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Pertman and Netland, 2009

What we are going to talk is the coronavirus genus of 
coronaviridae family

They belong to the Order of Nidovirales

Updated: Four genera:
1. Alphacoronavirus: 
2. Betacoronavirus:
3. Gammacoronavirus:
4. Deltacoronavirus:



Classification of coronavirus

Coronavirinae subfamily 
of the Coronaviridae:
4 genera (a, b, g and d)

Chan et al., Clin. Microbiol. Rev. (2015), 28:465;
Wu et al., Cell Host Microbe (2020), doi: 10.1016/j.chom.2020.02.001.

b genus



Human coronaviruses

Virus Genus Symptoms

Human CoV-
229E

a Mild respiratory tract infections

Human CoV-
NL63

a Mild respiratory tract infections

Human CoV-
OC43

b Mild respiratory tract infections

Human CoV-
HKU1 

b Pneumonia

SARS-CoV b Severe acute respiratory 
syndrome, 10% mortality rate

MERS-CoV b Severe acute respiratory 
syndrome, 37% mortality rate

COVID-19 b Severe acute respiratory 
syndrome, ?% mortality rate

List of human pathogenic coronaviruses

BatCoV RaTG13?

COVID-19

Pangolin?Chen et al., J. Med. Virol. (2020), doi: 10.1002/jmv.25681; 
Cui et al., Nat. Rev. Microbiol. (2019), 17:181

? ?



New coronavirus

• Disease: coronavirus disease (COVID-19)

• Virus: severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2)

From WHO

此病毒剛開始命名為2019 novel coronavirus (2019-nCoV)，
後來國際病毒命名委員會(ICTV) 將之命名為SARS-CoV-2
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CDC, USA; Stanford University

Why is it called “corona”?

From Latin, “corona” means crown

Virion structure: there are spikes projecting from envelope, looks like crown



Transmembrane glycoprotein

Spike glycoprotein

Envelope protein

Nucleocapsid protein



The envelope proteins (structural proteins):

Example: group II coronavirus



The nonstructural proteins:

Example: group II coronavirus (nonstructural proteins)



The RNA genome structure:

1. Large (27-32Kb), single-stranded, positive-sense RNA genome

2. 5’ methyl-guanosine cap and 3’ poly(A) tail

3. It contains 6-10 genes

4. The order of genes is highly conserved: 
2/3: gene 1, for replication
1/3: gene 2-7, for structure proteins



Example: Murine hepatitis virus (MHV):

Gene 1 (genomic RNA as mRNA): 2 ORFs, 1a and 1b, are translated 
into polyproteins then cleaved by viral proteinases into 16 proteins

Gene 2-7 are expressed by “subgenomic mRNA”



The comparison of the RNA genome structure:

Pertman and Netland, 2009



The translation of gene I (ORF1a and ORF1b)

1. Translation by cellular ribosomes begins at an AUG shortly beyond 
the 60-100 nt untranslated leader sequence

2. A polyprotein for ORF1a is produced
3. The polyprotein is then cleaved by viral proteinases to generate 11 

nonstructural proteins

ORF1a

ORF1b

1. Some of the ribosomes translating ORF1a pause on a complex RNA 
structure (pseudoknot) in the overlap between ORF1a and 1b.

2. Ribosomes shift to ORF1b and generate a larger 1a/1b polyprotein. 
3. The polyprotein is then cleaved to 16 nonstructural proteins



The expression of structural proteins:

By a nested set of mRNAs, subgenomic mRNA



Morphology of SARS-Cov-2 and its gene expression

Cui et al., Nat. Rev. Microbiol. (2019), 17:181; Sola et al., Annu. Rev. Virol.
(2015), 2:265; Zhu et al., N. Engl. J. Med. (2020), doi: 10.1056/NEJMoa2001017

(+)

Replicase gene Structural and 
accessary genes

* Ribosomal frameshifting

Expressed by genome translation (pp1a) 
and ribosomal frameshifting (pp1ab) Expressed from 

subgenomic (discontinuous) 
mRNAs



Outline of this lecture

• I. Classification and nomenclature

• II. Genome structure

• III. Life cycle and replication

• IV. Laboratory diagnosis

• V. Ecology and interspecies transmission



Wit et al., Nat Rev Microbiol, 2016



Pertman and Netland, 2009

Receptors of coronaviruses



Lai et al., Fields Virology, 2007.

Replication cycle of coronavirus
1. Products of Gene 1 replicate 

the genomic RNA and 
synthesize the subgenomic
RNAs

2. The mRNA and subgenomic
mRNAs are transcribed

3. The structural proteins are 
synthesized. The nucleocapsid
protein and newly synthesized 
genomic RNA assemble to form  
helical nucelocapsids

4. M protein is inserted in ER and 
anchored in Golgi. 
Nucleocapsid interacts with M .

5. E and M interaction triggers the 
budding process

6. S and HE are translated on 
membrane-bound polysomes, 
inserted into RER , and 
transported to Golgi

7. Virions are released by 
exocytosis-like fusion of 
smooth-walled vesicles



RNA replication proteins

RNA-dependent RNA polymerase: nsp12, 100 kDa, ORF1b

ATPase and RNA helicase: nsp13

RNA modifying activity: exonuclease (nsp14); methyltransferase
(nsp16); endoribonuclease (nsp15)
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WHO建議之病毒檢驗測試

檢驗 檢體種類 備註

可用的核酸增幅試驗
（可參照WHO所提供各國
家用於檢測可能病例的引
子序列）

呼吸道檢體
(病毒核酸萃取)

若有病例出現則進行檢體採集。
一旦試驗驗證完成則由專業實驗室進
行。

全基因組測序 呼吸道檢體
(病毒核酸萃取)

若有病例出現則進行檢體採集。
由專業實驗室進行。

血清抗體檢測，針對病人
配對血清檢體的血清抗體
檢測。

血清 針對配對血清檢體的確認，第一次血
清採集於發病第一週，第二次則採集
於發病後3-4週。
若收集到單一血清檢體，則至少在發
病後三週再次進行收集血清檢體。
由專業實驗室進行，直至獲得更多有
關可用試驗的效能的資訊。

資料來源: Laboratory testing for SARS-Co-V2 in suspected human cases



疾病管制署提供 primer, probe
-針對三個基因片段設計real-time RT-PCR
-篩檢敏感度3.7~9.6 RNA copies/rxn

檢測執行現況-檢測法

Euro Surveill. 2020;25(3):pii=2000045. https://doi.org/10.2807/1560-7917. 
ES.2020.25.3.2000045

https://doi.org/10.2807/1560-7917


檢測執行現況-檢驗流程

收件核對

(0.5 hr)

前處理

(1hr, 20撿體)

萃取核酸

(2 hr, 20檢

體)

配製試藥

(0.5 hr)

檢測反應

(2.5 hr)
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Pertman and Netland, 2009

Cross-species transmission of coronavirus

a. SARS-CoV

麝貓



b. Human HCoV-OC43

http://www.visitcumbria.co
m/visit-cumbria.htm

http://www.tpwd.state.tx.us/
huntwild/hunt/planning/rut_
whitetailed_deer/

羊駝





Adaptation of SARS-CoV to human cells
(1) mutations at receptor binding sites: 

Holmes KV et al., Science, 2005



Zhou P et al., Nature 2020

SARS-CoV-2 binds to human ACE2



Type I interferon induction and signaling during CoV infection
Fung TS and Liu DX, Annu Rev Microbiol, 2019

Adaptation of SARS-CoV to human cells
(2) To escape innate immunity



Summary of this lecture

• I. SARS-CoV-2 is a newly discovered virus in the 
family of coronaviridae (beta)

• II. Its virion structure and genome are similar to 
other coronaviruses

• III. Life cycle and replication (ACE2 is its receptor)

• IV. Laboratory diagnosis

• V. Ecology and interspecies transmission (the origin is 
from bat coronavirus)


