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Abstract  Pattern recognition of thermophilic and mesophilic proteins were studied through principle component analysis

partial least-square regression and BP neural network. The results showed that the fitting accuracy of the three methods was
92% 95% and 98%  respectively. And the forecasting accuracy was 60% 72.5% and 72.5% respectively. The best
forecasting accuracy for thermophilic proteins was 75% and for mesophilic proteins was 85% . A mathematical model was
established and the biological meaning of it was expatiated on a new method to discriminate the thermophilic and mesophilic

proteins based on their sequences was established here.

Key words pattern recognition  principle component analysis partial least-square regression BP neural network
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1.1
¢ 76 152
Swiss-Prot  Swiss-Prot
“ thermo” pyro’
putative
probable fragment
76
> EC
76 20
PCA PDB ID 6 ID
PLSR BP PCANN PDB ID
1 Bioedit
PCA  SPSS10.0 PLSR  BP
PCANN  DPS % origin7 .0
1 ID
Table 1 Accession numbers of the training and testing samples
Sample Thermophilic protein Mesophilic protein
Q9VOL2 093730 Q9UY47 Q58549 (Q9V2I6 058362 (8ZVEA P53001 P36333 (Q9VF36 P54570 P71295 P53582 (Q82XS4
QOVIIS Q9V1I6 Q8ZUAO Q8ZV0O7 Q8ZU95 Q8ZWS80 8ZW90 P68729  Q88QQ6 P59308 P36839 Q8GS5F3 P31102 P63609
Q8ZW59 Q8UOA6 Q8UOAS5 Q8ZU97 P81413 QIXIB7 Q9HIY2 P0O5194 P43904 P34003 034347 089033 004928 (QBFC88
058111 P95474 Q47950 (Q9HHC4 P77916  Q8DL74 059605 P36561 P37306 Q43314 P44121 P21189 P77488 P40370
Q9VIPI  QOUXW3 QUHHB6  QOVOT9  (QOWYS2 (QSZIZ0 034425 P11537 P56091 Q97FQ7 (OKRBS Pl4742 (OLVIS
Training 058097 Q8TZI8 Q8U039 (Q9UYRI Q8ZY36 Q8TH25 (9VIR3 Q8FBC3  Q9HTE9 Q91753  P60757 Q82WM3  P14891
Q9YB30 Q9UZ09 Q8ZYU6 PI19514 Q8ZZX3 Q8UOK3 Q8ZU24 038929 P05793 (9I6EO0 PO0817 P29364 P46086 P32895
Q8ZW35 (Q8UOCO 032450 Q8ZVB2 059488 Q8U381 (Q9WY74 P0O9151 P30127 P15977 P22133 PI7109 P59286 P52085
Q8TZL3 057765 Q8RBA4 Q8U419 (Q8U3K8 058429 (8U263 P17443 P10902 Q914W9 Q9HX21 Q9HUP3 Q99JR6 P39207
Q51742 058665 (Q9VONO P58202 Q8UOG6 P61883  Q8UIL1 P68739 QSFAE1 Q9I3C3 P38787 QONXJ5 Q8KEXO P00558
058050 057979 QOUYS6 Q8ZZKS Q8U3Z2 Q8U491 Q8U4A0 P32662 P35558 P00496 Q05728 (Q9UUB4 Q9YOY2 P35421
lzin ltmy l1a8 b lfe lyna lgm b lhdg o 2prd 1ldn ¢ laky 3chy lesh lefu b Ixnb 1hid b lgad o 1lino 1ldg
Testing 1bdm b 3mds a 1Ixgs b 3ptk Iphp lebd a 1ril lcaa Ithm 4mdh b 1qmn a lmat 2ptk a Iqpg llpf a 2m2 8rn 1si3
lnf ¢ 1btm a Inpe e lypi a
1.2 PCA PLSR
Principal Component Analysis PCA
Hotelling 1933
X t, h=12
X
1 PLSR
2 3 4
1.3 PLSR *
1983  Herman Harald  Wold
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Fig. 1 The map of classification between principle
2.1 PCA component PC1 and PC2
A the training sample B the testing sample.
PG, PG ! 0.678E + 0.059F + 0.152G + 0.3411 + 0.582K +
A 0.021R + 0.566V + 0.421Y + 6 > 0.142A + 0.661C +
0.249D + 0.544H + 0.298L + 0.123M + 0.232N +
92 % PC, = 0.273A + 0.253C + 0.047D -

0.295E - 0.112F + 0.038G + 0.257H - 0.342 -
0.425K + 0.23L + 0.055M - 0.111N + 0.194P +
0.3640Q + 0.203R + 0.047S - 0.008T - 0.152V -

0.082W - 0.288Y 1
ACD Y 20
PC, = - 0.267A + 0.282C + 0.179D - 0.235E +

0.109F - 0.209G + 0.158H + 0.1721 + 0.056K -
0.047L + 0.041M + 0.399N — 0.066P + 0.156Q —
0.326R + 0.338S + 0.349T — 0.338V + 0.001W +
0.011Y 2

1
PC, PC, PC, > - 1.5PC, +6

PC, < - 1.5PC, +6

0.225P +0.701Q + 0.408S + 0.337T + 0.124W 3
3 Glu

Lys Val = Tyr Gln Cys His  Ser
Kumar ° Ile

Tyr Lys  Glu Gln  Cys

Thompson  Eisenberg "

Glu Val Arg CGly Gln Ser Asp  Lys

40
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75%
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2
27.7% 17.7% 11
22.9% 14.9% 11.1%
2.2 PLSR
1 0
t 1, 2
PLSR
95 %

y = 0.462 — 0.001A - 0.116C - 0.041D + 0.018E —
0.001F + 0.011G - 0.033H + 0.035I + 0.013K -
0.002L - 0.025M - 0.025N + 0.012P - 0.069Q +
0.028R - 0.055S - 0.070T + 0.053V - 0.012W +

Thr B
Yy
Tyr Kumar "
Tyr
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[ * Therm J [ o Mesop J
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y >0.48 Fig. 2 The two dimensional map of ¢, and ¢, of PLSR
y <0.48
¥ 40 2
Cys y Cys
. Y 65%
S
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2.3 PCANN
Gln  Thr %
Thr
2 PLSR PCANN
Table 2 The predicted value by PLSR PCANN and the primary classification value
PDB ID Actual Predicted value PDB ID Actual Predicted value
value PLSR PCANN value PLSR PCANN

1zin 1 0.22 0.00 laky 0 -0.09 0.00
Lty 1 0.73 1.00 3chy 0 0.47 0.98
1aj8 b 1 1.04 1.00 lesh b 0 0.00 0.00
ltfe 1 0.79 0.99 lefu b 0 0.62 0.24
lyna 1 0.02 0.03 Ixnb 0 -0.33 0.00
lgtm b 1 0.80 1.00 lhrd b 0 0.65 1.00
1hdg o 1 0.53 0.03 lgad o 0 0.17 0.00
2prd 1 1.04 1.00 lino 0 0.70 1.00
Ildn ¢ 1 0.69 1.00 1ldg ¢ 0 0.36 0.00
1bdm b 1 0.53 0.95 4mdh b 0 0.12 0.00
3mds a 1 0.50 1.00 Iqmn a 0 -0.34 0.00
Ixgs b 1 1.12 1.00 Imat 0 0.34 0.00
3ptk 1 0.49 0.01 2ptk a 0 0.50 0.00
1php 1 0.81 1.00 lqpg 0 0.4 0.00
lebd a 1 0.64 0.72 1lpf a 0 0.47 0.02
1ril 1 0.03 0.01 2m2 0 -0.02 0.00
lcaa 1 -0.15 0.01 8rxn 0 -0.14 0.00
1thm 1 -0.25 0.01 1st3 0 -0.21 0.00
1Inf e 1 0.08 0.93 Inpc e 0 -0.17 0.00
1btm a 1 0.21 0.01 lypi a 0 0.41 0.00

© PERFRHEMF RIS HER

http://journals. im. ac. cn



964

Chinese Journal of Biotechnology

2005 Vol.21 No.6

13

a 88% a>85% 13

BP
9 “ 13-9-1”
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0.005 1000 152

98 %
40

60%
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PCA
BP PCANN
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PCANN
PCA
75% PCANN

85% PLSR

3
Table 3 Summary of the fitting and predicting results
of the three methods

Training sample/ % Testing sample/ %
Therm Therm Average
PCA 94.7 89.5 92.1 75.0 45.0 60.0

Method

Mesop  Average Mesop

PLSR 96.1 94.7 95.4 65.0 80.0 72.5

PCANN 96.1 100.0 98.1 60.0 85.0 72.5
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