US 20230183825A1

a9y United States
12y Patent Application Publication o) Pub. No.: US 2023/0183825 Al

MOORE et al. 43) Pub. Date: Jun. 15, 2023

(54) GAMMA HERPESVIRUS CIRCULAR RNA (60) Provisional application No. 62/679,698, filed on Jun.

| 1, 2018, provisional application No. 62/679,712, filed

(71)  Applicant: University of Pittsburgh - Of the on Jun. 1, 2018, provisional application No. 62/679,
Commonwealth System of Higher 725, filed on Jun. 1, 2018.

Education, Pittsburgh, PA (US)
Publication Classification

(72) Inventors: Patrick S. MOORE, Pittsburgh, PA (51) Int. Cl.

(US); Tuna TOPTAN, Pittsburgh, PA
(US): Yuan CHANG, Pittsburgh, PA C12Q 1770 (2006.01)
(US) CI2N 15/113 (2006.01)
) (52) U.S. Cl.
(73) Assignee: University of Pittsburgh - Of the CPC ... C12Q 1/705 (2013.01); CI2N 15/1133

Commonwealth System of Higher (2013.01); 461K 48/00 (2013.01)

Education, Pittsburgh, PA (US)

(57) ABSTRACT
(21)  Appl. No.: 18/049,378 In an embodiment, the mvention provides a method and
reagents for detection of y-herpesvirus circRNA. In another
(22) Filed: Oct. 25, 2022 embodiment, the invention provides a method and reagents
for detection of EBV circRNA. In still another embodiment,
Related U.S. Application Data the invention provides a method and reagents for detection

(63) Continuation of application No. 17/059,949, filed on ~ ©1 KSHV circRNA. The method can be expanded to other
Nov. 30, 2020, now Pat. No. 11,512,357, filed as herpesviruses and even nop-herpeswruses that generate cir-
application No. PCT/US2019/034995 on May 31,  SRNAupon cellular infection.

2019. Specification includes a Sequence Listing.
- Xon- IV ______ T E ){Oﬂ ~I
#F R .

. ..‘:_:-: y

R
ke 5

v,

i,
i
I:I'I

ok
CircBART 'U‘*_,.H_ Exon-lila
11nuc yy

Exon-lib &

I'
=
'i" r

- l;l.-lll I':.
R
il i F

'l'I-I -
v

]

Y Ll
] - ‘I'I-l
Ll -'- LS . . -t

] i
- .' . -
-, F.I
" 4
- -
L »
L1 »
, »
o

-
44444
############

CircBART
609nuc

. L.,
4444444444

""""""""

£ CircBART  #
50 1nuc Qf
Vg 0
Exon- ”|b ng e

_____ LExon-lia
w’"“‘(( %%
- “circBART %}
398nuc ,;.55:'.
Eﬁﬁbﬂ.. [:}inza.zah

"'Ii--.

;;;;
-----------



Patent Application Publication  Jun. 15,2023 Sheet 1 of 9 US 2023/0183825 Al

"""""""""""""""""
- ':':-:':':':':':':'rl"“"l" -'"'-'-""‘I-I:':':-:':':- '''''''
llllllll

""""""

PR
......
------
r N L
-------
.....

L
IIIII
"""

Bl " .
"""
- aw .

711nuc 57

| ]
e
lllll
L
"""
L
"""""
) l":":":I
""""
L
"!':':-:-?
L

-------
Bty

L
llllllll
4444444444444

. Lo
L 4_4‘#‘_#*4*4* 444444444444444

| CircBART
L eoonuc

: Cii‘éBART | I
- 501nuc g&%‘

..................
lIllll ) L A

Q CSFCBAR T;’p
399 nuc ﬁ

1
.......
________________
IIIII
IIIIII
-------------
iiiiiiiiiiiiiiii
IIIIIIIII

e T
---------------------------------

FiG. 1



Patent Application Publication  Jun. 15, 2023 Sheet 2 of 9 US 2023/0183825 Al

circBART-akata 711nuc:

Atgccattgggcgtgteactgagetgaatttggacgeagcetacttgacctitgecccegtgectecagegetgataagtgct
gegtecactttgtgttacaggtecggegtgtecacggagacteggacgtageccttaccgeggcgtatggegttgaccggacatacett
cceeggeaatgtgigaatacggecglatgactttagaaatgggoocgtatgctgcgecageaggtaaggcagacactcgtectggct
gotgacgooaoaoccactgaggaagatctgggoctcgctgatetttagetigtceccgcetctgggtgcaggagegtgtcagetgaat
gtcgctetgeccgggcagaatcigeaggltagaggtaggggettctigaccaatctgatgggcacaatgtaccaggtaaacttcectictc
tatgaacaggctgcgcggattcaggacgcettagcacgatgtcctggtcagagtgeataacgaagaagggctigaggaataccicgtig
[cttccgeticcaaagaacaaaaacgegaccegtaaaglagegectgecglaggigetcgtgttgaagoagaaagaagigggccgcag
gcgecgoacoctgticcigaacgacgagegecgggacgctagtgetgecatgggcteciccggggtaageticggecatggecgga
getcgtegacgggcaag (SEQ 1D NO:16)

FIG. 2A
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circRPMS1-akata 609nuc:
gtccggegtgteccacggagactcggacgtageccttaccgeggcegtatggegtigaccggacataccticcecgggaatgtgtgaat
acggoacgtatgactttagaaatgggoocgtgiocigegccageaggliaaggeaggeactegicclggetggigacgggagagecac
tgaggaagatcigggoctcgetggtgtitagetigiccecgetctgggtgcaggagegtgtcagetgaatgtegeictgeccgggcag
aatcigcaggtagaggtaggggotictigaccaatctgatgggcacaatgtaccaggtaaacticecttictctatgaacaggetgegegg
attcaggacgcttagcacgatgtcctggicagagtgecataacgaagaagggctigaggaataccicgttgicticcgetccaaagaaca
aaaacgcgaccgtaaagtageggctgecgtaggtggtegtgttgaaggagaaagaagtggoccgeaggeggeggaggctgtiect
gaacgacgagegecgggacgcetagigctgecatgggactectecggggtaageticggecatggccggagetcgicgacgggcaag
SEQ ID NO:17)

FIG. 3A
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circRPMS1-akata 501nuc:
atgecgtigaacgtgtcactgagctgaatitggicgeagctactigaccttigeccccgtgecteccagegcetgataagtgctgcgiccact
ttgtgttacaggtccggcegtgiccacggagactecggacgtageccttaccgeggcegtatggcgtigaccggacataccttecccggga
atgtgtgaatacgggcglatgactttagaaatgggogocgigtoctgcgccageaggctgcgeggaticaggacgcettagecacgatgte
ctggtcagagtgcataacgaagaagggctigaggaatacctegttgtcticegctccaaagaacaaaaacgegaccegtaaagtageg
getgecgtaggtgatcgtigttgaaggagaaagaagigggecgeaggeggcggagectgticcigaacgacgagegecgggacgc
tagtgctgcatgggctectecggggtaageticgaccatggecggagetcgtcgacgggcaag (SEQ ID NO:18)

FIG. 4A
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circRPMS1-akata 399nuc:
Gtecggegtgtecacggagactecggacgtageecttaccgeggegtatggegttgaceggacatacctteecegggaat

gtgaatacgggcgtatgactitagaaatgg
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goocgtgtoctgcgcecageaggcigcgeggatticaggacgcttagecacgatgicct

rotcagagigcataacgaagaagggctigaggaatacctegtigicticcgeticcaaagaacaaaaacgegaccgiaaagtageggc

fgccgtaggtootegigtigaaggagaaaga

agtggoccgeaggeggcggagactgticcigaacgacgagegeegggacgcta

gtgctgcatgggctceteccgggetaageticggecatggecggagctegtegacgggcaag (SEQ ID NO:19).
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KSHY circ-viRF4
Gtgtggataccagtgaatgagggcgeatctacctcagececegegeccctgectgecggeagegatateccgectgget
gotaticggtgtaccatgcattigatgaggagtgtgatagagictacggaccatcgectgicgiggoacagacggtetratggacgititg

goagactgtigcgtiggaaccaggaggeccgicgtgcggaacgatttacggtacagegacacatttggtggtagctacgtagtatgge

agtiggtocgaacgccgtitaaaaactgtacgtattgctatgggaeccgegtatggicctgaaaaactgecagegatitaticagtgtctgtt

gicceccccaatgeaaaccacggcetacgegacgeagigacactaggtatgtaactcggggaaggogototgagoftigatgcgtigg
fgtcggcgggaaatactttaggtaccctaaccacgtiaactcicgtgccttttacttagagaacaaagcetacgaggaggcagggocige
agcaccligetececctaaggegecatcgggoctgaggggticgcceicggaaatcgaaccgetattacaatgitggcgatataacgact
gaacagaaggctgcectgctee (SEQ ID NO:20)

FIG. 6A
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circPAN(-) 28692-29016
(Gctgecgeacaccactttagtccaatgticttacacgactitgaaacttctgacaaatgecaccteactttgtcgectatgteatt

caaafcgactigcttacactggaaaaataaacacaccattacagcactagectgatacaatctaaaacgceattitaaaatgcetficacaacg

caccaataagatacacatccagatigtcacatttagggcaaagiggeccgatttacactcaaiccgetitctagaattacctcaacactate

taagaatcagacaaacacagaaccgaaacaacgaatgageagatagagegcetececa (SEQ 1D NO:21)

FIG. 7A

circPAN(-) 28519-29016
getgeegceacaccactitagtccaatgticttacacgactitgaaactictgacaaatgccaccetcactitgicgectatgicatt
Caaatcgactigcttacactggaaaaataaacacaccattacageactagectgatacaatctaaaacgealttttaaaatgettcacaacg
caccaataagatacacatccagattgtcacatttagggcaaagtggceccgatttacacicaatccgetitctagaattaccicaacactate
taagaatcagacaaacacagaaccgaaacaacgaatgagcagataggtagtgcaccactgttctgatacaccagtgggegetgcetttc
ctttcacattataticcacattcagacacgttaagtatcctcgecatatcataaaagggggectacaactggectggagatigaatccaatgea

ataacccgceaaggggtoactgtatagttgecatggcaagagegcetecca(dSEQ 1D NO:22)
FI1G. 7B

circPAN(-) 28420-28717

acgaatgagcagataggtagtgcaccactgtictgatacaccagtgggcgctgctitcctticacattataticcacattcaga
cacgttaagtatcctegceatatcataaaaggggectacaactggeciggagatigaatccaatgcaataacccgcaaggggtgactgta
tagttgccatggcaaggtittiggocaaatcgeagettttgtictgcgggcttatggagagerccagaccgegeggtgtiftttgtactaca
gctetcageccaatgtgggaaaaaaccgaaaca (SEQ 1D NO:23)

FI1G. 7C

CircPAN(-)28290-28691
actgtictgatacaccagtggacgctgctticctttcacattataticcacaticagacacgttaagtatcctcgcataicataaa
agggooctacaactggcctggagatigaalccaatgcaataacccgeaaggggtgactiglatagtigecatggcaaggtitttggaca
aatcgcagctitigtictgcggocttatggagagctccagaccgegeggtgtittitgtactacagetctcaggcecaatgtgggaaaagta
goacggaaaacctagecgaaagecaggatggetatattgecaaaagegacgcaatcaacceacaatcggeggecaccaatgaaaac

cagaagcggcaagaaggcaagcagegagcacaaaatccatagetagtgcace (SEQ ID NO:24)

FI1G. 7D
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circPAN(-) 28290-28593
ctggcctggagatigaatccaatgcaataaccecgeaaggggtgactgtatagtigecatggcaaggttittigggcaaatcge

agcetittgtictgcgggcettatggagagetccagaccgegeggtettitttgtactacagetctcaggecaatgtgggeaaaagtaggacg

gaaaacctagccgaaagecaggatgggtatattgccaaaagegacgeaatcaacccacaateggeggceaccaatgaaaaccagaa

gcggcaagaaggcaagcagegageacaaaatccataggggactacaa (SEQ ID NO:235)

FI1G. 7E

circPAN(+) 28406-29099
ctacttticccacattggcectgagagctigtagtacaaaaaacaccgegeggaictggagcetciccataageccgeagaacaa
aagcetgegatitgeccaaaaaccttgecatggceaactatacagtecacecctigegggttatigeatiggattcaatctccaggecagtigt
agececccttttatgatatgecgaggatacttaacgigtetgaatgtggaatataatgtgaaaggaaagcagegeccactggtgtaicagaa
cagtggtacactacctatctgctcaticgtigtticggtictgtgtrtgictgaticttagatagigtigaggtaatictagaaagecggatigag
tgtaaatcgggecacttigecctaaatgtgacaatctggatgtgtatcttattggtgcgitgtgaagcattitaaaatgegtittagatigtatc
aggctagtgcigtaatggtotetttatitticcagtgtaagcaagtcgatitgaatgacataggcgacaaagtgaggotgecatttgicagaa
gtttcaaagtcgtgtaagaacatiggactaaagtggtgtecggcagetgggagegctctiicaatgttaatgtittaatgtgtatgtigtatt
ggaagttccaggctaatatttgatgttitgctaggttgactaacgatgttticcgtc (SEQ ID NO:26)

KIG. 7F

circPAN(+) 28406-28888

ctacttttcccacattggectgagagetgtagtacaaaaaacaccgegeggtctggagctciccataageccgecagaacaa
aagctgegatitgeccaaaaaccttgecatggcaactatacagtcaccecigeggattatigeatiggaticaatctccaggcecagtiagt
agcccecttttatgatatgegaggatactiaacgtgtictgaatgtggaatataatgtgaaaggaaageagegeccactggtgtatcagaa
cagtggtgcactacctatctgetcaticgtigtttcggtictgigttigtctgaticttagatagtgtigaggtaatictagaaageggattgag
tetaaatcgggcecacttigecctaaatgtgacaatetggatgtgtatcttatiggtgegttgtgaagcattttaaaatgegttttagattgtatc
aggctagtgctgtaatggtotgattttcegte (SEQ 1D NO:27)

FI1G. 7G
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circPAN(+) 28406-28721
ctactittcccacattggectgagagceigtagtacaaaaaacaccgegeggictggagcetctccataageccgcagaacaa
aagctgcgatttgeccaaaaaccttgecatggcaactatacagtcacceetigegggttattgcatiggaticaatciccaggecagttgt
agcccccttttatgatatgegagoatacttaacgigtctgaatgiggaatataatgtgaaaggaaageagegeccactggtgtatcagaa
cagtggtgcactacctatctgcteaticgttgtitcgotictgtgtitteccgte (SEQ 1D NO:28)

FI1G. 7TH

circPAN(+) 28406-28708
ctacttttcccacattggectgagagetgtagtacaaaaaacaccgegeggtctggagetctccataageccgeagaacaa
aagctgcgattigeccaaaaacctigecaiggcaactatacagtcaccecttgeggattatigecatiggaticaatciccaggccagitgt
agcecectittatgatatgegaggatacttaacgtgictgaatgiggaatataatgtgaaaggaaagcagegeccactggtgtatcagaa
cagtggtgcactacctatctgctcattegttgttttcegtc (SEQ 1D NO:29)

FIG. 71
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GAMMA HERPESVIRUS CIRCULAR RNA

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent application 1s a continuation of U.S.
patent application Ser. No. 17/059,949, filed Nov. 30, 2020,
which 1s the U.S. national phase of International Patent
Application No. PCT/US2019/034995, filed May 31, 2019,

which claims the benefit of U.S. Provisional Patent Appli-
cation Nos. 62/679,698; 62/679,712; and 62/679,725, each

of which was filed on Jun. 1, 2018, wherein each application
1s icorporated by reference in 1ts entirety herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This mnvention was made with Government support
under Grant Number CA197463 awarded by the National

Institutes of Health. The Government has certain rights 1n
this 1nvention.

INCORPORATION-BY-REFERENCE OF
MATERIAL SUBMITTED ELECITRONICALLY

[0003] Incorporated by reference 1n 1ts entirety herein 1s a
computer-readable nucleotide/amino acid sequence listing
submitted concurrently herewith and identified as follows:

One 118,546 Byte XML filed named 764764 _ST26. XML,”
dated Oct. 19, 2022.

BACKGROUND OF THE INVENTION

[0004] Circular RNAs (circRNA) originate from exonic
backsplicing into an exon acceptor sequence, generating a
highly stable, circular RNA. circRNAs may generate non-
canonical protein, act as a scaflold for protein-protein inter-
actions, modulate transcription and serve as RNA-binding
protein or miRNA sponges and can be readily detected in
fixed tissues. As of the priority date of the present patent
application, 1t 1s believed that no circRNAs from DNA
tumor viruses have been described, although certain plant
viroids and hepatitis D virus are examples of circular single
stranded RNA viruses.

[0005] EBYV and KSHYV are two prevalent members of the
taxonomic group “Gammaherpesvirinae,” or y-herpesvi-
ruses. This taxa includes several human, but also non-
human, viruses, generally classified into four genera: Per-
cavirus, Macavirus, Lymphocryptovirus, and Rhadinovirus.
Exemplary y-herpesviruses are described in Escalera-Zamu-
dio et al. 7(6):e01425-16. do1:10.1128/mB10.01425-16 (1n-
corporated herein by reference), especially supplemental
table S5. Exemplary y-herpesviruses include, but are not
limited to Alcelaphine herpesvirus 1, Apodemus sylvaticus
rhadinovirus 1, Ateline herpesvirus 3, Babyrousa babyrussa
rhadinovirus 1, Bandicota indica rhadinovirus 4, Bandicota
savilei rhadinovirus 1, Bovine herpesvirus 4, Bovine her-
pesvirus 6, Bovine lymphotropic herpesvirus, Callitrichine
herpesvirus 3, Caprine herpesvirus 2, Cercopithicine her-
pesvirus 15, Crocuta crocuta gammaherpesvirus 1, Cynop-
terus sphinx 13HN70, Cynopterus sphinx CS/12GZ1, Cyn-
opterus  sphinx  CS/14GZ24,  Diceros  bicornis
gammaherpesvirus, Diceros bicornis gammaherpesvirus 1,
FElephas maximus gammaherpesvirus 1, Eptesicus serotinus
rhadinovirus 1, Equid herpesvirus 2, Equid herpesvirus 5,
Equus zebra gammaherpesvirus 1, Equus zebra gammaher-
pesvirus 1, Felis catus gammaherpesvirus 1, Gorilla gorilla

Jun. 15, 2023

lymphocryptovirus 1, Gorilla rhadinovirus 1, Hexaprotodon
liberiensis gammaherpesvirus 1, Hipposideros diadema her-

pesvirus, Hipposideros larvatus HL/11HN1, Hipposideros
pomona 211HN104, Hipposideros pomona HP/11HN104,
Hipposideros pomona HP/11HN110, Human herpesvirus 4,
Human herpesvirus 8, Lymphocryptovirus Macaca, Lynx
rufus gammaherpesvirus 1, Macaca fascicularis lymphoc-
ryptovirus 1, Macaca fascicularis rhadinovirus 2, Macaca

fuscata rhadinovirus, Miniopterus schreibersii 11HN110,

Miniopterus schreibersii 211HN16, Miniopterus schreiber-
sit MS/11HNOS5, Miniopterus schreibersii MS/12HN28,
Murid herpesvirus 4, Mus cervicolor rhadinovirus 1, Mus
musculus rhadinovirus 1, Mustelid herpesvirus 1, Myodes
glareolus rhadinovirus 1, Myotis nattereri rhadinovirus 1,
Mpyotis ricketti herpesvirus 1, Myotis ricketti herpesvirus 2,
Mpyotis velifer gammaherpesvirus 8, Nyctalus noctula rha-
dinovirus 1, Nyctalus noctula rhadinovirus 2, Ovine herpes-
virus 2, Pan troglodytes rhadinovirus 2, Pan troglodvtes
rhadinovirus 3, Panthera leo gammaherpesvirus 1, Papio
hamadryas lymphocryptovirus 2, Pipistrellus nathusii rha-
dinovirus 1, Pipistrellus pipistrellus rhadinovirus 1, Pleco-
tus auritus rhadinovirus 1, Porcine lymphotropic herpesvi-
rus 2, Porcine Ilymphotropic herpesvirus 2, Porcine
lymphotropic herpesvirus 3, Procavia capensis gammaher-
pesvirus 2, Ptenochirus jagori gammaherpesvirus, Pteropus
giganteus herpesvirus 2, Pteropus giganteus herpesvirus 3,
Pteropus giganteus herpesvirus 35, Pteropus giganteus her-
pesvirus 6, Puma concolor gammaherpesvirus 1, Rhinolo-
phus blythi 13HNS56, Rhinolophus blythi 13YF104, Rhinolo-
phus blythi 13YF79, Rhinolophus blythi 13YF82,
Rhinolophus blythi 13YF84, Rhinolophus blvthi 13YFR87,
Rhinolophus  blythi  13YF96,  Rhinolophus  blyvthi
RB/13YF11, Rhinolophus blythi RB/13YF3, Rhinolophus
biyvthi RB/13YF6, Rhinolophus blythi RB/13YF84, Rhinolo-
phus blythi RB/13YFR7, Rhinolophus blvthi RB/13YFR89,
Rhinolophus blythi RB/13YF96, Rhinolophus blythi
RB/13YF99, Rupicapra rupicapra gammaherpesvirus 1,
Saimiri sciureus gammaherpesvirus 2, Saimiriine herpesvi-
rus 2, Scotophilus kuhlii 11HZ'76, Scotophilus kuhlii
13Y 234, Scotophilus kuhlii 13YF106, Scotophilus kuhlii
13YF114, Scotophilus kuhlii 13YF15, Scotophilus kuhlii
13YF135, Scotophilus kuhlii 13YF1603 Scotophilus kuhlii
13YF187, Scotophilus kuhlii 13YF206, Scotophilus kuhlii
13YE244, Scotophilus kuhlii SK/11H284 Scotophilus kuh-
[ii SK/13YF121, Scotophilus kuhlii SK/13YF14, Scotophi-
lus kuhlii SK/13YF146 Scotophilus kuhlii SK/13YF13,
Scotophilus  kuhlii SK/13YF16,, Scotophilus kuhlff
SK/13YF185, Scotophilus kuhlii SK/13YF239, Sorex ara-
neus gammaherpesvirus 1, Sus barbatus rhadinovirus 1,
Symphalangus syndactylus lymphocryptovirus 2, Tapirus
terrestris gammaherpesvirus 1, Tupaia belangeri gamma-
herpesvirus 1, and Type 2 ruminant rhadinovirus of mule
deer. v-Herpesviruses are trophic for, and replicate within,
lymphoid cells, but they are capable of undergoing lytic
infection/replication 1n epithelial cells and fibroblasts.

[0006] Epstein-Barr Virus 1s one such DNA tumor virus. It
1s estimated that a large majority (perhaps 90% to 95%) of
humans are infected with EBV. Although primary infection
with EBV during early childhood 1s asymptomatic, delayed
onsets can be associated with infectious mononucleosis,
which rarely leads to severe complications. However, such
individuals can pass EBV infection to another person, such
as a person not mfected with EBV. In a minority of EBV-
infected people, however, the EBV infection becomes lytic,
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resulting 1n a much higher copy number of EBV viruses
either 1n circulation or 1n a tumor. These individuals may
develop certain cancers, such as lymphomas and nasopha-
ryngeal cancer. As such, there remains a need for methods
and reagents for identilfying people experiencing lytic EBV
infection or at risk of such.

[0007] Kaposi’s Sarcoma-Associated Herpesvirus
(KSHV) 1s also one such DNA tumor virus. The virus can
cause Kaposi’s sarcoma, a type ol cancer not uncommon 1n
HIV-infected individuals, organ transplant recipients, or
other immunocompromised individuals, and older or elderly
adults. KSHV also can cause certain types of lymphomas
and other disorders. In the northern Furopean and north
American population, KSHYV 1is a relatively rare infection
(perhaps about 3% of the population being infected), but
KSHYV infection 1s more prevalent in African and Mediter-
ranean countries. While blood tests assaying for the presence
of anti-KSHV antibodies exist, there remains a need for
methods and reagents for identifying people experiencing,

KSHYV infection.

[0008] While blood tests assaying for the presence of
some y-herpesviruses exist, there remains a need for meth-
ods and reagents for identifying mammals infected with
v-herpesviruses.

BRIEF SUMMARY OF THE INVENTION

[0009] Inan embodiment, the invention provides a method
and reagents for detection of y-herpesvirus circRNA. In an
embodiment, the mvention provides a method and reagents
for detection of EBV circRNA. In an embodiment, the
invention provides a method and reagents for detection of
KSHYV circRNA. Also, the method can be expanded to other
herpesviruses and even non-herpesviruses that generate cir-
cRNA upon cellular infection.

DESCRIPTION OF THE SEVERAL VIEWS OF
THE DRAWINGS

[0010] FIG. 1 depicts the relationships between primers
DP1-R (reverse): CGCCCGTATTCACACATTCC (SEQ ID
NO:1), and DPI1-F (forward): GACGCTAGTGCTG-
CATGGG (SEQ ID NO:2), DP2-F (forward): and TGAG-
GAATACCTCGTTGTCTITCCG (SEQ ID NO:3) and
DP2-R (reverse): AGCCCTTCTTCGTTATGCAC (SEQ ID
NO:4) circBART (EBV) circRNA.

[0011] FIG. 2A shows an example of an EBV circRNA
sequence (circBART-akata 711nuc) i1dentified 1n the
sequencing analysis of the Akata strain in Example 1

[0012] FIG. 2B shows an EBV circRNA map (circBART
Akatad) derived from the results of the sequencing analysis
of the Akata strain 1n Example 1.

[0013] FIG. 3A shows an example of an EBV circRNA
sequence (circRPMSI1-akata 609nuc) identified 1n the

sequencing analysis of the Akata strain in Example 1

[0014] FIG. 3B shows an EBV circRNA map (circBART
Akata3) derived from the results of the sequencing analysis
of the Akata strain in Example 1.

[0015] FIG. 4A shows an example of an EBV circRNA
sequence (circRPMSI1-akata 501nuc) identified 1n the

sequencing analysis of the Akata strain in Example 1

[0016] FIG. 4B shows an EBV circRNA map (circBART
Akata?2) derived from the results of the sequencing analysis
of the Akata strain in Example 1.
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[0017] FIG. 5A shows an example of an EBV circRNA
sequence (circRPMS1-akata 399nuc) 1dentified 1n the
sequencing analysis of the Akata strain 1n Example 1.
[0018] FIG. 5B shows an EBV circRNA map (circBART
Akatal) derived from the results of the sequencing analysis
of the Akata strain 1n Example 1.

[0019] FIG. 6A shows an example of a KSHV circRNA
(KSHYV circ-vIRF4) 1dentified in the sequencing analysis in
Example 2. The sequence 1s conserved among cell lines such
as BC1, BCBL1 and BCPI.

[0020] FIG. 6B shows a KSHV circRNA map (circKSHV-
vIRF4) derived from the results of the sequencing analysis
of Example 2.

[0021] FIG. 7A shows an example of a KSHV circRNA
sequence (CircPAN(-) 28692-29016) identified in the
sequencing analysis in Example 2.
[0022] FIG. 7B shows an example of a KSHV circRNA
sequence (CcircPAN(-) 28519-29016) identified in the
sequencing analysis in Example 2.
[0023] FIG. 7C shows an example of a KSHV circRNA
sequence (circPAN(-) 28420-28717) identified in the
sequencing analysis in Example 2.
[0024] FIG. 7D shows an example of a KSHV circRNA
sequence (circPAN(-) 28290-28691) identified in the
sequencing analysis in Example 2.
[0025] FIG. 7E shows an example of a KSHV circRNA
sequence (CircPAN(-) 28290-28393) identified 1n the
sequencing analysis in Example 2.
[0026] FIG. 7F shows an example of a KSHV circRNA
sequence (CircPAN(-) 28406-29099) identified in the
sequencing analysis in Example 2.
[0027] FIG. 7G shows an example of a KSHV circRNA
sequence (circPAN(-) 28406-28888) identified 1n the
sequencing analysis in Example 2.
[0028] FIG. 7H shows an example of a KSHV circRNA
sequence (circPAN(-) 28406-28721) identified in the
sequencing analysis in Example 2.
[0029] FIG. 71 shows an example of a KSHV circRNA
sequence (circPAN(-) 28406-28708) identified 1n the
sequencing analysis in Example 2.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

[0030] The invention provides a method and reagents for
detection of y-herpesvirus circRINA. In accordance with one
aspect of the method, a tissue or fluid sample 1s obtained,
RINA 1s extracted from the tissue sample, and then the RNA
1s assayed to determine the presence of y-herpesvirus cir-
cRNA. In another aspect of the method, the sample 1is
assayed to determine the presence of yv-herpesvirus circRNA
in situ, which need not require extraction of RNA from the
sample.

[0031] Inaccordance with the inventive method, for detec-
tion of y-herpesvirus, the tissue sample can be any tissue or
flmid, but typically will be tissue or fluid suspected of
possessing high levels of y-herpesvirus associated with Iytic
infection. Fluid samples that can be tested include saliva,
whole blood or products thereof (e.g., plasma), urine, sweat,
lymphatic fluid, cerebro-spinal fluid, or other desired tluid.
For example, in connection with one exemplary v-herpes-
virus (EBV), the tissue or fluid sample can include those
suspected EBV-related tumors (e.g., nasopharyngeal tissues,
including tumors thereot), blood or products thereof (e.g.,
plasma, packed red cells, etc.), bone marrow, lymph node
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biopsies, etc. For a second exemplary vy-herpesvirus
(KSHV), the tissue or fluid sample can include suspected
KSHV-related tumors (e.g., skin, lymphatic tissue, etc.),
blood or products thereof (e.g., plasma, packed red cells,
etc.), bone marrow, lymph node biopsies, etc. Also, tissue
samples suitable for use mn the inventive method can include,
for example, such tissues not necessarily suspected of y-her-
pesvirus infection, in which the inventive method can be
used to help assess the risk of the emergence of y-herpes-
virus-related clinical symptoms 1n an individual subject or a
population or the study of archived tissue samples. Also,
biopsies from transplanted organs or other tissue (1n which
the mmventive method can be employed to monitor the
outcome of the transplant procedure, for example), can be
employed. These fluid and tissue samples are merely exem-
plary, and a skilled artisan or treating physician can select
any desired fluid or tissue samples for assay according to the
inventive method.

[0032] The source of the tissue typically will be human,
either a human patient, a human cadaver, or fixed and
preserved human tissue. However, the method 1s applicable
to non-human animals as well, particularly mammals (but
avian species may also be assayed). For example, the
method may be employed with tissue or fluid samples from
commonly-used laboratory animals (e.g., mice, rats, etc.),
companion animals (cats, dogs, etc.), 1n veterinary use with
large and small mammals (e.g., swine, horses, cows, goats,
sheep, etc.), or with tissue or fluud samples from other
ammals ol zoological importance (e.g., rare or endangered
amimals, dolphins, elephants, large cats, ungulates, non-
human primates (such as old world and new world monkeys:
baboon, gorlla, chimpanzee, rhesus, marmosets), etc.). In
particular, y-herpesviruses are known to be species-specific
for non-human animals, such as Rhesus monkeys (for
example, Rhesus monkey rhadinovirus (VRR)), horses (for
example, Equine herpesvirus 2), mice (for example, Mund
herpesvirus 68), elephants (for example, Elephantid herpes-
virus 3, Elephantid herpesvirus 4, Elephantid herpesvirus 5),
dolphins (for example, Common bottlenose dolphin gam-
maherpesvirus 1), and other taxonomic groups (exemplary
v-herpesviruses include cynomys herpesvirus 1 (CynGHYV-
1), Procavid herpesvirus 1, and Trichechid herpesvirus 1).
Thus, these known hosts of y-herpesviruses are of particular
relevance as sources for fluid or tissue samples for use in
accordance with the inventive method, though they are not
exclusive but rather exemplary.

[0033] For example, the method may be performed on
non-human cells, fluid, or tissue samples drawn from species
suspected of being infected with EBYV, which may be of
particular importance in the laboratory context in which
non-human ammals (e.g., mice, rats, or non-human primates
(such as old world and new world monkeys: baboon, gorilla,
chimpanzee, rhesus, marmosets)) may be exposed to EBV,
such as for ethical experimental purposes. Other tissue
samples that can be tested include suspected KSHV-related
tumors (e.g., skin, lymphatic tissue, etc.), blood or products
thereotl (e.g., plasma, packed red cells, etc.), bone marrow,
lymph node biopsies, etc.

[0034] In accordance with the inventive method, the fluid
or tissue sample 1s processed according to standard methods
and then exposed to reagents and processes that can detect
the presence of y-herpesvirus circRNA. For example, RNA
can be extracted from the sample and then purified prior to
the assay to detect the presence of y-herpesvirus circRNA.
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Alternatively, tissue can be fixed and preserved (e.g., in
parailin) to permit in situ detection of the y-herpesvirus
circRNA. Generally, it may be preferred to treat either the
extracted y-herpesvirus or fixed and preserved tissue with
RNAse R prior to the assay for detection of the y-herpesvirus
circRNA. This 1s because RNAse R degrades linear RNAs
but does not degrade circRNAs. Eliminating or reducing the
presence of linecar RNAs by treating the extracted RNA or
fixed and preserved tissue with RNAse R prior to the assay
for the presence of y-herpesvirus circRNA, thus, can reduce
“noise” attributable to the presence of linear RNA, increas-
ing the fidelity of the detection of circRNA specifically.

[0035] TTypically, such methods include reverse transcrip-
tion PCR (rtPCR) employing a set of primers that specifi-
cally hybridize to the y-herpesvirus circRNA. The rtPCR can
be conducted using standard methodology using the
extracted RNA or fixed and preserved tissue as a template
source for RNA. When rtPCR 1s employed, preferably
hot-start and high-fidelity polymerases are used to minimize
the likelihood of PCR-related mutations attributable to the
amplification step. Also, divergent primers flanking the
junction site are designed and used for this purpose so that
the PCR step will only produce a product 11 the template 1s
circular, thus the linear templates will not give any amplified
product. However, the inventive method 1s not limited to the
use of rtPCR but can employ other methods able to detect
the presence of v-herpesvirus circRNA. For example, North-
ermn Blots or FISH can be employed (see, e.g., (DOI:
10.1007/9778-1-4939-7562-4_10 and DOI: 10.1007/978-1-

4939-7562-4 7, each of which 1s incorporated herein by
reference).

[0036] As noted herein, EBV 1s one example of a human
v-herpesvirus of relevance to the inventive method. An
example of a pair of divergent primers suitable for detection
of EBV circRNA wvia rtPCR 1s DP1: DPI-R (reverse):
CGCCCGTATTCACACATTCC (SEQ ID NO:1) and
DPI1-F (forward): GACGCTAGTGCTGCATGGG (SEQ ID
NO:2). Divergent primer (DP)1 primer pair flanks the back-
splice junction site between Exon-1V and Exon Illc for
cRPMS1 609 and 339 and the PCR product 1s 162 bp
(cCRPMS1 SIJ). Between ExonlV and Exonll for cRPMSI
711 and 501, the PCR product 1s 264 bp (cRPMS1 LI).
Another example of a pair of divergent primers suitable for
detection of EBV circRNA wvia rtPCR 1s DP2: DP2-F ({or-
ward): TGAGGAATACCTCGTTGTCITCCG (SEQ 1D
NO:3) and DP2-R (reverse): AGCCCTTCITCGT-
TATGCAC (SEQ ID NO:4). Using these primers (DP2),
four different rtPCR circBART products (711 bp, 609 bp,
501 bp, and 339 bp) can be obtained. Schematics of these
primers 1n relation to circBART are presented in FIG. 1.
However, the method 1s not limited to the use of these
specific primer pairs (DP1 (SEQ ID Nos: 1 and 2) and DP2
(SEQ ID Nos: 3 and 4)) but can use other primers that a

person of ordinary skill in the art might design to identify the
EBV circRNA.

[0037] For EBV, the method can be employed 1n a diag-
nostic context to identify, or (if no EBV circRNA 1s
detected) rule-out lytic EBV infection as associated with a
given condition. The method also can be used to screen an
individual or population to assess risk of a condition asso-
ciated with lytic EBV infection, such as nasopharyngeal
carcinoma or infectious mononucleosis, for example. In this
aspect, the positive identification of EBV circRNA can
indicate a heightened risk for contracting such a condition.




US 2023/0183825 Al

The method also can be employed in monitoring organ or
tissue transplant recipients, e.g., the presence of EBV cir-
cRNA either 1n the transplanted organ or tissue, or 1n other
tissues of the transplant recipient may permit early treatment
or prophylaxis for EBV-related diseases in the organ or
tissue recipient.

[0038] As noted herein, KSHV 1s another example of a

human y-herpesvirus of relevance to the inventive method.
An example of a pair of primers suitable for detection of
KSHV circRNA wvia rtPCR 1s: circvIRF4 R (reverse):
CAAATGCATGGTACACCGAATAC (SEQ ID NO:5) and
circvIRF4 F (forward): GAACCGCTATTACAATGTTGGC
(SEQ ID NO:6). Using these primers, an rtPCR product 1s
expected to be 138 nucleotides/basepairs. However, the
method 1s not limited to the use of this specific primer pair
(SEQ ID Nos: 5 and 6) but can use other primers that a

person of ordinary skill in the art might design to identity the
KSHYV circRNA.

[0039] For KSHYV, the method can be employed in a
diagnostic context to identify, or (1f no KSHV circRNA 1s
detected) rule-out KSHV infection as associated with a
given condition. The method also can be used to screen an
individual or population to assess risk of a condition asso-
ciated with lytic KSHV infection, such as Karposi’s Sar-
coma, primary eflusion lymphoma and multicentric Castle-
man’s disease and KSHYV inflammatory cytokine syndrome.
In this aspect, the positive identification of KSHV circRNA
can indicate a heightened risk for contracting such a condi-
tion. The method also can be employed in monitoring organ
or tissue transplant recipients, e.g., the presence of KSHV
circRNA either 1n the transplanted organ or tissue, or 1n other
tissues of the transplant recipient may permit early treatment
or prophylaxis for KSHV-related diseases 1n the organ or
tissue recipient.

[0040] The method can be extended beyond y-herpesvi-
ruses to include other herpesviruses, or indeed any double-
stranded DNA virus that generates circRNA from its genome
upon 1infection of a cell, especially a mammalian cell.
Accordingly, the invention provides a method comprising
obtaining a tissue or fluid sample from a subject (preferably
a mammalian subject) and assaying the tissue or flmd
sample to determine the presence of viral circRNA. As noted
here, 1n performance of the method, RNA can be extracted
from the tissue sample, and then the extracted RNA 1is
assayed to determine the presence of circRNA. Alterna-
tively, the method can be used directly on such tissue or tluid
sample (e.g., 1 situ). However, the method desirably should
be able to distinguish between viral circRNA and linear viral
RINA, as through the use of RNA R. Also, while, as noted,
other methods can be used, desirably, the method involves
divergent reverse transcription PCR (rtPCR).

[0041] The invention also provides, as reagents for detect-
ing the presence of y-herpesvirus circRNA, a composition
comprising one or more primers able to hybnidize to v-her-
pesvirus circRNA 1n an rtPCR assay. Such primers typically
are DNA molecules, and they typically comprise between
about 10 and about 30 nucleotides (such as 10, 11, 12, 13,
14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 277, 28, 29,
or, 30 nucleotides), more preferably between 18 and 27
nucleotides. As noted above, exemplary primers for EBV

include DP1-R: CGCCCGTATTCACACATTCC (SEQ ID
NO:1), DP1-F: GACGCTAGTGCTGCATGGG (SEQ ID
NO:2), DP2-F: TGAGGAATACCICGTTGTCTTCCG
(SEQ ID NO:3) and DP2-R: AGCCCTTCTTCGT-
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TATGCAC (SEQ ID NO:4). Exemplary primers for detec-
tion of KSHV circRNA via rtPCR include circvIRF4 R:
CAAATGCATGGTACACCGAATAC (SEQ ID NO:5) and
circvIRF4 F: GAACCGCTATTACAATGTTGGC (SEQ ID
NO:6). Designing primers for rtPCR 1s within the scope of
knowledge and skill for a person of ordinary skill 1n the art;
therefore, other primers than these exemplary ones can be
designed to hybridize to y-herpesvirus circRNA. However,
for use 1n the detection of circRNA, the primers should be
divergent primers and flank the backsplice site. Also, prim-
ers for use i rtPCR desirably have a Tm between 57-63° C.;
also, self-dimerization and strong hairpin formation also
desirably should be avoided. To this end, relevant template
sequences are presented below in the Examples entitled
“EXAMPLE 1—Epstemn-Barr Virus (EBV) circRNA™ and
“EXAMPLE 2—Kaposi’s Sarcoma-Associated Herpesvirus
(KSHV) circRNA.” The primers can be formulated in any
suitable preparation, such as in lyophilized form (possibly
including a lyoprotectant), or in solution, such as including
buflers and preservatives, 1f desired.

[0042] The ivention also provides, as reagents for preci-
sion therapy for y-herpesvirus, a composition comprising,
one or more oligonucleotides able to hybridize to v-herpes-
virus circRNA 1n live tissue, such as lytically y-herpesvirus-
infected infected tissue of a diseased human or animal
patient or tissue in vitro. Preferably, such oligonucleotides
hybridize to their substrates/templates under “high strin-
gency”’ conditions. Such oligonucleotides typically are DNA
molecules, and they typically comprise between about 10
and about 30 nucleotides (such as 10, 11, 12, 13, 14, 15, 16,
17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or, 30
nucleotides). Exemplary sequences for such oligonucle-
otides include DP1-R: CGCCCGTATTCACACATTCC
(SEQ ID NO:1), DP1-F: GACGCTAGTGCTGCATGGG
(SEQ ID NO:2), DP2-F: TGAG-
GAATACCTCGTTGTCITCCG (SEQ ID NO:3), DP2-R:
AGCCCTTCTTCGTTATGCAC (SEQ ID NO:4), circ-
vIRF4 R, CAAATGCATGGTACACCGAATAC (SEQ ID
NO:5), and ©circvIRF4 F: GAACCGCTATTA-
CAATGTTGGC (SEQ ID NO:6). Other oligonucleotides
can be designed to hybridize to y-herpesvirus circRNA. To

this end, relevant template sequences are presented below 1n
the Examples enftitled “EXAMPLE 1—Epstemn-Barr Virus

(EBV) circRNA” and “EXAMPLE 2—Kapos1’s Sarcoma-
Associated Herpesvirus (KSHV) circRNA.” Also, anti-sense
oligo (ASO)-mediated targeting of circRNAs can be
employed as a precision therapy option (see ncbinlm.nih.
gov/pmc/articles/PMC5376066/, which 1s 1ncorporated
herein by reference). An embodiment of the invention pro-
vides a method of treating a condition associated with
v-herpesvirus infection in a mammal, the method comprising
administering to the mammal any of the inventive oligo-
nucleotides described herein to the mammal 1n an amount
cllective to treat or prevent the condition in the mammal.

[0043] For knock down of EBV 1n vivo and 1 vitro, an
oligonucleotide targeting the BART small junction (SIT)
sequence (TCGACGGGCAAGGTCCGGCGTGTC (SEQ
ID NO:7)) or BART large junction (LJ) sequence
(TCGACGGGCAAGATGCCATTGGGC (SEQ ID NO:))
can be used. This sequence for the LI 1s derived from the
Akata strain. However, Exon 1I that has the large junction
(LT) (See FIG. 1) shows nucleotide polymorphism 1n dif-
terent virus strains; thus, oligonucleotides targeting the large
junction need to be designed accordingly. An exemplary
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oligonucleotide targeting the Small Junction has the follow-
ing sequence: GACACGCCGGACCTTGCCCGUCGA
(SEQ ID NO:9), wherein each of the nucleotides at positions
1-6 and 19-24 of SEQ ID NO: 9 contains 2'O-methylated
ribose and each contiguous nucleotide of SEQ ID NO: 9 1s
connected by a phosphorothioate bond. A scrambled control
having the same nucleotide content but different order can be
used as a control to measure ofl-target effects. One exem-
plary scrambled control oligonucleotide 1s: AGC-
CUCGACCGTGACCGTGCAGCC (SEQ ID NO:10),
wherein each of the nucleotides at positions 1-6 and 19-24
of SEQ ID NO: 10 contains 2'O-methylated ribose and each
contiguous nucleotide of SEQ ID NO: 10 1s connected by a
phosphorothioate bond. Also, for the Akata strain, one

exemplary oligonucleotide targeting the Large Junction has
the following sequence: GCCCAATGGCATCTTGCCC-

GUCGA (SEQ ID NO:11), wherein each of the nucleotides
at posttions 1-6 and 19-24 of SEQ ID NO: 11 contains
2'0-methylated ribose and each contiguous nucleotide of
SEQ ID NO: 11 1s connected by a phosphorothioate bond. A
scrambled control having the same nucleotide content but
different order can be used as a control to measure ofi-target
ellects. One exemplary scrambled control oligonucleotide
1s: AGUCGTCTCGTCACGCAGGCCUAC (SEQ 1D
NO:12), wherein each of the nucleotides at positions 1-6 and
19-24 of SEQ ID NO: 12 contains 2'O-methylated ribose
and each contiguous nucleotide of SEQ ID NO: 12 1s
connected by a phosphorothioate bond. For knock down of
KSHYV in vivo and 1n vitro, an oligonucleotide targeting the
vIRF junction sequence (CATC-
TACCTCAGCCCCCGCGCCCC (SEQ ID NO:13)) can be
used. One exemplary oligonucleotide has the following
sequence: GGGGCGCGGGGGCTGAGGUAGAUG (SEQ
ID NO:14), wherein each of the nucleotides at positions 1-6
and 19-24 of SEQ ID NO: 14 contains 2'O-methylated
ribose and each contiguous nucleotide of SEQ ID NO: 14 1s
connected by a phosphorothioate bond. A scrambled control
having the same nucleotide content but different order can be
used as a control to measure ofl-target effects. One exem-
plary scrambled control oligonucleotide 1s: GGCG-
GUGCGGCGTGAGGAAGGUGG (SEQ ID NO:1535),
wherein each of the nucleotides at positions 1-6 and 19-24
of SEQ ID NO: 15 contains 2'O-methylated ribose and each
contiguous nucleotide of SEQ ID NO: 15 1s connected by a
phosphorothioate bond.

[0044] The oligonucleotides can be conjugated to other
agents usetul for precision therapy, such as antiviral agents,
markers (e.g., radio-labeled or fluorescent markers), or other
desired agents. Also, the oligonucleotides can be analogues
such as locked-nucleic acids or phosphorodiamidate mor-
pholino oligomer (PMO) or short-hairpin RNA oligonucle-
otides. The oligonucleotides can be synthesized by standard
methodology and then formulated 1n any suitable prepara-
tion, can be formulated 1n any suitable preparation, such as
in lyophilized form (possibly including a lyoprotectant), or
in solution, such as including buflers and preservatives or
other antiviral or anticancer agents, 11 desired.

[0045] In use, the inventive oligonucleotide, including a
composition comprising the oligonucleotide, can be deliv-
ered to a human or animal patient, preferably to a tumor or
other tissue lytically infected with y-herpesvirus. The oligo-
nucleotide also can be employed 1n excised, infected tissue
in vitro. Within the infected tissue, the mnventive oligonucle-
otide binds to the circRNA, and/or to portions of the
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v-herpesvirus genome encoding the circRNA, thereby alter-
ing production of the y-herpesvirus circRNA, possibly inter-
tering with the replication of the y-herpesvirus within the
tissue, and/or delivering any antiviral agents, markers (e.g.,
radio-labeled or fluorescent markers), or other desired
agents conjugated to the oligonucleotide. The invention also
provides a composition comprising the oligonucleotide and
a pharmaceutically-acceptable carrier, examples of which
are known 1n the art. Such compositions can be formulated
for administration by any desired route, such as inhalation,
injection (intratumorally, intraperitoneally, direct injection
into a tumor, etc.), systemically, topically, efc.

[0046] Another embodiment of the invention provides a

gene therapy vector comprising a circRNA and a gene of
interest expressed under the control of a heterologous pro-
moter.

[0047] The following technical Examples further 1llustrate
the invention but, of course, should not be construed as 1n
any way limiting 1ts scope.

Example 1—Epstein-Barr Virus (EBV) circRNA

[0048] This Example demonstrates detection of EBV cir-
cRNA. Generally, this Example describes the 1dentification
of a locus expressing four circRNAs that are commonly
present in EBV-positive post-transplant lymphomas, and are
present in EBV-positive Burkitt lymphoma and spontaneous
lymphoblastoid cell lines. This locus 1s lost i the cell-
culture adapted B95.8 strain. Detection of EBV circRNA
can be important for diagnosis and can be performed by
simple rtPCR 1n fixed tissues. This locus may play an
important and interesting role 1 EBV carcinogenesis and
thus could be a target for precision therapies.

[0049] RNA sequencing was performed on exonuclease
(RNaseR) treated EBV positive and negative post-transplant
lymphoproliferative disease (PTLD) patient samples and
identified EBV backspliced junctional reads within the
RPMSI1 locus only in EBV positive PTLD. These junctional
reads were determined to be from circRNAs by RT-PCR
using divergent primers. They are comprised of at least 4
differentially spliced 1soforms that vary in size bases on
specific combinations of intronic and exonic elements. In
extended sampling, these viral circRNA were found 1n all 8
EBV+ but none of 9 EBV-PTLD tested. The presence of
cRPMSI1 1 all EBV-positive cell lines tested also was
verified, except the B95.8 line having a genetic loss of this
locus. cRPMSI1 are largely present during both latent and
lytic replication, although some variation in relative quality
exists during the viral life cycle and from cell line to cell
line. circRNAseq analysis of KSHV-infected PEL cell lines
also reveal several species of conserved viral circRNA
which can also be detected 1n KS lesions.

Methods

[0050] RNA samples were extracted from EBV positive
and EBV negative PTLD tumor samples and submitted for
circRNA sequencing using Illumina HiSeq PE130. Sequenc-
ing results were evaluated by three different algorithms:
CIRI2 (Gao Y et al., Genome Biology 2015, 16:4, Gao Y et
al., Briefings 1n Bioinformatics, 2017, 1-8) (incorporated
herein 1n 1ts entirety by reference), circ_{inder (Zhang et al.,

Molecular Cell 2013, 51:792-806) (incorporated herein 1n 1ts
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entirety by reference), and CIRCexplorer2 (Zhang et al.,
Cell 2014, 159:134-1477) (incorporated herein 1n its entirety
by reference).

[0051] The mtial analysis indicated junction reads from

eight circRINA candidates of the positive strand correspond-
ing to RPMS1 (BART), BSLF1, BKRF3/4, BALF4/A73,

and LMP1 regions (Table 3). For most of these circRNAs
only one or two junction reads were detected. However, for
RPMSI1 region, 4-12 junction-reads were identified by dii-

terent algorithms. Additionally, a circRNA from BHLF1 was
detected during lytic induction (Table 2).

[0052] Divergent and convergent primer pairs (DP1-R
(reverse). CGCCCGTATTCACACATTCC (SEQ ID NO:1)

and DPI-F (forward). GACGCTAGTGCTGCATGGG
(SEQ ID NO:2)) were designed to further analyze the
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circular RNA from BART region (circBART) by diagnostic
and gqRT-PCR. PCR with divergent primers (Primer number
6860-6861, circRNA maps) revealed two different junction
sequences and convergent primers indicated presence of
four different circular RNAs (circRNA maps). These find-
ings were verified i a number of EBV-infected PTLD
patient samples and also 1n Akata, Daudi, and Raji cell lines,
but not in EBV negative PTLD samples and B95.8 cell line
which has a deletion 1n this area. Sequencing analysis of the
entire circRNA region showed single nucleotide polymor-
phisms among different strains. An example from Akata
strain together with circRNA maps are given in FIGS.
2A-2B, 3A-3B, 4A-4B, and 5A-5B. Table 1 1s a summary of
the results obtained from three different circRNA analysis
algorithm using genome annotation of the Mutu strain.

TABLE 1

summary of the results obtained from three different
clrcRNA analysis algorithm using genome
annotation of the Mutu strain

clrcRNA- c¢ilrcRENA-
start end
chrEBV 72584 72994 +
(Mutu)
chrEBV 986869 85605 +
(Mutu)
chrEBV 140423 146196 +
(Mutu)
chrEBV 146094 150210 +
(Mutu)
chrEBV 1494472 150210 +
(Mutu)

clro-

strand RNA

reads Junction sequence

1 GTTTGTGTCTGTGCTGCAGAAGCTCATGGG
CCTAACGGCCTGCCTGCGCCGCATGCETCA
CAAGATCAAAGAGATTGGGGCCCCGCTTTT
TGACAGCGTAATCCCCGGCTTCCGGETCTGC
AACCTGGTCCTGGACCTGGATCTAAAGATC
AAGGGEGCCCCCCTOEET CGCTGGAGGARAAT
CTATGACCTGTGCCGGACCGTGCOGGCETGA
GGTACTGCGCCTCATGCGCCGCCTGGETCC
AGTGTCCAGGGCCCACCCAGTCTATTTTTTC
ARATCAGCTTGTC (SEQ ID NO: 69)

1 GTCACTCACGTCCTCCTCCTGGATAGACTG
GGAGGCCTGAGACCCCAGAGTGTAGCTGCT
GCTCTGTGAAGTCTCTTCCTCCTCGTCCGAC
AAGAGGCGCCGETCCCTGCAAGACCGGAC
CCCACGCGACTTCAGAAACATGGCCATAGT
GATGACCCCTCTACAGCCTCCAAAGTCAGA
CTCGTCTGAATCTGAAGGATGCCACGAGGG
GTCGCTATCACTGCCCTCAGATGGGTCTTC
GTCACTGGGGTACTCTTCCTCCAAATCAATC
TCC (SEQ ID NO: 70)

2 GGCOGGGETAGTTATTGGCTCCGAGATTCTAG
ARACACGTGTCCCGCTGACGCAGGGGGCCT
TGCTTCCCCTGT TATTCTGATAGAATGACAG
CCTGTAACACAAAGTGGAAGCAGCACTTATC
AGCGTTGGAGGCACGGGLGCAAAGGTCAL
GTAGCTGCGTCCAAATTCAGCTCAGTGACA
CGTCCAACGGCATATCACGTGTATGTG
(SEQ ID NO: 71)

1 GCCGGACCTGTAACACAAAGTGGAAGCAGC
ACTTATCAGCGOGT TGGAGGCACGGGGGCAALA
GGTCAAGTAGCTGCGTCCAAATTCAGCTCA
GTGACACGTCCAACGGCATCTTGCCCGTCG
ACGAGCTCCGGCCATGGCCGAAGCTTACCC
(SEQ ID NO: 72)

4-12 GCACTCTGACCAGGACATCGTGCTAAGCGT
CCTGAATCCGCGCAGCCTGCTOGGCGCAGCA
CACGCCCCCATTTCTAAAGTCATACGCCCGT
ATTCACACATTCCCGGGGAAGGTGTGTCCG
GTCAACGCCATACGCCGCGGTAAGGGCTAC
GTCCGAGTCTCCGTGGACACGCCGGACCTT
GCCCGETCGACGAGCTCCGGCCATGGCCGA
AGCTTACCCCGGAGGAGCCCATGCAGCACT
AGCGTCCCGGCGCTCGTCGTTC (SEQ ID
NO: 73)
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TABLE 1-continued

summary of the results obtained from three different
circRNA analysig algorithm using genome
annotation of the Mutu strain

clrce-
RNA
reads

clrcRNA- strand

end

CclrCcRNA-

start Junction sequence

chrEBV
(Mutu)

156497 158618 + 2 GGTTTGTTTAGCAGCCTGGTCTCGGGETTTCA
TCTCCTTCTTCAAAAACCCCTTCGGCGGCAT
GCTCATTCTGGTCCTGGTGGCGCCTACCGC
CACGCGTCAGCAAACCAGCTTTCCTTTCCG
AGTCTGCGAGCTCTCCAGCCACGGCGACCT
GTTCCGCTTCTCCTCGGACATCCAGTGETCC
CTCOTTTGGCACGCGGGAGAATCACACGGA
GGGCGGGACGAACAGCGTGCCTCCAACGT

CTTTGACCTGGAGGGCATC (SEQ ID NO: 74)

chrEBV
(Mutu)

163120 163977 + 1 GCATTGTGGAACACGTAGATGTCCCTGETGA
TAGGAGGTAGCGCGTAGGAGCCCGCAGTT
GGGGETCGGGCCTCCTGTGCAGAGCCTTGA
CATGGOGTTGACTTCGAGACCCCCGAGACGTA
GAGGACGGAATTGGETGGCAALAGATCTGCGT
GGCCACCTTGGCCTGGETCCTGCAGGCTCTG
CTTCTCCAGCAGCTCCACCAGCTTGCCCAC
CCOTCGGACGCGCAGCGCCTGCGCCAGCC
CGGOGTGOGTACAGCGCCTCGTGCATGCAGCGG
CTGAGGTCCGAGTTGT AAAACTGGC (SEQ

ID NO: 75)

chrEBV
(Mutu)

168084 169413 + 1 AGTCCACTTGGAGCCCTTTGTCTACTCCTAC
TGATGAGTAAGTATTACACCCTTTGCCCCAC
ACCCCCTTTCCCTTACTCTTCCTTCTCTAAC
GCACTTTCTCCTCTTTCCCCAGTCACCCTCC
TGCT CATCGCACTCTGGATTTTTCGACATGG
ACAACGACACAGTGATGAACACCACCACGA

TGACTCCCTCCCGCACCCTCAACAAGCTAC

CGATGATTCTAGCCATGAAATTCCCATCTCC
GCCGTCTGCTGCTTCGTCACCCGC (SEQ ID

NO: 76}

TABLE 2

circRNA genome coordinates and junction read counts identified in PTLD tumor samples
(R1235, R1243) and BCI1 cell line treated with DMSO or NaB/TPA for lytic activation

#junction #non__junction junction__reads

Sample name circRNA_ start circRNA_ end reads reads ratio circRNA_ type gene_ 1d strand
PILD  R1235 140423 146196 2 239 0.016 intron RPMS1 +
149443 150210 12 126 0.16 exon RPMS1 +
R1243 146095 150210 12 1269 0.019 intron RPMS1 +
149443 150210 49 1365 0.067 exon RPMS1 +
B(Cl1 DMSO 39880 40171 20 10640 0.004 exon BHLF1 -
146095 150210 01 4447 0.027 intron RPMS1 +
149443 150210 143 5009 0.054 exon RPMS1 +
149443 159779 3 3391 0.002 exon RPMS1 +
155128 159779 41 3176 0.025 exon RPMSI1 +
155128 166318 2 2446 0.002 intergenic n/a +
156388 158612 5 3576 0.003 exon AT3, +
BALF4,
BALF3
NaB/TPA 1026 1682 3 52 0.103 exon LMP-2A, +
LMP-2B
39880 40171 56 44965 0.002 exon BHLF1 -
146095 150210 17 211 0.139 intron RPMS1 +
149443 150210 39 28% 0.213 exon RPMS1 +
155128 159779 7 347 0.039 exon RPMS1 +
Example 2—Kapos1’s Sarcoma-Associated tion of two loc1 expressing circRNAs i KSHV positive
Herpesvirus (KSHV) circRNA primary effusion lymphoma cell lines by RNA-seq analysis.
[0053] This Example demonstrates detection of KHSV The results obtained 1n the series of experiments discussed

circRNA. Generally, this Example describes the identifica- in this Example are surprising and unexpected, since the
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tissue sample was over 30 years old at the time of the assays.
It 15, 1n this context, well-known that RNA degrades quickly;
therefore the detection of KHSV circRNA 1n a 30+-year-old
tissue sample 1s remarkable.

[0054] Detection of KSHV circRNA may be important for
diagnosis and can be performed by simple reverse transcrip-
tion PCR. Expression of these circRNAs may play a critical
role 1n KSHYV carcinogenesis and virus life cycle, and thus
could be a target for precision therapies.

Methods

[0055] RNA samples were extracted from latent or lytic
induced KSHV positive primary effusion lymphoma cell
lines and submitted for circRNA sequencing using Illumina
HiSeq PE150. Sequencing results were evaluated by CIRI2
(Gao Y et al., Genome Biology 20135, 16:4 (incorporated
herein 1n 1ts entirety by reference), Gao T et al., Briefings in
Bioinformatics, 2017, 1-8 (incorporated herein 1n its entirety
by reference)).

10056]
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The 1mitial analysis indicated junction reads from

circRNA candidates from two difterent loci viral IRF4

(vIRF4) and PAN (Table 3). For most of the PAN/K7 region
circRNAs less than 11 junction reads were detected. How-

ever, for vIR]

4 region, 32-439 junction-reads were found 1n

three different cell lines BC1, BCBL1 and BCP1.

[0057]

(reverse): CAAATGCA

NO:5) and circvIRF4
CAATGTTGGC (S

Divergent primers (6941 and 6943) (circvIRF4 R

(GGTACACCGAATAC (SEQ 1D

F (forward): GAACCGCTATTA-

H(QQ ID NO:6)) were designed to detect
the junction reads for circ-vIRF4 and verified the sequencing

results from PEL cell lines. Distinct from circ-vIRF4, the

number and localization of circRNAs detected from PAN/

K7 region showed variations in different cell lines (Table 3).

Examples of the circRNA sequences are given in FIGS.
6A-71. Examples for circRNAs identified from KSHV PAN/

K7 region are shown in FIGS. 7TA-7I.

TABL.

.
-, 3
L f

List of circRNAs 1dentified in latent KSHV positive primary effusion lymphoma (PEL) cell lines

chr
BCBIL1- HQ404500.1
DMSO (BCBL1)
BCP1- HQ404500.1
DMSO (BCBL1)
BC1- HQ404500.1
DMSO (BCBL1)

circRNA_ start circRNA__end  #junction_ reads gene 1d/region

28198
28273
28273
28273
28273
28273
28290
28406
28519
28692
87690
28273
28273
28273
28273
28273
28273
28273
28273
28273
28273
28273
28290
28290
28400
28420
28519
28692
87690
28273
28519
87690
117854

117854

29016
28593
28014
28624
28691
29016
28593
29044
29016
29016
88321
28518
28531
28593
28614
28691
28695
28717
28733
28807
28819
29016
28593
28717
28721
28695
29016
29016
88321
28593
29016

88321

122054
122169

strand
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-

PAN —
PAN —
PAN —
PAN —
PAN —
PAN —
PAN —
PAN +
PAN —
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PAN —
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PAN —
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Examples 3-8

[0058] The ifollowing materials and methods were
employed 1n the experiments described 1n Examples 3-8.

Tumor Samples and Cell Lines.

[0059] Seventeen tissue specimens irom patients with
PTLD, one EBV-positive AIDS-associated lymphoma, three
Kaposi’s sarcoma (KS 1 to 3), and MCD were obtained as
byproducts of diagnostic or therapeutic procedures per-
formed at Columbia Umversity College of Physicians &
Surgeons and at the Umversity of Pittsburgh Medical Center
(UPMC) with approval of the Institutional Review Board.
These specimens were deidentified before use 1n this study.
Seven pathologically confirmed tissue specimens were
obtamned from AIDS and Cancer Specimen Resource
(ACSR) (KS 4 to 10). Tissues were snap-frozen and stored
in liquid nitrogen until use. Assignment of EBV viral status
tor PTLDs was based on pathology reports and, 1n one case,
based on poly(A) RNA sequencing (PTLD12). Tumor sec-
tions from two NPC patient-derived xenograit tumor mod-
els, C15 and C17 (Busson P, et al. (1988) Int J Cancer
42:599-606), were kindly provided by Nancy Raab-Traub,
University of North Carolina.

[0060] EBV-positive Daudi, Raj1, and B95-8; KSHYV and
EBV coinfected BC1; KSHV-positive BCBL1; and EBV/
KSHV-negative BJAB cell lines were obtained from the
American Type Culture Collection (ATCC). EBV-positive
sLCL (Gottschalk S, et al. (2001) Blood 97:835-843) was a
generous giit from Cliona Rooney, Texas Children’s Hos-
pital. Cells were maintained in Roswell Park Memorial
Institute (RPMI) 1640 (Cellgro) supplemented with 10%
FBS (VWR Seradigm). Recombinant Akata and the HKI1
NPC cell line infected with recombinant Akata strain (Lo A
K, et al. (2006) Neoplasia 8:173-180) were maintained with
800 ug/mlL of neomycin selection in RPMI supplemented
with 10% FBS. BC1, BCBL1, Daudi, Raj1, and BJAB cell
lines were authenticated by the University ol Arizona Genet-
ics Core Facility. The Akata and sLLCL cell lines showed
unique profiles with no matches to any reference in any
database and thus were determined not to be contaminated
with known cell lines.

[0061] For lytic reactivation, BJAB and KSHV-positive
BC1 and BCBLI1 cells were incubated with 20 ng/mL of
TPA and 3 mM NaB for 48 h; EBV-positive cell lines were
incubated with 20 ng/mL of TPA and 5 mM NaB for 48 h.

EfJClency of lytic reactivation was measured by qRT-PCR
analysis of immediate early (ORF50, ORF39), early (K8,

ORF37), and latent (v-cyclin, viral interleukin 6, vIL6) viral
transcript expression.

[0062] For the viral transcript expression analysis of BC1
and BCBL1 cell lines, KSHV (+) primary eflusion lym-
phoma lines were treated with NaB/TPA for 48 h. Extracted
RNA was used for Ribominus, RnaseR+ RNA sequencing.
cDNA generated from these RNA was analyzed for imme-
diate early (ORF30, OR'339) carly (K8, ORF37) and latent
(v- cyclm) transcrlpt expression profile to assess the reacti-
vation efliciency.

RNA Isolation, poly(A)+ RNA Sequencing, and circRNA
Sequencing.
[0063] Total RNA was isolated from tumor samples and

cell lines using TRIzol (Ambion) followed by treatment with
TURBO DNase (Thermo Fisher). RNA quality was con-

firmed by Agilent TapeStation (Children’s Hospital of Pitts-
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burgh of UPMC, sequencing core facility) and by Agilent
2100 Bioanalyzer (CD Genomics). RNA integrity numbers
(RIN) were between 1.9 and 2.1 (A 260/280), and RIN was
for all samples, except BC1V*#1#4 BCBL1Y*# 1% and
PTLD9 (RIN=z5.7 to 7.3). For poly(A)+ RNA sequencing of
PTLD samples, Ion Torrent adapter-ligated libraries were
prepared from extracted RNA according to the Ion Total
RNA-seq Kit (Life Technologies) following the manufac-
turer’s 1nstructions and sequenced using Ion PGM sequences
at the Children’s Hospital of Pittsburgh of UPMC, sequenc-
ing core facility. For circRNA sequencing, ribosome-de-
pleted and RNase R-treated RNA samples were used for
library preparation and subsequently sequenced using Illu-
mina HiSeq plattorm in PE130 sequencing mode (CD
Genomics). The accession number for the sequencing data
reported here 1s Gene Expression Omnibus database

GSE117798.

Bioinformatic Analysis.

[0064] Raw FastQ) files were trimmed with Trim Galore,
(bioinformatics.babraham.ac.uk/projects/trim_galore/)
using the following parameters: g=25, e=0.1, and length=50,
and the quality control was performed with FastQC tool.
CIRI2 algorithm was used for viral and human circRNA
prediction (Gao Y, et al. (Feb. 28, 2017) Brief Bioinform,
10.1093/b1b/bbx014)//sourceforge.net/projects/ciri/files/
CIRI2/) with the default settings. In addition to CIRI2, the
CIRCexplorer (Zhang X O, et al. (2016) Genome Res
26:12777-1287.) (github.com/Yangl ab/CIRCexplorer2)
algorithm was used to confirm viral circRNA predictions.
RNA-seq reads were aligned to GRCh37 (Hgl9; University
of Califormia, Santa Cruz Genome Browser), BCBLI
(HQ404500), and Mutu (KC207814) reference genomes
using BWA or STAR mappers. Human circRNAs were
further analyzed using circBASE (58) to annotate the 1den-

tified circRNAs in PTLD samples and PEL cell lines.

[0065] CLC genomics workbench (Qiagen) was used to

align RNA-seq reads to GRCh37 (Hgl9), BCBLI
(HQ404500), and Mutu (KC207814) reference genomes and
to visualize additional annotation. DMSO-treated poly(A)
RNA sequencing data for BCBL1 cell lines (SRX2323239,
Zhou F, et al. (2017) Mol Cancer Ther 16:2627-2638) were
obtained from National Center for Biotechnology Informa-
tion’s Gene Expression Omnibus website.

[0066] Potential splice acceptor and donor site analysis

was done using Human Splicing Finder (V3.1) (Desmet F O,
ctal. (2009) Nucleic Acids Res 37:¢67). Venn diagrams were

generated using Biovenn (Hulsen T, et al., BMC Genomics

9:488) and nVenn (Perez-Silva I G, et al. (2018) nVenn:
Bioinformatics 34:2322-2324) programs.

RNase R Treatment and RPAD.

[0067] To obtain highly punified circRNAs, 2 ug of RNA
was treated with 8 units (U) RNase R (Lucigen) in 1x Rnase
R bufier at 37° C. for 30 min. The reaction mixture was
heat-mnactivated at 65° C. for 20 min or the RNA was
precipitated using sodium acetate/ethanol supplemented
with 20 ug of glycogen as a carrier. This was followed by
polyadenylation (E-PAP, AM13350; Thermo Fisher) with a
subsequent poly(A)+ RNA depletion using Poly(A)Purist
MAG Kit (AM1922; Thermo Fisher) (RPAD protocol) as
described by Panda et al. (Panda A C, et al. (2017) Nucleic
Acids Res 45:¢116).
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cDNA Synthesis, RT-PCR, and qPCR.

[0068] One microgram of DNase digested RN A was either
treated or untreated with Rnase R and reverse-transcribed
using SuperScript IV (Thermo Fisher) with random hexam-
ers 1 a total volume of 20 ul., according to the manufac-
turer’s protocol. All RT-PCRs were performed using Y40 of
the cDNA, Q35 high-fidelity polymerase (NEB) or standard
Tag polymerase (NEB). Q5 PCR reactions were performed
at the following conditions: mitial denaturation at 98° C. for
2 min; followed by 35 cycles of denaturation at 98° C. for
10 s, based on the primer pairs annealing at 65° C. to 71° C.
for 30 s; extension at 72° C. for 30 s/kb; and a final extension
at 72° C. for 5 min. For standard Taq polymerase supple-
mented with Thermopol bufler (NEB), mnitial denaturation
was performed at 95° C. for 3 min; followed by 25 to 30
cycles of denaturation at 95° C. for 15 s, annealing at 56° C.
for 30 s; and extension at 68° C. for 60 s/kb and a final
extension at 68° C. for 5 min. As needed, RT-PCR products
were gel-extracted and cloned into TOPO-TA vector (Invit-
rogen) according to the manufacturer’s recommendations.

[0069] Synthesized cDNA was analyzed by qPCR using

SYBR Green PowerUp Master Mix according to the manu-
facturer’s instructions (Thermo Fisher). The determined
threshold cycle (Ct) values were used to calculate the
mRNA fold changes of the NaB/TPA-treated versus DMSO-
treated cells using the delta-delta Ct method. The Ct values

of GAPDH were used as reference. PCR primers [Integrated
DNA Technologies (IDT)] are listed in Table 10.

[0070] EBYV DNA copy number was determined by the
SYBR green (Thermo Fisher) gPCR absolute quantitation
method using a BALFS plasmid as template for the standard
curve. The linear limits of detection were between 4 and
4x10° copies per reaction. Reactions were assembled as
previously described (Caves E A, MSphere 3:¢00152-18).
Input genomic DNA was normalized and compared with a
reference cell line (Raj1) averaging 50 EBV episomal copies
per cell. EBER-positive PTLDS8 and PTLD10 measured two
and seven copies per cell, respectively. EBER-negative
PTLDI13, PTLDI15, and PTLD16 samples measured 7, 14,
and 0.05 copies per cell, respectively. Sample PTLD16 may
contain EBV-1infected mfiltrating B lymphocytes and 1s more
similar in value to the EBER-negative and circRN A negative
PTLD7 measuring 0.001 copy per cell.

Oligonucleotide-Targeted RNase H Cleavage.

[0071] ASOs were designed against the unique junction
sites for each viral circRNA and contain phosphorothioate
linkages for increased stability as well as six nucleotides at
cach end containing 2'-O-methylated ribose for exo/endo-
nuclease resistance. HPLC purified (with Na™ salt exchange)

ASOs were obtained from IDT. For 1n vitro RNase H assays,
2 ug of RNA was incubated with 0.4 ug of ASO 1n 1x RNase

H bufier at 37° C. for 20 min. Subsequently, 1 U RNase H
(NEB) was added, followed by incubation for an additional
40 min. RNA was purified either using Qiagen RNeasy
columns or by sodium acetate/ethanol precipitation with 20
ug of glycogen as carrier. ASO and scrambled controls (IDT)
are listed 1n SI Appendix, Table 10.

Nuclear/Cytoplasmic Fractionation.

[0072] Nuclear/cytoplasmic fractionation was performed
from 1x10” BC1 cells using the NR-PER Nuclear and
Cytoplasmic Extraction Reagent (Pierce), according to the
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manufacturer’s protocol. One microgram of total RNA from
cach fraction was used for cDNA synthesis, and expression
level of the indicated circRNAs 1n each fraction was ana-
lyzed. The quality of the fractionation assay was controlled
by immunoblotting for a nuclear marker (Lamin A/C; Cell
Signaling) and a cytoplasmic marker (LAMP-1; eBiosci-
ence).

Polysome Fractionation.

[0073] BC1 cells were incubated with 100 ug/mL of
cycloheximide (CHX) for 15 min, harvested, rinsed with
ice-cold PBS-CHX, and lysed in 500 uL of polysome lysis
bufter (10 mM Hepes pH 7.4, 0.5% Nomnidet P-40, 100 nM
KCl, 5 nM MgCl2) freshly supplemented with CHX, and
protease 1nhibitor Ribolock RNase Inhibitor (Thermo
Fisher). After centrifugation (15 min at 17,000xg), the
cytoplasmic lysates (1 mg of lysate in <400-ul. volume)
were loaded onto 10 to 50% (wt/vol, 0.9 mL) linear sucrose
gradients (10 mM Hepes pH 7.4, 100 mM KCI, 5 mM
MgC(Cl2). Gradients were centrifuged for 3 h at 145,000xg
(35,000 rpm 1n a Sorvall AH-650 rotor), followed by col-
lection of 12x0.5 mL fractions. RNA was extracted from the
collected fractions as described in RNA Isolation, poly(A)+

RNA Sequencing, and circRNA Sequencing using TRIzol
LS reagent (Ambion) and treated with DNase before cDNA

synthesis and gRT-PCR. Using the qPCR cycle threshold
(Ct) values, the percent distribution for the mRNAs across

the gradients was calculated using the delta Ct method
(Panda A C, et al., (2017) Bio Protoc 7:€2126).

Example 3
[0074] This example demonstrates the sequencing of EBV
circRNA.
[0075] RNA sequencing was performed with two EBV-

negative (PTLD4 and PTLDS5) and two EBV-positive PTLD
(PTLD6 and PTLD9) samples using polyA+-selected or
RNase R-treated RNA libraries (Tables 4-7). RNase R 1s an
exoribonuclease that selectively depletes linear RNAs and
enriches circular or lartat RNAs. Back-spliced junctions
(BSJ), based on EBV genome Mutu sequence (KC207814)
were 1dentified using the CIRI2 circRNA prediction algo-
rithm (Gao Y et al., (2017) Brief Bioinform, Gao Y et al.,
(2015) Genome Biol 16:4). EBV positive PTLD patient
samples each showed two circRNA BSJ candidates from the
BART locus: BSJ1 (Mutu: 146,095-150,210) and BSIJ2
(Mutu: 149,443-150,210) (Tables 4-7).

[0076] For the i1dentification of EBV RNase R-resistant
RNAs, comparison of poly(A)*-RNA (PTLD9?°?4+5¢4) apd
RNase R-treated RNA (PTLD9"*"#¢f+s¢?) from an EBV-
positive PTLD sample (PTLD9) revealed RNase R-resistant
RNAs that are potential back-spliced junctions (BSJ) of
circular RNAs. CIRI2 analysis using EBV Mutu genome
KC207813 identified a minority of these reads to encode
actual EBV BSIJs (Tables 6-7). An expanded view of the
BART (RPMS1) region (146-150.2 kb) encoding the highest
concentration ol EBV BSIJs revealed low mRNA but high
RNase R-resistant RNA abundance.

[0077] BART-BSIJI results from the fusion of the 3' end of
exon IV with the 3' end of exon II. BART-BSIJ2 is formed by
the fusion of the 3' end of exon IV with the 3' end of exon
Ma. EBV mirBART 7-22 miRNAs encoded by intron 2 were
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spliced out from the circBARTs. Potential acceptor and
donor splice sites within the BART region were examined
using Human Splicing Finder 3.1 (Desmet F O, et al. (2009)
Nucleic Acids Res 37(9):€67) which showed high entropy
scores for canomnical splice sites, including those tlanking
introns 3a and 3b, as well as for BART-BSJ2 supporting the
occurrence of this backsplicing event. BART BSJ1 and BSJ2

junction reads were also sequenced from RNase R-treated

RNA of the E
or without soc

tion of viral |

circRNA 1D

chrEBV(Mutu):
360[1682
chrEBV(Mutu):
330414348
chrEBV(Mutu):
39880[40171
chrEBV(Mutu):
146095150210
chrEBV(Mutu):
1494431150210
chrEBV(Mutu):
149443159779
chrEBV(Mutu):
1551281159779
chrEBV(Mutu):
1551281166318
chrEBV(Mutu):
1563881158612

BV and KSHV-co-infected BC1 cell line with
ium butyrate-phorbol ester (NaB/TPA) induc-
ytic replication (Dresang L R, et al. (2011)

BMC Genomics 12:625) (Tables 4-7)
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[0078] For the identification of EBV backsplice junctions
in BC1 cells, ribominus and RNase R-treated RN A sequenc-
ing reads from EBV and KSHYV co-infected BC1DMSO and
BC1Nal/TPA samples were mapped to the EBV reference
genome (Mutu strain: KC207813) and read coverage files
were generated using CLC Genomics Workbench tool. EBV
mRNA and non-coding RNA (ncRNA) between genome
position 146-150.2 kb corresponded to BART exons II-1V
flanking the intronic region with the miRNAs (mirBART
7-22). BSJ1 was formed by backsplicing of the 3' end of
exon IV onto the 3' end of exon II. BSJ2 was formed by 3'
end exon IV backsplicing onto end of exon Ma.
TABLE 4
BCI1-DMSO
circRNA_ start circRNA__end  strand  #unction_ reads SM__MS_ SMS  #non_ junction_ reads
360 1682 + 3 2 2 0 4
3304 434% - 4 2.2 0 OR
39880 40171 - 19 10_10_0 10640
146095 150210 + 62 11_12_26 4447
149443 150210 + 13% 46_ 2541 5009
149443 139779 + 4 11 2 3391
155128 139779 + 41 4 9 16 3176
15512% 166318 + 2 1 2 1 2446
15638% 158612 + 5 2_0_1 3576
circRNA__ID junction__reads_ ratio gene__1d RPM
chrEBV(Mutu): 0.6 LMP-2B, 6.96212373
360[16%82 LMP-2A
chrEBV(Mutu): 0.075 BNRF1 9.28283163
3304|4348
chrEBV(Mutu): 0.004 BHLF1 44.0934503
39880(40171
chrEBV(Mutu): 0.027 RPMS1/ 143.88389
146095(150210 BART
chrEBV(Mutu): 0.054 RPMS1/ 320.257691
149443150210 BART
chrEBV(Mutu): 0.002 RPMS1/ 9.28283163
149443159779 BART
chrEBV(Mutu): 0.025 RPMS1/ 95.14902453
1551281159779 BART
chrEBV(Mutu): 0.002 RPMS1/ 4.641415%2
155128[166318 BART
chrEBV(Mutu): 0.003 RPMS1, A73, 11.6035395
156388158612 BALF4, BALF3
TABLE 5
BC1-NaB_TPA
circRNA__ID circRNA_ start circRNA_end strand  #unction_reads SM__MS_ SMS
chrEBV(Mutu): 1026 16%82 + 3 1_0_2
1026/1682
chrEBV(Mutu): 39880 40171 - 57 22 23 0
39880140171
chrEBV(Mutu): 146093 150210 + 17 4 3 9
146095(150210
chrEBV(Mutu): 149443 150210 + 39 14 5 14

149443150210
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TABLE 5-continued
BC1-NaB_ TPA
chrEBV(Mutu): 155128 159779 + 7 212
155128159779
circRNA__ID #non_ junction_reads junction_ reads_ratio gene 1d RPM
chrEBV{(Mutu): 52 0.103 LMP-2A, 2.30579092
102611682 LMP-2B
chrEBV{(Mutu): 44965 0.002 BHLF1 43.8100274
39880140171
chrEBV{(Mutu): 211 0.139 RPMS1/ 13.06614%5
146095(150210 BART
chrEBV(Mutu): 288 0.213 RPMS1/ 29.9752819
149443150210 BART
chrEBV{(Mutu): 347 0.039 RPMS1/ 5.38017881
155128159779 BART

TABLE 6

PTLD9

circRNA__ID circRNA_ start circRNA_ _end  strand  #junction__reads SM__MS_ SMS

chrEBV(Mutu): 146095 150210 + 9 33 10
146095[150210
circBART_ 1
chrEBV(Mutu): 149443 150210 + 33 25 13 20
1494431150210
circBART 2

gene  1d

circRNA__ID #non__junction_reads junction_ reads ratio (RPM)

chrEBV(Mutu): 1269 0.019 RPMS1/
146095(150210 BART
circBART_1 (61.3)
chrEBV(Mutu): 1365 0.067 RPMS1/
149443(150210 BART
circBART_ 2 (224.7)
TABLE 7
PTLD6

circRNA__ID circRNA_ start circRNA_ _end  strand  #junction__reads SM__MS_ SMS

chrEBV(Mutu): 146095 150210 + 1

1460951150210

circBART_ 1

chrEBV(Mutu): 140423 146196 + 2 2.0 2

140423146196
(only CIRI2)

chrEBV(Mutu): 149443 150210 + 12 75 3
149443150210
circBART 2

gene_ 1d

circRNA_ ID #non__junction_ reads junction_ reads_ ratio (RPM)

chrEBV(Mutu): RPMS1/
146095|150210 BART
circBART 1 (37.0)
chrEBV(Mutu): 239 0.016 RPMS1/
1404231146196 BART
(only CIRI2)

chrEBV(Mutu): 126 0.16 RPMS1/
149443|150210 BART

circBART_ 2 (444.5)
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Example 4

[0079] This example demonstrates the characterization of
EBV circBARTs mn EBV cell lines.

[0080] BSIJ1 and BSJ2 junction reads of putative circ-
BART 1 and circBART 2 candidates were identified at
relatively high levels in both EBV-positive PI'LDs (61.3-
2247 RPM, Tables 4-7) and 1n latent BC1 cells (between
144-320.3 RPM, Tables 4-7). Theretore, two junction-span-
ning divergent primer pairs were designed (DP1 and DP2) to
turther confirm and characterize these circRNAs 1n different
cell lines by reverse-transcriptase (RT) PCR. The DP2
primer pair amplified four bands ranging between 400-700
bp from PTLD6, BC1 and Akata cell RNAs, which were
confirmed by cloning and sequencing. CircBART_1.1 (711
nt) and circBART 1.2 (501 nt) contain exons 11, I1la, IIIb
and IV and form the BSJ1 between exons II and IV upon
back-splicing. CircBART 2.1 (609 nt) and circBART_2.2
(399 nt) lack exon II and form the BSJ1 between exons Illa
and IV. In circBART 1.1 and circBART 2.1, intron 3a

between exons Illa and IIIb was additionally retained.

[0081] EBV circBART_1 and circBART_2 expression
was further examined i RNAs from cell lines having
various forms of EBV latency. Daudi, Akata, and BC1 have
Type I EBV latency, whereas PILD-derived cell lines spon-
taneously-immortalized by EBV (sLCL) express Type III
latency and marmoset B95-8 1s an EBV producer cell line
(Miller G & Lipman M (1973) Proc Natl Acad Sc1 USA
70(1):190-194). HK1EBYV cells were derived by infecting
the EBV-negative HK1 nasopharyngeal carcinoma cell line
with the EBV Akata strain and have Type II latency. Three
to four bands were detected migrating between 400-700 bp

in all samples except the EBV-uninfected HK1 control cells
and the B95-8 cell line which has a 12-kb deletion within the

BART locus (Raab-Traub N, et al. (1980) Cell 22(1 Pt
1):257-267) from position 139,724 to 151,554 (NC_
007605). Junction spanning DP1 primers amplified bands
migrating at 162 bp (BSJ2 of circBART_2.1 and 2.2) and
264 bp (BSJ1 of circBART_1.1 and 1.2). In contrast to
circBARTs, linear viral (LMP2) and cellular (GAPDH)
transcripts were dimimished following RNase R treatment.
The DP2 primer pair 1dentified all four circBART forms, and
the DP1 primer pair i1dentified only the two backsplice
junctions representing paired circBARTs. Convergent prim-
ers were used to measure viral LMP2 and cellular GAPDH
mRNA transcripts. RNA from EBV uninfected HK1 and the
B93-8 cell line, having a deletion of the BART locus, were
used as negative controls.

Example 5

[0082] This example demonstrates the characterization of
circBARTs 1n EBV malignancies.

[0083] RNA was 1solated from 17 PTLD, including 6

EBV-positive and 11 EBV-negative specimens. EBV status

was determined by clinical EBER positivity and ReiSeq
testing for one sample (PTLDI12). All 6 EBV-positive

PTLDs (Type III latency) (Young L. S & Rickinson A B
(2004) Nat Rev Cancer 4(10):757-768.) were strongly posi-
tive for RNase R-resistant circBART 1&2, whereas three of
the EBV-negative samples (PTLDI13, PTLDI15 and
PTLD16) were very weakly positive. Several of these
tumors had DNA available for retesting by EBV qPCR,
including the three PTLD clinically reported as EBV-nega-

tive by EBER staiming but positive for circBART RT-PCR
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(PTLD 13, 15 and 16). PILD 13 and 15 had higher EBV
genome copy numbers than EBER-positive PTLD 8 and 10
cases, suggesting false-negativity for EBER staining. PTLD
16 had <0.05 EBV genome copies/cell (see Materials and
Methods for details) but retained weak circBART positivity.

[0084] C17 and C15 are two EBV-positive nasopharyn-
geal carcinoma xenograits that retain natively-infected
latent EBV 1nfection (Busson P, et al. (1988) Int J Cancer
42(4):599-606, Dittmer D P, et al. (2008) Int J Cancer
123(9):2105-2112); both C17 and C15 were positive for
RNase R-resistant circBART PCR products, although the
viral gene load for both circBART and LMP2 RNAs were
substantially higher in C15 tissue. Similarly, an EBV-posi-
tive AIDS-associated lymphoma was positive for RNase R
protected circBART products. In contrast, RNase R treat-
ment diminished or eliminated linear viral (LMP2) and

cellular (GAPDH) mRNA expression for the tumors.

[0085] To further confirm the circularity of circBART _1
and _2, two antisense DNA oligonucleotides were designed
(ASO-BSJ1 and ASO-BSJ2) targeting the unique junction
sites for BSJ1 and BSIJ2 respectively. The ASOs were
annealed to 1solated B95-8 (negative control), Akata, sLCL
and Raji RNAs. RNase H, which cleaves DNA:RNA
hybrids, abolished DP1 RT-PCR positivity from Akata,
sLCL and Raj1 RNAs but not in B95-8 RNA. GAPDH linear
amplification products were not afiected by RNase H treat-
ment. RNase R treatment was also used followed by poly-
adenylation and poly(A)+ RNA depletion (RPAD), a method
for puritying circular RNAs 1n preference over linear RNAs
(Panda A C, et al. (2017) Nucleic Acids Res 45(12):e116).
RPAD treatment of Akata RNA depleted 185 ribosomal
RNA (linear) relative to circBART 2 consistent with
BART_2 circulanization. RNase R treatment followed by
polyadenylation and poly(A)+ RNA depletion (RPAD)
increased circBART transcripts. Relative RNA was deter-
mined by normalizing the gPCR Ct values RPAD+ RNA to
untreated control RNA (RPAD-).

[0086] Minor EBV-encoded backspliced junctions from
BHLF1 and LMP2 were 1dentified from several cell lines
and tumors (Tables 4-7). Notably, two BSJ from the LMP2
locus (360nt-1682nt and 1026nt-1682nt) were 1dentified by
RNase R-protected sequencing of BC1 cells (Tables 4-7).
On RT-PCR analysis, using DP7 and DP8 primer pairs
(Table 10), multiple BSJ from presumed LMP2-encoded
circular RNAs were expressed from cell lines (Akata and

B93-8) and C15, AIDS-associated lymphoma and PTLDS9.

[0087] For EBV circRNA expression following lytic
induction, EBV positive Daudi, Akata, sLCL and B93-8
cells were treated with DMSO or NaB/TPA for 48 h.
Extracted RNA was analyzed by RT42 PCR using junction
spanning divergent primers for circBART (DPl) and
circBHLF1. Viral LMP2 and cellular p-actin linear 43
transcripts were analyzed as internal controls using conver-
gent primers. DP1 RT-PCR amplified circBART-BSJ1 and
BSJ2 1n all conditions except B95-8 which has a deletion 1n
BART locus. CircBHLF1 BSJ-PCR product (~200 bp), was
detected 1n NaB/TPA treated Akata and B95-8. Daudi 1s a
Burkitt’s lvmphoma cell line which has a deletion in BHLF1
and 1ts promoter region.

[0088] For the circBHLF1 and circLMP2 expression 1n
different cell lines, CIRI2 predicted additional EBV circR-
NAs 1n BC1 (Tables 4-7). RNase R treated (+) or untreated
(—) 50 RNAs from cell lines having various forms of EBV

latency, were analyzed by RT-PCR using divergent primers
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spanmng BSJs 1 circBHLF1, circLMP2 and convergent
primers for linear LMP2 and GAPDH transcripts. Sequenc-
ing analysis of the circBHLF1-BSJ spanning PCR product
confirmed the predicted junction site given in Table 10. To
confirm the predicted BSIJ sites for circLMP2 DP7 was used
for RT-PCR (Table 10) which produced multiple PCR prod-
ucts ranging between 200-1,200 bp enriched following
RNase R treatment with Akata and B95-8 RNA. Following
sequencing analysis of the PCR products an additional
junction between 38nt-1682nt was found 1n Mutu strain
genome position which was validated by circLMP2 DPS
primers.

[0089] For the circBHLF1 and circLMP2 expression 1n
tumor samples. RNase R treated (+) or untreated (—) RNAs
from EBV(+) PTLD9, EBV(-) PTLD7, NPC tumor lines
C17,C15 and an EBV (+) AIDS associated lymphoma, were
used for RT-PCR with DP2 primers to detect circBARTs,
circBHLF1 (DP6) and circLMP2 (DP8). Convergent prim-
ers for LMP2 and GAPDH linear transcripts were used as
internal controls and to assess RNaseR treatment efliciency.

Example 6

[0090] This example demonstrates the sequencing of
KSHYV circRNAs.

[0091] RNAs from DMSO or NaB/TPA-1mnduced KSHV-
infected primary eflusion lymphoma cell lines BCBL1 and
BC-1 were treated with RNase R prior to RNA sequencing
to search for KSHV-encoded circRNAs. CIRI2 analysis
revealed numerous potential KSHV circRNAs based on
backspliced junctional alignments to the BCBL1 KSHV
strain (H(Q404500) (Tables 8-9). Among these, a viral inter-
feron regulatory factor 4 (vIRF4) BSJ read (87,690nt-88,
321nt) was detected 1n untreated cell lines at high levels
(220-214 RPM). After lytic virus activation, the junction
counts were reduced in BC1NaB/TPA from 220 to 13 RMP,
and 1n BCBL1NaB/TPA from 214 to 27 RPM (Tables 8-9).
Assessment of potential acceptor and donor splice sites in
this region showed relatively high entropy scores for the
formation of this BSJ, and the complete circvIRF4 was
sequenced using the DP9 primer pairs anchored in exon 1
(Table 10).

[0092] CircvIRF4 maps to the N-terminus of its parent
transcript: 1t 1s a 632 nucleotide intronic-exonic circRNA,
with backsplicing flanking the canonical vIRF4 splice-donor
site. CircvIRF4 transcripts detected in latent PEL cells were
resistant to RNase R digestion in contrast to linecar KSHV

viral interleukin 6 (vIL6) and GAPDH mRNAs.

[0093] BSJ reads from the PAN/K7.3 locus were also
tound (Tables 8-9). Specific individual BSJ counts were low,
however, the aggregate count of all BSJs from this region
was very high. The majority of BSJs was from the comple-
mentary strand of the canonical PAN transcript, identified as
K7.3 (Dresang L R, et al. (2011) BMC Genomics 12:625)
and overlapped within the genome locus spanning 28198nt-
29016nt (BCBL1, HQ4043500) (Tables 8-9). Ten K7.3 and
one PAN BSJs were found 1n latent BC1 and BCBL1 RNAs
that would generate predicted circRNAs ~304-819 nucleo-
tides 1n length (Tables 8-9). BC1 has the lowest number of
circRNAs from this region. Following reactivation the num-
ber of circPAN and circK7.3 RNA backspliced junction
reads increased (Tables 8-9). In BC1NaB/TPA a total of 34
circPAN/K7.3 were 1dentified at >500 RPM, twenty of
which were also found in BCBL1NaB/TPA at >50 RPM. In

order to validate the circRNA prediction analysis for the
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PAN/K’7.3 region, a divergent primer pair (DP5) was
designed that binds to a common region found in the
majority ol the predicted circPAN and circK7.3 RNAs.
RT-PCR results using DP5 generated multiple bands ranging
between ~200-700 bp. The number and total intensity of
these bands correlated with sequencing read counts, with
BC1DMSO showing the least number of PCR products. The
majority of circPAN transcripts were resistant to RNase R
treatment and their levels increased, 1in contrast to circ-
vIRF4, following NaB/TPA treatment (Tables 8-9).
Sequencing analysis of circPAN/K7.3 PCR products cloned
from BCBLI1 confirmed some of the 1dentified junctions.

[0094] CircvIRF4 and circPAN/K7.3 were detected 1n
KSHV-positive PELs. RNAs extracted from DMSO or NaB/
TPA treated KSHYV positive BC1, BCBL1 and BCP1 and
KSHV-negative BJAB cell lines and tested with DP3 and
DP5 divergent primer RI-PCR. Nuclease-resistant circ-
vIRF4 was present 1n all untreated KSHV-positive cell lines
but markedly diminished after NaB/TPA induction. In con-
trast, circPAN/K7.3 products were detected from all KSHV-
positive cell lines and markedly increased after NaB/TPA
treatment. CircPAN/K7.3 banding patterns varied between
cell lines and with virus induction. Viral interleukin-6 (vIL6)
and cellular GAPDH mRNA RT-PCR amplification were

carried out for comparison.

[0095] For the 1dentification of KSHV RNase R-resistant
RNAs, a comparison of deposited BCBL1 poly(A)"™-RNA
sequences (SRX2323239, BCBL17°#4*¢?) apnd RNase
R-treated RNAs from BCBL1 cells with and without sodium
butyrate-phorbol ester (NaB/TPA) revealed KSHV RNase
R-resistant RNNAs with potential back-spliced junctions
(BSI) from KSHYV circular RNAs. Two expanded views,
spanmng the PAN/K7.3 and the vIRF4 regions have back-
splice junctions identified by CIRI2 alignment to the depos-
ited BCBL1 HQ4043500 genome ('Tables 8-9). For circvIRF4
(right panel, 85,600-88,400 nt), back-splicing from a cryptic
donor site 1n exon 2 to a cryptic acceptor site 1n exon 1
generates a single 632 bp RNA plasmid. For circPAN/K7.3
(28,200-29,300 nt), multiple cyclized RNAs from both sense
and antisense orientations were 1dentified by BSJ analysis
(Tables 8-9). A divergent PCR primer pair (DP5) was
designed to detect the most common circRNAs from this
locus.

[0096] Tissues from ten KS tumors (KSI1-3 having
degraded RNA, as a result of freeze-thaw during extended
storage, KS4-10 were obtained from AIDS and Cancer
Specimen Resource) and a KSHV-positive MCD were com-
pared to a PTLD (negative control) and BC1 (positive
control) by KSHV circRNA RT-PCR. CircvIRF4 was
detected 1n four of the ten KS tumor samples, and RNase
R-resistant circPAN/K7.3 1soforms were present in MCD
and six KS tumors despite diminished RNA integrity for
some ol the samples, as reflected by low beta-actin, LANA
and v-cyclin mRNA levels. CircvIRF4 BSJ was found 1n
three KS samples (KS4, KS6 and KS8) which also showed
higher levels of LANA mRNA. Various RNase R resistant
circPAN/K'7.3 1soforms (~250-7004) were detected 1n KS4,
KS6 and KS9. BJAB and BC-1 RNAs were used as virus

negative and positive controls, respectively.

[0097] For the KSHV circRNAs 1n KS and MCD patient
tissues, RNAs extracted from three KS and one MCD show
circPAN/K7.5 BSJ 1n all KSHV-positive tissues but circ-
vIRF4-BSJ was detected 1n only one KS sample. The KS

specimens, stored in liquid nitrogen from the mid-1990s,
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showed evidence of RNA degradation with absence or
diminished v-cyclin and p-actin mRNA RT-PCR positivity,
consistent with the notion that circRNAs are particularly
resistant to degradation. PTLD (EBV-negative) and BC-1
RNAs were used as virus negative and positive controls,
respectively.

[0098] To confirm the circularity of circvIRF4 an 1n vitro
RNase H assay was performed with an ASO targeting the
unique circvlRF4 junction. This abolished circvIRF4 RT-
PCR positivity from BC1 and BCBL1 RNAs while control
cellular GAPDH mRNA was unaffected. In vitro RNase H

assays using annealed ASO showed depletion of the circ-
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vIRF4 junctional sequences after RNase H treatment for
BC1 and BCBL, but not in KSHV-negative BIAB, RNAs. In

addition RNase R treatment followed by RPAD reduced
linear 18S RNA did not significantly reduce circvIRF4 RNA

levels.
[0099] In addition to circvIRF4 and circPAN/K7.3, a

KSHYV BSIJ from the miRNA locus (Tables 8-9) was detected
by RT-PCR only in BC1NaB/TPA RNA, but not other cell
lines, and was not further explored. In NaB/TPA treated BC1
and BCBL1 cells, additional candidate BSJ reads were
found at low abundance from K4, ORF49, ORF69, K12,
ORF’71, ORF72 and from newly described transcripts K1.3,
K4.5, K4.7, K12.5 (Tables 8-9).

TABLE 8
BC1-DMSO
circRNA__ 1D circRNA_ start circRNA__end  strand  #unction_reads SM__MS__SMS
HQ404500.1; 87690 88321 — 95 29 32 4
87690|88321
HQ404500.1; 28273 28593 — 2 12 0O
282773(28593
HQ404500.1; 28290 28691 — 2 12 0O
282901(28593
HQ404500.1; 28519 29016 — 5 1_3 0
28519(29016
HQ404500.1; 117854 122054 — 36 7 _11_7
1178541122054
HQ404500.1: 117854 122169 — 202 54_81_30
1178541122169
circRNA_ 1D #non_ junction_reads junction_ reads ratio gene_ id RPM
HQ404500.1: 95 0.659 vIRF4 220467251
87690|88321
HQ404500.1: 2088 0.002 K7.3 4.64141582
28273128593
HQ404500.1: 2393 0.002 K7.3 4.64141582
28290(28593
HQ404500.1: 3423 0.003 K7.3 11.6035395
28519129016
HQ404500.1: 6517 0.011 miRNA 83.5454847
117854122054 cluster
HQ404500.1; 6648 0.058 miRNA 468.782998
117854/122169 cluster
TABLE 9
BCBL1-DMSO
circRNA__ID circRNA_ start circRNA__end  strand  #unction__reads SM__MS__SMS
HQ404500.1; 87690 88321 — 33 1520 2
87690|88321
HQ404500.1; 28198 29016 — 10 1_10_0
281981(29016
HQ404500.1; 28273 28691 — 9 4 5 1
28273128691
HQ404500.1; 28406 29044 + 7 33 0
28406129044
HQ404500.1; 28273 28593 — 6 1_5_0
282773128593
HQ404500.1: 28692 29016 — 6 4 6_0
28692(29016
HQ404500.1: 28273 28624 — 4 2_3_0
282773128624
HQ404500.1: 28273 28614 — 2 1_2 0O
282773128614
HQ404500.1: 28273 29016 — 2 0_2 1
282773(29016
HQ404500.1; 28290 28593 — 2 2.1 0

28290128593
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TABLE 9-continued

BCBLI-DMSO
HQ404500.1: 28290 28691 - 4
28290128691
HQ404500.1: 28519 29016 - 2

28519129016

circRNA__ID #non_ junction_ reads junction_ reads_ ratio gene_ 1d
HQ404500.1: 154 0.294 vIRF4
87690(88321

HQ404500.1: 2725 0.007 K7.3
28198129016

HQ404500.1: 6837 0.003 K7.3
28273128691

HQ404500.1: 14141 0.001 PAN
28406129044

HQ404500.1: 7031 0.002 K7.3
28273128593

HQ404500.1: 6954 0.002 K7.3
28692129016

HQ404500.1: 6505 0.001 K7.3
28273128624

HQ404500.1: 64355 0.001 K7.3
28273128614

HQ404500.1: 4855 0.001 K7.3
28273(29016

HQ404500.1: ROKR 0.000 K7.3
28290(28593

HQ404500.1: 8045 0.001 K7.3
28290[28691

HQ404500.1: 12493 0.000 K7.3

28519[29016

Example 7

[0100] This example demonstrates the subcellular local-
1zation of viral circRNAs.

[0101] To functionally characterize these viral circRNAs,
nuclear and cytoplasmic fractions of dually-infected BC-1
cells were 1solated. EBV circBART 1.1 and circBART 2.1,
having a retained intron between exon Ma and IIIb, were
detected 1n the nuclear fraction, whereas entirely exonic
circBART 1.2 and circBART 2.2 and circvIRF4 were
detected in both nuclear and cytoplasmic fractions. RNA
extracted from nuclear (Nuc) and cytoplasmic (Cyto) frac-
tions of the KSHYV and EBV co-infected BC1 cell line was
cither treated (+) or untreated (-) with RNase R. BSIJ
spanning PCR products from intron-retaining circBART _
1.1 and circBART_2.1 were detected mainly 1n the nuclear
fraction. Exonic circBART 1.2 and circBART 2.2 were
found 1n both fractions. CircvIRF4 junction spanmng PCR
products were detected in both fractions. Protein immuno-
blotting for lamin A/C (nuclear) and LAMP1 (cytoplasmic)
was used to confirm fractionation quality.

[0102] To determine whether the cytoplasmic viral circR-
NAs were associated with the cellular translation machinery,
polysome fractionation was performed. gRT-PCR analysis
of polysome fractions revealed that both KSHV circvIRF4
and EBV circBART BSJ1 and BSJ2 partitioned to untrans-
lated fractions (fractions 2-4) whereas cellular and viral
mRNAs were enriched 1n the polysome fractions ({fractions
10-12). CircviIRF4, circBART1 and 2 RNAs were not pret-
erentially detected in polysomal fractions but mRNAs for
translated v-cyclin, LMP2 and GAPDH proteins preferen-
tially fractionated with polysomes. RNA detection was
determined by gRT-PCR for each RNA.
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RPM
214.146658
64.8929267
58.403634
45.4250487
38.935756
38.935756
25.9571707
12.9785853
12.9785853
12.9785853
25.9571707

12.9785853

Example 8

[0103] This example demonstrates the identification of
cellular circular RNAs in EBV/KSHYV 1nfected tumors and

cell lines.

[0104] In total, 30,178 human circRNAs were predicted
with at least two backspliced junction reads 1n all PTLD and
lymphoma cell lines sequenced. Approximately 11% of
these (1,385) were shared by all four samples but notably,
the majornity of predicted circRNAs were not overlapping. In
part, this may reflect the cellular heterogeneity found within
PTLDs (e.g. tumor infiltrating macrophages and T cells). 35
and 40 novel circRNAs were found that were exclusively
detected 1n EBV-positive and EBV-negative PTLDs respec-
tively. A total of 22,276 and 13,641 human circRNA BSIJs
were found 1n DMSO- and NaB/TPA-treated BJAB, BC1
and BCBL1 cell lines. 5.3% (1182) of the human circRNAs
from the DMSO- and 3.7% (3505) of the human circRNAs
from the NaB/TPA-treated samples were only found in
KSHYV infected PELs. 371 novel cellular circRNAs were
identified 1n latent and lytic KSHV-positive PELs.

[0105] For the type of predicted human circRNAs 1n
PTLD samples, CIRI2 analysis found a total of 5178, 4602,
5361 and 6138 human circRNAs in PTLD 4, 5, 6 and 9
respectively. ~90% of these are exonic and the rest are
generated from intronic and intergenic regions of the human
genome. EBV (+) PILD 6 and 9 express 455 human
circRNAs 1n common and 35 of them were 1dentified in this
study. EBV (=) PTLD 4 and 5 express 303 human circRNAs
in common and 40 new circRNAs were found in this group.
~99% of circRNAs (1385) that are common 1n all samples
were annotated 1n circBase.

[0106] For the type of predicted human circRNAs 1n
KSHV (+/-) cell lines, CIRI2 analysis found a range of
4,100 to 14,400 cellular circRNAS these cell lines. 273 new
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human circRNAs were found both 1n latent BC1 and BCBL]1 cRNAs 1n common, 98 of which have not been 101 previ-
samples. NaB/TPA treated PEL cells have 505 human cir- ously reported.

TABLE 10
Name SEQ PCR
Divergent ID product
primers Sequence NO: size (bp)

Primers and antisense oligos (ASO)
used in this study

DP1 CGCCCGTATTCACACATTCC 1 160-264
(circBART.BSJ2)
GACGCTAGTGCTGCATGGG 2
DP2 (circBART) AGCCCTTCTTCGTTATGCAC 4 400-700
TGAGGAATACCTCGTTGTCTTCCG 3
DP3 (circvIRF4) CAAAGCTACGAGGAGGCAGG 30 577
CGCCGACACCAACGCATCAAAC 31
DP4 (circvIRF4) GGCGATATAACGACTGAACAGA 32 139
CAAATGCATGGTACACCGAATAC 5
DP5 CGCCCACTGGTGTATCAGA 33 126-668
(circPAN/K7.3)
AATCGCAGCTTTTGTTCTGC 34
DP6 CGCTTGCCTGGTCCTGG 35 216
(cixrcBHLFI)
CAGGCGTACCGGGCCAG 36
DP7 (circLMP2) CACCAGCGATTAGCGCG 37 210-1,178
GGTCATTAGATGCTGCCGCTAC 38
DP8 (circLMP2) GCAGCGGCATATGAGCTGG 39 258
GGTCATTAGATGCTGCCGCTAC 40
DP9 (circvIRF4) CATTTGATGAGGAGTGTGATAGAG 41 632
GAACCGCTATTACAATGTTGGC 6
DP10O TTCTGTGTTTGTCTGATTCTTAG 42 325-744
(circPAN/K7.3)
CCGAAACAACGAATGAGCA 43
DP11 GGTCAAGTAGCTGCGTCCAAA 44 117
(circBART.BSJ1)
GACGCTAGTGCTGCATGGG 2

Convergent primers used for RT-PCR and PCR

GAPDH.F GTCATCAATGGAAATCCCATCACC 45 320
GAPDH . R TGAGTCCTTCCACGATACCARAA 46
GAPDH . F TGCACCACCAACTGCTTAGC 477 58
GAPDH . R GGCATGGACTGTGGTCATGAG 48
Beta-actin.F CACACTGOGTGCCCATCTATGAGG 49 191
Beta-actin.R TCGAAGTCTAGGGCGACATAGC 50

185 .F CGAACGTCTGCCCTATCAACTT 51 115
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TABLE 10-continued
Name
Divergent
primers Sequence
18S.R TGTGGTAGCCGTTTCTCAGG
vIL6.F TTCAAAACACGCACCGCTTG
vILG6.R AAACGTGGACGTCATGGAGC
v—cyc.F CGCCTGTAGAACGGAAACAT
v—CvyC.R TTGCCCGCCTCTATTATCAG
LANAF TTTAGTGTAGAGGGACCTTGGG
LANAR TCTCCATCTCCTGCATTGCC

KSHVCRF50.F CAGAGTCTATTCGCCCTGTTAG

KSHV.UREFSC.R CTGGTACAGTCCTTGCAGAATA
KSHV.KB.F CCAAGAGGCGACTACATAGAAAG
KSHV.KB.R GGGTGATGTTCCCTACCTTAAC
KSHV.ORF37.F TGGGCGAGTTTATTGGTAGTG
KSHV.UREF37.R CGCTGATGTGCGTTCATTTG
KSHV.ORF39.F CAGGCAGCAGTAGAATCAGATAA

KSHV.URF39.R GACGGTCGTGTGGTACATAAA

LMP2 .F TGCCTGCCTGTAATTGTTGCG
LMP2 . R GCAGCGGCATATGAGCTGG
[0107] Allreferences, including publications, patent appli-

cations, and patents, cited herein are hereby incorporated by
reference to the same extent as 1f each reference were
individually and specifically indicated to be incorporated by
reference and were set forth 1n 1ts entirety herein.

[0108] The use of the terms ““a” and “an” and “the” and “‘at
least one” and similar referents in the context of describing
the mvention (especially in the context of the following
claims) are to be construed to cover both the singular and the
plural, unless otherwise indicated herein or clearly contra-
dicted by context. The use of the term “at least one”
followed by a list of one or more 1tems (for example, “at
least one of A and B”) 1s to be construed to mean one i1tem
selected from the listed i1tems (A or B) or any combination
of two or more of the listed items (A and B), unless
otherwise indicated herein or clearly contradicted by con-
text. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (1.e.,
meaning “including, but not limited to,”) unless otherwise
noted. Recitation of ranges of values herein are merely
intended to serve as a shorthand method of referring indi-
vidually to each separate value falling within the range,
unless otherwise indicated herein, and each separate value 1s
incorporated into the specification as if 1t were individually
recited herein. All methods described herein can be per-
formed 1n any suitable order unless otherwise indicated
herein or otherwise clearly contradicted by context. The use
of any and all examples, or exemplary language (e.g., “such
as’’) provided herein, 1s intended merely to better 1lluminate
the invention and does not pose a limitation on the scope of
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SEQ PCR
ID product
NO: size (bp)

52
53 210
54
55 137
56
57 258
58
59 115
60
61 111
62
63 125
64
65 110
66
67 151

68

the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-
claimed element as essential to the practice of the invention.

[0109] As used herein, Tm 1s defined as:

[Na +] 500
Im=28l.5+ 16.610gm( )

0 —_— — —
o o) T O4LeIG +CD P-F

!

Where Tm=melting temperature 1n ° C.

[0110] [Na"|=Molar concentration of sodium ions in
[0111] % [G+C]=percent of G+C bases 1n DNA sequence

[0112] n=length of DNA sequence 1n bases

[0113] P=temperature correction for % mismatched base
pairs (~1° C. per 1% mismatch)

[0114] F=correction for formamide concentration (=0.63°
C. per 1% [formamide])

[0115] With reference to the definition of “T'm” above, as
used herein, “high stringency” hybridization conditions

include a NaCl content of from 0.0163M to about 0.0330M
at a temperature of about 5° C. to 10° C. below Tm.

[0116] Preferred embodiments of this invention are
described herein, including the best mode known to the
inventors for carrying out the invention. Variations of those
preferred embodiments may become apparent to those of
ordinary skill 1n the art upon reading the foregoing descrip-
tion. The mnventors expect skilled artisans to employ such
variations as appropriate, and the inventors mtend for the
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invention to be practiced otherwise than as specifically Moreover, any combination of the above-described elements
described herein. Accordingly, this invention includes all in all possible vaniations thereof 1s encompassed by the
modifications and equivalents of the subject matter recited in invention unless otherwise indicated herein or otherwise
the claims appended hereto as permitted by applicable law. clearly contradicted by context.

SEQUENCE LISTING

Sequence total quantity: 76

SEQ ID NO: 1 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc feature 1..20

note = Synthetic
gource 1..20

mol type = other DNA

organism = synthetic construct
SEQUENCE: 1
cgcccecgtatt cacacattcce 20
SEQ ID NO: 2 moltype = DNA length = 19
FEATURE Location/Qualifiers
misc feature 1..19

note = Synthetic
source 1..1¢

mol type = other DNA

organism = synthetic construct
SEQUENCE: 2
gacgctagtg ctgcatggg 19
SEQ ID NO: 3 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc feature 1..24

note = Synthetic
source 1..24

mol type = other DNA

organism = synthetic construct
SEQUENCE: 3
tgaggaatac ctcecgttgtct tcecg 24
SEQ ID NO: 4 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc feature 1..20

note = Synthetic
source 1..20

mol type = other DNA

organism = synthetic construct
SEQUENCE: 4
agcccttett cgttatgcac 20
SEQ ID NO: b5 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc feature 1..23

note = Synthetic
source 1..23

mol type = other DNA

organism = synthetic construct
SEQUENCE: b5
caaatgcatg gtacaccgaa tac 23
SEQ ID NO: 6 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22

note = Synthetic
gource 1..22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 6
gaaccgctat tacaatgttg gc 22
SEQ ID NO: 7 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc feature 1..24

note = Sythentic
source 1..24

mol type = other DNA

organism = synthetic construct

SEQUENCE: 7
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20

-continued
tcgacgggca aggtccggeg tgtc 24
SEQ ID NO: 8 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc feature 1..24
note = Synthetic
source 1. .24
mol type = other DNA
organism = synthetic construct
SEQUENCE: 8
tcgacgggca agatgccatt gggc 24
SEQ ID NO: 9 moltype = DNA length = 24
FEATURE Location/Qualifiers
migc feature 1..6
note = RNA
source 1. .24
mol type = other DNA
organism = synthetic construct
misc feature 7..18
note = DNA
misc feature 19. .24
note = RNA
modified base 1..6
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose
modified base 19. .24
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose
migc feature 1..24
note = each contiguous nucleotide 1s connected by a
phosphorothiocate bond
SEQUENCE: ©
Jgacacgccgg accttgeccecg tcga 24
SEQ ID NO: 10 moltype = DNA length = 24
FEATURE Location/Qualifiers
migc feature 1..6
note = RNA
source 1. .24
mol type = other DNA
organism = synthetic construct
migc feature 7..18
note = DNA
migc feature 19..24
note = RNA
modified base 1..6
mod base = OTHER
note = each nucleotide contains 2&apos;0O0-methylated ribose
modified base 19. .24
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose
misc feature 1..24
note = each contiguous nucleotide 1s connected by a
phosphorothiocate bond
SEQUENCE: 10
agcctcgace gtgaccgtgce agcc 24
SEQ ID NO: 11 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc feature 1..6
note = RNA
source 1..24
mol type = other DNA
organism = synthetic construct
migc feature 7..18
note = DNA
misc feature 19. .24
note = RNA
modified base 1..6
mod base = OTHER
note = each nucleotide contains 2&apos;0O0-methylated ribose
modified base 19..24
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose

misc_feature 1..24

Jun. 15, 2023



US 2023/0183825 Al Jun. 15, 2023
21

-continued
note = each contiguous nucleotide 1s connected by a
phosphorothiocate bond
SEQUENCE: 11
gcceccaatgge atcttgecceccecg tcecga 24
SEQ ID NO: 12 moltype = DNA length = 24
FEATURE Location/Qualifiers
migc feature 1..6
note = RNA
source 1..24
mol type = other DNA
organism = gsynthetic construct
migc feature 7..18
note = DNA
migc feature 19. .24
note = RNA
modified base 1..6
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose
modified base 19. .24
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose
migc feature 1..24
note = each contiguous nucleotide 1s connected by a
phosphorothicate bond
SEQUENCE: 12
agtcgtctcecg tcacgcaggce ctac 24
SEQ ID NO: 13 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc feature 1..24
note = Synthetic
source 1. .24
mol type = other DNA
organism = synthetic construct
SEQUENCE: 13
catctacctce agcccccecgeg cccc 24
SEQ ID NO: 14 moltype = DNA length = 24
FEATURE Location/Qualifiers
migc feature 1..6
note = RNA
source 1. .24
mol type = other DNA
organism = synthetic construct
misc feature 7..18
note = DNA
misc feature 19. .24
note = RNA
modified base 1..6
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose
modified base 19. .24
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose
migc feature 1..24
note = each contiguous nucleotide 1s connected by a
phosphorothiocate bond
SEQUENCE: 14
ggggcgceggyg dgctgaggta gatg 24
SEQ ID NO: 15 moltype = DNA length = 24
FEATURE Location/Qualifiers
migc feature 1..6
note = RNA
source 1. .24
mol type = other DNA
organism = synthetic construct
misc feature 7..18
note = DNA
migc feature 19..24
note = RNA
modified base 1..6
mod base = OTHER
note = each nucleotide contains 2&apos;O-methylated ribose

modified base 19..24
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misc_feature

SEQUENCE :

15

mod base
note =
1..24

note =

OTHER

22

-continued

phosphorothiocate bond

ggcggtgegg cgtgaggaag dtgg

SEQ ID NO:
FEATURE

16

misc_feature

SOuUrce

SEQUENCE :

atgccattgg
gcctccagey
gactcggacy
tgtgtgaata
caggcactcg
gtttagcttyg
cagaatctgc
aaacttccct
gtcagagtgc
caaaaacgcyg

gggccgcagy
ggctcctecy

SEQ ID NO:
FEATURE

16

gcgtgtcact
ctgataagtyg
tagcccttac
cgggcgtatg
tcectggetygy
tccecegetcet
aggtagaggt
ttctctatga
ataacgaaga
accgtaaagt
cggcggaggce
gggtaagctt

17

misc_feature

SOUrce

SEQUENCE :

gtceggegty
acataccttc
ctgcgccagc

gatctggggc
aatgtcgctc

gggcacaatg
gcttagcacy
gtcttcocecget
gttgaaggag
ggacgctagt
acgggcaag

SEQ ID NO:
FEATURE

17

tccacggaga

ccegggaatyg
aggtaaggca
tcgcectggtgt
tgcccgggca
taccaggtaa
atgtcctggt
ccaaagaaca
aaagaagtgg
gctgcatggg

18

misc_feature

SOuUurce

SEQUENCE :
atgccgttga
gcctceccagceyg

gactcggacy
tgtgtgaata

cggattcagg
gaatacctcyg
gtaggtggte
cgacgagcgc
cggagctcgt

SEQ ID NO:
FEATURE

18

acgtgtcact
ctgataagtg
tagcccttac
cgggcegtatg
acgcttagca
ttgtcttecy
gtgttgaagy
cgggacgcta
cgacgggcaa

19

misc_feature

sOource

SEQUENCE :

1%

moltype =

DNA

Location/Qualifiers

1..711
note =
1..711
mol type
organism

gagctgaatt
ctgcgtccac
cgcggcegtat
actttagaaa
tgacgggaga
gggtgcagga
aggggttctt
acaggctgcg
agggcttgag
agcggctgcc
tgttcctgaa
cggccatggce

moltype =

Synthetic

other DNA
synthetic

tggacgcagc
tttgtgttac
ggcgttgacc
tgggggcgtyg
gccactgagy
gcgtgtcagc
gaccaatctyg
cggattcagg
gaatacctcyg
gtaggtggtc
cgacgagcgc
cggagctcgt

DNA

Location/Qualifiers

1..60%
note =
1..609
mol type
organism

ctcggacgta
tgtgaatacg
ggcactcgtc
ttagcttgtce
gaatctgcag
acttcccttt
cagagtgcat
aaaacgcgac
gecgcagycey
ctccteecgygyg

moltype =

Synthetic

other DNA
synthetic

gcecttacey
ggcgtatgac
ctggctggtyg
ccecgetetygg
gtagaggtag
ctctatgaac
aacgaagaag
cgtaaagtag
gcggaggcetyg
gtaagcttcyg

DNA

Location/Qualifiers

1..501
note =
1..501

mol type
organism

gagctgaatt
ctgcgtccac
cgcggcegtat
actttagaaa
cgatgtcctg
ctccaaagaa
agaaagaagt
gtgctgcatyg
=)

moltype =

Synthetic

other DNA
synthetic

tggtcgcagc
tttgtgttac
ggcgttgacc
tgggggcgtyg
gtcagagtgc
caaaaacgcyg

gggccgcagy
ggctcctecy

DNA

Location/Qualifiers

1..399
note =
1..399
mol type
organism

Synthetic

other DNA
synthetic

length

length

length

length

= 711

construct

tacttgacct
aggtccggceyg
ggacatacct
tgctgcgcca
aagatctggyg
tgaatgtcgc
atgggcacaa
acgcttagca
ttgtcttecy
gtgttgaagg
cgggacgcta
cgacgggcaa

= 609

construct

cggcgtatgyg
tttagaaatg
acgggagage
gtgcaggagc
gggttcttga
aggctgcgeg
ggcttgagga
ngﬂtgﬂﬂgt
ttcctgaacg
gccatggccg

= 501

construct

tacttgacct
aggtccggceg
ggacatacct
tgctgecgceca
ataacgaaga
accgtaaagt
cggcggagygc
gggtaagctt

= 399

construct

ttgccececgt
tgtccacgga
tccececgggaa

gcaggtaagyg
gctegetggt
tctgcccggy
tgtaccaggt
cgatgtcctyg
ctccaaagaa
agaaagaagt
gtgctgcatg

9

cgttgaccgy
ggggcgtgtyg
cactgaggaa
gtgtcagctg
ccaatctgat
gattcaggac
atacctcgtt
aggtggtcgt
acgagcgccyg
gagctcgtcg

ttgcccecogt
tgtccacgga
tccecegggaa
gcaggctgcyg
agggcttgag
agcggcetgec
tgttcctgaa
cggccatggc

gtccggegtyg tceccacggaga ctcecggacgta gcecocttacceyg cggcecgtatgg cgttgaccgg

each nucleotide contains 2&apog;O-methylated ribose

each contiguousgs nucleotide 1s connected by a

24

60

120
180
240
300
360
420
480
540
600
660
711

60

120
180
240
300
360
420
480
540
600
609

60

120
180
240
300
360
420
480

501

60
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acataccttc
ctgcgccagc
aacgaagaag
cgtaaagtag

gcggaggcetyg
gtaagcttcg

SEQ ID NO:
FEATURE

cccgggaatg
aggctgegceg
ggcttgagga
cggctgcecgt
ttcctgaacy
gccatggcecy

20

migc feature

sOource

SEQUENCE :

gtgtggatac
agcgatatcc
gtctacggac
cgtggaacca
agctacgtag
gccgegtaty
caaaccacgg
gtttgatgcy
gccttttact
aggcgccatce
atataacgac

SEQ ID NO:
FEATURE

20

cagtgaatga
cgcctggetyg
catcgcctgt
ggagggccgt
tatggcagtt
gtcctgaaaa
ctacgcgacyg
ttggtgtcgg
tagagaacaa

ggggctgagy
tgaacagaag

21

misc_feature

SOUrce

SEQUENCE :

gctgecegeac
cacctcactt
accattacag
caataagata
ccgcttteta
cgaatgagca

SEQ ID NO:
FEATURE

21

accactttag
tgtcgcctat
cactagcctg
cacatccaga
gaattacctc

gatagagcgc

22

misc_feature

SOUrce

SEQUENCE :

gctgccocgcac
cacctcactt
accattacag
caataagata
ccgetttceta
cgaatgagca
tcacattata
caactggcct

atggcaagag

SEQ ID NO:
FEATURE

22

accactttag
tgtcgcctat
cactagcctyg
cacatccaga
gaattacctc
gataggtagt
ttccacattc
ggagattgaa
cgctecca

23

migc feature

SOuUurce

SEQUENCE :

acgaatgagc
tCcacattat
acaactggcc

catggcaagg
accgcgeggt

SEQ ID NO:
FEATURE

23

agataggtag
attccacatt
tggagattga
tttttgggca
gttttttgta

24

tgtgaatacyg
gattcaggac
atacctcgtt
aggtggtcgt
acgagcgccyg
gagctcgtcg

moltype =

ggcgtatgac
gcttagcacy
gtcttccget
gttgaaggag
ggacgctagt
acgggcaag

DNA

Location/Qualifiers

1..0632
note =
1..0632
mol type
organism

gggcgcatct
gtattcggtyg
cgtgggacag
cgtgcggaac
ggtgcgaacyg
actgcagcga
cagtgacact
cgggaaatac
agctacgagg
ggtcgeecte
gctgccectgcet

moltype =

Synthetic

other DNA
synthetic

acctcagccc
taccatgcat
acggtgtatyg
gatttacggt
ccgtttaaaa
tttattcagt
aggtatgtaa
tttaggtacc
agycaggydggc
ggaaatcgaa
ofe

DNA

Location/Qualifiers

1..325
note =
1..325
mol type
organism

tccaatgttce
gtcattcaaa
atacaatcta
ttgtcacatt
aacactatct
tcecca

moltype =

Synthetic

other DNA
synthetic

ttacacgact
tcgacttgcet
aaacgcattt

tagggcaaag
aagaatcaga

DNA

Location/Qualifiers

1..498
note =
1..498
mol type
organism

tccaatgttc
gtcattcaaa
atacaatcta
ttgtcacatt
aacactatct
gcaccactgt
agacacgtta
tccaatgcaa

moltype =

Synthetic

other DNA
synthetic

ttacacgact
tcgacttgcet
aaacgcattt
tagggcaaag
aagaatcaga
tctgatacac
agtatcctcg
taacccgcaa

DNA

Location/Qualifiers

1..298
note =
1..298
mol type
organism

tgcaccactg
cagacacgtt
atccaatgca
aatcgcagct
ctacagctct

moltype =

Synthetic

other DNA
synthetic

ttctgataca
aagtatcctc
ataacccgca
tttgttetgce
caggccaatg

DNA

Location/Qualifiers

length

length

length

length

length

23

-continued

tttagaaatyg
atgtcctggt
ccaaagaaca
aaagaagtgyg
gctgcatggyg

= 632

construct

ccgegeccect
ttgatgagga
gacgttttgyg
acagcgacac
actgtacgta
gtectgttgte
ctcggggaag
ctaaccacgt
tgcagcacct
cegcectattac

= 325

construct

ttgaaacttc
tacactggaa
taaaatgctt
tggcccgatt
caaacacaga

= 408

construct

ttgaaacttc
tacactggaa
taaaatgctt
tggcccecgatt
caaacacaga

cagtgggcgc
catatcataa

ggggtgactg

= 298

construct

ccagtgggcg
gcatatcata
aggggtgact

gggcttatgyg
tgggaaaaaa

= 402

ggggcgtgtyg
cagagtgcat
aaaacgcgac
gccgcagygcy
ctcctececgygy

gcctgceccecggce
gtgtgataga
gagactgttg
atttggtggt
ttgctatggy
cccocceccaaty
ggggtgtgag
taactctegt
gctcccecta
aatgttggcy

tgacaaatgc
aaataaacac
cacaacgcac
tacactcaat

accdadadacad

tgacaaatgc
aaataaacac
cacaacgcac
tacactcaat
accgaaacaa
tgctttectt

aagggggcta
tatagttgcc

ctgctttect

aaagggggcet
gtatagttgc
agagctccag
ccgaaaca

120
180
240
300
360
399

60

120
180
240
300
360
420
480
540
600
632

60

120
180
240
300
325

60

120
180
240
300
360
420
480
498

60

120
180
240
298
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misc_feature

SOuUurce

SEQUENCE :

actgttctga
cgttaagtat
tgcaataacc
agcttttgtt
ctctcaggcec
attgccaaaa
aagaaggcaa

SEQ ID NO:
FEATURE

24

tacaccagtyg
cctcogcecatat

cgcaaggggt
ctgcgggcett
aatgtgggaa
gcgacgcaat

gcagcgagca

25

misc_feature

SOuUurce

SEQUENCE :
ctggcctgga
gcaaggtttt
cgceggtgttt
agccgaaagc
accaatgaaa
acaa

SEQ ID NO:
FEATURE

25

gattgaatcc
tgggcaaatc
tttgtactac

caggatgggt
accagaagcyg

26

misc_feature

SOUrce

SEQUENCE :

ctacttttcc
ctccataagce
acagtcaccc
tttatgatat
agcgcccact
ttctgtgttt
aaatcgggcc
gaagcatttt
tttccagtgt
agaagtttca
tctttcaatyg
tgttttgcta

SEQ ID NO:
FEATURE

26

cacattggcec
ccgcagaaca
cttgcgggtt
gcgaggatac
ggtgtatcag
gtctgattcet
actttgccct
aaaatgcgtt
aagcaagtcyg
aagtcgtgta
Ctaatgtttt
ggttgactaa

277

misc_feature

SOUrce

SEQUENCE :
ctacttttcc
ctccataagce
acagtcaccc
tttatgatat
agcgceccact
ttctgtgttt
aaatcgggcc
gaagcatttt
gtc

SEQ ID NO:
FEATURE

277

cacattggcc
ccgcagaaca
cttgcgggtt
gcgaggatac
ggtgtatcag
gtctgattcet
actttgccct

aaaatgcgtt

28

migc feature

SOUrce

SEQUENCE :

28

1..402
note =
1..402
mol type
organism

ggcgctgcett
cataaaaggyg
gactgtatag
atggagagct
aagtaggacyg
caacccacaa
caaaatccat

moltype =

Synthetic

other DNA
synthetic

tcctttcaca
ggctacaact
ttgccatggce
ccagaccgceg
gaaaacctag
tcggoggcac
aggtagtgca

DNA

Location/Qualifiers

1..304
note =
1..304
mol type
organism

aatgcaataa
gcagcttttyg
agctctcecagg
atattgccaa

gcaagaaggc

moltype =

Synthetic

other DNA
synthetic

ccocgcaagyyg
ttctgcgggce
ccaatgtggg
aagcgacgca

aagcagcgag

DNA

Location/Qualifiers

1..694
note =
1..694
mol type
organism

tgagagctgt
aaagctgcga
attgcattgyg
ttaacgtgtc
aacagtggtyg
tagatagtgt
aaatgtgaca
ttagattgta
atttgaatga
agaacattgyg
aatgtgtatyg
cgatgttttc

moltype =

Synthetic

other DNA
synthetic

agtacaaaaa
tttgcccaaa
attcaatctc
tgaatgtgga
cactacctat
tgaggtaatt
atctggatgt
tcaggctagt
cataggcgac
actaaagtgy
ttgtgttgga
cgtc

DNA

Location/Qualifiers

1..483
note =
1..4823
mol type
organism

tgagagctgt
aaagctgcga
attgcattygg
ttaacgtgtc

aacagtggtg
tagatagtgt
aaatgtgaca
ttagattgta

moltype =

Synthetic

other DNA
synthetic

agtacaaaaa
tttgcccaaa
attcaatctc
tgaatgtgga
cactacctat
tgaggtaatt
atctggatgt

tcaggctagt

DNA

Location/Qualifiers

1..3106
note =
1..316
mol type
organism

Synthetic

other DNA
synthetic

length

length

length

length

24

-continued

construct

ttatattcca
ggcctggaga
aaggtttttg
cggtgttttt
ccgaaagcca
caatgaaaac
CC

= 304

construct

gtgactgtat
ttatggagag
aaaagtagga
atcaacccac
cacaaaatcc

= 694

construct

acaccgcgcy
aaccttgcca
caggccagtt
atataatgtyg
ctgctcattc
ctagaaagcyg
gtatcttatt
gctgtaatgg

aaagtgaggt

tgtgcggceag
agttccaggc

= 483

construct

acaccgcgcyg
aaccttgcca
caggccagtt
atataatgtyg

ctgctcattce
ctagaaagcyg
gtatcttatt
gctgtaatgg

= 316

construct

cattcagaca
ttgaatccaa
ggcaaatcgc
tgtactacag

ggatgggtat
cagaagcggc

agttgccatyg
ctccagaccy
cggaaaacct

aatcggcggce
atagggggct

gtctggagcet
tggcaactat
gtagccccect
aaaggaaagc
gttgtttegg
gattgagtgt
ggtgcgttgt
tgtgtttatt
ggcatttgtc
ctgggagcege
taatatttga

gtctggagct
tggcaactat
gtagccccct
aaaggaaagc
gttgtttegg
gattgagtgt
ggtgcgttgt
tgtgttttecce

60

120
180
240
300
360
402

60

120
180
240
300
304

60

120
180
240
300
360
420
480
540
600
660
694

60

120
180
240
300
360
420
480
483
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-continued

ctacttttcce cacattggcce tgagagctgt agtacaaaaa acaccgcecgceg gtctggaget 60
ctccataage ccgcagaaca aaagctgcga tttgcecccaaa aaccttgeca tggcaactat 120
acagtcaccce cttgcgggtt attgcattgg attcaatctce caggccagtt gtagccccct 180
tttatgatat gcgaggatac ttaacgtgtc tgaatgtgga atataatgtg aaaggaaagc 240
agcgcccact ggtgtatcag aacagtggtg cactacctat ctgctcattce gttgtttcecgg 300
ttctgtgttt tccgtc 316
SEQ ID NO: 29 moltype = DNA length = 303
FEATURE Location/Qualifiers
migc feature 1..303

note = Synthetic
source 1..303

mol type = other DNA

organism = synthetic construct
SEQUENCE: 29
ctacttttcce cacattggcce tgagagctgt agtacaaaaa acaccgcecgceg gtctggaget 60
ctccataage ccgcagaaca aaagctgcga tttgcccaaa aaccttgeca tggcaactat 120
acagtcaccc cttgcgggtt attgcattgg attcaatctce caggccagtt gtagccccct 180
tttatgatat gcgaggatac ttaacgtgtc tgaatgtgga atataatgtg aaaggaaagc 240
agcgcccact ggtgtatcag aacagtggtg cactacctat ctgctcattce gttgttttcece 300
gtc 303
SEQ ID NO: 30 moltype = DNA length = 20
FEATURE Location/Qualifiers
migc feature 1..20

note = Synthetic
source 1..20

mol type = other DNA

organism = synthetic construct
SEQUENCE: 30
caaagctacg aggaggcadgg 20
SEQ ID NO: 31 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22

note = Synthetic
source 1. .22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 31
cgccgacacce aacgcatcaa ac 22
SEQ ID NO: 32 moltype = DNA length = 22
FEATURE Location/Qualifiers
migc feature 1..22

note = Synthetic
source 1..22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 32
ggcgatataa cgactgaaca ga 22
SEQ ID NO: 33 moltype = DNA length = 19
FEATURE Location/Qualifiers
misc feature 1..19

note = Synthetic
source 1..19

mol type = other DNA

organism = synthetic construct
SEQUENCE: 33
cgcccactgg tgtatcaga 19
SEQ ID NO: 34 moltype = DNA length = 20
FEATURE Location/Qualifiers
migc feature 1..20

note = Synthetic
source 1..20

mol type = other DNA

organism = synthetic construct
SEQUENCE: 34
aatcgcagct tttgttctgc 20
SEQ ID NO: 35 moltype = DNA length = 17
FEATURE Location/Qualifiers
migc feature 1..17

note = Synthetic
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26

-continued

source 1..17

mol type = other DNA

organism = synthetic construct
SEQUENCE: 35
cgcettgectg gtectgg
SEQ ID NO: 36 moltype = DNA length = 17
FEATURE Location/Qualifiers
misc feature 1..17

note = Synthetic
source 1..17

mol type = other DNA

organism = synthetic construct
SEQUENCE: 36
caggcgtacce gggccag
SEQ ID NO: 37 moltype = DNA length = 17
FEATURE Location/Qualifiers
migc feature 1..17

note = Synthetic
source 1..17

mol type = other DNA

organism = sgynthetic construct
SEQUENCE: 37
caccagcgat tagcgcg
SEQ ID NO: 38 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22

note = Synthetic
source 1. .22

mol type = other DNA

organism = synthetic construct
SEQUENCE : 38
ggtcattaga tgctgccget ac
SEQ ID NO: 39 moltype = DNA length = 19
FEATURE Location/Qualifiers
misc feature 1..19

note = Synthetic
source 1..19

mol type = other DNA

organism = synthetic construct
SEQUENCE: 39
gcagcggcat atgagctgg
SEQ ID NO: 40 moltype = DNA length = 22
FEATURE Location/Qualifiers
migc feature 1..22

note = Synthetic
source 1. .22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 40
ggtcattaga tgctgccget ac
SEQ ID NO: 41 moltype = DNA length = 24
FEATURE Location/Qualifiers
misc feature 1..24

note = Synthetic
source 1. .24

mol type = other DNA

organism = synthetic construct
SEQUENCE: 41
catttgatga ggagtgtgat agag
SEQ ID NO: 42 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc feature 1..23

note = Synthetic
source 1..23

mol type = other DNA

organism = synthetic construct

SEQUENCE: 42
ttctgtgttt gtctgattcet tag

17

17

17

22

19

22

24

23
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SEQ ID NO: 423
FEATURE
misc feature

SOouUurce

SEQUENCE: 43
ccgaaacaac gaatgagca

SEQ ID NO: 44
FEATURE
misc_feature

SOuUrce

SEQUENCE: 44
ggtcaagtag ctgcgtccaa a

SsEQ ID NO: 45
FEATURE
migc feature

sOource

SEQUENCE: 45
gtcatcaatg gaaatcccat ¢

SEQ ID NO: 46
FEATURE
misc feature

SOUrce

SEQUENCE: 46
tgagtccttc cacgatacca a

SEQ ID NO: 47
FEATURE
misc_feature

SOUrce

SEQUENCE: 47
tgcaccacca actgcttagce

SEQ ID NO: 48
FEATURE
misc feature

SOUrce

SEQUENCE: 48
ggcatggact gtggtcatga g

SEQ ID NO: 49
FEATURE

migc feature

SOuUurce

SEQUENCE: 49
cacactgtgc ccatctatga g

SEQ ID NO: 50
FEATURE
misc_feature

SOuUurce

27

-continued

moltype = DNA length = 19
Location/Qualifiers

1..19

note = Sythentic

1..19

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 21
Location/Qualifiers

1..21

note = Synthetic

1..21

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 24
Location/Qualifiers

1..24

note = Synthetic

1..24

mol type = other DNA

organism = synthetic construct

aCccC

moltype = DNA length = 22
Location/Qualifiers

1..22

note = Synthetic

1..22

mol type = other DNA

organism = synthetic construct

d

moltype = DNA length = 20
Location/Qualifiers

1..20

note = Synthetic

1..20

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 21
Location/Qualifiers

1..21

note = Synthetic

1..21

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 22
Location/Qualifiers

1..22

note = Synthentic

1..22

mol type = other DNA

organism = synthetic construct

9

moltype = DNA length = 22
Location/Qualifiers

1..22
note = Synthetic
1..22

othexr DNA

mol type

19

21

24

22

20

21

22
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-continued

organism

synthetic construct
SEQUENCE: 50
tcgaagtcta gggcgacata gc

SEQ ID NO: 51 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22
note = Synthetic
source 1. .22
mol type = other DNA
organism = synthetic construct

SEQUENCE: bl
cgaacgtctg ccctatcaac tt

SEQ ID NO: 52 moltype = DNA length = 20
FEATURE Location/Qualifiers
migc feature 1..20
note = Synthetic
source 1..20
mol type = other DNA
organism = synthetic construct

SEQUENCE: 52
tgtggtagcce gtttctcagg

SEQ ID NO: 53 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc feature 1..20
note = Synthetic
source 1..20
mol type = other DNA
organism = synthetic construct

SEQUENCE: 53
ttcaaaacac gcaccgcttg

SEQ ID NO: 54 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc feature 1..20
note = Synthetic
source 1..20
mol type = other DNA
organism = synthetic construct

SEQUENCE: 54
aaacgtggac gtcatggagc

SEQ ID NO: 55 moltype = DNA length = 20
FEATURE Location/Qualifiers
migc feature 1..20
note = Synthetic
source 1..20
mol type = other DNA
organism = synthetic construct

SEQUENCE: 55
cgcctgtaga acggaaacat

SEQ ID NO: 56 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc feature 1..20
note = Synthetic
source 1..20
mol type = other DNA
organism = synthetic construct

SEQUENCE: bo
ttgccecgect ctattatcag

SEQ ID NO: 57 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22
note = Synthetic
source 1. .22
mol type = other DNA
organism = synthetic construct

SEQUENCE: 57
tttagtgtag agggaccttg gg

SEQ ID NO: 58 moltype = DNA length = 20
FEATURE Location/Qualifiers

22

22

20

20

20

20

20

22

Jun. 15, 2023



US 2023/0183825 Al
29

-continued

misc feature 1..20

note = Synthetic
source 1..20

mol type = other DNA

organism = synthetic construct
SEQUENCE : 58
tctccatcte ctgcattgcece
SEQ ID NO: 59 moltype = DNA length = 22
FEATURE Location/Qualifiers
misc feature 1..22

note = Synthetic
source 1. .22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 59
cagagtctat tcgccecctgtt ag
SEQ ID NO: 60 moltype = DNA length = 22
FEATURE Location/Qualifiers
migc feature 1..22

note = Synthetic
source 1..22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 60
ctggtacagt ccttgcagaa ta
SEQ ID NO: 61 moltype = DNA length = 23
FEATURE Location/Qualifiers
misc feature 1..23

note = Synthetic
source 1. .23

mol type = other DNA

organism = synthetic construct
SEQUENCE: 61
ccaagaggcg actacataga aag
SEQ ID NO: 62 moltype = DNA length = 22
FEATURE Location/Qualifiers
migc feature 1..22

note = Synthetic
source 1. .22

mol type = other DNA

organism = synthetic construct
SEQUENCE: 62
gggtgatgtt ccctacctta ac
SEQ ID NO: 63 moltype = DNA length = 21
FEATURE Location/Qualifiers
misc feature 1..21

note = Synthetic
source 1..21

mol type = other DNA

organism = synthetic construct
SEQUENCE: 63
tgggcgagtt tattggtagt g
SEQ ID NO: 64 moltype = DNA length = 20
FEATURE Location/Qualifiers
misc feature 1..20

note = Synthetic
source 1..20

mol type = other DNA

organism = synthetic construct
SEQUENCE: 64
cgcetgatgtg cgttcatttg
SEQ ID NO: 65 moltype = DNA length = 23
FEATURE Location/Qualifiers
migc feature 1..23

note = Synthetic
source 1..23

mol type = other DNA

organism = synthetic construct

SEQUENCE: 65

20

22

22

23

22

21

20
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30

-continued

caggcagcag tagaatcaga taa

SEQ ID NO:
FEATURE

66

misc_feature

SOouUurce

SEQUENCE :

66

moltype = DNA length = 21
Location/Qualifiers

1..21

note = Synthetic

1..21

mol type = other DNA

organism = synthetic construct

gacggtcgtg tggtacataa a

SEQ ID NO:
FEATURE

67

misc_feature

SOuUurce

SEQUENCE :

67

moltype = DNA length = 21
Location/Qualifiers

1..21

note = Synthetic

1..21

mol type = other DNA

organism = synthetic construct

tgcctgectyg taattgttge g

SEQ ID NO:
FEATURE

68

migc feature

sOouUurce

SEQUENCE :
gcagcggcat

SEQ ID NO:
FEATURE

68

atgagctygg

69

misc_feature

SOuUrce

SEQUENCE :

gtttgtgtct
caagatcaaa
aacctggtcc
tatgacctgt

gtgtccagygg

SEQ ID NO:
FEATURE

69

gtgctgcaga
gagattgggyg
tggacctgga
gccecggaccgt
cccacccagt

70

migc feature

SOouUurce

SEQUENCE :

gtcactcacg
gctctgtgaa
cccacgcgac
ctcgtectgaa

gtcactgggg

SEQ ID NO:
FEATURE

70

tcctectect
gtctettect
ttcagaaaca
tctgaaggat
tactcttccect

71

migc feature

SOuUurce

SEQUENCE :

ggcgggtagt
tgcttcecect
tcagcgttygy
acgtccaacy

SEQ ID NO:
FEATURE

71

tattggctcc
gttattctga

aggcacygddygd
gcatatcacg

72

misc_feature

moltype = DNA length = 19
Location/Qualifiers

1..19

note = Synthetic

1..19

mol type = other DNA

organism = synthetic construct

moltype = DNA length = 283
Location/Qualifiers

1..283

note = Synthetic

1..2823

mol type = other DNA

organism = synthetic construct

agctcatggg cctaacggcece tgcecctgcecgece gcatgcegtca
ccecogetttt tgacagegta atcccecgget teocecggtetgc
tctaaagatc aaggggcccce cctggtceget ggaggaaatc
gcggcgtgag gtactgcegeco tcatgcegcecg cctgggtceca
ctattttttc aaatcagcectt gtc

moltype = DNA length = 274
Location/Qualifiers

1..274

note = Synthetic

1..274

mol type = other DNA

organism = synthetic construct

ggatagactg ggaggcctga gaccccagag tgtagcectget
ccteogtecga caagaggcocgce cggtccectge aagaccggac
tggccatagt gatgacccct ctacagcectce caaagtcaga
gccacgaggg gtcgctatca ctgceccectcag atgggtette
ccaaatcaat ctcc

moltype = DNA length = 208
Location/Qualifiers

1..208

note = Synthetic

1..208

mol type = other DNA

organism = synthetic construct

gagattctag aaacacgtgt cccgcectgacg cagggggcect
tagaatgaca gcctgtaaca caaagtggaa gcagcactta
gcaaaggtca agtagctgceg tccaaattca gctcagtgac
tgtatgtyg

moltype = DNA length = 150

Location/Qualifiers
1..150

23

21

21

19

60

120
180
240
283

60

120
180
240
274

60

120
180
208
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sOource

SEQUENCE :

72

note = Synthetic

1..150
mol type
organism

other DNA
synthetic

31

-continued

construct

gcecggacctyg taacacaaag tggaagcagce acttatcage gttggaggca cgggggcaaa

ggtcaagtag ctgcgtccaa attcagctca gtgacacgtc caacggcatc ttgcccgtceg

acgagctccecg gccatggeccg aagcttaccc

SEQ ID NO:
FEATURE

73

misc_feature

SOUrce

SEQUENCE :

gcactctgac
cacgcccecca
ggtcaacgcc
tgcceccgtcega
agcgtcecegy

SEQ ID NO:
FEATURE

73

caggacatcg
tttctaaagt
atacgccgey

cgagctcocygyg
cgctegtegt

74

migc feature

SOouUurce

SEQUENCE :

ggtttgttta
atgctcattc
cgagtctgcg
ccectegtttyg
tctttgacct

SEQ ID NO:
FEATURE

74

gcagcctggt
tggtcctggt
agctctceccag
gcacgcggga
ggagggcatc

75

misc_feature

SOUrce

SEQUENCE :
gcattgtgga
gggtcgggcec

ggacggaatt
tcteccagcag

tgtacagcgc

SEQ ID NO:
FEATURE

75

acacgtagat
tcctgtgcag
ggtggcaaag
ctccaccagce

ctcgtgcecaty

76

misc_feature

SOuUrce

SEQUENCE :

agtccacttyg
acaccccectt
ctcetgetcea
cacgatgact

atctccecgecy

76

gagcccttty
tcccttactce
tcgcactetyg
ccecteccegea

tctgetgett

moltype =

DNA length

Location/Qualifiers

1..262

note = Synthetic

1..262
mol type
organism

tgctaagcgt
catacgcccg
gtaagggcta
ccatggcecga
tcC

moltype =

other DHNA
synthetic

cctgaatceceyg
tattcacaca
cgtccgagtc
agcttacccec

DNA length

Location/Qualifiers

1..260

note = Synthetic

1..260
mol type

organism

ctcgggtttce
ggcgcctacce
ccacggcgac
gaatcacacyg

moltype =

other DNA
synthetic

atctccttcet
gccacgegtce
ctgttccget
gagggcgdggya

DNA length

Location/Qualifiers

1..291

note = Synthetic

1..291
mol type

organism

gtccctgtga
agccttgaca

atctgegtgy
ttgcccaccc

cagcggctga

moltype =

other DNA
synthetic

taggaggtag
tggttgactt
ccaccttggce
gtcggacgcy
ggtccgagtt

DNA length

Location/Qualifiers

1..270

note = Synthetic

1..270
mol type

organism

tctactccta
Ctccttctct

gatttttcga
cCcctcaacaa

cgtcacccgc

other DHNA
synthetic

ctgatgagta
aacgcacttt
catggacaac
gctaccgatyg

= 262

construct

cgcagcectgce

ttccecgggga
tccgtggaca

gygaggagCcccC

= 260

construct

tcaaaaaccc
agcaaaccag
tctcecctecgga
cgaacagcgt

= 291

construct

cgcgtaggag
cgagaccccc
ctggtcectgce
cagcgcectgce
gtaaaactgyg

= 270

construct

agtattacac
cCcctcectttce
gacacagtga
attctagcca

tggcgcagca
aggtgtgtcc
cgccggaccet
atgcagcact

cttcggeggce
CCLTCCLtLC

catccagtgt
gcctccaacy

cccgcagttyg
gagacgtaga
aggctctget

gccagceocgyg
C

CCctttgcccc
cccagtcacc
tgaacaccac
tgaaattccc

60
120
150

60

120
180
240
262

60

120
180
240
260

60

120
180
240
291

60

120
180
240
270
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1. An oligonucleotide that hybridizes, under high strin-
gency conditions, to a sequence selected from the sequences
set forth 1 the Examples set forth herein entitled
“EXAMPLE 1—Epstein-Barr Virus (EBV) circRNA™ and
“EXAMPLE 2—Kaposi’s Sarcoma-Associated Herpesvirus
(KSHV) circRNA,” wherein said oligonucleotide comprises
between 10 and 30 nucleic acids.

2. An oligonucleotide that hybridizes to the BART small
junction (SJ) sequence
(TCGACGGGCAAGGTCCGGCGTGTC (SEQ ID NO:7)),
the BART large junction (LLJ) sequence (TCGACGGGCAA.-
GATGCCATTGGGC (SEQ ID NO:8)), or the RF junction
sequence (CATCTACCTCAGCCCCCGCGCCCC (SEQ ID
NO:13).

3. The oligonucleotide of claim 2, which comprises the
following sequence: GGGCGCGCGGGGGCTGAGGUA-
GAUG (SEQ ID NO:14), wherein each of the nucleotides at
positions 1-6 and 19-24 of SEQ ID NO: 14 contains 2'-O-
methylated ribose and each contiguous nucleotide of SEQ)
ID NO: 14 1s connected by a phosphorothioate bond.

4. The oligonucleotide of claim 2, which comprises the
following sequence: GACACGCCGGACCTTGCCCGU-
CGA (SEQ ID NO:9), wherein each of the nucleotides at
positions 1-6 and 19-24 of SEQ ID NO: 9 contains 2'-O-
methylated ribose and each contiguous nucleotide of SEQ
ID NO: 9 1s connected by a phosphorothioate bond.

5. The oligonucleotide of claim 2, which comprises the
following sequence: GCCCAATGGCATCTTGCCCGU-

CGA (SEQ ID NO:11), wherein each of the nucleotides at
positions 1-6 and 19-24 of SEQ ID NO: 11 contains 2'-O-
methylated ribose and each contiguous nucleotide of SEQ
ID NO: 11 1s connected by a phosphorothioate bond.

6. A method of treating a condition associated with
v-herpesvirus infection 1n a mammal, the method comprising,
administering to the mammal the oligonucleotide of claim 1
to the mammal 1n an amount effective to treat or prevent the
condition 1n the mammal.

7. The method according to claim 6, wherein the v-her-
pesvirus infection 1s a KSHV infection.

Jun. 15, 2023

8. The method according to claim 6, wherein the condition
1s Kapos1’s Sarcoma or lymphoma.

9. The method according to claim 6, wherein the v-her-
pesvirus infection 1s an EBV infection.

10. The method according to claim 6, wherein the con-
dition 1s infectious mononucleosis, lymphoma, or nasopha-
ryngeal cancer.

11. A method of treating a condition associated with
v-herpesvirus infection in a mammal, the method comprising
administering to the mammal the oligonucleotide of claim 3
to the mammal 1n an amount effective to treat or prevent the
condition 1n the mammal.

12. A method of treating a condition associated with
v-herpesvirus infection 1n a mammal, the method comprising
administering to the mammal the oligonucleotide of claim 4
to the mammal 1n an amount effective to treat or prevent the
condition in the mammal.

13. A method of treating a condition associated with
v-herpesvirus infection in a mammal, the method comprising
administering to the mammal the oligonucleotide of claim 5
to the mammal 1n an amount effective to treat or prevent the
condition 1n the mammal.

14. The method according to claim 11, wherein the
v-herpesvirus infection 1s a KSHYV 1nfection.

15. The method according to claim 11, wherein the
condition 1s Kapos1’s Sarcoma or lymphoma.

16. A composition comprising the oligonucleotide of
claim 2 and a pharmaceutically-acceptable carrier.

17. A composition comprising the oligonucleotide of
claiam 3 and a pharmaceutically-acceptable carrier.

18. A composition comprising the oligonucleotide of
claim 4 and a pharmaceutically-acceptable carrier.

19. A composition comprising the oligonucleotide of
claiam 1 and a pharmaceutically-acceptable carrier.

20. A vector comprising a circRINA and a gene of interest
expressed under the control of a heterologous promoter.
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