7o6h120.net | tehy7gr7o6h120.res 50.00
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Figure 4.48 Percent accuracy prédiction of percent helix structure (6 groups) using 7
groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).
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4.6.3 Prediction of percent helix structure (6 groups) using amino acid side

learn-pattern  file,

chain properties (8 groups)
The

taa8gr%6h.pat,

and the

test-pattern file,

teaa8grvoh.pat, with 8 groups of amino acid side chain properties coded amino acid

side chains were used in training network and the testing respectively. The example of

what training or testing patterns may look like is shown in Figure 4.49. The trained

networks files and testing result files are shown in Table 4.24 and the example of the

testing result pattern is shown in Figure 4.50. Figure 4.51 and Table 4.24 show that

aa8gr%6h70.net and aa8gre6hl20.net gave the highest percent accuracy of 46.43%.

The prediction accuracy from others networks were lower.

The trained networks,

aa8gr9o6h7.net, and aa8grdo6h3s.net both gave 35.71% accuracy prediction.

Whereas aa8gr766h100.net gave the lowest accuracy of 28.57%.

Table 4.24 The trained network file, testing result file and percent accuracy of percent

helix structure prediction (6 groups) using 8 groups of amino acid side chain

properties.

Hidden | No.of | No.of | Training network |- Testingresult file | % accuracy
units units | links file of prediction

7 491 3388 | aa8gr%6h7.net teaa8gr%6h7.res 35.71

35 5319 | 16940 | aa8gr%6h35.net teaa8grf6h35.res 35.71

70 554 | 33880 | aa8gr%6h70.net teaa8grf6h70.res 46.43

100 584 | 48400 | aa8gr%o6h100.net | teaa8gr7p6h100.res 28.57

120 604 | 58080 | aa8gr%6h120.net | teaa8gr%6h120.res 46.43
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Figure 4.51 Percent accuracy prediction of percent helix structure (6 groups) using 8
groups of amino acid side chain properties as input vector with various numbers of
hidden units (7, 35, 70, 100, 120).

4.6.4 Prediction of percent helix structure (6 groups) using hydrophobicity

(3 groups)

The learn-pattern file, . thydro%6h.pat, and a - test-pattern file,
tehydro%6h.pat, with hydrophobicity coded amino acid sequences were used in
training network and the testing respectively. The example of what the training or
testing pattern may look like is shown in Figure 4.52. The trained networks files and
testing result files are shown in Table 4.25 and the example of the testing result
patterns is shown in Figure 4.53. Table 4.25 and Figure 4.54, the prediction with
highest accuracy (57.14%) was the result from hydro%6h70.net, whereas
hydro%6h7.net, hydro%6h35.net and hydro%6h100.net gave 53.57% accuracy. File,
hydro%6h120.net gave the lowest accuracy of 50.00%.
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Table 4.25 The trained network file, testing result file and percent accuracy of percent

helix structure prediction (6 groups) using hydrophobicity.

Hidden | No.of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 491 3388 | hydro%6h7.net tehydro%6h7.res 53.57
35 519 | 16940 hydro%6h35.net tehydro%6h35.res 53.57
70 554 | 33880 | hydro%6h70.net | tehydro%6h70.res 57.14

100 584 | 48400 | hydro%6h100.net | tehydro%6h10Q.res 53.57
120 604 | 58080 | hydro%6h120.net | tehydro%6h120.res 50.00

100

80 -

60 ~

% ACCURACY

40 ~
20 -
0 1 1 ! T I T
0 20 40 60 80 100 120 140

HIDDEN UNIT(S)

®—9  hydrophobicity (3 groups)

Figure 4.54 Percent accuracy prediction of percent helix structure (6 groups) using

hydrophobicity (3 groups) as input vector with various numbers of hidden units (7, 35,
70, 100, 120).
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4.6.5 Comparison of the percent helical structure (6 groups) in amino acid
sequence prediction using 2 and 7 groups of hydropathy, 8 groups of
amino acid side chain properties and 3 groups of hydrophobicity
Figure 4.55 shows that most of percent accuracy of 6 groups of percent

helix structure were in the range between 35-60%. The highest percent accuracy was
70.71% ( hy2gr%6h35.net). This network with 35 hidden units was traine;i from the
hydropathy (2 groups). Apparently, this property also gave overall percent accuracy
higher than those resulting from the others properties. The lowest percent accuracy
was 28.57% (aa8gr%6h100.net). This network with 100 hidden units was trained from
the amino acid side chain properties (8 groups). The eight pfbperties also gave ovefall

percent accuracy lower than those resulting from the others properties.
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Figure 4.55 The comparison of percent accuracy prediction of percent helix structure

(6 groups) using various types of input properties.
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4.7 Percent sheet structure (6 groups) prediction in amino acid

sequence of proteins.

Training set.

Seventy patterns of amino acid sequences were saved as a learn pattem file for
used in training (Table 4.26). The networks were trained for the prediction of six
groups of percent sheet structure using amino acid properties in section 4.7.1, 4.7.2,

4,73 and 4.7.4

Testing set.

Twenty-eight patterns of amino acid sequences were saved as a test battem file
for used in testing (Table 4.26). The networks were tested for the prediction of six
groups of percent sheet structure using amino acid properties in the section 4.7.1,
4.7.2,4.7.3 and 4.7.4.

Input and output patterns for training and testing.
The input pattern was composed of 481 input units of amino acid sequences with

properties coded amino acid residue as previously described (section 3.2.2).

The output pattern had 3 unit of percent sheet structure. The percent sheet
structure in amino acid sequence was divided into 6 groups. There were five possible
outputs repreéenting the following ranges of percent values between 1-20%, 21-40%,
41-60%, 61-70%, 71-80%, 81-100% and the sixth group represent the percent value as

0%. The training set, testing set and the possible outputs were shown in Table 4.26.

A learn-pattern file with 70 patterns was used in training the networks with 7,
35, 70, 100 and 120 hidden units. The maximum value for learn cycles was set to
100000 and the maximum error to stop was set to 0.01. A test-pattem file with 28

patterns was used for testing the trained networks.
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These training and testing set (Table 4.26) were the standard sets for prediction

of percent sheet structure (6 groups) using various types of properties in the next

section (section. 4.7.1, 4.7.2, 4.7.3 and 4.7.4).

Table 4.26 The training set, testing set and possible outputs of percent sheet structure

(6 groups) prediction.

% of sheet

Training set Testing set Output

(Input No.)* (Input No.)* patterns structure
7, 13, 18, 23, 25, 28, | 78, 84, 86, 87, 88, 94 000 0
40, 48, 53, 59, 61, 70,
73,77, 83
1, 8,9, 12, 14, 19, 24, 65, 72, 74, 79, 90, 91, 001 1-20
27, 29, 33, 37, 39, 49, | 95,98
50, 51, 57, 60
3, 6, 15, 20, 21, 26, 30, | 68, 71, 75, 76, 80, 82, 010 21-40
31, 35, 36, 41, 42, 44, | 85, 89, 92, 93
46, 52, 55, 56, 63, 66,
67
2,5, 16,17, 22, 32, 38, | 64, 81,97 011 41-60
43, 45,47, 58
4, 10, 11, 34, 54, 69 96 100 61-80
62 - 101 81-100

* Names of input no. were listed in Table 3.1
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4.7.1 Prediction of percent sheet structure (6 groups) using hydropathy

(2 groups)

The learn-pattern file, thy2gr%6s.pat, aﬁd the testing-pattern file,
tehy2gr%6s.pat, which the amino acid sequence coded by hydropathy (2 groups) were
used for training and testing respectively. Figure 4.43 shows the example of input and
output patterns in these files. The trained network and testing result files are shown in
Table 4.27 and the example of result pattemns is shown in Figure 4.44. From Table
4.27 and Figure 4.56, the network with highest predictions accuracy (50.00%) was
hy2gr%6s35.net which had 35 hidden units. While file Ay2gr%6s70.net, with 70
hidden units gave only 46.43% accuracy. The networks with 100 and 120 hidden uﬁits
were all 42.85%. The lowest percent accuracy (39.28%) resulted from the network

with 7 hidden units.

Table 4.27 The trained network file, testing result files and percent accuracy of

percent sheet structure (6 groups) prediction using hydropathy (2 groups).

Hidden | No.of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 491 3388 | hy2gr%6s7.net tehy2gr%6s7.res 39.28
35 519 | 16940 | hy2gr%6s35.net tehy2gr%6s35.res 50.00
70 554 | 33880 | hy2gr%6s70.net tehy2gr%6s70.res 46.43

100 584 | 48400 | hy2gros6s100.net | tehy2grd6s100.res 42.85
120 604 | 58080 | hy2gr%6s120.net | tehy2gr%6s120.res 42.85
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Figure 4.56 Percent accuracy prediction of percent sheet structure (6 groups) using 2
groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).

4.7.2 Prediction of percent sheet structure (6 groups) using hydropathy

(7 groups)

The 'learn-pattern  file, thy7gr%6s.pat, and the testing-pattern file,
tehy7gr%6s.pat, with hydropathy (7 groups) coded the amino acid sequences were
used for training and testing respectively. Figure 4.46 shows the example of input and
output patterns. The trained network and testing result files are shown in Table 4.28
and the example of result patterns is shown in Figure 4.47. From Table 4.28 and
Figure 4.57, the network with highest predictions accuracy (50.00%) was
hy7gr966s70.net which had 70 hidden units. While, the networks with 7, 35 and 100
hidden unit were all 46.43%. The lowest percent accuracy (42.85%) was the result
from the network with 120 hidden units (hy7gr%6s120.net).
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Table 4.28 The trained network file, testing result file and percent accuracy of percent

sheet structure (6 groups) prediction using hydropathy (7 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy
units units | links file of prediction
7 491 3388 | hy7gr%6s7.net tehy7gr%6s7.res 46.43
35 519 | 16940 | hy7gr%6s35.net tehy7grdo6s35.res 46.43
70 554 | 33880 | hy7gr%6s70.net tehy7gr%6s70.res 50.00
100 584 | 48400 | hy7gr%6s100.net | tehy7gr%6s100.res 46.43
120 604 | 58080 | hy7gr%6s120.net | tehy7gr#%6s120.res 42.85
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Figure 4.57 Percent accuracy prediction of percent sheet structure (6 groups) using 7
groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).
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4.7.3 Prediction of percent sheet structure (6 groups) using amino acid side

chain properties (8 groups)

The leamn-pattern file, taa8gr%6s.pat, and the testing-pattern file,

teaa8gr%os.pat, with amino acid side chain properties (8 groups) coded the amino

acid sequences were used for training and testing respectively. Figure 4.49 shows the

example of input and output patterns. The trained network files and testing result files

are shown in Table 4.29 and the example of result patterns is shown in Figure 4.50.

From Table 4.29 and Figure 4.58, the network with highest predictions accuracy
(39.29%) is aa8gr766s120.net (120 hidden units). Others networks with 7, 35 and 70

hidden units were all 35.71% accuracy. The lowest percent accuracy (28.57%) was ihe

result from the network with 100 hidden units.

Table 4.29 The trained network file, testing result file and percent accuracy of percent

sheet structure (6 groups) prediction using amino acid side chains (8 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 491 3388 | aa8grov6s7.net teaa8grdp6s7.res 35.71
35 519 | 16940 | aa8gr%6s35.net | teaa8grdn6s35.res 35.71
70 554 | 33880 | aa8gr%6s70.net | teaa8gr#%6s70.res 35.71
100 584 | 48400 | aaBgr7%6s100.net | teaa8grZ6s100.res 28.57
120 604 | 58080 | aaBgr76s120.net | teaa8gr#o6s120.res 39.28
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Figure 4,58 Percent accuracy prediction of percent sheet structure (6 groups) using 8
groups of amino acid side chain properties as input vector with various numbers of

hidden units (7, 35, 70, 100, 120).

4.7.4 Prediction of percent sheet structure (6 groups) using hydrophobicity

(3 groups)

The learn-pattern file, thydrogr%6s.pat, and the testing-pattern file,
tehydrogr6s.pat, with hydrophobicity (3 groups) coded the amino acid sequences
were used for training and testing respectively. Figure 4.52 shows the example of
input énd output patterns. The trained network and testing result files are shown in
Table 4.30 and the example of result patterns is shown in Figure 4.53. From Table
4.30 and Figure 4.59, predictions with highest accuracy (35.71%) were the resuits of
hydrogr%6s35.net and hydro%6s70.net which had 35 and 70 hidden units
respectively, Whereas the networks with 100 and 120 hidden unit were all 32.14%.

The lowest percent accuracy (28.57%) was the result from the network with 7 hidden

units,
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Figure 4.59 Percent accuracy prediction of percent sheet structure (6 groups) using

hydrophobicity (3 groups) as input vector with various numbers of hidden units (7, 35,
70, 100, 120).

Table 4.30 The trained network file, testing result file and percent accuracy of percent

sheet structure (6 groups) prediction using hydrophobicity (3 groups).

Hidden | No. of | No. of | Training network Testing result file % accuracy
units | units | links file of prediction
7 491 | 3388 | hydrogr%6s7.net tehydrogr%6s7.res 28.57
35 519 | 16940 | hydrogrZ%6s35.net | tehydrogrZ6s35.res 35.71
70 554 | 33880 | hydrogr6s70.net | tehydrogrZ6s70.res 35.71
100 584 | 48400 | hydrogr%6s100.net | tehydrogr7s6s100.res 32.14
120 604 | 58080 | hydrogr%6s120.net | tehydrogr#%6s120.res 32.14




142

4.7.5 The comparison of percent of sheet structure (6 groups) predictions
using 2 and 7 groups of hydropathy, 8 groups of amino acid side chain
properties and 3 groups of hydrophobicity
Figure 4.60 shows that the range of percent accurate for percent sheet

structure prediction are between 28 -50%. The highest percent accuracy was 50.00%
which result from hy2gr%6s35.net and hy7gr%06s70.net. These networks with 35 and
70 hidden units were trained from the hydropathy (2 groups) and hydropathy (7
groups) respectively. The lowest percent accuracy was 28.57% which resulted from
aa8gr9%6s100.net and hydro%6s7.net. These networks with 100 and 7 hidden units

were trained from the amino acid side chains properties (8 groups) and hydrophobncnty
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Figure 4.60 The comparison of percent accuracy prediction of percent sheet structure

(6 groups) using various types of input properties.



4.8 Percent turn structure (6 groups) prediction in amino acid

sequence of proteins

Training set.

Seventy patterns of amino acid sequences were saved as a learn pattern file for
used in training (Table 4.31). The networks were trained for the prediction of six
groups of percent turn structure using amino acid properties in the section 4.8.1, 4.8.2,
4.8.3 and 4.8.4

Testing set.

Twenty-eight patterns of amino acid sequences were saved as a test pattern file
for used in testing (Table 4.31). The network were tested for the prediction of six
éroup of percent turn structure using amino acid properties in the section 4.8.1, 4.8.2,

4.8.3 and 4.8.4.

Input and output patterns for training and testing.
The input pattern was composed of 481 input units of amino acid which were

coded with properties of amino acid residue as previously described (section 3.2.2).

The output pattern had 3 unit of percent turn structure. The percent turn
structure in amino acid sequence was divided into 6 groups. ‘There were five possible
outputs represented the percent value between 1-20%, 21-40%, 41-60%, 61-70%, 71-
80%, 81-100% and the sixth group represent the percent value as 0%. The training set,

testing set and the possible outputs were shown in Table 4.26.

A learn-pattern file with 70 patterns was used in training the networks with
various hidden units, 7, 35, 70, 100 and 120. The maximum value for learn cycles was
set to 100000 and the maximum error to stop was set to 0.01. A test-patterri file with

28 patterns was used for testing the trained networks.
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These training and testing set (Table 4.31) were the standard sets for prediction
of percent turn structure (6 groups) using various types of properties in the next section

(section. 4.8.1, 4.8.2, 4.8.3 and 4.8.4).

Table 4.31 The training set, testing set and possible outputs of percent turn structure

(6 groups) prediction.

Training set Testing set Output % of turn
(Input No.)* (Input No.)* patterns structure
1,4,5,7,8,09, 13,15, | 59, 67, 69, 73,75, 76,| 000 0

18, 25, 26, 27, 33, 34, | 77, 78, 83, 87, 88, 89,
37, 38, 39, 41, 43, 45, | 91, 93
46, 48, 50, 52, 55, 57

3, 10, 11, 24, 30, 35, | 82, 84, 86, 94, 95, 97 001 1-20
40, 42, 47, 49, 51, 54,
56, 60, 71, 74, 81

2,6, 12, 14, 17, 19, 20, | 66, 70, 72, 80, 92, 96, 010 21-40
21, 28, 29, 31, 32, 36, | 98
44, 53, 58, 61, 63, 64

16, 22, 23, 62, 65, 79, | 90 011 41-60

85
68 - 100 61-80
- - 101 81-100

* Names of input no. were listed in Table 3.1
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4.8.1 Prediction of percent turn structure (6 groups) using hydropathy
(2 groups) |
The leam-pattern file, thy2gr%6t.pat, and the testing-pattern file,
tehy2gr%6t.pat, with hydropathy (2 groups) coded the amino acid sequencés were
used for training and testing respectively. Figure 4.43 shows the example of input and
output patterns. The trained network and testing result files are shown in Table 4.32
and the example of result pattemns is shown in Figure 4.44. From Table 4.32 and
Figure 4.61, the network with highest predictions accuracy (32.14%) was
hy2gr%6t35.net which had 35 hidden units. Whereas the Ay2gr%6t7.net with 7 hidden
units gave 28.57% accuracy. Others networks with 70, 100 and 120 hidden units wére
all 25.00% accuracy.
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Figure 4.61 Percent accuracy prediction of percent turn structure (6 groups) using 2

groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).
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Table 4.32 The trained network file, testing result file and percent accuracy of percent

turn structure (6 groups) prediction using hydropathy ( 2 groups).

Hidden | No.of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 491 3388 | hy2gr%6t7.net tehy2gr6t7.res 28.57
35 519 | 16940 | hy2gr%6t35.net | tehy2gro6t35.res 32.14
70 554 | 33880 | hy2gr%6t70.net | tehy2gro6t70.res 25.00
100 584 | 48400 | hy2gr%6t100.net | tehy2grop6t100.res 25.00
120 604 ' 58080 | hy2gr%6t120.net | tehy2gr%6t120.res 25.00

4.8.2 Prediction of percent turn structure (6 groups) using hydropathy

(7 groups)

The leamn-pattern file, thy7gr%6t.pat, and testing-pattem' file,
tehy7gr%o6t.pat, with hydropathy (7 groups) coded the amino acid sequences were
used for training and testing respectively. Figure 4.46 shows the example of .input and
output patterns. The trained network and testing result files are shown in Table 4.33
and the example of result patterns is shown in Figure 4.47. From Table 4.33 and
Figure - 4.62, predictions - with -highest accuracy (35.71%) were the results of
hy7gr6t?.net hy7gr9%6t35.net and hy7gr9%6t70.net which had 7, 35 and 70 hidden
units respectively. Whereas, others networks with 100 and 120 hidden units were all
28.57%.
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Figure 4.62 Percent accuracy prediction of percent turn structure (6 groups) using 7

groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,

100, 120).

Table 4.33 The trained network file, testing result file and percent accuracy of percent

turn structure (6 groups) prediction using hydropathy (7 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 491 3388 | hy7gr%6t7.net tehy7gr%6t7.res 35.71
35 519 | 16940 | hy7gr%6t35.net | tehy7gr%6t35.res 35.71
70 554 | 33880 | hy7gr%6t70.net | tehy7gro6t70.res 35.71
100 584 | 48400 hy7gr%6t100.net tehy 7gr966t100.res 28.57
120 604 | 58080 | hy7gr%6t120.net | tehy7gc%6t120.res 28.57
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4.8.3 Prediction of percent turn structure (6 groups) using amino acid side
chain properties (8 groups)

The leam-pattern file, taa8gr%6tpat, and the testing-pattern file,
teaaBgr%tSt.pat, with amino acid side chain properties (8 groups) coded the amino acid
sequences were used for training and testing respectively. Figure 4.49 shows the
example of input and output patterns. The trained network and testing result files are
shown in Table 4.34 and the example of result patterns is shown in Figure 4.50.
From Table 4.34 and Figure 4.63, predictions with highest accuracy (46.43%) were the
results of aa8gr%6t35.net and aalgr9%6t100.net which had 35 and 100 hidden units
respectively. Whereas, the networks with 70 and 120 hidden units were vall
39.29% accuracy. The lowest percent accuracy (32.14%) was the result from the

network with 7 hidden units.
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Figure 4.63 Percent accuracy prediction of percent turn structure (6 groups) using 8
groups of amino acid side chain properties as input vector with various numbers of
hidden units (7, 35, 70, 100, 120).
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Table 4.34 The trained network file, testing result file and percent accuracy prediction

of percent turn structure (6 groups) using amino acid side chains properties (8 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 491 3388 | aa8gr%6t7.net teaa8groo6t7.res 32.14
35 519 | 16940 | aa8gr%6t35.net | teaaBgro6135.res 46.43
70 554 | 33880 | aa8gr%6t70.net | teaa8grdo6t70.res 39.29
100 584 | 48400 | aaBgr%6t100.net | teaa8gr76t100.res 46.43
120 604 | 58080 | 2a8gr%6t120.net | teaa8gr#o6t120.res 39.29

4.8.4 Prediction of percent turn structure (6 groups) using hydrophobicity

(3 groups)

The learn-pattern file, rhydrogr%6t.pat, and the testing-pattern file,

tehydrogr%6t.pat, with hydrophobicity (3 groups) coded the amino acid sequence

were used for training and testing respectively. Figure 4.52 shows the example of

input and output patterns in these files. The trained network and testing resuit files are

shown in Table 4.35 and. the example of result patterns is shown in Figure 4.53. From

Table 4.35 and Figure 4.64, predictions with highest accuracy (42.86%) were the

results of hydrogr9%6t7.net and hydro%6t35.net which had 7 and 35 hidden units

respectively. The networks with 70 and 120 hidden units were all 35.71% accurate.

Whereas the network with 100 hidden units was 39.71% accurate.
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Table 4.35 The trained network file, testing result file and percent accuracy of percent

turn structure (6 groups) prediction using hydrophobicity (3 groups).

Hidden | No. of | No. of | Training network Testing result file % accuracy

units | units | links file of prediction
7 491 | 3388 | hydrogr7%6t7.net tehydrogre6t7.res 42.86
35 519 | 16940 | hydrogr%6t35.net | tehydrogr%6t35.res 42.86
70 554 | 33880 | hydrogr%6t70.net | tehydrogr%6t70.res 35.71

100 584 | 48400 | hydrogr%6t100.net | tehydrogr6t100.res 39.29
120 604 | 58080 | hydrogr%6t120.net | tehydrogr%6t120.res 35.71
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Figure 4.64 Percent accuracy prediction of percent tumn structure (6 groups) using 3
groups of hydrophobicity as input vector with various numbers of hidden units (7, 35,
70, 100, 120)
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4.8.5 The comparison of percent of turn structure (6 groups) predictions
using 2 and 7 groups of hydropathy, 8 groups of amino acid side chain
properties and 3 groups of hydrophobicity
Figure 4.65> shows that the range of percent accurate for percent tum

structure prediction were between 25-50%. The highest percent accuracy was 46.43%
which resulted from aa8gr#%6t35.net and aa8grgr9%6t100.net. These networks with
35 and 70 hidden units were trained from the amino acid side chain properties. The
lowest percent accuracy was 25% which result from hy2gr%6t70.net,
hy2gr%6:100.net and hy2gr6t120.net. These networks, with 70, 100 and 120 hidden

units, were trained from hydrophobicity.
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Figure 4.65 The comparison of percent accuracy prediction of percent turn structure

(6 groups) using various types of input properties.
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4.9 Percent helix, sheet and turn structures (6 groups) predictions

4.9.1 Percent helix, sheet and turn structures (6 groups) predictions using
hydropathy (2 groups)

From Figure 4.66, the hydropathy (2 groups) gave the overall percent
accuracy for the prediction of percent helix structure higher than the others
structures.The range of percent accuracy for percent helix prediction was between 50-
70%. While, the range of percent accuracy for the prediction of sheet structure was
between 40-50%. The range of percent accuracy for turn structure prediction was

between 25-35%.

100

80 -
S
8
E 60 —
0
O
<
® 40 - ./.\.-\.—.

20 -

0 | | I ] | |
0 20 40 60 80 100 120 140
HIDDEN UNIT(S)
&—& helix . . turn B——8 sheet

Figure 4.66 The percent accuracy predictions of the percent of helix, sheet, turn

(6 groups) in separate networks using hydropathy (2 groups).
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4.9.2 Percent helix, sheet and turn structures (6 groups) predictions using
hydropathy (7 groups)

From Figure 4.67, the hydropathy (7 groups) gave the percent accuracy

for helix and sheet structures in the same range, 40-50%. While the range of percent

accuracy for turn structure prediction was between 25-35% when using this property.
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Figure 4.67 The percent accuracy predictions of the percent of helix, sheet, turn

(6 groups) in separate networks using hydropathy (7 groups).
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4.9.3 Percent helix, sheet and turn structures predictions using amino acid
side chain properties
From Figure 4.68, the range of percent accuracy for prediction of helix,
sheet and turn structures was the same when using this amino acid side chain

properties as input vector. The range was between 25-50%
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Figure 4.68 The percent accuracy predictions of the percent of helix, sheet, turn (6

groups) in separate networks using amino acid side chain properties (8 groups).



165

4.9.4 Percent helix, sheet and turn structure prediction using
hydrophobicity |

From Figure 4.69, the hydrphobicity gave highest percent accuracy for

percent helix structure prediction. The range of percent accuracy of this helix

prediction was between 50-55%. While the range of percent accuracy fot percent sheet

and turn structures predictions was between 25-45%.
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Figure 4.69 The percent accuracy predictions of the percent of helix, sheet, turn

(6 groups) in separate networks using hydrophobicity.
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4.10 Percent helix structure (3 groups) prediction in amino acid

sequence of proteins

Training set.

Seventy patterns of amino acid sequences were saved as a learn pattern file for
used in training (Table 4.36). The network were trained for the prediction of three
groups of percent helix structure using amino acid properties in the section 4.10.1,

4,10.2,4.10.3 and 4.10.4

Testing set.

Twenty-eight patterns of amino acid sequences were saved as a test pattern file
for used in testing (Table 4.36). The network were tested for the prediction of three
groups of percent helix structure using amino acid properties in the section 4.10.1,

4.10.2, 4.10.3 and 4.10.4.

Input and output patterns for training and testing.
The input pattern was composed of 481 input units of amino acid which were

coded with properties of amino acid residue as previously described (section 3.2.2).

The output pattern had 3 units of percent helix structure. The percent helix
structure in amino acid sequence was divided into 3 groups. There were 2 possible
outputs representing the following ranges of percent values 1-50%, 51-100%, and the
third group represented 0%. The training set, testing set and the possible outputs are
shown in Table 4.36.

A leamn-pattern file with 70 patterns was used in training the networks with
7, 35, 70, 100 and 120 hidden units. The maximum value for learn cycles was set to
100000 and the maximum error to-stop was set to 0.01. A test-pattern file with 28

patterns was used for testing the trained networks.
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These training and testing sets (Table 4.36) were the standard sets for prediction

of percent helix structure (3 groups) using various types of properties in the next

section (section. 4.10.1, 4.10.2, 4.10.3 and 4.10.4).

Table 4.36 The training set, testing set and possible outputs of percent helix structure

(3 groups) prediction.

Training set Testing set Output " % of helix
(Input No.)* (Input No.)* patterns structure
4,6,11,43,64 68 00 0
1, 3, 5, 89, 12, 15, 16, 72, 74, 75, 76, 79, 80, 01 1-50
17, 19, 20, 21, 22, 24, | 81, 82, 84, 85, 87, 88,
26, 27, 29, 30, 31, 32, | 89, 90, 91, 92, 93, 95,
33, 34, 35, 36, 37, 38, | 96,97,98
39, 41, 44, 45, 46, 47,
50, 51, 52, 54, 55, 56,
57, 58, 62, 63, 65, 66,
67, 69, 70, 71
2,7, 10, 13, 14,18, 23, | 73,77, 78, 83, 86, 94 10 51-100

25, 28, 40, 42, 48, 49,
53, 59,60, 61

Names of input no. were listed in Table 3.1
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4.10.1 Prediction of percent helix structure (3 groups) using hydropathy

(2 groups)

The" learn-pattern file, thy2gr%3h.pat, and testing-pattern  file,
tehy2gr%3h.pat, with hydropathy (2 groups) coded amino acid sequences were used
for training and testing respectively. Figure 4.70 shows the example of input and
output patterns. The trained network and testing result files are shown in Table 4.37
and the example of result patterns is shown in Figure 4.71. Table 4.37 and Figure

4.72, the predictions from all network in this group are all 71.43% accuracy.
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HIDDEN UNIT(S)
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Figure 4.72 Percent accuracy prediction of percent helix structure (3 groups) using 2

groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).
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Table 4.37 The trained network file, testing result file and percent accuracy of the

percent helix structure (3 groups) prediction using hydropathy ( 2 groups).

Hidden | No. of | No. of | Training network | Testing result file % accuracy
units units | links file . of prediction
7 490 | 3381 | hy2gr%3h7.net tehy2gr%3h7.res 71.43
35 518 | 16950 | hy2gr%3h35.net | tehy2gr%3h35.res 71.43
70 553 | 33810 | hy2gr%3h70.net | tehy2gr73h70.res 71.43
100 583 | 48300 | hy2gr%3h100.net | tehy2gr%3h100.res 71.43
120 603 | 57960 | hy2gr%3h120.net | tehy2gr%3h120.res 71.43

4.10.2 Prediction of percent helix structure (3 groups) using hydropathy

(7 groups)

The learn-pattem file, thy7gr%3h.pat, and test-pattemn file, tehy7gr9o3h.pat, with

hydropathy (7 groups) coded the amino acid sequences were used in training and

testing with various hidden units. Figure 4.73 shows the example of input and output

patterns. The trained network and testing result file are shown in Table 4.38 and the

example of result patterns is in Figure 4.74. From Table 4.38 and Figure 4.75 show

that Ay7gr%3h100.net, which had 100 hidden units, gave highest percent accuracy of
71.43%. While files, hy7gr3h7.net, hy7gr7%3h35.net and hy7gr%3h70.net were all
67.8% accurate. The lowest percent accuracy (64.29%) resulted from the network

with 120 hidden units.
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SNNS pattern definition file V1.4
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Table 4.38 The trained network file, testing result file and percent accuracy of percent

helix structure prediction (3 groups) using hydropathy (7 groups)

Hidden | No. of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 | 3381 | hy7gr%3h7.net tehy7gr%3h7.res 67.80
35 518 | 16905 | hy7gr#%3h35.net | tehy7gr%3h35.res 67.80
70 553 | 33810 | hy7gr%3h70.net | tehy7gr%3h70.res 67.80

100 583 | 48300 | hy7gr%3h100.net | tehy7gro%3n100.ces |  71.43
120 603 | 57960 | hy7gr%3h120.net | tehy7gro%3h120.res | 64.29
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HIDDEN UNIT(S)

®——@  hydropathy (7 groups)

Figure 4.75 Percent accuracy prediction of percent helix structure (3 groups) using
7 groups of hydropathy as input vector with various numbers of hidden units (7, 35,
70, 100, 120).
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4.10.3 Prediction of percent helix structure (3 groups) using amino acid side
chain properties (8 groups)

The learn-pattern file, taa8gr%3h.pat, and a test-pattern (file,
teaaBgrob3h.pat, with 8 groups of amino acid side chain properties coded amino acid
side chains were used in training network and the testing respectively. The example of
what training or testing patterns may look like is shown in Figure 4.76. The trained
networks and testing result files are shown in Table 4.39 and the example of the testing
result pattern is shown in Figure 4.77. Figure 478 and Table 4.39 show that
aa8gr963h70.net and aa8gr9s3h100.net gave the highest percent accuracy of 85.70%.
The prediction accuracy from others networks were lower. The trained networks,
aa8gr93h35.net and aa8gr#3h120.net both gave 78.57% accuracy. Whereas
aa8gr%3h7.net gave the lowest accuracy of 75.00%.

Table 4.39 The trained network file, testing result file and percent accuracy of percent
helix structure prediction (3 groups) using 8 groups of amino acid side chain

properties.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 | 3381 | aa8gr%3h7.net teaa8gr%3h7.res 75.00
35 518 | 16905 | aa8gr%3h35.net teaa8gr3h35.res 78.57
70 553 | 33810 | aa8gr%3h70.net teaa8gr%3h70.res 85.70

100 583 | 48300 | aa8gr%3h100.net | teaaBgr%3h100.res 85.70
120 603 | 57960 | aa8gr%3h120.net | teaa8gr%3h120.res 78.57
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SNNS pattern definition file V1.4
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Figure 4.78 Percent accuracy prediction of percent helix structure (3 groups) using
8 groups of amino acid side chain properties as input vector with various numbers of

hidden units (7, 35, 70, 100, 120).

4.10.4 Prediction of percent helix structure (3 groups) using hydrophobicity

(3 groups)

The learn-pattern = file, thydro%3h.pat, and a test-pattern file,
tehydro%3h.pat, with hydrophobicity coded amino acid sequences were used in
training network and the testing respectively. The example of what the training or
testing pattern may look like is shown in Figure 4.79. The trained networks and
testing result files are shown in Table 4.40 and the example of the testing result
patterns is shown in Figure 4.80. Table 4.40 and Figure 4.81, the predictions with
highest accuracy (71.43%) are the results from hydro%3h70.net and hydro%3h100.net
which had 70 and 100 hidden units, respectively. The trained networks,
hydro%3h7net and hydro%3h35.net both gave 64.29% accurate, Whereas,
hydro%3h120.net gave 67.86%.
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Figure 4.81 Percent accuracy prediction of percent helix structure (3 groups) using
hydrophobicity as input vector with various numbers of hidden units (7, 35, 70, 100,
120).

Table 4.40 The trained network file, testing result file and percent accuracy of percent

helix structure prediction (3 groups) using hydrophobicity.

Hidden | No.of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 | 3381 | hydro%3h7.net tehydro%3h7.res 64.29
35 518 | 16905 | hydro%3h35.net | tehydro%3h35.res 64.29
70 553 | 33810 | hydro%3h70.net | tehydro%3h70.res 71.43

100 583 | 48300 | hydro%3h100.net | tehydro%3h100.res 71.43
120 603 | 57960 | hydro%3h120.net | tehydro%3h120.res 67.86
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4.10.5 Comparison of the percent helical structure (3 groups) in amino acid
sequence prediction using 2 and 7 groups of hydropathy, 8 groups of
amino acid side chain properties and 3 groups of hydrophobicity
Figure 4.82 shows that most of percent accuracy prediction of 5 groups

of percent sheet structure were in the range between 67-85%. The highest percent
accuracy was 78.7% (aa8gr%3h70.net and aa8gr%3hi00.net). This network with 70
and 100 hidden units were trained from the amino acid side chain properties 8
groups). Apparently this property also gave overall percent accuracy higher than those
resulting from the others properties. The lowest percent accuracy was 64.29%
" (hy7gr9%3h120.net, hydro%3h7.net and hydro%3h35.net). -
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Figure 4.82 The comparison of percent accuracy prediction of percent turn structure

(3 groups) using various types of input properties.
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4.11 Percent sheet structure (3 groups) prediction in amino acid

sequence of proteins.

Training set.

Seventy patterns of amino acid sequences were saved as a learn pattern file for
used in training (Table 4.41). The network were trained for the prediction of three
groups of percent sheet structure using amino acid properties in the section 4.11.1,
4.11.2,411.3 and 4.11.4

Testing set.

Twenty-eight patterns of amino acid sequences were saved as a test pattern file
for used in testing (Table 4.41). The network were tested for the prediction of three
group of percent sheet structure using amino acid properties in the section 4.11.1,
4.11.2,4.11.3 and 4.11.4.

Input and output patterns for training and testing.
The input pattern was composed of 481 input units of amino acid which were

coded with properties of amino acid residue as previously described (section 3.2.2).

The output pattern had 3 units of percent sheet structure. The percent sheet
structure in amino acid sequence was divided into 3 groups. There were 2 possible
outputs representing the following ranges of percent values 1-50%, 51-100%, and the
seventh group represented 0%. The training set, testing set and the possible outputs

are shown in Table 4.41.

A leam-pattem-file with 70 patterns was used in training the networks with 7,
35, 70, 100 and 120 hidden units. The maximum value for learn cycles was set to
100000 and the maximum error to stop was set to 0.01. A test-pattern file with 28

patterns was used for testing the trained networks.
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These training and testing sets (Table 4.41) were the standard sets for prediction

of percent sheet structure (3 groups) using various types of properties in the next

section (section. 4.11.1, 4.11.2, 4.11.3 and 4.11.4).

Table 4.41 The training set, testing set and possible outputs of percent sheet structure

(3 groups) prediction.

Output

Training set Testing set % of sheet
(Input No.)* (Input No.)* patterns structure
7, 13, 18, 23, 25, 28, | 73,77, 84,87,94 00 0
40, 48, 53, 59, 61, 70,
78, 83, 86, 88
1,2,3,4,56,8,9, 12, | 64, 65, 66, 67, 68, 71, 01 1-50
14, 15, 16, 17, 19, 20, | 72, 74, 75, 76, 79, 80,
21, 22, 24, 26, 27, 29, | 81, 82, 85, 89, 90, 91,
30, 31, 32, 33, 35, 36, | 92, 93, 95, 98
37, 39, 41, 42, 43, 44,
45, 46, 49, 50, 51, 52,
54, 55, 56, 57, 58, 60,
63 '
10, 11, 34, 38, 47, 62, | 97 10 51-100

69, 96

Names of input no. were listed in Table 3.1




175

4.11.1 Prediction of percent sheet structure (3 groups) using hydropathy

(2 groups)

The learn-pattern file, thy2gr%3s.pat, and testing-pattern  file,
tehy2gr%3s.pat, with hydropathy (3 groups) coded amino acid sequences were used
for training and testing respectively. Figure 4.70 shows the example of input and
output patterns in these files. The trained network and testing result files are shown in
Table 4.42 and the example of result patterns is shown in Figure 4.71. The most
accurate predictioris were the results from hy2gr#3s7.net and hy2gr%3s35.net. These
networks with 7 and 35 hidden units, gave 75.00% accuracy, the highest in their
groups. . The prediction accuracy from others networks were lower.  Files,
hy2gr963s70.net, hy2gr%3s100 and hy2gr%3s120.net gave 71.43%, 71.43%, and
67.8% respectively. '

Table 4.42 The trained network file, testing result file and percent accuracy of the

prediction of percent sheet structure (2 groups) using hydropathy ( 2 groups).

Hidden | No. of | No. of [ Training network | Testing result file % accuracy

units units | links file of prediction
7 490 | 3381 | hy2gr%3s7.net tehy2gr%3s7.res 75.00
35 518 | 16905 | hy2gr%3s35.net tehy2gr%3s35.res - 75.00
70 553 | 33810 | hy2gr#s3s70.net | tehy2gr%3s70.res ‘ 71.43

100 583 | 48300 | hy2gr93s100.net | tehy2gr%3s100.res 71.43
120 603 | 57960 hy2§r%3s120.net tehy2gr93s120.res 67.80
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Figure 4.83 Percent accuracy prédiction of percent sheet structure (3 groups) using 2
groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).

4.11.2 Predictién of percent sheet structure (3 groups) using hydropathy

(7 groups)

The  leam-pattern file, thy7gr%3s.par, and _ test-pattern file,
tehy7gr%a3s.pat, with hydropathy (7 groups) coded the amino acid -sequences were
used in training and testing with various hidden units. Figure 4.73 shows the example
of input and output patterns. The trained network and testing result file are shown in
Table 4.43 and the example of result patterns is in Figure 4.74. Table 4.43 and Figure
4.84 show that, hy7gr%3s7.net, which had 7 hidden units gave the highest percent
accuracy of 78.57%. Files hy7gr%3s35.net, hy7gro3s70.net, hy7gr%3s100.net and
hy7gr%3s120 gave 75.00%, 64.29%, 60.71% and 60.71% accuracy respectively.
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Figure 4.84 Percent accuracy prediction of percent sheet structure (3 groups) using 7

groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,

100, 120).

Table 4.43 The trained network file, testing result file and percent accuracy of percent

sheet structure prediction (3 groups) using hydropathy (7 groups).

Hidden | No.of | No.of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 3381 | hy7gr%3s7.net tehy7gr63s7.res 78.57
35 518 | 16905 | hy7gr%3s35.net tehy7gr%3s35.res 75.00
70 553 | 33810 hy7gi%3370.net tehy7gr%3s70.res 64.24
100 583 | 48300 | hy7gr%3s100.net | tehy7gr%3s100.res 60.71
120 603 | 57960 | hy7gr%3s120.net | tehy7gr%3s120.res 60.71
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4.11.3 Prediction of percent sheet structure (3 groups) using amino acid

side chain properties (8 groups)

The learn-pattern file, taa8gr%3s.pat, and a test-paftem file,

teaa8gr%3s.pat, with 8 groups of amino acid side chain properties coded amino acid

side chains were used in training network and the testing respectively. The example of

what training or testing patterns may look like is shown in Figure 4.76. The trained

networks and testing result files are shown in Table 4.44 and the example of the testing

result pattern is shown in Figure 4,77. Figure 4.85 and Table 4.44 show -that

aa8gr%3s100.net gave the highest percent accuracy of 78.57%. The prediction

accuracy from others networks were lower. The trained networks, aa8gr%3s7.net, and

aa8gr%3s35.net and aaBgr#3s70.net all gave 75.00% accuracy. Whereas

aa8gr3s120.net gave the lowest accuracy of 64.28%.

Table 4.44 The trained network file, testing result file and percent accuracy of percent

sheet structure prediction (3 groups) using 8 groups of amino acid side chain

properties.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy
units units | links file of prediction

7 490 | 3381 | aa8gr%3s7.net teaa8grdb3s7.res 75.00

35 518 | 16905 aa8gr9%3s35.net teaa8gr%3s35.res 75.00

70 553 | 33810 | aa8gr%3s70.net teaa8gr%3s70.res 75.00

100 583 | 48300 | aa8gr%3s100.net | teaaBgr%3s100.res 78.57

120 603 | 57960 | aaBgros3s120.net | teaaBgr%3s120.res 64.28
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Figure 4.85 Percent accuracy prediction of percent sheet structure (3 groups) using
8 groups of amino acid side chain properties as input vector with various numbers of
hidden units (7, 35, 70, 100, 120).

4.11.4 Prediction of percent sheet structure (3 groups) using hydrophobicity
| (3 groups)

The learn-pattern file, thydro%3s.pat, and a test-pattern file,
tehydro%3s.pat, with hydrophobicity coded amino acid sequences were used in
training network and the testing respectiQely. The example of what the training or
testing pattern may look like is shown in Figure 4.79. The trained networks and
testing result files are shown in Table 4.45 and the example of the testing result
. patterns is shown in Figure 4.80. Table 4.45 and Figure 4.86, the prediction from
hydro%3s35.net is 67.86% murak, whereas hydro%3s7.net, hydro%3s100.net and

hydro%3s120.net gave 64.29% accuracy. File, hydro%3s70.net gave the lowest
accuracy of 60.81%.
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Table 4.45 The trained network file, testing result file and percent accuracy of

percent sheet structure prediction (3 groups) using hydrophobicity.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 | 3381 |hydro%3s7.net | tehydro%3s7.res 64.29
35 518 | 16905 | hydro%3s35.net | tehydro%3s35.res 67.86
70 553 | 33810 | hydro%3s70.net tehydro%3s70.res 60.81

100 583 | 48300 | hydro%3s100.net | tehydro%3s100.res 64.29
120 603 | 57960 | hydro%3s120.net | tehydro%3s120.res 64.29
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Figure 4.86 Percent accuracy prediction of percent sheet structure (3 groups) using
hydrophobicity as input vector with various numbers of hidden units (7, 35, 70, 100,
120). |
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4.11.5 Comparison of the percent sheet structure (3 groups) in amino acid
sequence prediction using 2 and 7 groups of hydropathy, 8 groups of
amino acid side chain properties and 3 groups of hydrophobicity
Figure 4.87 shows that most of percent accuracy prediction of 3 groups

of percent sheet structure were in the range between 60-80%. The highest percent
accuracy was 78.57% (hy7gr%3s7.net and aaSgre3sl 00.net). The lowest percent
accuracy was 60.71% (hy7gr%3s100.net and hydro%3s70.net).
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Figure 4.87 The comparison of percent aécuracy prediction of percent sheet structure

(3 groups) using various types of input properties.
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4.12 Percent turn structure (3 groups) prediction in amino acid

sequence of proteins

Training set.

Seventy patterns of amino acid sequences were saved as a leam pattern file for
used in training (Table 4.46). The network were trained for the prediction of 3 groups
of percent tum structure using amino acid properties in the section 4.12.1, 4.12.2,

4123 and 4.12.4

Testing lset.

Twenty-eight patterns of amino acid sequences were saved as a test pattern file
for used in testing (Table 4.46). The network were tested for the prediction of 3
groups of percent turn structure using amino acid properties in the section 4.12.1,
4.12.2,4.12.3 and 4.12.4.

Input and output patterns for training and testing.
The input pattern was composed of 481 input units of amino acid which were

coded with properties of amino acid residue as previously described (section 3.2.2).

The output pattern had 2 units of percent turn structure. The percent tumn
structure in amino acid sequence was divided into 3 groups. There were 2 outputs
representing the following ranges of percent values 1-50%, 51-100% and the third
group represented 0%. The trainihg set, testing set and the possible outputs are shown
in Table 4.46.

A learn-pattern file with 70 patterns was used in training the networks with 7,
35, 70, 100 and 120 hidden units. The maximum value for learn cycles was set to
100000 and the maximum error to-stop was set to 0.01. A test-pattern file with 28

patterns was used for testing the trained networks.
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These training and testing sets (Table 4.46) were the standard sets for prediction
of percent turn structure (3 groups) using various types of properties in the next section:

(section. 4.12.1, 4.12.2, 4.12.3 and 4.12.4).

Table 4.46 The training set, testing set and possible outputs of percent turn structure

(3 groups) prediction. -
Training set Testing set Output % of turn
(Input No.)* (Input No.)* patterns structure
1,4,5,7, 8,9, 13,15, | 75, 76, 77, 78, 83, 87, 00 0

18, 24, 25, 26, 33, 34, | 89, 91,93
37, 38, 39, 41, 43, 45,
46, 48, 50, 52, 55, 57,
59, 67, 69, 73

2, 3,6, 10, 11, 12, 14, | 66, 70, 71, 72, 74, 79, 01 1-50
16, 17, 19, 20, 21, 22, | 80, 81, 82, 84, 85, 86,
23, 27, 28, 29, 30, 31, | 88, 92, 94, 95, 96, 97,
32, 35, 36, 40, 42, 44, | 98

47, 49, 51, 53, 54, 56,
58, 60, 61, 63, 64, 65

62, 68 90 10 51-100

Names of input no. were listed in Table 3.1
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4.12.1 Prediction of percent turn structure (3 groups) using hydropathy

(2 groups)

The learn-pattern file, thy2gr%3tpat, and

testing-pattern  file,

tehy2gr%3t.pat, with hydropathy (2 groups) coded amino acid sequences were used

for training and testing respectively. Figure 4.70 shows the example of input and

output patterns. The trained network and testing result files are shown in Table 4.47

and the example of result patterns is shown in Figure 4.71. The best prediction was

the result from hy2gr%3t7.net, hy2gr%3t70.net and hy2gr%3t100.net. These networks

with 7, 70 and 100 hidden units, gave 64.29% accuracy, the highest in their groups.
Files, hy2gr%3t100 and hy2gr#3t120.net with 35 and 120 hidden units respectively
were both 60.71 accurate (Table 4.47 and Figure 4.88).

Table 4.47 The trained network file, testing result file and percent accuracy of the

prediction of percent turn structure (3 groups) using hydropathy (2 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy of
units units | links file prediction
7 490 3381 | hy2gr%a3t7.net tehy2gr%3t7.res - 64.29
35 518 | 16905 | hy2gr%3t35.net | tehy2gr%3t35.res 60.17
70 ''553 {33810 | hy2gro3t70.net . | tehy2gr%3t70.res 64.29
100 583 | 48300 | hy2gr%3t100.net | tehy2gr%3t100.res 64.29
120 603 | 57960 | hy2gr%3t120.net | tehy2gr#3t120.res 60.17
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Figure 4.88 Percent accuracy prediction of percent tumn structure (3 groups) using 2
groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,
100, 120).

4.12.2 Prediction of percent turn structure (3 groups) using hydropathy
(7 groups)

The learn-pattern file, thy7gr%3t.pat, and test-pattern file, tehy7gr%3t.pat, with
hydropathy (7 groups) coded the amino acid sequences were used in training and
testing with various hidden units. Figure 4.73 shows the example of input and output
patterns. The trained network and testing result file are shown in Table 4.48 and the
éxample of result patterns is in Figure 4.74. Table 4.48 and Figure 4.89 show that,
hy7gr%3t70.net and hy7gr%3t120; which had 70 and 120 hidden units gave the
highest percent accuracy of 57.14%. Files hy7gr®3t7.net, hy7gr9o3t35.net and
hy7gr%3t100.net gave 53.57% accuracy respectively. .
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Figure 4.89 Percent accuracy prediction of percent tum structure (3 groups) using 7

groups of hydropathy as input vector with various numbers of hidden units (7, 35, 70,

100, 120).

Table 4.48 The trained network file, testing result file and percent accuracy of percent

turn structure prediction (3 groups) using hydropathy (7 groups).

Hidden | No.of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 3381 | hy7gr%3t7.net tehy7gr%3t7.res 53.57
35 518 | 16905 | hy7gr%3t35.net tehy7gr%3t35.res 53.57
70 553 | 33810 | hy7gr%3t70.net tehy7gr%3t70.res 57.14
100 583 | 48300 | hy7gr%3t100.net tehy7gr%3t100.res 53.57
120 603 | 57960 | hy7gr%3t120.net | tehy7gre3t120.res 57.14
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4.12.3 Prediction of percent turn structure (3 groups) using amino acid side
chain properties (8 groups)

The learn-pattern file, taaSgr%3tpat, and a test-pattern file,
teaa8gr3t.pat, with 8 groups of amino acid side chain properties coded amino acid
side chains were used in training network and the testing respecti&ely. The exampie of
what training or testing patterns may look like is shown in Figure 4.76. The trained
networks and testing result files are shown in Table 4.49 and the example of the testing
result pattern is shown in Figure 4.77. Figure 490 and Table 4.49 show tha{t
aa8gr%3t70.net gave the highest percent accuracy of 64.29%. The predictiqn
accuracy from others networks were lower. The trained networks, aa8gr%3t35.net,
aa8gr9%3t100.net and éa8gr%3t120.net all gave 60.71% accuracy. Whereas,
aaBgr3t7.net gave the lowest accuracy of 57.14%.
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Figure 4.90 Percent accuracy prediction of percent tum structure (3 groups) ilsing
8 groups of amino acid side chain properties as input vector with various numbers of
hidden units (7, 35, 70, 100, 120).
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Table 4.49 The trained network file, testing result file and percent accuracy of percent

turn structure prediction (3 groups) using 8 groups of amino acid side chain properties.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy
units units | links file . of prediction
7 | 490 | 3381 | aa8gr%3t7.net teaa8grdo3t7.res 57.14
35 518 | 16905 | aa8gr%3t35.net teaa8gr%3t35.res 60.71
70 553 | 33810 | aa8grb3t70.net | teaaBgrb3t70.res 64.29
100 583 | 48300 | aaBgr%3t100.net | teaa8gr%3t100.res 60.71
120 603 | 57960 | aaBgr%3t120.net | teaa8gr%3t120.res | 60.71

4.12.4 Prediction of percent sheet structure (3 groups) using
hydrophobicity (3 groups) | |
The leamn-pattern file, thydro%3tpat, and a test-pattern file,
tehydro%3t.pat, with hydrophobicity coded amino acid sequences were used in
training network and the testing respectively. The example of what the training or
testing pattern may look like is shown in Figure 4.79. The trained networks and
testing result files are shown in Table 4.50 and the example of the testing result
patterns is shown in Figure 4.80. Table 4.50 and Figure 4.91, the predictions from
hydro%3t7.net and hydro%3t70.net are 60.71% accurate, whereas, hydro%2t100.net
and hydro%2t120.net give 57.14% accuracy. File, hydro%2t35.net gave the lowest
accuracy of 50.00%.
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Figure 4.91 Percent accuracy prediction of percent turn structure (3 groups) using

hydrophobicity as input vector with various numbers of hidden units (7, 35, 70, 100,

120).

Table 4.50 The trained network file, testing result file and percent accuracy of

percent turn structure prediction (3 groups) using hydrophobicity.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy
" units | units | links file of prediction
7 490 | 3381 hydro%3t7.net tehydro%3t7.res 60.71
35 518 | 16905 | hydro%3t35.net tehydro%3t35.res 150.00
70 553 | 33810 | hydro%3t70.net tehydro%?3t70.res 60.71
100 583 | 48300 | hydro%3t100.net | tehydro%3t100.res 57.14
120 603 | 57960 | hydro%3t120.net | tehydro%3t120.res 57.14
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4.12.5 Comparison of the percent helical structure (3 groups) in amino acid
sequence prediction using 2 and 7 groups of hydropathy, 8 groups of
amino acid side chain properties and 3 groups of hydrophobicity
Figure 4.92 shows that most of percent accuracy prediction of 3 groups

of percent sheet structure were in the range between 50-65%. The highest percent
accuracy was 64.29% (hy2gr%3t70.net, hy2gr%3t100.net and aa8gr%3t70.net).
These network with 70, 100 and 70 hidden units were trained from the hydropathy (2
groups) and amino acid side chain properties. This properties also gave over all
percent accuracy higher than the others properties. The lowest percent accuracy was
53.57% (hy7gr%3t7.net, hy7gr3t35.net and hy7gr%3t100.net). These networi<s
were trained from the hydropathy (7 groups). This property also gave over all percent

accuracy lower than those results from the others properties.
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Figure 4.92 The comparison of percent accuracy prediction of percent turn structure

(3 groups) using various types of input properties.
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4.13 Percent helix, sheet and turn structures (3 groups) predictions

4.13.1 Percent 'h.elix, sheet and turn structures (3 groups) predictions using
hydropathy‘ 2 groups)

From Figure 4.93, all networks which different hidden units gave the
same prediction accuracy (71.43%) for percent (3 groups) helix structure prediction.
While the prediction of percent sheet structure, this hydropathy (2 groups) property
could give the highest percent accuray (75%) when using the network with 7 and 35
hidden units. The others network for sheet prediction gave thé same rang of percent
accu;acy as helix prediction. This property gave the overall percent accuracy for tﬁe
prediction of turn structure lower than the others structures. The range of turn

structure prediction was between 60-65%.
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Figure 4.93 The percent accuracy predictions of the percent of helix, sheet, turn
(3 groups) in separate networks using hydropathy (2 groups).
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4.13.2 Percent helix, sheet and turn (3 groups) predictions using
hydropathy (7 groups)

From Figure 4.94, the hydropathy (7 groups) ga§e the higest (78% and

75%) percent accuracy for sheet prediction when using the networks with 7 and 35

hidden units. The others networks of sheet prediction gave the same range (60-70%)

of percent accuracy same as the networks of helix prediction. This 7 groups property

also gave the lowest accuray when used for prediction of turn structure. The lowest

range of accuracy was 50-60%.
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Figure 4.94 The percent accuracy predictions of the percent of helix, sheet, tum
(3 groups) in separate networks using hydropathy (7 groups).
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4.13.3 Percent of helix, sheet and turn (3 groups) predictions using amino

acid side chain properties
From Figure 4.95, the amino acid side chain properties gave the highest
(85%) accuracy for helix prediction. The range of this predicition was between 75-
85%. For percent sheet prediction, these properties gave the percent accuracy more
than 75% except the result from the network with 120 hidden units. The lowest
accuracy (57%) was the result from the network for tumn prediction. The accuracy for

this turn prediction was lower than another structures prediction.
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Figure 4.95 The percent accuracy predictions of the percent of helix, sheet, turn

(3 groups) in separate networks using amino acid side chain properties.
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4.13.4 Percent of helix, sheet and turn (3 groups) predictions using
hydrophobicity

From Figure 4.96, the hydrophobicity could gave highest accuracy (71%)

for the helix prediction when using the network with 70 and 100 hidden unit. While

another networks of helix prediction gave the accuracy lower than 70% same as sheet

prediction. The lowest accuracy was the result from the tumn prediction. This

hydrophocity gave accuracy for turn prediction lower than 60%. The range of percent

helix, sheet and turn (3 groups) prediction using hydrophobicity was between 50-70%.
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Figure 4.96 The percent accuracy predictions of the percent of helix, sheet, turmn

(3 groups) in separate networks using hydrophobicity.
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4.14 Percent helix structure (2 groups) prediction in amino acid

sequence of proteins

Training set.

Seventy patterns of amino acid sequences were saved as a leamn pattern file for
used in training (Table 4.51). The network were trained for the prediction of five
groups of percent helix structure using amino acid properties in the section 4.14.1,

4.14.2,4.14.3, 4.14.4 and 4.14.5

Testing set.

Twenty-eight patterns of amino acid sequences were saved as a test pattern file
for used in testing (Table 4.51). The network were tested for the prediction of two
groups of percent helix structure using amino acid properties in the section 4.14.1,
4.14.2,4.14.3, and 4.14.4

Input and output patterns for training and testing.
The input pattern was composed of 481 input units of amino acid which were

coded with properties of amino acid residue as previously described (section 3.2.2).

The output pattern had 3 units of percent helix structure. The percent helix
structure in amino acid sequence was divided into 2 groups. There were 2 outputs
representing the following ranges of percent values 0-15%, and 16-100%. The

training set, testing set and the possible outputs are shown in Table 4.51.

A learn-pattern file with 70 pattemé was used in training the networks with 7,
35, 70, 100 and 120 hidden units. The maximum value for learn cycles was set to
100000 and the maximum error to stop was set to 0.01. A test-pattern file with 28

patterns was used for testing the trained networks.



These training and testing sets (Table 4.51) were the standard sets for prediction

of percent helix structure (2 groups) using various types of properties in the next

section (section. 4.14.1, 4.14.2, 4.14.3, and 4.14.4).

Table 4.51 The training set, testing set and possible outputs of percent helix structure

(2 groups) prediction.
Training set _ Testing set Output % of helix
(Input No.)* (Input No.)* patterns structure
4, 5, 6,9, 10, 11, 16, | 58, 64, 68, 81, 82, 87, 01 1-15
20, 21, 32, 34, 36, 38, | 96
43, 45, 47, 54, 55, 57 |
1,2, 3,7, 8,12,13, 14, | 71, 72, 73, 74, 75, 76, 10 16-100

15, 17, 18, 19, 22, 23,
24, 25, 26, 27, 28, 29,
30, 31, 33, 35, 37, 39,
40, 41, 42, 44, 46, 48,
49, 50, 51, 52, 53, 56,
| 59, 60, 61, 62, 63, 65,

66, 67, 69, 70, 78, 79, |-

80

77, 83, 84, 85, 86, 88,

89, 90, 91, 92, 93, 94,
95,97,98

* Names of input no. were listed in Table 3.1
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4.14.1 Prediction of pércent helix structure (2 groups) using hydropathy

(2 groups) ‘

The learn-pattern file, thy2gr%2h.pat, and testing-pattern file,
tehy2gr92h.pat, with hydropathy (2 groups) coded amino acid sequences were used '
for training and testing respectively. The trained network and testing result files are
shown in Table 4.52. From Table 4.52 and Figure 4.97, predictions with highest
accuracy (71.43%) are the results of hy2gr962h35.net, hy2gr9e2h70.net,
hy2gr%2h100.net and hy2gr72h120.net which had 35, 70, 100 and 120 hidden units,
respectively. While hy2gr9b2h7.net, with 7 hidden ur}its gave 67.86%, the lowest

accuracy.
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Figure 4.97 Percent accuracy prediction of percent helix structure (2 groups) using
2 groups of hydropathy as input vector with various numbers of hidden units (7, 35,
70, 100, 120).
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Table 4.52 The trained network file, testing result file and percent accuracy of the

prediction of percent helix structure (2 groups) using hydropathy (2 groups).

Hidden | No. of | No. of | Training network Testing result file | % accuracy

units units | links file of prediction
7 490 3381 | hy2gr%2h7.net tehy2gr2h7.res 67.86
35 518 | 16905 | hy2gr%2h35.net | tehy2grf2h3S5.res 71.43
70 553 | 33810 hy2gr%2h70.net | tehy2gr%z2zh70.res 71.43

100 583 | 48300 | hy2gr%2h100.net tehy2gr%2h100.res 71.43
120 603 | 57960 | hy2gr%2h120.net tehy2gr9o2h120.res 71.43

4.14.2 Prediction of percent helix structure (2 groups) using helical
tendencies (5 groups)

The learn-pattern file, thigrdo2h.pat, and test-pattern file, tehtgrde2h.pat,
with helical tendencies coded the amino acid sequences were used in training and
testing with various hidden units. From Table 4.53 and Figure 4.98 show that
htgr92h70.net, which had 70 hidden units, gave highest percent accuracy of 71.43%.
While files, higrde2h7.net and ht%2h35.net were both 67.8% accurate. The lowest
percent. accuracy (64.29%) resulted from both htgr962h100.net and htgr%2h120.net
which had 100 and 120 hidden units respectively.
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Figure 4.98 Percent accuracy prediction of percent helix structure (2 groups) using

helical tendencies as input vector with various numbers of hidden units (7, 35, 70, 100,

120).

Table 4.53 The trained network file, testing result file and percent accuracy of percent

helix structure prediction (2 groups) using helical tendencies (5 groups).

Hidden | No. of | No. of | Training network | Testing result file | 9% accuracy
units units | links file of prediction
7 490 | 3381 | htgr9%2h7.net tehtgr%2h7.res 67.80
35 518 | 16905 | htgr%2h35.net tehtgr%2h35.res 67.80
70 553 | 33810 | higr%2h70.net | tehtgrd%2h70.res 71.43
100 583 | 48300 | htgr%2h100.net tehtgr?%2h100.res 64.29
120 603 | 57960 | htgr9eh120.net tehtgr7%2h120.res 64.29
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4.14.3 Prediction of percent helix structure (2 groups) using amino acid side
chain properties (8 groups)

The learn-pattemn file, faa8gr%2h.pat, and a test-pattemn file,
teaa8gr92h.pat, with 8 groups of amino acid side chain properties coded amino acid
side chains were used in training network and the testing respectively. Figure 4.99
and Table 4.54 show that aa8gr962h100.net gave the highest percent accuracy of
85.70%, whereas the prediction accuracy from others networks gave lower prediction

accuracy with 71.43%.
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Figure 4.99 Percent accuracy prediction of percent helix structure (2 groups) using 8
groups of amino acid side chain properties as input vector with various numbers of
hidden units (7, 35, 70, 100, 120).
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Table 4.54 The trained network file, testing result file and percent accuracy of percent
helix structure prediction (2 groups) using 8 groups of amino acid side chain

properties.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 | 3381 | 2a8gr%2h7.net teaa8gr%2h7.res 71.43
35 518 | 16905 | aaBgr%2h35.net teaa8gryo2h3s.res 71.43
70 553 | 33810 | aa8gr%2h70.net teaa8gr%2h70.res 71.43

100 583 | 48300  2a8gr%2h100.net | teaaBgro2h100.res 78.57
120 603 | 57960 | aaBgr%2h120.net | teaa8grdp2h120.res 71.43

4.14.4 Prediction of percent helix structure (2 groups) using
hydrophobicity (3 groups)

The learn-pattern file, thydro%2hpat, and a test-patten file,
tehydro%2h.pat, with hydrophobicity coded amino acid sequences were used in
training network -and- the testing. respectively. Table 4.55 and Figure 4.100, the
predictions with highest accuracy (78.57%) is the results™ from hydro%2h120.net
which had 120 hidden units. File, Aydro%2h70.net with 70 hidden units gave 75%
accurate whereas, hydro%2h7.net, hydro%2h35.net and hydro%2h100.net all gave
71.43%.
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Figure 4.100 Percent accuracy prediction of percent helix structure (2 groups) using

hydrophobicity as input vector with various numbers of hidden units (7, 35, 70, 100,

120).

Table 4.55 The trained network file, testing result file and percent accuracy of

percent helix structure prediction (2 groups) using hydrophobicity.

Hidden | No. of | No. of | Training network | Testing result file | % accuracy

units units | links file of prediction
7 490 | 3381 | hydro%2h7.net tehydro%2h7.res 71.43
35 518 | 16905 | hydro%2h35.net tehydro%2h35.res 71.43
70 553 | 33810 | hydro%2h70.net | tehydro%2h70.res 75.00
100 583 | 48100 hydro%ZthO.net tehydro%2h100.res 71.43
120 603 | 57960 | hydro%2h120.net | tehydro%2h120.res 78.57
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4.14.5 Comparison of the percent helical structure (2 groups) in amino acid
sequence prediction using 2 of hydropathy, 5 groups of helical
tendencies,8 groups of amino acid side chain properties and 3 groups
of hydrophobicity
Figure 4.101 shows that most of percent accuracy prediction of 2 groups

of percent helix structure were in the range between 60-80%. The highest percent
accuracy was 78.7% (hydro%2h120.net and aa8gr%2hl 00.net). These networks were
trained from hydrophobicity and the amino acid side chain properties respectively.
‘Apparently th‘ese properties also gave overall percent accuracy more than 70%. The
lowest peccent accuracy was 64.29% (ht%2h100.net and ht92h120.net). These

networks were trained from helical tendencies properties.
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Figure 4.101 The comparison of percent accuracy prediction of percent helix

structure (2 groups) using various types of input properties.
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4.15 Percent sheet structure (2 groups) prediction in amino acid

sequence of proteins

Training set.

Seventy patterns of amino acid sequences were saved as a leam pattem file for
used in training (Table 4.56). The network were trained for the prediction of five
groups of percent sheet structure using amino acid properties in the section 4.15.1,
4.15.2 and 4.15.3.

Testing set.

Twenty-éight patterns bf amino acid sequences were saved as a test pattern file
for used in testing (Table 4.56). The network were tested for the prediction of two
groups of percent sheet structure using amino acid properties in the section 4.15.1,

4.15.2,4.15.3 and 4.15.4.

Input and output patterns for training and testing.
The input paitem was composed of 481 input units of amino acid which were

coded with properties of amino acid residue as previously described (section 3.2.2).

The output pattern had 2 units of percent sheet structure. The percent sheet
structure in amino acid sequence was divided into 2 groups. - There were 2 possible
outputs representing the following ranges of percent values 0-15% and 15-100%. The

training set, testing set and the possible outputs are shown in Table 4.56.

A learn-pattern file with 70 patterns was used in training the networks with 7,
35, 70, 100 and 120 hidden units. The maximum value for learn cycles was set to
100000 and the maximum error to stop was set to 0.01. A test-pattern file with 28

patterns was used for testing the trained networks.
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These training and testing sets (Table 4.56) were the standard sets for prediction

of percent sheet structure (2 groups) using various types of properties in the next

section (section. 4.15.1, 4.15.2 and 4.15.3.)

Table 4.56 The training set, testing set and possible outputs of percent sheet structure

(2 groups) prediction.

Training set Testing set Output % of helix
(Input No.)* (Input No.)* patterns structure
1,7, 13, 14, 18, 19, 23, | 72, 73, 74, 77, 86, 81, 01 1-15
25, 28, 33, 37, 40, 48, | 88,90, 91, 94,95
49, 51, 53, 59, 60, 61,
65,70, 78,79, 83, 84
2,3, 4,5,6, 8,9, 10, | 66, 67, 68, 69, 71, 75, 1 0

11, 12, 15, 16, 17, 20,
21, 22, 24, 26, 27, 29,
30, 31, 32, 34, 35, 36,
38, 39, 41, 42, 43, 44,
45, 46, 47, 50, 52, 54,
55, 56, 57, 58, 62, 63,
64

76, 80, 81, 82, 85, 92,
93, 96, 97, 98

16-100

* Names of input no. were listed in Table 3.1
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4.15.1 Prediction of percent sheet structure (2 groups) using hydropathy

(2 groups) ' ‘

The learn-pattern file, thy2gr%2s.pat, and testing-pattern file,
tehy2gr%2s.pat, with hydropathy (2 groups) coded amino acid sequences were used
for training and testing respectively. Table 4.57 and Figure 4.102, shows the best
prediction was the result from hy2gr%2s35.net and hy2gr#2s120.net. These networks
with 35 and 120 hidden units, gave 75.00% accuracy, the highest in its groups. The
prediction accuracy from others networks were lower. Both hy2gr%2s7.net, and
hy2gr9%2s120.net with 7 and 120 hidden units respectively, gave 71.43% accurate.
Whereas, hy2gr962s70.net gave the lowest accuracy of 64.29%. -
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Figure 4.102 Percent accuracy prediction of percent sheet structure (2 groups) using
2 groups of hydrophathy as input vector with various numbers of hidden units (7, 35,
70, 100, 120).
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Table 4.57 The trained network file, testing result file and percent accuracy of the

prediction of percent sheet structure (2 groups) using hydropathy ( 2 groups).

Hidden | No. of | No. of | Training network | Testing result file | % accuracy
units units | links file of prediction
7 490 | 3381 | hy2gr%2s7.net tehy2gr2s7.res 71.43
35 518 | 16905 | hy2gr%2s35.net tehy2gr%2s35.res 75.00
70 553 | 33810 | hy2gr%2s70.net | tehy2gr%2s70.res 64.29
100 583 | 48300 | hy2gr%2s100.net | tehy2gr%2s100.res 71.43
120 . 603 | 57960 | hy2gr%2s120.net | tehy2grP2s120.res 75.00

4.15.2 Prediction of percent sheet structure (2 groups) using amino acid

side chain properties (8 groups)

The

learn-pattern file,

taa8gro2s.pat,

and a

test-pattern  file,

teaa8gr2s.pat, with 8 groups of amino acid side chain properties coded amino acid

side chains were used in training network and the testing respectively. Figure 4.103

and Table 4.58 show  that aa8gr9%2s7.net gave the highest percent accuracy of

67.86%. The prediction accuracy from others networks were lower. The trained

networks, aa8gr%2s35.net, and aa8gr%2s70.net aa8gr#%2s100.net and aa8grdo2s120

all gave 60.71% accuracy.
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Figure 4.103 Percent accuracy prediction of percent sheet structure (2 groups) using 8

groups of amino acid side chain properties as input vector with various numbers of

hidden units (7, 35, 70, 100, 120).

Table 4.58 The trained network file, testing result file and percent accuracy of percent

sheet structure prediction (2 groups) using 8 groups of amino acid side chain

properties.
- Hidden | No. of | No. of | Training network | Testing result file | % accuracy
units units | links file of prediction
7 490 | 3381 | aaB8gr%2s7.net teaa8gr2s7.res 67.86
35 518 | 16905 | aaBgrdh2s35.net | teaaBgrdb2s3S.res 60.71
70 553 | 33810 | aa8gr%2s70.net teaa8gr%2s70.res 60.71
100 583 | 48300 | aa8gr%2s100.net | teaa8grdb2s100.res 60.71
120 603 | 57960 | aa8gr%2s120.net .| teaa8gr%2s120.res 60.71
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4.15.3 Prediction of percent sheet structure (2 groups) using hydrophobicity

(3 groups)

The leamn-pattern file, thydro%2s.pat, and a test-pattern file,
tehydro%2s.pat, with hydrophobicity coded amino acid sequences were used in
training network and the testing respectively. Table 4.59 and Figure 4.104, the
prediction from hydrb%Zs?.net is 64.29% accurate, whereas hydro%2s35.net gave
60.71% accuracy. File, hydro%2s70.net hydro%2s100.net and hydro%2s120.net gave

the lowest accuracy of 57.14%.
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Figure 4.104 Percent accuracy prediction of percent sheet structure (2 groups) using

hydrophobicity as input vector with various numbers of hidden units (7, 35, 70, 100,
120).
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Table 4.59 The trained network file, testing result file and percent accuracy of

percent sheet structure prediction (2 groups) using hydrophobicity.

Hidden | No.of | No. of | Training network | Testing resultfile | % accuracy

units units | links file of prediction
7 491 3381 | hydro%?2s7.net tehydro%2s7.res 64.29
35 519 | 16905 | hydro%2s35.net tehydro%2s35.res 60.71

.70 554 | 33810 | hydro%2s70.net tehydro%2s70.res 57.14

100 584 | 48300 | hydro%2s100.net | tehydro%2s100.res 57.14
120 604 | 57960 | hydro%2s120.net | tehydro%2s120.res 57.14
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4.15.4 Comparison of the percent sheet structure (2 groups) in amino acid
sequence prediction using 2 hydropathy, 8 groups of amino acid side
chain properfies and 3 groups of hydrophobicity
Figure 4.105 shows that most of percent accuracy prediction of 5 groups

of percent sheet structure were in the range between 57-75%. The highest percent
accuracy was 75% (hy2gr%2s35.net and hy2gr962s5120). The lowest percent accuraCy
was 57.14% (hydro%2s70.net, hydrogr#%2s100.net and hydro%2s120.net).
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Figure 4.105 The comparison of percent accuracy prediction of percent sheet

structure (2 groups) using various types of input properties.
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