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Computational approaches for
emerging zoonotic virus research

SARS-CoV-2 as an example
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emergence, highlight soma of the high-impact emarging menatic disesses of
the last two decades and provide examples of novel One Health approaches
for disense investigation, prevention and control. Although this review focuses
on emerging monetic viral diseases, the suthoes comsider that the discussions
presanted in this paper will B4 equally dpphcable to emergeg zooness daaases
ol athes pathogen fypes.

Keywends
Ebola vinet - Emering infectious desass — Hendra was — Middle East respratory 16
sydrome coronarviis — Nipah virus ~ One Haalth — Severn scul respratory syndeome
coronarvis - Vaceing - West Nila virus ~ Zoonasis.

R scl, tech O int Eniz. 2014, 33 21, 563-581
Emerging zoonotic viral diseases
L-F. Wang " ™" & G. Crameri
111 Lozt Sestrtde: st kst iat et Dt ILS v s Area Haaf®t
v Gory, ol .
ittt Lrvusrsty 0f Sergapies Graate Mecal Sinoo. Sngapass 1E6%1
oniog serr |t sargGra m
Summary
Zoonotic diseases aro infectious diseases that aro naturally transmitted from
wertebrate animals 1o humans and wice versa. They are caused by all types of
pathogenic agents, including hacteria, patasites, fungl, wiruses and prions.
Axhough they have been recogrised for many centsnies, s impact on pubbe
heatth hy i
in reducing the spread of human infectious diseases through veccination and
eifective therapies and the emergence of novel zoonotic diseases. N is being
imcreasingly recognised that a One Health approsch st the human-animal-
ecosystam interface o needed for efective inestigabon, prevenhon and conrol
of any emarging roonotic disesse. Here, the authors will review the drivers for

L

Cui J, Li F, Shi ZL. Origin and evolution of
pathogenic coronaviruses. Nat Rev Microbiol.
2019 Mar;17(3):181-192. doi: 10.1038/s41579-
018-0118-9.

REVIEWS

Origin and evolution of pathogenic
coronaviruses

Jie Cule’, Fang LiF and Zheng-Li Shig'*

Abstract | Severe acute respiratory syndrome coronavirus (SARS-CoV) and Middle East respiratory
syndrome coronavirus (IMERS-CoV) are two highly transmissible and pathogenic viruses that
emerged in humans at the beginning of the 2 1st century, Both viruses likely originated in bats, and
genetically diverse coronaviruses that are related to SARS-CoV and MERS-CoV were discovered in
bats worldwide. In this Review, we summarize the current knowledge on the origin and evolution of
these two pathogenic coronaviruses and discuss their receptor usage; we also highlight the
diversity and potential of spillover of bat-borme coronaviruses, as evidenced by the recent spillover
of swine acute diarrhoea syndrome coronavirus (SADS-CoV) to pigs. w
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Feature selection for logistic regression models - o~
A basic form of logistic regression is a statistical model using a logistic function to i e
model a binary outcome (dependent vasiable). A logistic regression model based on
compositions of human-specific slow codons and slow di-codons in coronaviruses can
be used for classification of viral protein synthetic ability in the human cells.

In the initial of model building, both of the proportions of human slow codons and
slow di-codons of ORF lab were used to construct logistic regression models.
Logitip) = flo + f-Ct + feDiC 43}

The p-values of the statistical tests for S 9 and S were greater than 0.05. After
removing of 4%, the p-values of the statistical tests for /& and 5 were smaller than

0,05, Therefore, the final logistic regression model is:

Logitip) = fo + fCY i2)
The results of a 10-fold cross validation are shown in Table 1. The logistic regression Potential high
model based on the means of f and £, from the results of 2 10-fold cross validation is: &5 120884 Path‘)gef"c

19 ~ Pig coronaviruses

Logiripl = -107.44 + 467.76-Cr (E])

RV

i
2
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Abstract

In this proposal, we will develop a database based on first-principle methods focus
on the Gibbs free energy and static first-order hyperpolarizability organic molecules.
To the best of our knowledge, there is no available database collecting the two import
properties. Our database will include more than 10,000 molecules containing the 10
different element types of H, C, N, O, F, S, P, Cl, Br and I. In the first year (107 academic
calendar year), we have carried out B3LYP/6-31g(2df,p) geometry optimization of
more 10000 organic molecules and then obtained the corresponding Gibbs free energy.
For a preliminary analysis, we selected 479 molecules randomly to perform machine
learning process. The linear regression, ridge and lasso methods have been employed
to examine the subset of molecules. What we learned will give an indication of future

machine learning analysis for the whole set of more10000 molecules.
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Machine Learning

* Unsupervised learning
* Supervised learning

Supervised Learning | Unsupervised Learning

()

Supervised Learning:
Feature Matrix and Labels

Regression

Linear No linear relationship

Labels
. i Correlation -
Feature Matrix| Model A
(Descriptors) Prediction
3 4
. .. . Target properties of this study:
Machine Learning in Chemist M/ML . . L o )
J g rY(Q ) ?bﬁ']bi%%%}él“ _‘%
1
. Ple =3 7B+ 3 xQEE + Y XU EE B+
iE] F] k il
|9
g @, : (b) )
0 = £ ‘ |
=P
molecular structure .
Taken from Int. J. Quantum Chem. 2015, 115, 1058-1073
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Target properties of this study (Labels)

LRIFH LT LA T AT DRIE N F (@)
T o5 - gt % (F) ¢

1Y ey LG4 AR RS E

SRR TR E Y AP BEges
Rl 20 Pk € Rl o Y e

Computational details
G-y w&)

* Quantum chemistry calculations: Gaussian 16
* Machine learning: Python package of the scikit-learn

Public Avogadro
Computational (Converting to
Chemistry Database the SMILES

(PCCDB) format)

Property calculations Geometry optimization
(MP2(Full)/6- a (MMFF94s; AM1;
311+G(2d.p

Machine
learning

B3LYP/6-31G(2df.p

3699 molecules
BEAG RS AR 5 R F F B EmEA
P

FlI(A) 2 BI(B) A =] o licii 2 logo(Bo) i B4 i Bl » £ 7 3T

H

T fbn
« ¥ 5 % 8 8 E

(8) oo i 2 i (B) log, (B & 504 s
9 10
s+ 2 3 (Molecular representation)
£+ - B3+ 5 Schrodinger Equation:
L e e Ty b Vgt o Vi
l\égchléesl}eammg pIRCRE e
i . S
( % ) ; im : l'; Irn-r
'i\ﬁr ..7:“1-;..
[“The atomic charges and atomic relative positions“]
11 12
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¥ #eaert (Feature Matrix)

* & %45 (Coulomb matrix ; CM )

| Charge of aiom | Charge of atom |

Distance botwoan
aom i and  n 30
space

(&4 ifi#j
fJ i

if z:,]

Kernel Ridge Regression (KRR) 1% & £ ¥ /*

{06,y

v Linear regression:

: Training data

» Kernel regression:

Q

F)=D_ Bixi=(.X). (%)= ak(x,.5).

» Kernel Ridge regression:
argmin 3 ((Box) i

d =
perd i argmmz () =y + 2| f |13

acR” =3
v' Ridge regression: A (regularizer)

argmin ZI X)) —yi) + 2| BIE.

per? 1
13 14
#rig * Kernel S e Hyperparameters of A and &
k(0.x) )
: - ¥ * o4& Tkernelid ¥ pF > Fofd ?;L‘b’ F'“‘rr!{)i: B oo BcimaAx) o V4
Gaussian kernel & #xc R I i "‘é—\l o KF’L kemem’&m_l i\%
o mﬁ_f[aﬁx—} BLehg’ xénz 3 ;F,Sﬁig*—?vrsmcmgﬁﬂ‘—
K(xix]-)=exp<7%) iﬁ;‘f_}«%‘? MRk enficd] t'ﬁmcla 2l g;ﬁ 4 - BERA 5 - S
i . -

Laplacian kernel & #c by

X —x;
K(x;x;) = exp (—%)

- S, %
= -2 2 4

Taken from Int. J. Quantum Chem. 2015, 115, 1058-1073
15

oA J—irldge regression™ ;£ ¢ o A iF e R o Bl AR ] > R
%L“'l g e R A% B 0 H I 4R & i B (overfitting) sHIR @< s
gy iz '/—émkr MRS B R IR R TR 5 5~

y@w

{/ﬁlﬁ B L2 {1 i (L2 regularization) » B &8 f i3] en
T u'*ﬁ.ﬂ:m*mbf Wﬁfriliﬁl“'i s BB EY
.wz.,wwﬂm G FAGRGE LS TR
R AN RSl g R e

16

WEFY ER

T

(Model evaluation)

3" f (Training set, 1000)

\

\
¢ i) & (Prediction set,
2699)

/

~

E 8- FEiu E> Tuning
(Sub-training set, 900) (Validation set, 100) hyperparameters

T M )

WAE R

(Model selection) /

EF 4L (Metrics of evaluation)

Nyalidate

1 Nvalidate
MAE = N Z |Ypredicted_yactual
validate 4=

predlcted Yactual )
Zl [15[ predlcted Ypredlcted) (Yactual Vactua; )D
s

1 predlcted Ypredicted) ][ (Y actual = Yactual) ]

1 Nvalidate 2
= z (Y predicted ~ Ya ctua])
i=1

18
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#—. {£ M Gaussian & Laplacian kernels ¥ &) &£ {A > o} @4
3 Gaussian kernel

Laplacian kernel

. . a0 logio(Po) o logio(Bo)
Results and discussion - 1.0975x10? 1.3232x107 32798x10°  1.6316x10°
(2% E314) » 43351x102  2.6913x10" 8.1039x107°  1.0200x10°
19 20
R MBS Y KRR AR FAAHAS T NLO B 1 #0246 403t SERI B A F ehd v B 2t KRRECE 5 R (& i B (o)
(A) £ Gaussian kernel & $ ¥ d B A Eaay|
e o HAE
RMSE MAE R RMSE MAE R? o .
o 6.609 4195 097 6799 3925 097 -
log10(Bo) 0313 0248 037 0349 0271 040 .
(B) £ M Laplacian kernel & 3
34 % itk S
RMSE MAE R? RMSE MAE R?
o 5695 3715 098 5125 3194 098 A R N N . L
log10(o) 0307 0234 039 0336 0260 044 v e
(A) Gaussian kernel (B) Laplacian kernel
21 22

Peaia e o

SR B A 0% % i 9 KRRECL TR (b i
(logio(By)) * 19 3 serpd 5 %1

A el Ao s

(A) Gaussian kernel (B) Laplacian kernel

23
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A-machine

MP2(Full)/6-311+G(2d,p)

% MP2(Full)/6-31+G(d.p)
B3LYP/6-311+G(2d,p) /

B3LYP/6-31G(2df,p) Geometry
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2019 TF 1.747, 28/325 91.538% QI MATHEMATICS)

V3 Mishra, U., Wu, Jei-Zheng, and Tseng, M.-L. (2020/05), A sustainable production-inventory model for a
controllable carbon emissions rate under shortages, Journal of Cleaner Production, 256, 120268. (SCI 2018 IF 6.395,
6/3584.286% Q1 GREEN & SUSTAINABLE SCIENCE & TECHNOLOGY)

v 4 Mishra, U., Wu, Jei-Zheng, Tsao, Y -C.. and Tseng, M.-L. (2020/01), Sustainable inventory system with
controllable and emission rates, Journal of Cleaner Production, 241,
118807,

v 5+ Mishra, U., W, Jei-Zheng, and Tseng, M.-L. (2019/12), Effects of a hybrid-price-stock dependent demand on the
optimal solutions of a deteriorating inventory system and trade credit policy on re-manufactured product, Journal of
Cleaner Production, 241, 118282.
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v 1 ~ Prathama, F., Senjaya, W. F., Yahya, B. N, and Wu, Jei-Zheng
(2019/09), “Analysis framework for next-items recommendation using local
process model on a pairwise comparison dataset,” International Symposium
on Industry3.5 and Intelligent Manufacturing, Hsinchu, Taiwan, September
25-27. (Best Paper Award)
s (E)
v' 1 ~ Sarkar, B. (45 Rlaf & + §) ~
v’ 2 ~ Sarkar, M. (4 Rt & < )
v'3 ~ Erawan, M. (7 & Institut Teknologi Sepuluh Nopember)

s 3~ BEXHRS
CC)ERRPREIERL AR 2R 2R K
Vs THER AR E SRR R, L
2019/11/01~2020/10/31 » 53 (%7 © 1,610,000% + %z (7 5c ¥ 52 % 210,000~ -
V2~ THGHT S A E sl A" 42 5% > g
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Multiple Criteria Inventory Classification (MCIC)

. n
max Q=Y Wy, max Q; = ZWIA Yi
=]

AELEUS FIRAATL 0
st. FRARKISBRW st. Zwuy,k <1, k=1.,M, kgR

z":w,ylksl, k=1.,M, keR WHZO,i:l ..... N
;> 0 sl N Ramanathan (2008) eFR#-3)
S REIR-RPAALREIS
max ppg E = ,ﬁ(y}ﬁ‘?\lkfﬁ
& ) — ST Wi = phy Chen (012
st. » wpy =<1, j=012 L, =1
=

MEBBREFIN R AR
Chen, J.-X. (2012). Multiple criteria ABC inventory classification using two
virtual items, International Journal of Production Research, 50(6), 1702-1713.

Ramanathan, R. (2006). ABC inventory classification with multiple-criteria using
weighted linear optimization. Computers & Operations Research, 33, 695~700.
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EZERD VIS

n S| ARFEA | RRgEe Q Z":
= 1 5 NA max = W,
max Q; =3 WY, T s T w §= 2
3 3 0.6 n
4 © NA st. w; Y, =0.8
Zw,,y., =Q, s 2%
6 1 08

ZW.,Y.kSL KoL M KER ey, ;Wuylkél’ k=1..M
i=l

w20, i=1..,N W20, 1=1..N
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There might be differences...

1 5
max 3 4
y 2 1
2
5 1 , 3
4
3 e, 4
1 3
What if the decision-maker 2 55
directly ranks them?
What if there is a difference? 4
max
X
KEIALLINEAIR? FFP o KL A SRS IFET? -1 19
Co lints wvailable o1 5
Applied Soft Computing
A validation scheme for intelligent and effective multiple criteria @,_H

decision-making

ARSTRACT

D1, =|R1, —R0}| MADM Reward

- T ,
MADI (Mean Absolute Deviation) NOnparametric Statistics: Kendall’s ¢
) . Rank Correlation Coefficient
B > DI _ > |RL,—RO|
n

(#Concordance) — (# Disconcordance)

n nin-1)/2
Basis | Method 1 Method 2 Basis Method 3 [-1,1]
Item >
~ Rank |Rank Abs. Dev. [Rank Abs. Dev. || Rank |Rank
i # Concordance # Discordance]
RO | RI DI R2 D2 RO | R3 40-5
1 7 7 0 5 2 1 2 8 1 = 1000-1)/2
2 9 |9 0 9 0 2 1 8 0 35
=—=0.778
3 8 |8 0 8 0 3 3 7 0 45
4 6 0 4 2 4 6 4 2
5 3 |3 0 3 0 5 7 3 2
6 4 | 4 0 6 2 6 4 4 0
702 |2 0 1 1 7 5 3 0
8 1 1 0 2 1 8 2 0
9 10 | 10 0 10 0 9 9 1 0
0 s |5 0 7 2 10 |10 - -
Total 0 1 40 5
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An Agent-Based Model
(Wu and Tiao, 2018)

Alternative Generation
* Real data from the case
« Three Criteria:
Volume, CV, Tracking Signal

Preference Generation (the Agent)
« Weight Distribution: Uniform, ROC, RS
« Utility Function: Linear, Prospect (with
risk preferences p)

KLAFAIFEAIRT AT (LA Fhd 1 FEFEe ¢4 21

MCIC Methods
* Proposed Interactive Model
» Compromise Point Kendall’s Tau Coefficient
* R Model (2006) (linear) Rank Test
+ Chen Model (2012) (ideal)
* Highest Volume (practice)

Decision-Makers’
Preferences on
Ranking

MCIC: Multiple Criteria Inventory Classification

KLAFAIFEAIRT AT (LA Fhd 1 FEFEe ¢4 22

R
L dEgIfs 3. Remanathan (2000)R#-2I (& $-4 B)
max Q) =3 w;Y; max Q) = 3w,
i=l =

st Ywy, =Q, reR st. ;w,y.ksl, k=1..M, kgR
i=1

iw.,y.k <1 k=1..M, kgR 5. Chen (2I2)&CHETI(IA £)
= max Q=3 WY,
W20, i=1,..,N

4. Chen RUDFCHUCEER) St Sy, =Q,, V= volume

2. 4% faf#(compromise) B
n max Ql :Zwuyu
i=l

"
max QJ:zWuyu ;w‘ylksl, k=1,..M, kgR
=

0
n st. > w, =1, ideal point W, >0, i=1..,N
st. D Wy, =1, ¢=compromise =]

=

n Wy <1, k=1.,M, kgR
>y <1, k=1..M, kegR ]

il w; 20, i=1..,N

w; 20, i=1..,N
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Utility Functions Settings
The Agent Decision-Maker (- iﬁ-’.ﬂ.—?i—’g)

1 LINEAR _
%= ;lw

2 PROSPECT - e z -
= (=) + ) wilg—2y)
,z,‘f () — Ty ;"1 iy — 2y

Wy = pwp 0.5: Risk averse

1.0: Risk neutral

2.0: Risk seeking

D. Kahneman, A. Tversky, Prospect theory: an analysis of decision under
risk, Econometrica 47 (2) (1979) 263-291.

risk preferences
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Weight Settings: Uniform,
Rank Order Centroid (ROC), Rank Sum (RS)

L= Uniform s, — +
als

Weight sl

wl w2 w3 wt vl wit w7 wi v wiiwllwl2eBwldwldwlie TulBwlei

==L nifoan ROC -=RE
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. 4217 % S5

=5 A T
sTesEst 2% (E1 |
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» E1%515 B4 5%50
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Weight Settings: Uniform,
Rank Order Centroid (ROC), Rank Sum (RS)

= Weight settings
1 Uniform: 1/3,1/3,1/3
* 2 Rank Order Centroid (ROC): 11/18, 5/18, 2/18
* 3 Rank Sum (RS): 1/2,1/3, 1/6

= Sequencing
* 1 Uniform 1: 1/3,1/3, 1/3
*« 2ROC (H11/18, M 5/18, L 2/18)
v 1: HML, 2: HLM, 3: MHL, 4: MLH, 5: LHM, 6: LMH
* 3RS(H1/2,M1/3,L 1/6)
v 1: HML, 2: HLM, 3: MHL, 4: MLH, 5: LHM, 6: LMH
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% B ¥ (Coefficient of Variation, CV)
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it izt 5i(Tracking Signal, TSignal) 14 -
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[ 3 $ ]
L 3 L 3
o i 4 ]
TEHERREE ©
> 0.2 T
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n i
c PR Bl EHETEAMT AELHS%NE % EUw
BenI BR3P Y L3903 5 TA=00 > $- B F B0 i BLEL(TS)
» WRFH K-090F Bk AR BE LCIFARS » N0A T
+ E1-E2a~E2bA 92952439~ 1,763L CH & 5%
o HAe2220-~661 5058 & SEME— % 5 RIS 2NN
s IERFERARA
CAGARRFIGHFTER  RMEREF 2 2106 -
c FELABERTERAFRAT RELDIS%AASEEAR SR HeE
B f &7 4 47 -

ERAIT R AW BHE CH 53

El 168 52 295 515
E2a 481 180 2,439 3,100
E2b 344 161 1,763 2,268
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E1SRARS F oM fme g% F7
Nl

. . A AR
ggs  vocovooTsoge TSR0 ER
E1-0234 0.0021 0.5618 1.0000 0.8360 0.6000 3
E1-0364 1.0000 0.9601 0.7288 0.8000 0.8000 1
E1-0188 0.2052 1.0000 0.9105 0.8000 0.8000 2
E1-0422 0.4172 0.8960 0.8205 0.7653 0.6000 5
E1-0123 0.56120.8123 0.6972 0.6897 0.6000 4
E1-0130 0.5952 0.8245 0.5502 0.6765 0.6000 6
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E2am-Z AR s p 2 {4 %%

I
AS% V. CV TS A ;:\ﬂ ’;ﬁﬂ
E2a-2241 1.0000 0.9733 0.6540 0.8000 0.8000 1
E2a-0692 0.5975 0.8934 0.4788 0.6343 0.4000 4
E2a-0639 0.5636 0.8863 0.6230 0.6201 0.6000 3

E2a-2442 0.4204 0.9355 0.7439 0.6000 0.6000 2
E2a-0899 0.0174 0.5744 0.9551 0.5445 NA 6

E22a-0508 0.0323 1.0000 0.4426 0.5111 NA 5
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E2b 5 f AR b 2 i34 B % F

A& A% CV TS %4

E2b-0682 0.2092 0.9413 0.8425 0.8971
E2b-0090 0.2632 0.9147 0.8492 0.8874 0.6000 6
E2b-1773 0.4201 0.8835 0.7597 0.8260 0.6000 5

E2b-1569 1.0000 0.9192 0.6753 0.8000 0.8000 1
E2b-0930 03122 1.0000 05983 0.8000 0.8000 2

E2b-0319 0.6914 0.8627 0.6740 0.7716 0.6000 4

E2b-2165 0.0042 0.4862 1.0000 0.7545 0.6000 3
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