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Figure 1. Morphology of herpesviruses. The viral particle is made of a capsid contaitig viral genome, an intermediate
proteic layer named tegument and a viral envelojtle glycoproteins. The capsid is made of 150 hex@meen) and 11
pentons (blue) plus the portal protein to form sotaedral structure (T=16) with pentons at the tdpghe structure. One of
the 12 tops is a pore by which DNA is enclosechdapsid. From http://viralzone.expasy.org/all_gpecies/181.html
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Figure 2. Classification of Herpesviridae. Phylogenetic tree for the familyerpesviridae adapted from Davison (2011). The
Bayesian tree is based on amino acid sequence @igarfor six genes (UL15, UL19, UL27, UL28, UL29daJL30). The
scale indicates substitutions per site. Approxinthtergence dates (millions of years before prgsam shown at selected
nodes. The familfHerpesviridae is composed of three subfamilies: #ipha-, beta- andgammaherpesvirinae and each one
contains different genera.
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Figure 3. Representation of the general cycle of herpesviruses, including the lytic (A) and the latent (B) state. From
Enquistet al. (2000).



Tablel. Classification of thgammaherpesvirinae® subfamily

Genera Viral species Abbreviation Target cells Natural Host/ Associated diseases
Target host

Lymphocryptovirus Epstein-Barr virus or EBV or B Lymphocytes Human Infectious mononucleosis,
human herpesvirus 4 HHV-4 Nasopharyngeal carcinoma
Burkitt's lymphoma
Hodgkin’s lymphoma

Rhadinovirus Kaposi sarcoma associated KSHV or B Lymphocytes Human Kaposi sarcoma
herpesvirus or HHV-8 Castleman’s disease
human herpesvirus 8 Primary effusion lymphoma
Murid herpesvirus 4 MuHV-4 B Lymphocytes/  Small rodents B cell ymphomas
Macrophages
Saimiriine herpesvirus 2 SaHV-2 T Lymphocytes Squirrel monkey/ T cell lymphomas
other nonhuman
primates
Percavirus Equid herpesvirus 2 EHV-2 B Lymphocytes Horse Respiratory diseases
Macavirus Ovine herpesvirus 2 OvHV-2 T Lymphocytes Sheep/ many Sheep-associated malignant

ruminant species catarrhal fever

Alcelaphine herpesvirus1 ~ AIHV-1 T Lymphocytes Wildebeest / Wildebeest-derived
many ruminant ~ malignant catarrhal fever
species

#The main members of tlgammaherpesvirinae subfamily were selected
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Figure 4. Natural host and alcelaphine herpesvirus 1 transmission to susceptible species. AIHV-1 infection in wildebeest
is asymptomaticDuring viral reactivation, wildebeest calves becdnfected essentially through horizontal transnaissin
wildebeest calves, viral particles replicate arelexcreted in nasal secretions. Young infected véidst are infectious with a
peak of infectivity around * 4 months. Then, theefa infection is established for the rest of thiéé. During the period of
viral excretion, AIHV-1 can be transmitted to ottseisceptible species such as a large number ohamingpecies including
cattle. After infection, susceptible species depeldldebeest-derived malignant catarrhal fever (WDF). The rabbit is
used as an experimental model and develop WD-MCé& similar way as what is observed in cattle. Susiglepspecies
represent an epidemiological dead-end meaninghlbgtare not able to transmit the disease.



Figure 5. Typical clinical signs of wildebeest-derived malignant catarrhal fever. (A) A cow showing ptyalism, muco-
purulent nasal discharge and crusting of the muZB§ Detailed lesion of the muzzle of a cow infectedhwAlHV-1
showing the presence of an adherent fibrino-necetsudate that partially obstructs nasal cavi{iés.Corneal opacity in a
cow developing WD-MCF.[§) Presence of a bright red gum line associated &vitlulcerative stomatitis in a cow infected
with AIHV-1. (illustrations provided by the kood and Agriculture Organisation of the United Nations »).



Figure 6. Lesions observed in wildebeest-derived malignant catarrhal fever-developing cattle. (A) Kidney taken from a
cow infected with AIHV-1. Cirbumbscribed white spatsa few millimeters in diameter are irregularpyrsad and distort the
kidney surface.R) Spleen lesions taken from a cow infected with YAH. Note the heterogeneous nature of the splenic
parenchyma.) Longitudinal section in a peripheral lymph nodken from a WD-MCF-developing cow. Note the loss of
normal tissue structure in the organ and the niecespect. D) Histological section in the renal cortex of abi#binfected
with AIHV-1, stained using haematoxylin and eosimage was focused on a subacute per-arteriolgismewhich is typical

of WD-MCF and induced by infiltration of lymphoblagd cells in the perivascular space. (lllustratigmevided by the

« Food and Agriculture Organisation of the United Nations »).
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Figure 7. Genome organization of the coding region of several selected gammaher pesviruses. AIHV -1 C500 strai (NC_00253) (Ensse et al., 1997 was aligned with OvH-2 (NC_00764)
(Hart et al., 2007), SaHV-2NC_ 001350 (Albrechtet al., 1992; Fickenscher & Fleckenstein, 2001), KSHNC( 009333 (Rezaeet al., 2006; Russat al., 1996) and EBV (de Jesatal., 2003)
(NC_00760% genomes. Blocks conserved in herpesviruses averslin green. Blocks conserved in gammaherpes\sriase depicted in brown. In variable regions, gestemred by several
gammaherpesviruses are shown in light blue whespesific genes are depicted in dark blue. ORFsralieated below the genome illustration and comesiing proteins are shown above. Viral
genes homologous to cellular genes are indicatetthddy abbreviation preceded with the « v » let@XApol : DNA polymerase ; Bcl-2 : B-cell lymphon2a anti-apoptotic protein; CCL : cellular
chemokine ligand ; CCPH : complement control proteomolog; CSF1-R : colony stimulating factor 1egor ; DHFR : dihydrofolate reductase ; EBNA : t&s-barr virus nuclear antigen ;
FGARAT : phosphoribosylformylglycinamide amidotréarase; Flip : FLICE inhibitory protein, anti-apofit protein; gp : glycoprotein ; GPCR : G protemdpled receptor ; IAP : inhibitor of
apoptosis ; IL-6 : interleukin 6 ; IL-10 : interlein 10 ; IRF : interferon regulatory factor ; KbZipKSHV basic leucine zipper protein; LANA : latgnrassociated nuclear antigen ; LMP : latent
membrane protein ; MIR : modulator of immune redtign ; GMP : genomic maintenance protein ; RTAeplication and transcription activator; Sema : ggmoain protein ; STP : SaHV-2
transforming protein ; TAP : transporter associatétl antigen processing on MHC class |; TK : thgline kinase ; ZTA : ZEBRA transcription activator.



Tablell. AIHV-1 and OvHV-2 specific genes

AlHV-1 OvHV-2 ) . a b L
% identity Protein Description
ORF ORF
Al - - - -
A2 Ov2 56 - Contains a « leucine zipper » domain
Transcription factor (Parameswaran et al., 2014)
- 0v2.5 - vIL-10 Stimulates proliferation of mast cells
Inhibits IL-8 production by macrophages (Jayawardane et al.,
2008)
A3 Ov3 50 Cellular Sema 7A homolog Possible interaction with DCs functions in the natural host
Dispensable for MCF induction in rabbits (Myster et al., 2015)
- Ov3.5 - - -
A4 - - - -
A4.5 0ov4.5 50 vBcl-2 Possible anti-apoptotic role
A5 Oov5 49 VGPCR Inhibits CREB signalling pathway
Nonessential for MCF induction in rabbits (Boudry et al., 2007)
A6 Ové6 28 - Contains a « leucine zipper » domain
Possible transcription factor
A7 Ov7 60 gp42 homolog (EBV) -
A8 Ov8 41 gp350 homolog (EBV) Multiple predicted glycosylation sites
- Ov8.5 - - -
A9 0ov9 50 vBcl-2 Possible anti-apoptotic role
A9.5 0v9.5 24 - Secreted glycoprotein (Russell et al., 2013)
A10 Ov10 22 - Contains a nuclear localization signal

2The percentage of amino-acid sequence identityoatesilated with blastp. Percent identity betweemseoved genes of AIHV-1 and OvHV-2 has
been shown to vary between 36 and 83 % (Etatt, 2007).

P|dentification based on sequence homology or msilihomology. IL-10 : interleukin 10 ; Sema7A: sgshorin 7A ; DCs : dendritic cells ; Bcl-
2 : B-cell ymphoma 2, anti-apoptotic protein ; GRCG protein-coupled receptor ; gp : glycoprotegp42 and gp350 : EBV glycoproteins
involved in virus entry.

“Roles based on analysis of predicted amino-acidesezmps (except for A2, A3, A5, A9.5 and Ov2.5)8lIL.interleukin 8.



mAb 15-A Overlay

Figure 8. In vitro cytopathogenic effect induced by AIHV-1 infection in cell culture. (A) In the center, giant
multinucleated cel(syncytium), typical of the cytopathogenic effect during AlHVinfection of cells of bovine origin.
(illustration conducted by P.B. Rossiter et provitbgdhe «ood and Agriculture Organisation of the United Nations »). (B)
Madin-Darby bovine kidney cells infected with AIHVBAC (Dewalset al., 2006). Cells were stained with an antibody
specific to 15-A epitope (mAb 15-A) from the gpldlyprotein complex of AIHV-1 (Liet al., 1995). This was followed by
secondary staining with Alexa Fluor 568nm-conjudatmat anti-mouse 1gG polyserum. EGFP is expregsezyncytia
because of the presence of the eGFP expressicetteaissAIHV-1 BAC.
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Figure 9. Proposed model for the pathogenesis of malignant catarrhal fever. After a putative primary productive
infection in unknown cell subtypes, CD¥ cells are infected by AIHV-1. The virus remalatent, and viral episomes are
maintained in the nucleus of infected cells throwpression of ORF73. Subsequently, virus-inducddpeeliferation
ultimately occurs, leading to the typical perivdacunfiltrates in most tissues.
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Figure 10. Canonical miRNA biogenesis. This canonical maturation includes the product@nthe primary miRNA
transcript (pri-miRNA) by RNA polymerase Il and clege of the pri-miRNA by the microprocessor complenosha-
DGCRS in the nucleus. The resulting precursor hajrhia pre-miRNA, is exported from the nucleus by &xp-5-Ran-
GTP. In the cytoplasm, the RNase Dicer in complethtfie double-stranded RNA-binding protein TRBP cleabe pre-
miRNA hairpin to its mature length. The functiontrbsed of the mature miRNA is loaded together witlyédwaute (Ago2)
proteins into the RNA-induced silencing complex (RIS@here it guides RISC to silence target mRNAs thhootRNA
cleavage, translational repression or deadenylatvbereas the passenger strand (shown in bladégsaded. Adapted from
Winter et al. (2009).
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Figure 11. Canonical and non-canonical pathways of miRNA biogenesis. (A) The canonical pathway. pri-miRNAs are
typically transcribed by RNA Pol II,"Eapped, and’'dolyadenylated. The Microprocessor complex (Droshd DGCR8)
cleaves pri-miRNAs to release pre-miRNA hairpins,ahhare exported by Exportin-5 and processed byrDite mature
miRNA duplexes in the cytoplasm. One miRNA strandiisferentially selected by AGO to form RISGB) Drosha-
independent miRNA biogenesis in animal viruskwrid herpesvirus 4 (MuHV-4) pri-miRNAs are tRNA—pre-miRNA
chimeras that are processed by RNaseZ at'thedbof the first pre-miRNA hairpin. The enzyme thaparates the two pre-
mMiRNAs is unknown Saimiriine herpesvirus 2 (SaHV-2) pri-miRNAs are snRNA—pre-miRNA chimeras theg processed
by Integrator to release the pre-miRNA. THeeBd formation mechanism for SaHV-2 pre-miRNAs rersailusive Bovine
leukemia virus (BLV) miRNAs are derived from pre-miRNAs that areeditly transcribed by RNA Pol Il as endogenous
shRNAs. All viral pre-miRNAs pictured are exported KPO5 and processed by Dicer. Adapted from Tycovesll.
(2015).
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Figure 12. Genomic location of herpesvirus preemiRNAs. Genomic maps indicate the number of miRNA stem-$oapd
approximate locations of miRNAs relative to one aeotand to nearby transcripts. Pre-miRNA stem-ladggsicted above
genomes are encoded by the forward strand and tegsieted below genomes are encoded by the reséemed. Nearby
coding genes are represented by black arrows, djademt non-coding transcripts are representedrégnglines. HSV-1,
HSV-2 and GaHV-2 encode miRNA precursors within btth internal (IR) and terminal (TR) repeats, asdattd.
Depictions of genomes and transcripts are notatestl, unique short; U unique long; LAT, latency associated transcript;
TMER, t-RNA-microRNA encoded RNA. Adapted from Feldnzand Tibbetts (2015).
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Figure 14. Schematic representation of several gammaher pesvirus GMPs. N- and C-terminal domains are separated by
various-sized central amino acid repeat domairghlighted in orange, containing the indicated andcals.The RG-rich
regions of EBNA-1 are depicted in blueymphocryptoviruses : EBNA-1 (EBV, B95.8 strain), rhEBN(rhLCV, LCL8664
strain) and baEBNA-1 (balLCV, S594 strain). Rhadinmas: LANA-1 (KSHV, BC-1 strain), SLANA (SaHV-2, Alstrain),
OLANA (OvHV-2, BJ035 strain) and aLANA (AIHV-1, C50§train).
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Figure 15. Mode for the role of GMPs that allows gammaher pesviruses to maintain a latent infection of their host.
From Blake (2010).
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Figure 16. Schematic model showing the association of KSHV LANA with host proteins that aid in tethering to the
host chromatin and segregation. The interaction of host cellular proteins with LANJuring interphase (panél) and the
Mitotic phase (M-phase) is shown. During interphaseMA binds to the nuclear matrix and tethers KSE&home by
interacting with the carboxy-terminus of LANA, wieas during the M-phase, this interaction is lost BluMA interacts
with the microtubules and localizes to the spinpgtdes. PanelA shows a loose chromatin structure, where the host
chromatin-binding protein BRD2/RING3 interacts wittebtated histone H4 and BRD4 interacts with acetgldtistones
H3 and H4, whereas LANA binds to the RING3 throulgh €-terminal domain, thus showing the contributiémost BET
proteins in KSHV genome persistence. PaBethows that both the -Nand C-terminus of LANA strongly bind to the
kinetochore proteins Bubl and CENP-F that ensurdsedglof KSHV episomes to the daughter cells duriigomatid
segregation. Pandl shows the condensed chromatin structure duringhkb@. LANA interacts with the core histone
proteins (H2A, H2B, H3 and H4) through the N-ternhidamain and binds to the KSHV episome throughGherminal
domain. Nucleosome binding by the chromatin-bindimgfif facilitates interaction of LANA with MeCP2 #te Nterminal
domain of LANA. DEK protein interacts with the C4teinal domain of LANA and also to histones H2A, H23 and H4
facilitating tethering of LANA to the host chromati Adapted from Uppadt al. (2014).
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Figure 17. A modd of the KSHV latent DNA replication. (1) LANA binds to the LANA-binding sites (LBS1 and LBS2)
or replication origin of the terminal repeats (TRgion of the KSHV genome and recruits it to theleacmatrix region(2)
LANA then recruits the host cellular machinery fast such as Origin Replication Complexes (ORCs) toréipdication
origin which is followed by3) sequential loading of Cdc6, Cdt1; af#)l heterohexameric complex Mcm2-7 to the origins to
form pre-replicative complex (pre-RC) during late @iase followed by replication of DNA during earlypBase. From

Uppalet al. (2014).
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Figure 18. The MHC class | antigen presentation pathway. Cytosolic and nuclear proteins are degraded by the
proteasome into peptides. The transporter for antigrocessing (TAP) then translocates peptides thigolumen of the
endoplasmic reticulum (ER) while consuming ATP. MHE&ss | heterodimers wait in the ER for the thirdwsub a peptide.
Peptide binding is required for correct foldingMifIC class | molecules and release from the ER amspat to the plasma
membrane, where the peptide is presented to theimarsystem. TCR, T-cell receptor. Adapted from Yelheteadl. (2003).
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Figure 19. The DRIiPs hypothesis. All proteins are made by ribosomes using messeR)A as a template. Nascent
proteins are frequently stabilized by heat-shockeins (HSPs), which probably facilitate folding feventing aggregation.

Despite this, a marked fraction of translation pid is defective, resulting in incorrect (mistiatesd or prematurely

stopped), misfolded or misassembled proteins. Ttefextive ribosomal products (DRiPs) are shuntatégroteasome for

degradation, coupling protein production to MHC slhantigen presentation, and enable a rapid Tresfionse to new viral

proteins. Adapted from Yewdedt al. (2003).
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Figure 20. Identification and characterization of G-quadruplex structures within the EBNA-1 GAr mRNA. (A) A
guanine tetrad formed by the coplanar arrangemefduo guanine bases held together by Hoogsteemolygth bonds and
stabilized by a cation (usually potassium, depictedblue) to constitute a G-quadruplex structu) Schematic
representation of EBV EBNA-1 depicting the domaisseatial for genome maintenance functions. Higltdigtwithin the
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EBNA-1 schematic depicts an EBNA-1 intramolecularaiat G-quadruplex stabilizethy the stacking of two guanine
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synthesis of the EBV-genome maintenance protein, EBRNAnd subsequent generation and presentationHsE lass |
restricted antigenic peptides. Adapted from Meta. (2014) and Murat and Tellam (2015).
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