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Input protein sequence; [e.g.
MARFIAQLLLLASCVAAGQAVTAFLGERVTLTSYWRRVSLGPEIEVSWFKLGPGEEQVLIGRMHHDVIFI ]
l, Calculate frequency of each amino acid in a protein sequence
Amino Acid: ALRKNMD FCPQSET GWHY I VX
Frequency: 79 5102 1 4123 45 3 6 2 21570
ZHOH040101 (Zhou-Zhou, 2004) Calculate stability scale from
(" knowledge-based atom-
Calculate value l, atom potential
of each amino S 1
acid using PHY ﬁG,{I}=<&G,{I}}=—{§ 2 i, j, T'tr-])
property isljel
available in l'
AAindex e.g. Amino Acid: A/L R/K N/M D/F C/P Q/S E/T G/W H/Y I/N X
kIHDHD#ﬂlﬂl AG (D) ¢ 218 271 185 175 389 216 1.89 117 251 450 O
471 212 363 588 209 166 218 646 501 377

A:7%2.18 L: 9%*4.71 R:5%2.71 K:1%2.12 N:0*1.85 M: 2*3.63 D: 1*1.75 F: 4*5.88 C: 1*3.89 P:2%2.09 Q:3*2.16
S5:4*1.66 E:5%1.89 T: 3*2.18 G:6*1.17 W:2%6.46 H:2*2.51 Y¥: 1*5.01 I: 5*4.50 V: 7%3.77 X:0%0

l [ Value assigned to a fixed length vector of 21 as SVM-input ]

Amino Acid: | A: 15.26 L: 42.39 R:13.55 K: 2.12 N:0 M: 7.26 D: 1.75 F:23.52 C: 3.89 P:4.18 Q:6.48
Frequency 5:6.64 E:9.45 T:654 G:7.02 W:12.92 H:5.02 ¥Y: 5.01 |[: 22.50 V: 26.39 X: 0

Figure S1: Flowchart for extracting physicochemical properties for example id “ZHOH040101” (Calculate stability scale from
knowledge-based atom-atom potential) from AAindex database for SVM input
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Figure S2: Receiver operating characteristics (ROC) curves of hybrid-II SVM predictive model of first-tier algorithm using one-
versus-other classification approach at 90% sequence identity during 10-fold cross validation



Supplementary Tables

Table S1. List of 544 Amino Acid Indices in AAindex ver9.1

S. No. | Physicochemical IDs Property

1. ANDN920101 alpha-CH chemical shifts (Andersen et al., 1992)

2. ARGP820101 Hydrophobicity index (Argos et al., 1982)

3. ARGP820102 Signal sequence helical potential (Argos et al., 1982)

4, ARGP820103 Membrane-buried preference parameters (Argos et al., 1982)

5. BEGF750101 Conformational parameter of inner helix (Beghin-Dirkx, 1975)

6. BEGF750102 Conformational parameter of beta-structure (Beghin-Dirkx, 1975)

7. BEGF750103 Conformational parameter of beta-turn (Beghin-Dirkx, 1975)

8. BHARS880101 Average flexibility indices (Bhaskaran-Ponnuswamy, 1988)

9. BIGC670101 Residue volume (Bigelow, 1967)

10. BIOV880101 Information value for accessibility; average fraction 35% (Biou et al., 1988)
11. BIOV880102 Information value for accessibility; average fraction 23% (Biou et al., 1988)
12. BROC820101 Retention coefficient in TFA (Browne et al., 1982)

13. BROC820102 Retention coefficient in HFBA (Browne et al., 1982)

14. BULH740101 Transfer free energy to surface (Bull-Breese, 1974)

15*, BULH740102 Apparent partial specific volume (Bull-Breese, 1974)

* For complete list of 544 Physicochemical properties visit url : http://www.genome.jp/aaindex/AAindex/list_of_indices

Table S2 (a). Performance of SVM based first-tier (single, double and multiple viral SCLs) predictive models using one-versus-other
classification approach at 90% sequence identity using physicochemical properties during 10-fold cross validation

Subcellular Location Vector Prec Sen Spec Acc McCC AUC GC

Single-Location 420 (Top-20) 89.41 90.25 73.58 85.45 0.64 0.89 g:1e-05 c:10
630 (Top-30) 89.70 90.55 74.31 85.87 0.65 0.89 g:le-05 c:50
840 (Top-40) 90.17 88.31 76.20 84.82 0.64 0.89 g:1e-05 c:50
1050 (Top-50) 89.59 89.49 74.31 85.12 0.64 0.90 g:1e-05 c:10

Double-Location 420 (Top-20) 69.88 64.10 95.25 90.68 0.62 0.87 g:1e-05 c:10
630 (Top-30) 69.60 65.24 95.10 90.72 0.62 0.87 g:1e-05 c:50




840 (Top-40) 72.17 63.53 95.79 91.05 0.63 0.87 g:le-05 c:50
1050 (Top-50) 72.64 63.53 95.88 91.14 0.63 0.87 g:1e-05 ¢:50
Multiple-Location 420 (Top-20) 75.00 74.11 95.96 92.89 0.70 0.93 g:1e-05 c:50
630 (Top-30) 69.44 77.08 94.46 92.02 0.69 0.93 g:le-05c:10
840 (Top-40) 70.46 77.38 94.70 92.27 0.69 0.93 g:1le-05 c:10
1050 (Top-50) 70.88 76.79 94.84 92.31 0.69 0.93 g:le-05c:10

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve;

Table S2 (b). Performance of SVM based first-tier (single, double and multiple viral SCLs) predictive models using one-versus-other
classification approach at 90% sequence identity using physicochemical properties on independent data set

Subcellular Location Vector Prec Sen Spec Acc McCC AUC GC
Single-Location 420 (Top-20) 89.89 88.95 75.00 84.96 0.63 0.88 g:le-05c:10
630 (Top-30) 90.91 89.47 77.63 86.09 0.66 0.90 g:1e-05 c:50
840 (Top-40) 90.91 89.47 77.63 86.09 0.66 0.90 g:1e-05 c:50
1050 (Top-50) 91.94 90.00 80.26 87.22 0.69 0.91 g:1e-05 c:10
Double-Location 420 (Top-20) 68.75 82.50 93.36 91.73 0.71 0.92 g:1e-05 c:10
630 (Top-30) 73.91 85.00 94.69 93.23 0.75 0.90 g:le-05 c:50
840 (Top-40) 73.91 85.00 94.69 93.23 0.75 0.90 g:1e-05 c:50
1050 (Top-50) 62.50 87.50 90.71 90.23 0.69 0.90 g:1e-05 c:50
Multiple-Location 420 (Top-20) 66.67 78.95 93.42 91.35 0.68 0.93 g:1e-05 c:50
630 (Top-30) 63.27 81.58 92.11 90.60 0.67 0.94 g:1le-05 c:10
840 (Top-40) 65.22 78.95 92.98 90.98 0.67 0.94 g:le-05c:10
1050 (Top-50) 66.67 78.95 93.42 91.35 0.68 0.94 g:1e-05 c:10

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve;




Table S3. List of top-10 physicochemical ids extracted from 544 physicochemical properties of AAIndex database for twenty-one
predictive models at 90% sequence identity

Model name

Class

Physicochemical IDs*

First-tier
(Single, Double and Multiple viral
SCLs)

Model_1 First-Tier (Single Location) ZHOH040102, LEVM780104, WOLS870103, ZHOH040101, LEVM780101,
VINM940102, WERD780101, WOLS870101, YANJ020101, ZIM]680104
Model_2 First-Tier (Double Location) ZHOH040101, ZHOH040102, NAKH900106, RADA880108, YUTK870104,
ZASB820101, ZHOH040103, ZIM]J680101, ZIM]680102, ZIM]680104
Model_3 First-Tier (Multiple Location) PALJ810114, ZASB820101, ZHOH040101, ZHOH040103, ZIM]J680101,
ZIM]680104, YUTK870103, YUTK870104, ZHOH040102, ZIM]J680102
Second-tier (Single SCLs-8)
Model_4 Cytoplasm ZHOHO040102, PTIO830101, PALJ810102, NAKH900102, MONM990101,
LEVM780104, ZHOH040101, RACS820111, RACS820110, RACS820108
Model_5 Nucleus ZHOHO040101, ZHOH040102, WOLS870101, PAL]J810104, NISK860101,
MIYS990105, MIYS990104, M1YS990103, MIYS850101, LEVM780101
Model_6 Extracell ZIMJ680104, MAXF760106, WOLS870103, LEVM760106, LEVM760105,
WOLR810101, MEIH800102, YAN]020101, LEVM780104, LEVM780101
Model_7 Single-Pass Membrane SUEM840101, RICJ880108, VINM940102, RACS820112, PRAM900102,
§ PARJ860101, PAL]810109, PALJ810107, PALJ810101, LEVM780104
Model_8 Multi-Pass Membrane PONP800103, NISK800101, 0O0OBM770103, 0O0OBM770101, LEVM760102,
WERD780101, VINM940104, VINM940102, SNEP660101, ROSM880105
Model 9 Endoblasmic Reticulum ZIMJ680104, ZIM]680101, ZHOH040102, ZHOH040101, YUTK870102,
p YUTK870101, YAN]J020101, WOLS870103, WOLS870102, WOLS870101
Model_10 Others Sinele RICJ880117, TANS770106, FODM020101, FAUJ880106, ANDN920101,
g ZHOH040102, WOLS870103, WERD780101, VINM940101, TANS770103
Model_11 Capsid QIAN880120, PONP800106, RACS770103, RACS770102, RACS770101,
QIAN880139, QIAN880137, QIAN880136, QIAN880134, QIAN880133
Second-tier (Double SCLs-4)
Model_12 Host nucleus. Host cytoplasm. [N.C] ZHOHO040102, ZHOH040101, WILM950102, RADA880108, PAR]860101,
' yrop e MIYS990102, MEE]810102, WERD780101, ROBB790101, NAKH900106
Model_13 Host cytoplasm. Host cell membrane; | ZIMJ680105, ZIM]J680104, ZIM]J680103, ZIMJ]J680102, ZIM]680101,
Peripheral membrane protein; | ZHOH040103, ZHOH040102, ZHOH040101, ZASB820101, YUTK870104
Cytoplasmic side. [C.CM.]
Model_14 Host nucleus. Extracell [N.E] ZIM]680105, ZIM]680104, ZIM]680102, ZIM]J680101, ZHOH040103,
) o ZHOH040102,ZHOH040101, ZASB820101, YUTK870104, YUTK870103
Model_15 NAKH900104, RIC]880107, RADA880108, NAKH900106, WOLS870101,

Others double

FAUJ830101, FASG890101, BROC820102, ZHOH040101, ROSM880102




Second-tier (Multiple SCLs-6)

Model_16 Virion tegument. Host cytoplasm. Host | ROBB760107, TANS770110, RACS820110, RACS820104, RACS820101,
nucleus. [VT.C.N.] PRAM820101, PALJ810114, PALJ810106, MUNV940105, MUNV940104

Model_17 Host cell membrane; Lipid-anchor; | ZIMJ680105, ZIM]J680104, ZIM]680102, ZIM]J680101, ZHOHO040103,
Cytoplasmic side. Host cytoplasm » host | ZHOH040102, ZHOH040101, ZASB820101, YUTK870104, YUTK870103
perinuclear region. Secreted. [CM. C.S.]

Model_18 Host nucleus > host nucleolus. Host | ZIMJ680104, ZIM]680101, ZHOH040103, ZHOH040101, ZASB820101,
cytoplasm. Secreted. [N.C.S.] YUTK870102, YUTK870101, YANJ020101, WOLS870103, WOLS870102

Model_19 Host cytoplasm. Host nucleus. Host | ZIM]J680105, ZIM]J680104, ZIM]J680102, ZIM]J680101, ZHOHO040103,
mitochondrion. [C.N.M.] ZHOH040102,ZHOH040101, ZASB820101, YUTK870104, YUTK870103

Model_20 Multile NAKH900106, RACS820107, PONP800107, NAKH900104, MIYS990102,

p SNEP660103, RIC]880117, RICJ880106, RACS820112, PAL]810114

Model_21 . TANS770101, QIAN880132, QIAN880104, PRAM820102, PALJ810114,

Others triple

PALJ810102, PAL]810101, NAGK730101, LEVM780104, VINM940104

* For further information of Physicochemical properties visit url: http://www.genome.jp/aaindex/AAindex/list_of_indices

Table S4. Performance of SVM based first-tier (single, double and multiple viral SCLs) predictive models using one-versus-other
classification approach at 90% sequence identity on independent data set

Subcellular Location Dataset Properties Prec Sen Spec Acc MCC | AUC Parameters
Single-Location AAC 90.16 | 86.84 | 7632 |8383 |0.62 |090 |g0.05cl
V(90p+76n) DPC 91.43 | 8421 |80.26 |83.08 |061 |089 |g0.01cl0
PHY 89.67 | 86.84 | 7500 |8346 | 0.60 | 0.89 | g:le-05c:50
Hybrid-I 88.24 |94.74 | 6842 |8722 |067 |092 | g0.01cs5
Hybrid-II 87.76 | 9053 | 6842 [84.21 [060 |0.85 | gle-05c:200
Double-Location AAC 77.78 52.50 97.35 90.60 0.59 0.84 g:0.01c:5
V(40p+226n) DPC 56.00 |70.00 | 9027 |8722 |055 |0.88 |g0.01lcs5
PHY 77.78 | 70.00 | 96.46 | 9248 | 0.69 | 092 | gle-05c5
Hybrid-I 92.00 |57.50 |99.25 |[93.77 |0.70 | 0.87 | g0.01c:5
Hybrid-II 78.13 |[6250 [9690 [91.73 [0.65 [0.93 | gle05c5
Multiple-Location AAC 90.63 |7632 |9868 |9549 | 081 |0.96 | g0.05c10
V/(38p+226n) DPC 7027 | 68.42 | 9518 [9135 | 0.64 | 092 | g0.05c10
PHY 100.00 | 55.26 | 100.00 | 93.61 | 0.72 | 0.95 | g:1e-05c:10
Hybrid-I 93.55 | 7632 |99.12 |[9586 |0.82 | 095 | g0.01c:50
Hybrid-II 86.96 | 52.63 |98.68 |9211 | 0.64 | 095 | gle-05c5
Hybrid-1 89.23 | 86.57 | 9508 |9235 | 082




AVERAGE

V(268p+530n)

Hybrid-II

86.45

80.97

93.58

89.35

0.76

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve;
AAC, Amino Acid Composition; DPC, Dipeptide Composition; PHY, Physicochemical properties; Hybrid-I, AAC+DPC; Hybrid-II,

AAC+DPC+PHY;

Table S5. Performance of SVM based first-tier (single, double and multiple viral SCLs) predictive models using one-versus-other
classification approach at 30% sequence identity on independent data set

Subcellular Location | Dataset Properties | Prec Sen Spec Acc Mcc AUC Parameters
Single-Location AAC 81.01 63.37 53.12 60.90 0.14 | 057 | g0.05c1
V(otpr3zn) DPC 79.35 72.28 40.62 64.66 012 | 0.60 | g0.05c:10
Hybrid-I 82.93 67.33 56.25 64.66 021 | 066 | g0.01c5
Hybrid-Il | 100.00 | 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:0.001c:10
Double-Location AAC 16.67 11.76 91.38 81.20 0.04 0.60 g:0.05 c:1
V(7p+116n) DPC 20.00 64.71 62.07 62.41 018 | 0.70 | g0.01c:10
Hybrid-I 19.30 64.71 60.34 60.90 0.17 | 0.67 | g0.005c:100
Hybrid-Il | 27.59 47.06 81.90 77.44 023 |[070 | gle-05c:10
Multiple-Location AAC 30.43 43.75 86.32 81.20 0.26 0.69 g:0.05 c:1
V(ep+iizm DPC 15.63 62.50 53.85 54.89 011 | 060 | g0.05c1
Hybrid-1 20.00 68.75 62.39 63.16 021 | 070 | g0.01c:50
Hybrid-1l | 33.33 25.00 93.16 84.96 | 021 | 0.72 | gle-05c:10
Hybrid-I 46.39 67.16 60.75 62.91 0.26
AVERAGE V@3tpe26n) | gybrid-11 | 79.58 84.33 89.06 87.47 0.72

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve;
AAC, Amino Acid Composition; DPC, Dipeptide Composition; Hybrid-I, AAC+DPC; Hybrid-II, AAC+DPC+PHY;

Table S6. Performance of SVM based second-tier (single SCLs -8) predictive models using one-versus-other classification approach at
90% sequence identity on independent data set

Subcellular Dataset Properties | Prec Sen Spec Parameters
Location Acc MccC AUC
AAC 83.33 71.43 97.53 93.68 0.74 0.89 g:0.05 c:10
V@spriean) 1 ppg 81.82 64.29 97.53 9263 |068 |091 |g0.01c5
Cytoplasm
PHY 95.00 67.86 99.38 94.74 0.78 0.94 g:1le-05 c:10
Hybrid-I 70.97 78.57 94.44 92.11 0.70 0.93 g:0.01c:10




Hybrid-1l | 81.48 | 78.57 9691 |9421 [077 [0.95 | gle-05c:50
AAC 91.18 | 73.81 97.97 | 9263 |[078 |096 | g0.05c10
vizprlasn - ppg 77.50 73.81 93.92 89.47 |069 |092 | g0.01c10
Nucleus PHY 91.18 | 73.81 97.97 [ 9263 |078 [093 |gile-05¢c5
Hybrid-I 82.50 | 78.57 9527 | 9158 |0.75 | 0.94 | g0.005c:10
Hybrid-1l | 8421 | 76.19 9595 |91.58 |0.75 [0.95 | gle-05cS5
AAC 100.00 | 66.67 100.00 | 99.47 |081 | 0.84 | g0.005c:10
T(3p+1870) DPC 100.00 | 66.67 100.00 | 9947 |081 | 097 | g0.005c5
Endoplasmic
. PHY 100.00 | 66.67 100.00 | 9947 |081 |0.74 | g:1e-05c:0.05
Reticulum
Hybrid-I 100.00 | 66.67 100.00 | 99.47 | 0.81 | 094 | g0.001c5
Hybrid-1l | 100.00 | 66.67 100.00 | 99.47 | 0.81 | 0.70 | g:le-05c:5
AAC 66.67 | 90.67 70.43 [ 7842 | 060 | 090 | g0.05c10
VSp+115n) - ppg 75.58 | 86.67 81.74 | 8368 |0.67 |093 |g0.01c5
Single-pass
PHY 77.27 | 90.67 8261 |8579 |0.72 |092 |[gle05¢s5
Membrane
Hybrid-I 78.16 | 90.67 8348 [8632 |073 [094 |g0.01c5
Hybrid-1l | 77.38 | 86.67 8348 | 8474 | 069 |0.92 | gle-05c:50
AAC 81.82 | 66.67 9755 [ 9316 | 0.70 [ 095 | g0.01c:0.5
T@7pr1630) | ppg 85.00 | 62.96 98.16 | 9316 |[0.70 | 094 | g0.01c1
Multi-pass
PHY 75.00 | 77.78 9571 [ 9316 | 072 [091 |[gile-05c:10
Membrane
Hybrid-1 69.70 | 85.19 9387 | 9263 |0.73 |0.96 | g0.005c:50
Hybrid-1l | 67.74 | 77.78 93.87 |91.58 |0.68 |0.94 | gle-05c:100
AAC 50.00 | 50.00 9892 [9789 [049 [096 |g0.01c5
V(#p+186n) DPC 12.50 | 25.00 96.24 | 9474 |0.15 |0.68 | g0.05c10
Secreted PHY 37.50 75.00 97.31 96.84 0.52 0.98 g:1le-05 c:5
Hybrid-1 100.00 | 50.00 100.00 | 99.47 |0.71 | 0.89 | g:0.005c:5
Hybrid-1l | 50.00 | 50.00 98.92 [97.89 |049 |0.83 |gle05cS5
AAC 5455 | 42.86 97.16 | 93.16 | 045 | 081 | g0.01c:10
V4176 ppg 80.00 | 28.57 99.43 | 9421 | 046 | 084 | g0.05c10
Others-single
PHY 80.00 | 57.14 9886 | 9579 | 0.66 | 0.86 | g:le-05c:200
Hybrid-1I 75.00 | 42.86 98.86 |94.74 | 054 | 088 |[g0.01c5




Hybrid-1l | 66.67 | 57.14 97.73 [ 9474 [059 [0.89 | g:le-05c:50

AAC 67.65 | 55.42 8836 | 7831 |[047 |082 | g0.01cl
V(83p+189m) - ppg 53.00 63.86 75.13 7169 | 037 | 077 | £0.001c:10

Capsid PHY 59.74 | 55.42 8360 | 7500 |[040 |0.77 |gle-05c1
Hybrid-1 5481 | 68.67 7513 [ 7316 |042 [080 | g0.01lcl
Hybrid-1l | 52.44 | 51.81 7937 |7096 |031 [0.74 |gle05c1
Hybrid-I 69.38 | 77.17 93.78 | 9122 | 0.68

AVERAGE V@7epr1326n) | Hybrid-1l | 69.64 | 70.65 93.59 | 89.64 | 0.64

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve;
AAC, Amino Acid Composition; DPC, Dipeptide Composition; Hybrid-I, AAC+DPC; Hybrid-1I, AAC+DPC+PHY;

Table S7. Performance of SVM based second-tier (single SCLs -8) predictive models using one-versus-other classification approach at
30% sequence identity on independent data set

Subcellular Dataset Properties | Prec Sen Spec Parameters
Location Acc MCC AUC
AAC 22.73 45.45 81.11 | 77.23 | 0.20 0.77 g:0.01 c:5
V(ip+90n) DPC 33.33 72.73 8222 | 8119 | 0.40 0.73 2:0.01 c:50
Cytoplasm
Hybrid-1I 26.67 72.73 75.56 | 75.25 | 0.33 0.76 g:0.01 c:5
Hybrid-II | 21.05 36.36 8333 |[7822 |[016 | 0.67 g:1e-05 c:5
AAC 29.63 57.14 78.16 | 7525 | 0.28 0.83 g:0.01 c:5
V(4p+87n) DPC 50.00 85.71 86.21 | 86.14 | 058 0.90 g:0.01 c:1
Nucleus
Hybrid-1 54.55 85.71 8851 | 8812 | 0.62 0.92 g:0.0001 c:100
Hybrid-II | 41.38 85.71 80.46 | 81.19 | 0.51 0.88 g:1e-05 c:10
AAC 0 0 99.00 | 98.02 |-0.01 | 0.69 €:0.01 c:50
. V(p+100m) DPC 0 0 99.00 |98.02 |-0.01 |0.74 g:0.01 c:50
Endoplasmic
Reticulum Hybrid-l | 0 0 99.00 | 98.02 |-001 | 0.82 g:0.01¢:5
Hybrid-II 0 0 98.00 97.03 -0.01 | 0.25 g:1e-05c:5
AAC 64.81 77.78 66.07 |71.29 | o044 0.79 g:0.01 c:1
. y(sp+sen) DPC 70.59 80.00 7321 | 7624 | 0.53 0.81 g:0.01 c:5
Single-pass
Membrane Hybrid1 | 7255 | 82.22 7500 | 7822 | 057 | 0583 2:0.005 c:5
Hybrid-1l | 66.67 66.67 7321 [ 7030 |[040 |0.78 g:1e-05 c:5
Multi-pass AAC 69.57 72.73 91.14 | 87.13 | 0.63 0.90 :0.001 c:5




Membrane V(@2p+790) DPC 62.96 77.27 87.34 | 85.15 | 0.60 0.91 g:0.01 c:1
Hybrid-I 60.00 81.82 8481 | 84.16 | 0.60 0.90 g:0.0005 c:5
Hybrid-1l | 72.00 81.82 91.14 |[89.11 |[0.70 | 0.92 g:1e-05 ¢:50
AAC 14.29 33.33 93.88 [ 9208 |[0.18 0.67 g:0.01 c:50
V(pr98n) DPC 14.29 33.33 93.88 | 92.08 | 0.18 0.62 :0.001 c:50
Secreted
Hybrid-I 8.33 33.33 88.78 | 87.13 | 0.12 0.66 g:0.0005 c:50
Hybrid-1l | 16.67 33.33 9490 |93.07 |[020 |0.49 g:1e-05 c:5
AAC 80.00 50.00 98.92 | 9505 | 0.61 0.72 :0.05 c:10
V(8p+93n) DPC 16.67 37.50 83.87 80.20 | 0.15 0.64 g:0.01 c:10
Others-single
Hybrid-1 12.50 50.00 69.89 | 6832 |0.12 0.67 g:0.01 ¢:5
Hybrid-1l | 28.57 75.00 83.87 | 83.17 |0.39 0.80 g:1e-05 ¢:100
AAC 45.10 63.89 7228 | 7007 |033 0.72 g:0.0005 c:100
VGBep+101n) ' ppg 45.83 30.56 87.13 | 7226 | 0.20 0.62 :0.0005 c:10
Capsid
Hybrid-I 35.85 52.78 6634 |6277 |0.17 0.65 g:0.0005 c:10
Hybrid-II | 35.00 58.33 61.39 | 60.58 | 0.17 0.60 g:1e-05 c:1
Hybrid-1 42.86 70.71 81.25 | 79.50 | 0.43
AVERAGE Va0ps70in) | Hobrid-11 | 44.44 65.71 83.66 | 80.69 | 0.43

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve;
AAC, Amino Acid Composition; DPC, Dipeptide Composition; Hybrid-1, AAC+DPC; Hybrid-II, AAC+DPC+PHY;

Table S8. Performance of SVM based second-tier (double SCLs -4) predictive models using one-versus-other classification approach
at 90% sequence identity on independent data set

Subcellular Location Dataset Properties | Prec Sen Spec Acc MCC | AUC | Parameters
AAC 8571 |[8571 [9697 [9500 |[083 |094 |g0.01c10
V(7p+33n) . .
Host cytoplasm. Host cell DPC 100.00 | 85.71 100.00 | 97.50 0.91 0.94 g:0.001 c:10
membrane; Peripheral
. PHY 100.00 | 85.71 100.00 | 97.50 0.91 0.99 g:le-05c:1
membrane protein;
Cytoplasmic side. Hybrid-I 100.00 | 85.71 | 100.00 | 97.50 | 091 | 0.94 | g:0.0005 c:50
Hybrid-II 100.00 | 85.71 100.00 | 97.50 0.91 0.98 g:le-05 c:5
AAC 72.22 86.67 80.00 82.50 0.65 0.93 g:0.01 c:5
Host nucleus. Host cytoplasm. | VA**250 | ppc 8571 | 80.00 | 9200 |8750 |0.73 |091 |g0.01c5

PHY 100.00 | 86.67 100.00 | 95.00 0.90 0.94 g:1e-05 c:200




Hybrid-I 85.71 80.00 92.00 87.50 0.73 0.95 g:0.01 c:10

Hybrid-II 85.71 80.00 92.00 87.50 0.73 0.91 g:1e-05 c:10

AAC 66.67 | 100.00 | 97.37 |[97.50 | 0.81 | 0.99 | g0.001c:100
V(@pr38m) DPC 100.00 | 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:0.01c:10
Host nucleus. Extracell PHY 100.00 | 50.00 100.00 | 97.50 0.70 1.00 | g:1e-05c:0.05

Hybrid-I 100.00 | 50.00 100.00 | 97.50 0.70 0.83 | g:1e-05c:50

Hybrid-II 100.00 | 50.00 100.00 | 97.50 0.70 | 1.00 | g:1e-05c:0.5

AAC 8333 8824 (8696 |[8750 |075 |093 |g001lc5
TO7pr23m 1 ppC 8333 [88.24 [8696 |[8750 |0.75 |0.96 | g0.01c10
Others-double PHY 85.00 | 100.00 | 86.96 | 9250 |[0.86 | 0.98 | gle-05c:5

Hybrid-I 80.95 100.00 | 82.61 90.00 0.82 | 096 | g:0.005c:5

Hybrid-II 72.73 94.12 73.91 82.50 0.68 0.95 g:0.0001 c:1

Hybrid-I 85.71 87.80 94.96 93.13 0.82

AVERAGE V@9 Hyprid-1l | 81.40 | 85.37 | 93.28 | 91.25 | 0.77

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve;
AAC, Amino Acid Composition; DPC, Dipeptide Composition; PHY, Physicochemical properties; Hybrid-I, AAC+DPC; Hybrid-II,
AAC+DPC+PHY;

Table S9. Performance of SVM based second-tier (multiple SCLs -6) predictive models using one-versus-other classification
approach at 90% sequence identity on independent data set

Subcellular Location Dataset Properties | Prec Sen Spec Acc MCC | AUC | Parameters
AAC 100.00 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:0.01c:10
(3p+35n) . .
Host cell membrane; Lipid- | V*" DPC 100.00 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:0.001 c:10
hor; lasmic  side.
>
Lo oop : PHY 100.00 100.00 | 9737 | 081 | 1.00 | c:0.05
perlnuclear region.
Secreted. Hybrid-1 75.00 100.00 | 97.14 |9737 | 085 | 1.00 | g:1e-05c:50

Hybrid-II 100.00 66.67 100.00 | 97.37 0.81 | 1.00 | g:1e-05c:0.5

AAC 100.00 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:0.01c:10
V(2p+36n) DPC 100.00 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:0.001c:10
Host  cytoplasm.  Host
nucleus. Host PHY 100.00 50.00 100.00 | 97.37 0.70 | 1.00 | g:1le-05c:0.5
mitochondrion.
Hybrid-I 50.00 100.00 | 94.44 94.74 0.69 | 1.00 | g:0.0001 c:10

Hybrid-II 100.00 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:1e-05c:5




AAC 100.00 75.00 | 100.00 | 97.37 | 0.85 | 1.00 | £:0.0005 c:10
Vp+3in) DPC 100.00 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:0.001 c:50
Host nucleus > host 75.00 g:1le-05
nucleolus. Host cytoplasm. PHY 100.00 100.00 | 97.37 0.85 | 0.99 | c:0.01
Secreted.
75.00 g:0.0001
Hybrid-I 100.00 | 97.14 | 97.37 | 0.85 | 1.00 | c:100
Hybrid-l | 100.00 100.00 | 100.00 | 100.00 | 1.00 | 1.00 | g:1e-05c:10
AAC 75.00 75.00 | 97.06 | 9474 |0.72 | 0.99 | g0.01c:50
V0p+3an) DPC 75.00 75.00 | 97.06 | 9474 |0.72 | 096 | £0.005c:50
Virion tegument. Host
PHY 100.00 75.00 | 100.00 | 97.37 | 0.85 | 0.98 | g:le-05c:5
cytoplasm. Host nucleus.
Hybrid-I 100.00 75.00 | 100.00 | 97.37 | 0.85 | 0.99 | g:0.01c:10
Hybrid-Il | 100.00 75.00 | 100.00 | 97.37 | 0.85 | 0.88 | g:1e-05c:10
AAC 81.25 92.86 | 87.50 |89.47 |0.79 | 097 | g0.05c:10
Vttpr2n) | ppc 80.00 8571 |[87.50 |86.84 |0.72 | 095 |g001lc5
. 85.71 g:0.0001
Others-tripl
ersipie PHY 100.00 100.00 | 94.74 | 089 | 097 | c:100
Hybrid-I 77.78 100.00 | 83.33 | 89.47 | 0.81 | 098 | g:0.01¢:100
Hybrid-1l | 86.67 92.86 |91.67 |92.11 | 0.83 | 095 | g:0.0001c:10
AAC 73.33 84.62 | 84.00 | 8421 |0.67 |097 | g0.001c:200
v@ses25n) | ppg 85.71 9231 | 9200 |9211 |0.83 | 098 | g0.01c:10
. PHY 68.42 100.00 | 76.00 | 84.21 | 0.72 | 0.94 | g:0.0001 c:50
Multiple
Hybrid-I 86.67 100.00 | 92.00 | 94.74 | 0.89 | 0.98 | g:0.005 c:50
85.71 9231 g:1e-05
Hybrid-II 92.00 |92.11 | 0.83 | 0.94 | c:200
Hybrid-I 79.17 9744 | 9471 | 9518 | 0.85
AVERAGE Viop+188n 1 gybrid-Il | 90.00 90.00 |97.87 |96.49 | 0.88

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC,

AAC+DPC+PHY;

Matthew’s Correlation Coefficient; AUC, Area Under Curve;
AAC, Amino Acid Composition; DPC, Dipeptide Composition; PHY, Physicochemical properties; Hybrid-I, AAC+DPC; Hybrid-II,




Table S10. Performance of SVM based first-tier (single, double and multiple viral SCLs) predictive models using one-versus-one

classification approach at 90% sequence identity on independent data set

Subcellular Location Dataset Properties | Prec Sen Spec Acc Mmcc Parameters
Single-Location V(190p+76n) Hybrid-II 98.96 100.00 97.44 99.25 0.98 g:0.0001 c:1
Double-Location V(40p+226n) Hybrid-1I 100.00 100.00 100.00 100.00 1.00 £:0.0001 c:1
Multiple-Location V(38p+228n) Hybrid-1II 100.00 94.74 100.00 99.25 0.97 £:0.0001 c:1
AVERAGE V/(268p+530n) Hybrid-II 99.25 99.25 99.63 99.50 0.99 g:0.0001 c:1

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; Hybrid-1I, AAC+DPC+PHY;

Table S11. Performance of SVM based first-tier (single, double and multiple viral SCLs) predictive models using one-versus-one

classification approach at 30% sequence identity on independent data set

Subcellular Location Dataset Properties Prec Sen Spec Acc Mcc Parameters
Single-Location V(101p+32n) Hybrid-1I 100.00 100.00 100.00 100.00 1.00 g:0.0001 c:1
Double-Location va7p+iien) | Hybrid-II 100.00 100.00 100.00 100.00 1.00 £:0.0001 c:1
Multiple-Location V(16p+117n) Hybrid-1I 100.00 100.00 100.00 100.00 1.00 g:0.0001 c:1
AVERAGE V(A34p+2650) | Hybrid-11 100.00 100.00 100.00 100.00 1.00 g:0.0001 c:1

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC,

Table S12. Performance of SVM based second-tier (single SCLs -8) predictive models using one-versus-one classification approach at

90% sequence identity on independent data set

Matthew’s Correlation Coefficient; Hybrid-II, AAC+DPC+PHY;

Subcellular Location Dataset Properties | Prec Sen Spec Acc mcc Parameters
Cytoplasm V/(28p+162n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:1
Nucleus V/(42p+148n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:1
Endoplasmic Reticulum | V(p+187n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 2:0.0005 c:1
Single-pass Membrane V(75p+115m) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:1
Multi-pass Membrane V(27p+163n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:1
Secreted V/(4p+186n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:1
Others-single V(4p+176n) Hybrid-1II 100.00 100.00 100.00 100.00 1.00 £:0.0005 c:1
Capsid V(83p+189n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:1
AVERAGE V(76p+1326n) | Hybrid-II 100.00 100.00 | 100.00 | 100.00 | 1.00 | g:0.0005c:1

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; Hybrid-1I, AAC+DPC+PHY;




Table S13. Performance of SVM based second-tier (single SCLs -8) predictive models using one-versus-one classification approach at
30% sequence identity on independent data set

Subcellular Location Dataset Properties | Prec Sen Spec Acc Mmcc Parameters

Cytoplasm V(11p+90n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:0.05
Nucleus V(14p+87n) Hybrid-1I 100.00 100.00 100.00 100.00 1.00 £:0.0005 c:0.05
Endoplasmic Reticulum | V(1p+100n) Hybrid-1II 100.00 100.00 100.00 100.00 1.00 £:0.0005 c:0.05
Single-pass Membrane V/(45p+56n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:0.05
Multi-pass Membrane V(22p+79n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 £:0.0005 c:0.05
Secreted V(Ep+98n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:0.05
Others-single V(Bp+93n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 £:0.0005 ¢:0.05
Capsid V(36p+101n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:0.05
AVERAGE V(140p+704n) Hybrid-II 100.00 100.00 100.00 100.00 1.00 g:0.0005 c:0.05

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; Hybrid-1I, AAC+DPC+PHY;

Table S14. Performance of SVM based second-tier (double SCLs -4) predictive models using one-versus-one classification approach
at 90% sequence identity on independent data set

Subcellular Location Dataset Properties | Prec Sen Spec Acc Mcc Parameters

Host  cytoplasm.  Host  cell | V(7p+33n) 100.00 | 100.00 | 100.00 | 100.00 | 1.00 2:0.0001 c:1

membrane; Peripheral membrane

protein; Cytoplasmic side. Hybrid-II

Host nucleus. Host cytoplasm. V(15p+25n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 g:0.0001 c:1

Host nucleus. Extracell V(@p+38n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 g:0.0001 c:1

Others-double V(17p+23n) Hybrid-1I 100.00 | 100.00 | 100.00 | 100.00 | 1.00 £:0.0001 c:1

AVERAGE V(41p+119n) 100.00 | 100.00 | 100.00 | 100.00 | 1.00 g:0.0001 c:1
Hybrid-II

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; Hybrid-1I, AAC+DPC+PHY;




Table S15. Performance of SVM based second-tier (multiple SCLs -6) predictive models using one-versus-one classification approach

at 90% sequence identity on independent data set

Subcellular Location Dataset Properties | Prec Sen Spec Acc Mmcc Parameters
Host cell membrane; Lipid-anchor; | VGp+35n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 g:0.0001 c:10
Cytoplasmic side. Host cytoplasm »

host perinuclear region. Secreted.

Host cytoplasm. Host nucleus. Host | V(Zp+36n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 2:0.0001 c:10
mitochondrion.

Host nucleus » host nucleolus. Host | V(p+34n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 £:0.0001 c:10
cytoplasm. Secreted.

Virion tegument. Host cytoplasm. Host | V(4p+34n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 2:0.0001 c:10
nucleus.

Others-triple V/(14p+24n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 2:0.0001 c:10
Multiple V(13p+25n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 g:0.0001 c:10
AVERAGE V/(40p+188n) Hybrid-II 100.00 | 100.00 | 100.00 | 100.00 | 1.00 g:0.0001 c:10

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; Hybrid-1I, AAC+DPC+PHY;

Table S$16. Performance of SVM based first-tier and second-tier (single, double and multiple viral SCLs) predictive models using one-
versus-one classification approach at 90% and 30% sequence identity using feature selection on independent data set

Class Prec Sen Spec Acc MCC AUC Parameters
90%

First-Tier Algorithm 90.30 90.30 95.15 95.53 0.85 0.76 g:0.005 c:0.01
Second-tier (Single Locations) 100.00 100.00 100.00 100.00 1.00 1.00 g:0.0005 c:50
Second-tier (Double Locations) 100.00 100.00 100.00 100.00 1.00 1.00 g:0.0001 c:0.01
Second-tier (Multiple Locations) 100.00 100.00 100.00 100.00 1.00 1.00 g:0.0005 c:0.01
30%

First-Tier Algorithm 100.00 100.00 100.00 100.00 1.00 1.00 2:0.0005 c:0.01
Second-tier (Single Locations) 100.00 100.00 100.00 100.00 1.00 1.00 2:0.0005 c:0.05

Prec, Precision; Sen, Sensitivity; Spec, Specificity; Acc, Accuracy; MCC, Matthew’s Correlation Coefficient; AUC, Area Under Curve
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Table S17. Comparison of MSLVP and other servers on independent dataset (90% sequence identity) using one-versus-other
approach. Column 2 has number of viral protein entries for subcellular locations for independent validation and columns 3-6 have
correctly predicted entries by respective method.

Subcellular Location Entries mGOASVM mPLR-Loc HybridGO-Loc MSLVP
SINGLE

Cytoplasm 28 3 28 28 28
Nucleus 42 3 40 41 38
Endoplasmic Reticulum 3 0 1 3 2
Single-pass Membrane 75 2 14 16 74
Multi-pass Membrane 27 0 3 3 27
Secreted 4 2 4 4 3
Others-single 14 0 0 6
Capsid 83 79 23 20 28
Total (SINGLE) 276 89 113 115 214
DOUBLE

Host  cytoplasm. Host cell 7 0 0 0 5

membrane; Peripheral membrane
protein; Cytoplasmic side.

Host nucleus. Host cytoplasm. 15 3 3 3 10
Host nucleus. Extracell 2 0 0 0 1
Others-double 17 0 2 0 16
Total (DOUBLE) 41 3 5 3 32
MULTIPLE

Host cell membrane; Lipid- 3 0 0 0 2

anchor; Cytoplasmic side. Host
cytoplasm > host perinuclear
region. Secreted.

Host cytoplasm. Host nucleus. 2 0 0 0 2
Host mitochondrion.
Host nucleus > host nucleolus. 4 0 1 0 3

Host cytoplasm. Secreted.

Virion tegument. Host cytoplasm. 4 0 0 0 2
Host nucleus.
Others-triple 14 0 1 1 12
Multiple 13 0 0 0 10
Total (MULTIPLE) 40 0 2 1 31
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