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CORONAVIRUS RESEARCH

Dozens of studies about the virus have
been published since the outbreak began.
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Virionlar: Zarfli ve 15-20 nm uzunlugunda yuzey cikintilari

Niikleokapsid: Helikal, cok sayida bazik fosfoproteinler (N) icerir

Zarf: Degisen sayillarda membran proteinleri icerir (ikisi korunmustur): M proteini ve S proteini (tutunma ve flizyon, ytksek
oranda glikozillenmistir); ikisi mofogenez ve infektivite icin gereklidirler

Genom: Pozitif anlamli RNA, lineer, tek sarmalli, segmentsiz, infeksiy6z, 26—32 kb uzunlugunda, kapakli, poliadenillenmis
ve yapisal olarak polisistronik

Genel genom organizasyonu: 5'-UTR-replikaz-S-M-N-UTR-3’; genome replikaz icin mRNA islevi gorir

Replikaz geni: Ortiisen ORF 1a ve 1b’den olusur = oldukca biiyiik ppla and pplab poliproteinlerini kodlar; otokatalizle
klicik parcalara boltunur

Replikazin ilerisinde yer alan ORF’ler: Poliadenillenmis ve kapakl subgenomik mRNA’lar kullanilarak ekspresse olurlar
Toparlanma: Nikleokapsid proteinleri plrtiiksiiz ER membranlari/erken Golgi kompartmanlarinda toparlanir ve
tomurcuklanma ile serbestlenirler.
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Aile: Coronaviridae
Altaile: Letovirinae
Altaile: Orthocoronavirinae

Orthocoronavirinae

— Genus: Alphacoronavirus — Genus: Betacoronavirus = Genus: Deltacoronavirus
4+ Subgenus: Colacovirus

— Subgenus: Embecovirus 4+ Subgenus: Andecovirus

Species: Betacoronavirus 1 4+ Subgenus: Buldecovirus
Species: China Rattus coronavirus HKU24 4+ Subgenus: Herdecovirus

4+ Subgenus: Decacovirus

= Subgenus: Duvinacovirus

Species: Human coronavirus 229E

Species: Human coronavirus HKU1 + Subgenus: Moordecovirus

<+ Subgenus: Luchacovirus ) i i
Species: Murine coronavirus

4+ Subgenus: Hibecovirus
= Subgenus: Merbecovirus

+ Subgenus: Minacovirus = Genus: Gammacoronavirus

4+ Subgenus: Minunacovirus <+ Subgenus: Cegacovirus

=+ Subgenus: Myotacovirus

4+ Subgenus: /gacovirus

4+ Subgenus: Nyctacovirus Species: Hedgehog coronavirus 1

4+ Subgenus: Pedacovirus Species: Middle East respiratory syndrome-related coronavirus
+ Subgenus: Rhinacovirus Species: Pipistrellus bat coronavirus HKUS

= Subgenus: Sefracovirus

Species: Tylonycteris bat coronavirus HKU4
4+ Subgenus: Nobecovirus
= Subgenus: Sarbecovirus

Species: Human coronavirus NL63
Species: NL63-related bat coronavirus strain BtKYNL63-9b

Species: Severe acute respiratory syndrome-related coronavirus
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Figure 2: Sequence identity between the consensus of 2019-nCoV and representative betacoronavirus genomes
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Virus species Host Attachment factor Main receptor

Alphacoronavirus 1

Canine coronavirus type | Dog ?

Canine coronavirus type Il Dog APN (aminopeptidaz N)
Feline coronavirus type | Cat ?

Feline coronavirus type Il Cat APN

Transmissible gastroenteritis Pig Sialic acid APN

virus

Human coronavirus 229E Human APN

Human coronavirus NL63 Human ACE2

Betacoronavirus 1

Bovine coronavirus Cow 9-0-Ac Sia?
Equine coronavirus Horse 9-0-Ac Sia?
Human coronavirus OC43 Human 9-0-Ac Sia?

(9-O-acetyl-sialogycans)

Porcine hemagglutinating Pig 9-0-Ac Sia?
encephalomyelitis virus

Murine coronavirus* Mouse 4-0- or 9-O-Ac Sia CEACAM1a

SARS-related coronavirus Human ACE2

MERS Human DPP4
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Figure 4: Specific amino acid variations among the spike proteins of the subgenus sarbecovirus
Viruses are ordered by the tree topology (as shown in figure 3) from top to bottom. One-letter codes are used for amino acids. CoV=coronavirus. 2019-nCoV=2019 novel coronavirus. SARS=severe
acute respiratory syndrome. *Bat-derived SARS-like viruses that can grow in human cell lines or in mice. TBat-derived SARS-like viruses without experimental data available.
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A B virus Year 442 472 479 480 487

\_ Human ACE2 SARS -human 2002 Y L N b T
'SARS - civet 2002 7 L K D s
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'SARS - civet 2005 Y P R c |8
SARS -human 2008  F F N D s
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design
- Viral adaptationto Y>F P=L R> G>D T>S
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Human-SARS-2002 306 RVVPS GDVVRFPNIT NLCPFGEVFN ATKFPSVYAW
Civet-SARS-2002 319 RVVPS GDVVRFPNIT NLCPFGEVFN ATKFPSVYAW
Bat-SARS-2013 319 RVAPS KEVVRFPNIT NLCPFGEVFN ATTFPSVYAW
2019-nCoV 319 RVQPT ESIVRFPNIT NLCPFGEVFN ATRFASVYAW
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2019-nCoV FSTFKCYGVS PTKLNDLCFT NVYADSFVIR GDEVRQIAPG
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/ RBM ‘
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'/ 100%
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197.18% / 100%
SARS-bat 92.33% 92.75% 100%
/ 94.29% /194.76% |/ 100%
'192.96% 191.55%  |/100%
2019-nCoV | 76.04% 76.78%  |77.50% | 100%
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FIgurc J: scquence comparison o1 2U17-0CoY and SARS-LoY. (A ) scquence
alignment of SARS-CoV and 2019-nCoV RBDs. RBM residues are in magenta. The five
critical residues in Fig. 1B are in blue. ACE2-contacting residues are shaded. Asterisks
indicate positions that have a single, fully conserved residue. Colons indicate positions
that have strongly conserved residues. Pertods indicate positions that have weakly
conserved residues. (B) Sequence similarities of SARS-CoV and 2019-nCoV in the spike
protein, RBD and RBM, respectively. (C) Sequence similarities of MERS-CoV and
HKU4 virus in the spike protein, RBD and RBM, respectively. GenBank accession
numbers are: JX869059.2 for human MERS-CoV Spike; NC_009019.1 for bat HKU4-
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Table 1. Summary of the critical elements for ACE2 utilization present m the S protem of
various SARSr-BatCoVs

NTD 5aa. 12 a.a.
SARS-CoV and SARSr-CoV genotype  deletion 442°  deletion  472° 479" 487  401®
Human SARS-CoV TOR2 1 Retained Y Retained L N T Y
Civet SARSr-CoV SZ3 1 Retained Y  Retained L K S Y
Civet SARSr-CoV civet007 1 Retained Y Retained P R S Y

SARSr-Rs-BatCoV RsSHC014 2 Retaned W  Retained P R A H
SARSr-Rs-BatCoV Rs4231 1 Retaned W  Retained P R A H
SARSr-Rs-BatCoV Rs4084 2 Retaned W  Retained P R A H
SARSr-Rs-BatCoV Rs4081 3 Deleted S Deleted Deleted S A% Y
SARSr-Rs-BatCoV Rs4075" - Deleted S Deleted Deleted S P Y
SARSr-Rs-BatCoV Rs4085 - Deleted S Deleted G S N Y
SARSr-Rf-BatCo V' Rf4092 3 Deleted S Deleted  Deleted S v Y
SARSr-Rf-BatCoV YNLF 31C 3 Deleted S Deleted  Deleted S \% Y

SARSr-BatCoVs that could replicate in cell lines =

SARSr-BatCoVs that were reported to have slower replication kinetics (Menachery et al. 2015)
SARSr-BatCoVs that failed to replicate in cell lines

# Critical a.a. residues on S protein determining interaction with ACE2

* Only RBD sequences are available in Genbank
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!' i david.l.robertson

With Xiaowei Jiang at XJTLU we've carried out a preliminary evolutionary analysis to characterise the
evolutionary origins of the Wuhan virus, nCoV. Focus of our analysis is on the Wuhan-Hu-1 virus
(accession no. MN908947, released on GenBank by Shanghai Public Health Clinical Center and School
of Public Health, Fudan University, Shanghai, China) as all nCoV cluster together so will share the
same evolutionary ancestry. It's clear from phylogenetic analysis the new human virus is most closely
related to bat coronaviruses in the Betacoronaviruses genera. While this is apparent from both the
previously reported BLAST and full-genome phylogenetic analysis the closest related bat viruses
(CoVZC45 and CoVZXC21) are in fact recombinants with shared breakpoints either side of ORF1b:

Xmowei Jiang® & David L Robertson?

Xi'an Jiaotong-Liverpool University (XJTLU),
China; MRC-University of Glasgow Cantre for
Virus Research (CVR), UK
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Top, diversity plot across the Wuhan-Hu-1 genome alignment in 800 nucleotide windows, incremented 50 nts (generated using RDP4).
Complete genomes were aligned with MAFFT using data from ViPR and GenBank. Phylogenetic trees from regions detected by the
HyPhy software GARD to be between recombination locations are shown. Note, exact breakpoints locations are dependent on
reference sets used. The trees were inferred using PhyML with a ‘BEST' tree search and HKY substitution model. The same options
were used to perform bootstrapping (1000 replicates). Trees were visualised with FigTree.
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Figure 1 | Maximum likelihood tree of nCoV2019 genomes constructed using PhyML [1]. The tree is
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* Reverse Transkripsiyon — Polimeraz zincir reaksiyonu (PCR)

- Konvansiyonel (pan coronavirus = Dizileme)

- Real time PCR
CDC protokolu
2019 nCoV_N1 2019 nCoV_N2 2019 nCoV_N3 Result Interpretationa
+ + + + 2019-nCoV detected
If only one, or two, of three targets is positive + Inconclusive Result
- - - + 2019-nCoV not detected

- s 5 = Invalid Result



2019-Novel Coronavirus

Name

Description

Oligonucleotide Sequence (5'>3")

Label'

Real-time rRT-PCR Panel Primers and Probes

Working

Conc.

2019-nCoV_N1 & "
2019-nCov_N1-F | 27 I | 5.GAC CCC AAA ATC AGC GAA AT-3 None 20 uM
2019-nCoV_N1 7 '
2019-nCoV_N1-R | g0 ST 0N | 5'-TCT GGT TAC TGC CAG TTG AAT CTG-3 None 20 uM
2019-nCoV_N1-P ﬁ?:::‘“"—"‘ 5'-FAM-ACC CCG CAT TAC GTT TGG TGG ACC-BHQ1-3 FAM,BHQ1 | SpuMm
2019-nCoV_N2-F im'"c"".—“z 5’-TTA CAA ACA TTG GCC GCA AA-3° None 20 uM
orward Primer
2019-nCoV_N2 " ’
2019-nCoV_N2R [ oo ST 050 | 5-GCG CGA CAT TCC GAA GAA-3 None 20 uM
2019-nCoV_ N2-P f,"’::;““"-“z 5-FAM-ACA ATT TGC CCC CAG CGC TTC AG-BHQ1-3' FAM,BHQ1 | S5uM
2019-nCoV_N3-F i°19'"c°".—“3 5'-GGG AGC CTT GAA TAC ACC AAA A-3’ None 20 uM
orward Primer
2019-nCoV_N3 F .
2019-nCov_N3R | 0 SO0 | 5TGT AGC ACG ATT GCA GCA TTG-3 None 20 uM
2019.ncov_Na-p | 275N 5 FAMAYC ACA TTG GCA CCC GCAATC CTG-BHQ1-3' | FAM.BHR1 | 5uM
RP-F ﬁff::}" Forward | &+ AGA TTT GGA CCT GCG AGC G-3' None 20 uM
RP-R ';"I‘;‘;‘j" Reverse | &' GAG CGG CTG TCT CCA CAA GT-3' None 20 uM
RP-P i 5/-FAM — TTC TGA CCT GAA GGC TCT GCG CG—BHQ-1-3' | FAM,BHQ1 | 5pM

'"TagMan® probes are labeled at the 5'-end with the reporter molecule 6-carboxyfluorescein (FAM) and
with the quencher, Black Hole Quencher 1 (BHQ-1) (Biosearch Technologies. Inc., Novato, CA) at the 3'-

end.

Note: Oligonucleotide sequences are subject to future changes as the 2019-Novel Coronavirus evolves.



WHO protokold: N tarama; nsp-14 dogrulama
olarak

Primer and probe sequences

Assay 1 (Target: ORF1b-nspl14)

Forward primer (HKU-ORF 1b-nsp14F): 5°-TGGGGYTTTACRGGTAACCT-3"

Reverse primer (HKU- ORF1b-nspl4R): 5’-AACRCGCTTAACAAAGCACTC-3’

Probe (HKU-ORF1b-nsp141P): 5°-FAM-TAGTTGTGATGCWATCATGACTAG-TAMRA-3’

Assay 2 (Target: N)

Forward primer (HKU-NF): 5°-TAATCAGACAAGGAACTGATTA-3’
Reverse primer (HKU-NR): 5’-CGAAGGTGTGACTTCCATG-3"

Probe (HKU-NP): 5'-FAM-GCAAATTGTGCAATTTGCGG-TAMRA-3"



Figure 1. Relative positions of amplicon targets on the SARS coronavirus and the 2019 novel coronavirus
genome

Orfia Orfiab S E M N

MN9o8g47 W uhan-Hu-1

NC_oo4718 SARS-CoV

nh = g =t &= G
15,361-15 460 26,141-26,253 28,565-28 682
RdRp E N

Table 1. Primers and probes, real-time RT-PCR for 2019 novel coronavirus

Toggle display: B8~ Open fullscreen *

Assay/use Oligonucleotide Sequence® Concentration®
RARP gene RdRp_SARSr-F GTGARATGGTCATGTGTGGCGG Use 600 nM per reaction
RdRp_SARSr-pP2 FAM-CAGGTGGAACCTCATCAGGAGATGC- Specific for 2019-nCoV, will not detect SARS-
BBQ CoV.
Use 100 nM per reaction and mix with P1
RARP_SARSr-P1 FAM- Pan Sarbeco-Probe will detect 2019-nCoV,
CCAGGTGGWACRTCATCMGGTGATGC- SARS-CoV and bat-SARS-related CoVs.
BBQ
Use 100 nM per reaction and mix with P2
RARp_SARSr-R CARATGTTAAASACACTATTAGCATA Use 800 nM per reaction
E gene E_Sarbeco_F ACAGGTACGTTAATAGTTAATAGCGT Use 400 nm per reaction
E_Sarbeco_P1 FAM-ACACTAGCCATCCTTACTGCGCTTCG- Use 200 nm per reaction
BBQ
E_Sarbeco_R ATATTGCAGCAGTACGCACACA Use 400 nm per reaction
N gene N_Sarbeco_F CACATTGGCACCCGCAATC Use 600 nm per reaction
N_Sarbeco_P FAM-ACTTCCTCAAGGAACAACATTGCCA- Use 200 nm per reaction
BBQ
N_Sarbeco_R GAGGAACGAGAAGAGGCTTG Use 800 nm per reaction

#Wis A/T;Ris G/A; Mis A/C; S is G/C. FAM: 6-carboxyfluorescein; BBQ: blackberry quencher.

b Optimised concentrations are given in nanomol per litre ("\M) based on the final reaction mix, e.q. 1.5 pL of a 10 puM primer stock solution

per 25 pL total reaction volume yields a final concentration of 600 nM as indicated in the table.
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* Proteaz inhibitorleri: Litonavir/r
* Remdesevir

* Sofusbuvir

* IFN-beta

* Ribavirin?

e Oseltamivir?



Reverse genetics with a full-length
Infectious cDNA of the Middle East respiratory
syndrome coronavirus

Komplo teorileri

Trevor Scobey, Boyd L. Yount, Amy C. Sims, Eric F. Donaldson, Sudhakar S. Agnihothram,

Vineet D. Menachery, Rachel L. Graham, Jesica Swanstrom, Peter F. Bove, Jeeho D. Kim,
L Erguanes (£4) Sonia Grego, Scott H. Randell, and Ralph S. Baric
' PNAS October 1, 2013 110 (40) 16157-16162; hitps://doi.org/10.1073/pnas. 1311542110
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B $ -GCCTGTC' GGGC~3" 5/ ~GCCTGAA ' TGGC=3"
17 3'-CGGA CAGCCCG-S! 3’ -CGGA, CTTACCG-5"
t 5'-GCCGGAG'TGGC-3’ 5’ -GCCCATG ' TGGC-3'
MERS-A 3 -CGGC , CTCACCG-5' 3’ ~CGGG, TACACCG-5' VIERSE 25T
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Fig. 1. Download figure | Open in new tab | Download powerpoint
Organization of the MERS-CoV molecular clone. (A) The organization of the MERS-CoV genome. (8) The full-length
MERS-CoV genome was ultimately divided into seven contiguous cDNAs designated MERS A-F and flanked by
unique Bgll sites that allow for directed assembly of a full-length cDNA: MERS A (nucieotides 1-4692), MERS-B
(4693-8811), MERS-C (8812-12258), MERS-D1 (12259-15470), MERS-D2 (1547 1-18806), MERS-E (18807-
24397), and MERS-F (24398-30119).




COVANCE "
APBPK Modeling to Support Clinical DDI Studies

Questions Surround Canadian Shipment of Deadly
Viruses to China

The same Winnipeg lab that sent Ebola and Henipah viruses to Beijing recently removed

a number of researchers for an “administrative issue.” 2020
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