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Supplementary Figure 1 | AP-MS coverage and A3B expression in human cell lines used in
these studies.

a, Amino acid sequence of A3B with residues highlighted in red denoting total peptide coverage
from Fig. la.

b-d, mRNA expression levels of indicated A3 family members measured by RT-qPCR of (b)
293T, (c) AGS, or (d) AGS-EBV cells, normalized to housekeeping gene 7BP (mean +/- SD of
technical triplicate reactions, N.D., not detectable). These data are representative of n = 2 (c,d) or
n = 3 (a,b) biologically independent experiments. RT-qPCR was performed in technical triplicates.
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Supplementary Figure 2 | KSHV ORF61 also binds A3B and relocalizes it to perinuclear
regions.

a, Co-IP of endogenous A3B in AGS cells with indicated Flag-tagged RNRs. Several RNRs were
expressed below detectable levels in whole cell extracts (despite clear detection after IP). Near-
equivalent loading of each reaction was indicated by similar levels of endogenous A3B in the
whole cell extract input immunoblot.

b-¢, Representative fluorescent microscopy images of A3B-eGFP, ORF61-Flag, and the two
proteins together in AGS and 293T cells, respectively. A 10 um scale is shown in the merged panel
images. These data are representative of n =2 (b), n = 3 (c), or n = 4 (a) biologically independent
experiments.
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Supplementary Figure 3 | The conserved RNR domain of EBV BORF?2 is required for
interaction with A3B.

a, Schematics of BORF2 and related RNRs from the indicated herpesviruses.

b, Schematics of BORF2 N- and C-terminal deletion mutants with residue positions indicated.

¢, Co-IP results in which the indicated BORF2-Flag N-terminal deletion constructs were pulled-
down from 293T cells co-expressing A3B-Strep and/or EBV BaRF1-HA. The BORF?2 interaction
with A3B requires BORF2 residues 26-50, whereas the interaction with BaRF1 does not.

d, Co-IP results in which the indicated BORF2-Flag C-terminal deletion constructs were pulled-
down from 293T cells co-expressing A3B-Strep and/or EBV BaRF1-HA. The BORF?2 interaction
with A3B requires BORF2 residues 688-739, whereas the interaction with BaRF1 is less dependent
on these residues.

e, Co-IP results in which BORF2-Flag and the indicated catalytic mutant derivatives were pulled-
down from 293T cells co-expressing human A3B-HA. These data indicated that the catalytic
residues of BORF2 are dispensable for interacting with A3B. These data (b-e) are representative
of n = 3 biologically independent experiments.
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Supplementary Figure 4 | BORF2 does not interact with A3D.
A co-IP experiment using BORF2-Flag to attempt to pull-down A3D-HA from 293T cell lysates.
A reconstruction of the experiment in Fig. 1¢ was necessary for A3D because it is expressed poorly
relative to related A3 family members and required higher amounts of transfected DNA to achieve
similar expression levels. These data are representative of n

experiments.
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Supplementary Figure S | In vitro purification of A3H, A3Bctd, and BORF2.

Coomassie stain of SDS-PAGE gel loaded with a BSA standard and aliquots of purified His-
SUMO-A3H, His-SUMO-A3Bctd, and His-SUMO-BORF2 from E. coli. These proteins were
used for deaminase activity assays in Fig. 2. Arrows point to the intact epitope-tagged proteins. As
for many EBV proteins, BORF2 was difficult to purify from E. coli, but these contaminants do not
compromise the conclusions in Fig. 2 where even this relatively crude BORF2 preparation was
able to specifically inhibit the activity of A3Bctd but not that of A3H. These data are representative
of n = 3 biologically independent experiments.
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Supplementary Figure 6 | A3B and BORF2 levels are unaffected by MG132 treatment.

a, Immunoblots of whole cell extracts from 293T cells co-transfected with constructs expressing
A3B-HA, BORF2-Flag, and/or HIV-1 IIIB Vif-Myc. Cells were transfected and, after 42 hrs,
treated for 4 hrs with 10 pM MGI132 or vehicle control (DMSO), and harvested for
immunoblotting. Neither HIV-1 Vif nor BORF2 caused a significant change in A3B protein levels.
b, Parallel immunoblot control experiment as in panel (a) except using A3G-HA (instead of A3B-
HA). Expression of BORF2-Flag caused a proteasome-independent drop in cellular A3G levels
(perhaps due to competition for ribosomes), whereas HIV-1 Vif caused the degradation of A3G
through an established proteasome-dependent mechanism (compare band intensities in lanes 2 and
5). These data (a,b) are representative of n = 3 biologically independent experiments.
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Supplementary Figure 7 | Examples of BORF2 relocalization of A3B in multiple cell types.
a-h, Representative immunofluorescence microscopy images with the indicated proteins and cell
lines. Panels (a-d) show transfected proteins with the indicated C-terminal tags. Panels (e-h) show
endogenous proteins stained with antibodies.

i-j, Representative still images from live cell imaging experiments (Extended Data Video 3 & 4,
respectively). These data are representative of n =2 (fj), n = 3 (a,b,d), or n >4 (c,e) biologically
independent experiments.
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Supplementary Figure 8 | Deletion of BORF2 in EBV episomes in AGS-EBV(Bx1g) and

Akata.

a, Schematic of a portion of the BORF2 gene targeted by Cas9 with gRNA complementarity shown
in blue, PAM site shown in orange, and predicted endonuclease cut site shown by the red arrow

(nucleotide numbers +116 and +139 are relative to BORF2 ATG codon).

b, Sanger sequences of the Cas9/gRNA targeted region of BORF2 PCR cloned from DNA purified
from a pool of engineered AGS-EBV(Bx1g) cells. Only mutant sequences were recovered (some
multiple times indicated by n), suggesting near complete knockout of BORF2 in the engineered

pool.

¢, Immunoblots of extracts from parental AGS-EBV(Bx1g) cells and the Cas9/gRNA engineered
BORF2-null pool after lytic reactivation. BORF2 protein is undetectable in the engineered pool
consistent with the sequencing data in (b). These data (c) are representative of n = 3 biologically
independent experiments.
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Supplementary Figure 9 | BORF2 functions to preserve EBV genome integrity from A3B.

a, Representative images of agarose gels showing 3D-PCR results of the 254 bp BRRF2 gene
segment from pooled BORF2-null AGS-EBV(Bx1g) cells (Supplementary Fig. 7).

b, Pie charts showing number of mutations observed in Sanger sequences of cloned lower
temperature amplicons from (a). Wild-type non-mutated sequences depicted in gray and base
substitutions shown in orange and red.

¢, Agarose gel images of 3D-PCR results using the 217 bp EBNA2 gene segment of derivatives of
the AGS-EBV(Bx1g)ABORF2 clone. The 16 different conditions labeled below are described in
the main text. The faster mobility, low-temperature products from conditions of induced cells,
ABORF2, shControl, and UGI represent an accumulation of deletion mutations. These data (a,c)
are representative of n = 3 biologically independent experiments.
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Supplementary Figure 10 | UGI inhibits both cellular UNG2 and EBYV uracil DNA
glycosylase BKRF3.

a, Schematic of the uracil excision assay.

b, Immunoblot of whole cell lysates from AGS or AGSAUNG?2 cells.

¢, Uracil excision experiment in which AGS or AGSAUNG?2 cells were transfected with a
construct expressing viral uracil DNA glycosylase (BKRF3) and whole cell lysates were harvested
after 30 hrs to test for uracil excision activity in the absence or presence of UGI (see methods for
additional information). The uracil excision activity in AGS cells is mostly from cellular UNG2
and inhibited by UGI (compare product bands in lanes 3 vs 7 and 3 vs 4, respectively). BKRF3
expression causes a large increase in uracil excision activity that is almost completely inhibited by
UGI (compare lanes 5 vs 6, and lanes 9 vs 10). Negative and positive controls are no UDG and
exogenous E. coli UDG, respectively. These data are representative of n = 2 (b) or n = 3 (c¢)
biologically independent experiments.

a b c
U 6-FAM
\/\Aﬁ o
&£ NN
UDG 1(HumanUNG2 O‘L S c)o\
EBV BKRF3) 0% W < AGS AGSAUNG2
Abasic @ & BKRF3 =~ - =~ - + + - - + +
% ¥ ¢ uel - - - + - 4+ - + - +
40
‘ - GUNG2 Substrate  — —— — | — — | —— | —
1 NaOH + Heat 35-
\j ) w 55 -| G @ ' Tub Product — — —_—
”\ 1 2 3 4 5 6 7 8 9 10
- - \/\/\/ﬁ
- - \/\/ﬁ?

Fluorescence Imaging



Supplementary Figure 11 | Additional mutation data.

a, Pie charts showing mutational events observed in Sanger sequences of cloned lower temperature
3D-PCR BRRF2 amplicons from the 8 uninduced conditions shown in Fig. 4c (top half). Wild-
type non-mutated sequences are depicted in green; base substitutions with numbers of mutations
per sequence depicted in light green, yellow, orange, and red; deletions are depicted in black; other
types of mutations (e.g., combination of base substitution and deletion) are depicted in navy.

b, Pie charts showing mutational events observed in Sanger sequences of cloned highest
temperature BRRF2 amplicons from the 8 induced conditions shown in Fig. 4c (bottom half).
Color scheme as in panel (a). A low frequency of hypermutation is expected because lytic
reactivation is inefficient (minority of cells in each culture), and EBV lytic replication occurs by
coordinated leading- and lagging-strand DNA replication, which is not likely to leave single-
stranded DNA exposed for long durations.
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Supplementary Figure 12 | Sanger sequences show massive A3B-dependent hypermutation
of EBV lacking BORF2.

Sanger sequences of cloned lower temperature BRRF2 3D-PCR amplicons from the 16 different
experimental conditions shown in Fig. 4c. The parental wild-type (WT) BRRF2 sequence is shown
in blue (spanning nucleotides +1423 to +1629 relative to the BRRF2 start codon). The pink
highlighting shows base substitution mutations and deletion mutations (dashes) within the
consensus region. The number of times each sequence was recovered is shown to the right.
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Induced ABORF2 shCtrl UGI™

caggagtctgcactccctgtattcactgagegtcgtctaataaagatgtetatty

ATTcacTea crcTATTG
A AT C T TG A G 6 T T 1€ A C o A e S S S B O TG TATT CACTGAGCGT CGTCTARTARAGATGTCTATTG
caratcrs rerarTe
cARATCTTGAGGATATT Aan oot TRTGATOAR GGATGGGRAATITTCARACCTGGATCTR BAAGGHGATS, 5 MrcTcTaca T1CACTGA ATAAAGATGTCTATTG
canaTcTTGAGGATATT ran cocr TeRTeATeAN GGTTCGEAGEATGGERANTTTTCARACCTGGATC TR TRAAGGHGATGA 5 BacTCTGeR TTCACTOR ATAARGATGTCTATTG
CARATCTTGAGGATATT coer ToRTeATCAN GGATGGGRAATITTCARACCTGGATCTR GrEAACGHGATS 5 BAGTCTGCACTCCOTGTATTCACTGAGCGTCGTCTARTARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCREGCTGCRAGTAATTGGTRATRAGGACGAGGATGRTTCORARNATGGREAATTTTCARACC THEA BCHACCATEAACRERAT ot 5 TCTRCACTCCCTRTATTCACTGAGCGTCRTCTAATARRGATGTCTATTG
CAAATCTTGAGGATGTT r oA TCoRARRATGGRRAATTTTCARACOTRAATCTGTC HCRACCATRAACRERAT A TeThea Hrarrea ATCTAATAAAGATGTCTATTG
CAAATCTTGAGGATGTT THGTRAT BATGGTTCOGAGRATGHGRAATTTTCAGACCTGRA " Har a1t TCTGCACTCCCTGTATTCACTGAGEGTCGTCTAATARRRATGTCTATTG
cAAATCTTGAGGATCTT rHcTEAT u GHATGRGRAATITTCAGACCTGHA THARGGGRAT reraea TrcacTen AtaaaNATGTCTATTR
CARATCTIGACRATGTTCAGCH THGTEAT ™ HATGRGRAATITTCAGACCTGRATCTGTC THARGGGRAT arr TCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATARAGATGTCTATTG
CAAATCTTGAGEATGTTCAGCRAGAGTTTTCCGGGCTGCGAGTANTTRGTRATGAGGACGAGRATGGTTCCGAGRATGRGRANTTTTCAGACCTGRATCTGTCT B BT oA GH cre T TGCACTCCCTGTATTCACTGAGEGTCGTCTARTAANRATGTCTATTG
CARATCTTGAGRATGTTCAGCH TRGTRAT ™ GHATGRGRAATITTCAGACOTGHA THARGGGRAT Teraca r1ca ATAAARATGTCTATTG
CARATCTTGAGRATGTTCAGCH THGTHAT BATGGTTCOGAGRATGHGRAATTTTCAGACCTGRA B BATGAGH Teraca TrcACTGA ATARABATGTCTATTR
Induced ABORF2 shCtrl UGI*

anatcttgaggatgtteagegagaqttttcegugetgcgagtanttqqtqatyaggaceaggatqttcqgaggatqggqaatttteagacetggatetgte catgaaggggataaggg tor tetgeactcectgraticactgagegtegtotaataaagatgtctatty
CAMATCTTGAGHATGTTCAGCGAGA AGTAATTRGTGATH corr TrTcAGACCTARATCTGTCT a Mon1GAcK TeTaen TrcACTGA ATAAAGATGICTATIG
canATCTTGAGRATGTT AGTARTTRGTGATH 1 ™ BoATCAGH reroea TrcAcTGA crerarTe
CAAATCTTGAGGATGTT » AATARAGATGTCTATTG
CARATCTTGAGEATGTT AGTAATTHGTGATH. TT creT u WcaTGAGH: TCTGCA TTCACTGA GrcTATTH
CARATCTTGAGHATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTANTTRGTGATRAGGACGAGGATGGTTCORAGGATGGGGARTTTTCAGACCTRRATCTGTCT 5 GARGGRGATGAGH reroen TrcacTan ATARRGATGTCTATTG
canaTCTTGAGHATGTT AGTARTTRGTGATH carr TrrcAcAcCTRBATCTGTCT X HoaTcack reraea TreacTaa ATAARGATGTCTATTG
CARATCTTGAGGATGTT AGTARTTRGTGATH sorr TITCAGACCTRRATCTGTCT ™ BGATGAGH reTeen TrcAcTGA ata crerarTe
CAAATCTTGAGHATGTTCAGCGAGA AGTARTTRGTGATE GGTTCORAGGATGGGGARTTTTCARACC TRRATCTGTCT A ™ A B Hratrcactea ATAANRATGTCTATTG
CARATCTTGAGHMATGTTCAGCGAGAGTTTTCCGOMCTRCHARNTAAT TG TRATGAGRACGANBATGGTTCHEAGGATHEMMGAATTTTCAGACCTGGA, WARATGA TCTGCA TTCACTGA GTCTATTG
CAAATCTTGAGRATGTTCAGCGAGAGTTTTCCGGHC THCHARTAATTRG TRATGAGHACGARBATGGTTCRAAGGA TRARGAATT I TCAGACCTGGATCTGTCTRACABCGACCATGAAGRERATGA 5 reraen TrcacTRA ATARRGATGTCTATTG
CAAATCTTGAGHATGTTCAGCGAGAGTTTTCCGRC TRCHARTARTTRGTRAT GAGRACGARRATGGTTONEAGGATRRRGAATTT " WA TG retaea TreacTGA ATAARGATGTCTATTG
CAAATCTTGAGHATGTTCAGCGAGAGTTTTCCGGRC TRCHARTAATTHG THATGAGRACGARNATGGTTCHAGGATRIREGAATTTTCAGACCTGGA " WA TGA TCTGCACTCCCTGTATTCACTRAGCGTCGTCTARTARAGATGTCTATTR
CAAATCTTGAGHATGTTCAGCGAGAGTTTTCCGGRC TRCHART AN TTRGTRAT GAGHACGARRATGGT TCRRAGGATRENGAATTTTCAGACCTGGATCTGTC THACARCGACCATGAAGRRRATGA reraen TreacTaa ATAARGATGTCTATTG
cararcrTrHANGATGTTCANCHABNAGTTTTCCHGRCTCEAGTARTTGGTGATRAGGACHANNATGRTTCGGAGGATHEANAATTTTCANACCTRMATCTGT . 4 THA L 1 L4 CTGA! ATAAAMATGTCTATTG
Induced ABORF2 shA3B UGI™

casatcttgaggatgrt Littccggctacoagtaatiggtaat Gatggticqgaggatagagaatittcagacctagatetatet tqaaggggataagegtogaugguctattagag totgcactcccrgtaticactgageqregictaataaagatatotatty
CARATCTTGAGGATGTT Tec1oAT GGATGGGGAATITICAGACCTGGA T G ToTaoa T1cACTG AATARAGATGTCTATIG
CARATCTTGAGGATGTT AGTAATTGGTGAT GGTTCGGAGGATGGGGARTTTTCAGACCTGGATETGTCT GARGGGGATGA 5 TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGA reraen TreacTaa ATAARGATGTCTATTG
CAAATCTTGAGGATGTT AGTAATTGGTGAT TTTCAGACCTGGATCTGT GARGGGGATGA atrcacTen crerarTe
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCOAGTANTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT TGARGGGGATGA AGTCTGEACTCCCTGTATTICACTGAGEGTCGTCTAATARRGATGTCTATEG
CAAATCTTGAGGATGTT AGTARTTGGTGAT corr TTTCAGACCTGGATCTGTCT GARGGGGATGA N TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTT & AGTAATTGGTGAT TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GARGGGGATGAGGR! TCTGCACTCCCTGTATTCACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGA N AGTARTTGGTGAT carr TTTCAGACCTGGATCTGTCT GANGGGGATGAGGR! TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTT ABA reTeen TrcAcTGA crerarTe
CAAATCTTGAGGATGTTCAGEGAGAGTTTTCCGEGCTGCGAGTARTTGGTGATGAGGACGAGEATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GARGGGGATGA ™ AGGAGTCTGEACTCCCTGTATICACTGAGEGTCGTCTAATARRGATGTCTAT
CAAATCTTGAGGATGTT AGTARTTGGTGAT GGTTCOGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GARGGGGATGA ™ TCTGCACTCCCTGTATTCACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGARAGTTTTCCGGGCTGCGAGTANTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT TGAAGGGGATGA " TCTGCACTCCCTGTATTCACTGAGCGTCGTCTARTARAGATGTCTATTG
CARABCTTGAGGATGTTCAGCGAGA AGTARTTGGTGAT GGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT GANGGGGATGAGH: TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTT AGTAATTGGTGAT GGTTCGGAGGATGGGGAATTTTCAGACCTGGATETGT GARGGGGATGAR ATrcacTon crerarTe
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGEGCTGCOAGTANTTGRTGATGAGGACGAGOATGGTTCGGAGGATGGEGARTTTTCAGACCTGGATCTGTCT GANGGGEATGA " AGGAGTCTGEACTCCCTGTATICACTGAGEGTCGTCTAATAARGATGTCTATEG
CAAATCTTGAGGATGTT AGTARTTGGTGAT GGTTCOGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GARGGGGATGA N TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
Induced ABORF2 shA3B UGI*

caaatcttgaggatgtt Ltttccgggetgcoagtanttogtaateaguacagaataqttcggaggatqggqaatittcagacctagatetatet tgasgaggatassagt it Letgcactecctgtaticactgageqiegtctaatasagatgtetatty
CAMATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGAAGGGGAT TCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATARAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGEGCTGCOAGTANTTGGTGATGAGGACGAGGATGOTTCGGAGGATGGGGARTTTTCAGACCTGGA TCCCTGTATICACTGAGCGTCGTCTARTANAGATGTCTATTG
CAAATCTTGAGGATGTT Tereen TreAcTGA crerarTe
CARATCTTGAGGATGTTCAGCGAGAGT TTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTITCAGACCTGGATCTGTCT TGAAGGGGATGA WMCAGGAGTCTGCACTCCCTGTATTICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CAAATCTTGAGGATGTT AGTARTTGGTGAT GGTTCOGAGGATGGGGARTTTTCAGACCTGOATCTGTCT GARGGGGATG AN TCTGCACTCCCTGTATICACTGAGCGTCGTNTAATAAAGATGTNTATTG
ARATCTTGAGGATGTT AGTAATTGGTGAT TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGAAGGGGATGA w ATTCACTGA ATAARGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGEGCTGCOAGTARTTGGTGATGAGGACOAGGATGGTTCGGAGGATGGOGARTTTTCAGACCTGOATCTGTCT GANGGGGATGAGH: TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTT AGTARTTGGTGAT TGGTTCGGAGGATGGGGAATTITCAGACCTGGATCTGTC GARGGGGATGA 1 ATrcacTon ATARRGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGEGCTGCOAGTANTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT GAAGGGGATGA & AGGAGTCTGEACTCCETGTATICACTGAGEGTCGTCTAATAARGATGTCTATEG
CAAATCTTGAGGATGTT AGTARTTGGTGAT WATOGTTCOGAGGATGOGGARTTITCAGACCTGOATCTGTCT GARGOGGATOA " TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTT AGTAATTGGTGAT TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT BCATGARGGGGATGA rerac ATrcacTGR ATARRGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGEGCTGCOAGTARTTGGTGATGAGGACOAGOATGGTTCGGAGGATGGOGARTTTTCAGACCTGOATCTGTCT GARGGGGATGA TCTGCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CAAATCTTGAGGATGTT AGTAATTGGTGAT TGOTTCGOAGGATGOGGAATTITCAGACCTGGATCTGTC GARGRGGATOA ATTcacTon ATARAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGEGCTGCOAGTANTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT GANGHGGATGA X TCTGCACTCCCTGTATICACTGAGCGTCGTCTANTANAGATGTCTATEG
CAAATCTTGAGGATGTT AGTAATTGGTGAT TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT L] Ll TCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATAAAGATGTCTATTG



Induced ABORF2 +BORF2 shCtrl UGI-

casatcttgaggatgttcagcgagagttttccgugetycgagtaattogtyatyiggacgsqgatagticgqagqataqggaattttcsgacetogatettetgacagegaccatqaaggggatagygtyggugggctyttqgagggageaggagtetqcactecctqtatt cactyagegtogtotaatasagatatetatig
CARATCTTGAGGATGTT TGGTGAT GGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCTGACAGCGACCATGAAGGGGATG creea TTCACTGA ATAAAGATGTCTATTG
CAAATCTTGAGGATGTT AGTAATTGGTGAT TTCGGAGGATGGGGAATITTCAGACCTGGATCTGTCT TGAGH TeTaen: rrcacTea ATARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAG AGTAATTGGTGAT TTCGGAGGATGGGGAATITTCAGACCTGGATCTGTCT T6a 't LELELIY TTCAcTGA GreTATTG
CARATCTTGAGGATGTT AGTAATTGGTGAT GGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT CATGARGGGGATGA AGGGG: TCTGCACTCCCTGTATT CACTGAGCGTCGTCTAATARAGATGTCTATTG
CAAATCTTGAGGATGTT AGTAATTGGTGAT TTCGGAGGATGGGGAATITTCAGACCTGG, GARGGGGATGA TeTaCA: rTcacTea GreTaTTe
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATITTCAGACCTGGATCTGTCT il T6AGH TeTaCn; TTCACTGA ATARAGATGTCTATTG
CAAATCTTGAGGATGTT AGTAATTGGTGAT GGTTCGGAGGATGGGGAATITTCAGA u GARGGGGATGA EERITIY rTCacTGA ATARAGATGTCTATTG
CAAATCTTAAGGATETTCAGCOAGAGTTTIICOO0CTOCOAOTARTTOOTOATONGOACOAGOATAGTTCAGAGEATEOOOARTITTCAGACCTAGATCTATCT GARGGSGATGHE TeTeCh; TTCACTGA ATARAGATGTCTATTG
CAAATCTTGAGGATGET AGTAATTGGTGAT 2 TTCGGAGGATGGGGAATITTCAGACCTGGATCTGTCT GARGGGGATGA TCTGCACTCCCTGTATTCACTGAGEGTCGTCTAATAAAGATGTCTATIG

Induced ABORF2 +BORF2 shCtrl UGI*

CARATCTTGAGGATGTTCAGCGAGA! AGTAATTGGTGAT TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATGAAGGGGATGAGGGTGGGGGGGCTGTTGGAGGGGGCAGGAGTCTGCACTCCCTGTATTCACTGAGEGTCGTCTAATARAGATGTCTATTG
CARATCTTGAGGATGTT WAGTAATT TGGTTCGGAGGATGEGGARTTTTCAGACCTGGATCTGTCT aa 't TCTGCACTCCCTGTATTICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTT GTAATTGGTGAT TGGTTCGGAGGATGEEGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATEARGGGGATGAGGGTG666666CTGTTG6AGEGGGCAGGAGTCTGCACTCCCTGTATICACTGAGCGTCGTETARTARAGATGTCTATTG
CARATCTTGAGGATGTT GTAATTGGTG TGGTTCGGAGGATGGGGARTTTTCAGACCTEGATCTGTCT crcel TCTGCACTCCCTGTATICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTT GTAATT TGGTTCGGAGGATGEGGAATTTTCAGACCTGGATCTGTCT AGGGGATGA AGGGG TCTGCACTCCCTGTATICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTIGAGGATGTT GTAATTGGTG TGGTTCGGAGGATGGGGART T TTCAGACCTGGATCTGTCTGACAGCGACCATGARGGGGATGAGGGTGGGGGGGCTGTTGGAGGGGGCAGGAGTCTGEACTCCCTGTABTCACTGAGEGTCGTETAATARAGATGTCTATTG
CARATCTTGAGGATGTT GTAATT TGGTTCGGAGGATGEGGARTTTTCAGACCTGGATCTGTCT GARGGGGATGA TCTGCACTCCCTGTATTCBCTGAGCGTCGTCTAATARAGATGTCTATTG

Induced ABORFZ +BORF2 shA3B UGI™

casatett treage tiitee cgagtaattggtgatga atagtte at aatttteagacctggatetgtet accat at . crgre Lctgcactccotgtaticactgageqtogteotaatasagatgtotatt
CARATCTTGAGGATGTT AGTAATTGGTGAT. TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT TGAAGGGGATGA ¢ TCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTT arT TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT GARGGGGATGA TCTGCACTCCCTGTATICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA! BCGAGTAATTGET TGGTTCGGAGGATGEGGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATGARGGGGATGAGGGTGGGGHGGCTGTTG6AGGGGGCAGGAGTCTRCACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CARATCTTGAGGATGTT GTAATTGGTG TGGTTCGGAGGATGGGGART TTRCAGACCTGGATCTGTCTGACAGHGACCATGARGGGGATGAGGGTGGGGGGGCTGTTGGAGGGGGCAGGAGTCTGEACTCCETGTATICACTGAGEGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTT GTAATT TGGTTCGGAGGATGGGGAATTTTCARACCTGGATCTGTCT GARGGGGATGA TCTGCACTCCCTGTATICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA! AGTARTTGGTGAT: ] TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATGARGGGGATGAGGGTGGGGGGGCTGTTGGAGGGGHCAGGAGTCTGCACTCCCTGTATICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTT GTAATT TGGTTCGGAGGATGEGGARTTTTCAGACCTGGATCTGTCT GARGGGGATGA TCTGCACTCCCTGTATICACTGAGCGTCGTETAATARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA AGTAATTGGTGAT TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT TGAAGGGGATGA TCTGCACTCCCTGTATTCACTGAGEGTCGTCTARTARAGETGTCTATTG

Induced ABORF2 +BORF2 shA3B UGI*

caaatcttgaggatgttcagcqagagtiticeggaetocqagtaattoqtqatqaggacgaggatqqticaqaggataqqgaattticagacetqqatctolctqacaqcqaceatqaaqqqqatqaqqqtqqaqqagetatt agagtctgeactccctgtattcactqageqtegtctaataaagatgtotatty
CARATCTTGAGGATGTTCAGCGAGA! GTAATTGGTGAT TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GAAGGGGATGA TCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATARAGATGTCTATTG
CARATCTTGAGGATGTTCA T66TORT wcancmmnnmammnnm;\ccmcuc-»mmummccna“smsncxncmcanacancmnmmnsancm“mn-cmcccunnmcmmcmcmcuu.uanmmms
CARATCTTGAGGATGTTCAGCHAGAGTTT! GTAATTGG! TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GAAGGGGATGA TCTGCACTCCCTGTATICACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA AGTAATTGGTGAT, CATEOTTCOaNGEATO00eANTTTECANACCTOOATCTOTCTOACACCOACEAT ARCEGGATEAC00TAG00E00T0TTAOAC0000CAGEAGTCTOCACTEECTOTATTEACTOAGCATERTCTANTARAGATATCTATTG
CARATCTTGAGOATOTT GTAATTGGTGAT TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCTGAR GARGGGGATGA TCTGCACTCCCTGTATTICACTGAGCGTCGTCTAATARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA AGTAATTGGTGAT: TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATGARGGGGATGAGGTGGG6GGGCTGTTGGAGGGGGCAGGAGTCTGCACTCCCTGTATTCACTGAGEGTCGTCTARTARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA! GTAATTGGTGAT TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATGARGGGGATGAGNGTGGONGOGCTGTTGGAGGGGGCAGGAGTCTGCACTCCCTGTATICACTGAGCGTCGTCTAATARAGATGTCTATTG
CARATCTTGAGGATGTT GTAATTGGTGAT TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GARGGGGATHA TCTGCACTCCCTGTATTICACTGAGCGTCGTCTARTARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA! GTAATTGGTGAT TGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATGARGGGGATGAGGGTGNGGGGGCTGTTGGAGGGGGCAGGAGTCTGEACTCCCTGTATICACTGAGCGTCGTCTARTARAGATGTCTATTG
CARATCTTGAGGATGTT 11T GTAATTGGTGAT TGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT GARGGGGATGA 1Y TCTGCACTCCCTGTATICACTGAGCGTCGTCTAATARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA AGTAATTGGTGAT TGGTTCGGAGGATGGGGART T TTCAGACCTGGATCTGTCTGACAGCGACCATGARGGGGATGAGGGTGGGGGGGCTGTTGGAGGGGGCAGRAGTCTGCACTCCCTGTATICACTGAGEGTCGTCTARTARAGATGTCTATTG
CARATCTTOAGOATOTT GTAATTGGTGAT TGGTTCGGAGGATGGGGARTITTCAGACCTGGATCTGTCT TGAAGGGGATGA TCTGCACTCCCTRTATTICACTGAGCGTCGTCTARTARAGATGTCTATTG

CARATCTTGAGGATGTTCAGCGAGA AGTAATTGGTGAT: TGGTTCGGAGGATGGGGARTTTTCAGACCTRRATCTGTC 76 A ARG A THA TCTGCACTCCCTGTATTCACTGAGCGTCGTCTARTARAGATGTCTATTG



Uninduced ABORF2 +BORF2 shCtrl UGI®

Aaatcttgagqatalicaqcaaqagqtitlticcqqqetqeqaqtaattqqtqataqqacqaqqatqlicaqaqqatqqqqaattttcagacctqqatetqtelqacaqcgaccatanqqqqatqaqqqtuqqqqqqctatiquagqqqacaqqagtotqcactecctqtaticactqageqtogtetaatanagatgtetatiy

CARATCTTGAGGATOTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATOAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGARGGGGATGA TCTGCACTCCCTGTATTCACTORGCGTCGTCTAATAAAGATGTCTATIG
CARATCTTGA GeoAGA GTAATTGGT GGATGGGGAATTTTCAGACCTGGATCTGTCTGACAGEGACCATGAAGGGGATGAGGGTGGGGGONCTGTTGEAGGGGGCAGGAGTCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATARAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGAAGGGGATGA Ter TATTCACTGA ATAAAGATGTCTATTG
CARA L1 GTAATTGGTGATGANGACGAGOATGGTTCGGAGGATGGGGARTTT rereTeT TGARGGGGATGA TCTGCACTCCCTGTATTCACTOAGCGTCGTCTAATAAAGATGTCTATTG
cMucﬂsAGGHs1"rcAGcsAGAGT1'1'1'ccccel:rsccx51'MHGs'rc-nuGGAlc)\csArscﬂl:GGAGN1'Gsscu1"r'ncxsAccTGGA1'c1c'rc1'GAcAGcsAchsMGGGGA1'GAGGG1'GGGGGGsc'rsﬂ'asAGGGGGl:AGGAG1'l:rcc)\c1'l:chTA1"rc)u:1'sAccc'rcsrcnuausnsrcnﬂs
CARATCTTGAGGATGTTCAGCGAGA GTAATTGGT GGATGGGGAATTTTCAGACCTGGATCTGTCT TGARGGGGATGAGGH CTCCCTGTATTCACTGAGCGTCGTCTAATAAAGATGTCTATIG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGNGAATTTTCAGACCTGGATCTGTCT £l TGARGGGGATGA . TCTGCACTCCCTGTATTCACTOAGCGTCGTCTAATARAGATGTCTATTG
CARATCTTGAGGATOTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATOAGGACGAGGATGGTTCGGAGGATOGGGAATTTTIIAGACCTGGATCTGTCT TGAAGGGGATCAGH TCTGCACTCCCTGTATICACTOAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAAT T TTCAGACCTGGATCTGTCTGAMAGCGACCATGAAGGGGATGAGGGTGGGGGGGCTGTTGGAGGGGGEAGGAGTCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGARGGGGATGA AR Ter ATTCACTGA ATAAAGATGTCTATTG
CARATCTTGAGGATOTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATOAGGACGAGGATGGTTCGGAGGATOGGGAATTTTCAGACCTGGATCTGTCT TGARGGGGATGA TCTGCACTCCCTGTATTCACTOAGCGTCGTCTAATAAAGATGTCTATTG
l:AAuc'r1'rsAGGA1'rs1'rcAacrsAGAGT1'1"rccceal:chcAs1'An15s1'snaAsnAcsxcsA'rsc'r1'l:GGAGGA1'r:,ascu1"rHcArsAcc‘!GGA1'c1s'rc1'sAcAGcsAccn'suascu1'GAGGG1'nGIGGGsc'raﬂ'asAGGGGGl:AGGAG1'l:'rac)u:1'l:ccTG1'A1"rcAc1'sAacc'rcsrcnxnnanucnns
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTCT TGARGGGGATGA rer TATTCACTGA ATAAAGATGTCTATIG

Uninduced ABORF2 +BORF2 shCtrl UGI

994993t99ggaatiticagacetygatetytet 9999410399919999990CLILL grotgcactccetgtatticactyagegtegt tasagatgtetatty
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TARGGGIATON TCTGCACTCCCTGTATICACTOAGCGTCGTCTAATAAAGATGTCTATIG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT 1 TCTGCACTCCCTGTATICACTOAGCGTCGTCTAATAAAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGHGAGTARTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATETGTCT T rer ATTCACTGA ATARAGATGTCTATIG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGATGAGGACGAGGATGGTTCEGAGGATGGGGAATTTTCAGACCTGRATCTGTCT TGARGGGGATGA; TCTGCACTCCCTGTATICACTOAGCGTCGTCTAATAAAGATGTCTATTG
l:AAncnnAseunncAecuAGAsn1'1'ccecucrccexnnnnnmnuuuAceAeuA'rss'r1'cMAGGA1'ossexAnNcAuAcc‘reeucMTc1'uAcAccuAccATnAAseccuGAsacruGsee-c'rsﬂ'euAGGGIGcAGGAGTcrscacrcccrennclcruAGceTcuruAxnnenurcnns
CAAATCTTGAGGATGTTCAGCGAGAGTTTITCCGGGETGCGAGTARTTGGTGATGAGGACKAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGARGGGGATGA, . Ter ATTCACTGA ATAAAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCEGCGAGTAATTGETGATGAGGACGAGGATGGTTCGGAGGATGNGGAATTTTCAGACCTGGATETGTCT TGARGGGGATGA TCTGCACTCCCTGTATICACTOAGCGTCGTCTAATARAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTITCCGGGCTGCRAGTANTTGGTGATGAGGACGAGGATGGTTCOGAGGATGEGGAATTTTCAGACCTGGATCTGTCTGACAGCGACCATGANGGGGATGAGGGTG6GGGGRCTGTTGOAGGGGGCAGGAGTCTGCACTCCCTGTATTCACTGAGCGTCOTCTAATANAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA GTAATTGGTGA GGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGAAGGGGATGAGHGT ON TCTGCACTCCCTGTATTCACTGAGEGTCGTCTAATARAGATGTCTATIG
CARATCTTGA GTAATTGGTGA GGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGARGGGGATGA e CTCCCTGTATTCACTGAGCGTCGTCTARTAAAGATGTCTATIG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGATGAGGACGAGGATGGTTCEGAGGATGGGGAATTTTCHGACCTGGATCTGTCT TGAAGGGGATGA; - TCTGCACTCCCTOTATICACTOAGCGTCGTCTAATAAAGATGTCTATTG
CAAATCTTGA, Geoach GTAATTGGT GGATGGGGARTTTTCAGACCTGGATCTGTCTGACAGCGACCATGANGGGGATGAGGGTGGRGGG6CTGTTGEAGGGGGCAGGAGTCTGCACTCCCTGTATTCACTGAGCGTCOTCTAATAAAGATGTCTATTG
CARATCTTGAGGATGTT! GTAATTGGT TGEGGARTTT rercren TGARGGGGATGA rer ATTCACTGA ATAAAGATGTCTATIG
CARATCTTGAGGATOTTCAGCGAGAGTTTTCCGGGETGCGAGTARTTGGETGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATETGTCT TGARGGGGATGA TCTGCACTCCCTGTATTICACTOAGCGTCGTCTAATARAGATGTCTATTG
CANATCTTOA, Geoach GTAATTGGT sen‘saseun‘ncxsAcc'xchTc151'cTGAcAecnAccn'sAAasecnGAGGHGsssecGcNﬂcnAasscccAasAﬂcTacAc'rcccien'rTcAcTnAscs'rcaTcnxnusnrnrcnna
CARATCTTGAGGATGTTCAGCGAGA GTARTTGGT TGEGGARTTT rercren TGARGGGGATH: Ter TATTCACTGA ATAAAGATGTCTATTG
CARATCTTGA GrAATTGGT GGATGGGGARTTT: rereren TGAAGGGRATGAGGH TCTGCACTCCCTGTATICACTOAGCGTCGTCTARTARAGATGTCTATIG
CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGATGAGGACGAGGATGGTTCEGAGGATGGGGAATTTTCAGACCTGGATCTGTCT TGAAGGGGATGAGH TCTGCACTCCCTGTATTCACTGAGCGTCOTCTAATANAGATGTCTATTG
CARATCTTGAGGATGTTCAGCGAGA GTAATTGGT GGATGGGGAATTT: rereren TGAAGGGGATGAGGH! TCTGCACTCCCTGTATTCACTGAGCGTCGTCTAATAAAGATGTCTATTG
CARATCTTGA GTAATTGGT TGGGGARTTT crcrer TGAAGGGGATGAGH Y ATTCACTGA, ATARAGATGTCTATIG
Umnduoed ABORFZ +BORF2 shA3B UGI'

caaatcttg tagag tqtctgacagcgaccatqaaggagataa a cot cate
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGTC GAAGGGGA EITTTY TrcACTGA AATAAAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGATGAGGACGAGGATEGTTCGEAGGATOGGGAATTTTCAGACCTGGA LELTY TTCACTGA srcTaTTe
CAAATCTTGEGGATGTTCAGCGAGAGTTTTCC6GGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTGT! LETIY TrcACTGA AATAAAGATGTCTATTG
CARATCTTGAGGATGTECAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGAT 11 ATTTTCAGA T6cA Acten crerarre
CARATCTTGAGGATGTTCAGEGAGAGTTTTCCONGETGEGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGA GAAGGGGATGA TeTGeA TTCACTGA AATAAAGATGTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTARTTGGTGATGAGGACGAGGATGGTECGGAGGATEGGGAATTTTICAGACCTGGA ch T60A 11 srcrarte

Uninduced ABORF2 +BORF2 shA3B UGI’

casatcttgagaat g
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGEGCTGCGAGTARTTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGT. Taca T1cACTGA cTarTe
AT G A TG T 1 CAGCGAGAG T I CCO00CTCCaAGTART TGO TOATAGCACEAGGATEOTTCOTATTATCETGANTTTTCAGACTOO GAAGGEGA ToCA TTCACTGA GTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGAT ATTTTCA T6CA T cTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGAT MoAnTTTICA w TocA Actea AATAAAGATGTCTATTG
CARATCTTGAGGATGTTCAGEGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGATCTH GAAGGGGATGA TcTGeA TTcACTGA AATAAAGATGTCTATTG
canarcr T TTTTCCGEGCT T6GTGAT TG6T ATTTTCAGACCTGGA ToCa 11 GTCTATTG
CAAATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGAT ATTTTCA SN crarTe
CARATCTTGAGGATGTTCAGEGAGAGTTTTCCGEGCTGCGAGTARTTGGTGATGAGGACEAGGATGGTTCGGAGGATGGGGARTTTTCAGACCTGGATCTGT. EETTIY T1cACTGA crarTe

CARATCTTGAGGATGTTCAGCGAGAGTTTTCCGGGCTGCGAGTAATTGGTGATGAGGACGAGGATGGTTCGGAGGATGGGGAATTTTCAGACCTGGA ToCA TTCACTGA GTCTATTG




Supplementary Figure 13 | BORF?2 is dispensable for Akata EBV infectivity.

a, Immunoblots of extracts from parental Akata cells and the Cas9/gRNA engineered BORF2-null
pools after lytic reactivation. Endogenous A3B is undetectable in Akata cells (blank immunoblot
not shown).

b, Schematic of the A3A and A3B genes (top) and a naturally occurring 29.5 kbp deletion leading
an A3A/B fusion gene (bottom, not to scale). Arrows correspond to primer sets used to genotype
cells (blue represents the intact locus; red represents the deletion variant).

¢, Agarose gel of A3A/B- and A3B-specific PCR products from SKBR3 (A3B-null), MDA-MB-
468 (A3B intact), and Akata cells (A3B-null).

d, Infectivity of wild-type and ABORF2 viruses produced by lytic replication in Akata cells. Each
symbol represents the percent of GFP-positive Ramos reporter cells from n = 3 independent
infections, and the horizontal line shows the mean. These data (a,c,d) are representative of n = 3
biologically independent experiments.
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Supplementary Figure 14 | EBV genomic variation in clinical isolates.

a, Bar plot of average ratios of non-synonymous (dN) to synonymous (dS) mutations in every EBV
gene centered around 1 (dN = dS) using sequencing data from 142 publically available EBV
genomes. Red bars show genes under positive selection while blue bars show genes under negative
selection. BORF?2 is under strong negative selection consistent with at least one essential function.
b, Schematic of BORF2 gene highlighted with non-synonymous (red triangles) and synonymous
(blue triangles) mutations using data from (a). The clustering of amino acid altering base
substitutions to the N- and C-terminal ends of BORF2 indicates these regions are dispensable,
whereas the majority of the central conserved RNR domain predominantly harbors silent mutations
[consistent with result in panel (a) and deletion analysis in Supplementary Fig. 3].

¢, Tabulated positions, mutations, and frequencies of every non-synonymous mutation in BORF2.
d, Global distribution of EBV base substitution from 142 clinical EBV isolates showing
preferential accumulation of C/G-to-T/A mutations.

e, 1 kbp sliding window analyses in 15 kbp bins of the observed/expected distributions of A3B-
preferred 5°-TCA substrates (5’-TGA on complementary strand) and of the most likely transition
mutation products 5’-TTA (5’-TAA) within the indicated viral genomes. A3B-preferred
deamination substrates are depleted and products are enriched in human EBV and rhesus LCV,
but not in murine MHV68 (i.e., A3B, if present, impacts viral trinucleotide distributions). Non-
preferred motifs such as 5’-ACA (5'-TGT) are neither depleted nor enriched (data not shown).
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Raw Images for Figure 1 (continued)
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Raw Images for Figure 4
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Raw Images for Supplementary Figure 2
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Raw Images for Supplementary Figure 4
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Raw Images for Supplementary Figure 6
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Raw Images for Supplementary Figure 8
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Raw Images for Supplementary Figure 9
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Raw Images for Supplementary Figure 10
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Legends for Supplementary Videos

Supplementary Video 1 | 3D-reconstruction of z-stacks show A3B/BORF?2 aggregates
colocalizing within endoplasmic reticulum.

Movie of 3D-reconstruction of z-stacks obtained in Fig. 4f through the entire cell depth, which
shows U20S cells transfected with A3B-mCherry, transduced with BORF2-eGFP, and stained
with an antibody against the endoplasmic reticulum marker, BiP/GRP-78 (purple). z-stack images
captured every 0.6 microns. These data are representative of n = 2 biologically independent
experiments.

Supplementary Video 2 | z-series of reactivated AGS-EBV cells show BORF2 colocalization
within endoplasmic reticulum.

Movie of z-series obtained from reactivated AGS-EBV cells through the entire cell depth, which
shows cells stained with antibodies against BORF2 (red) and TRAPa (green). z-stack images
captured every 0.3 microns. These data are representative of n = 2 biologically independent
experiments.

Supplementary Video 3 | Live cell imaging showing effect of BORF2 induction on pre-
existing A3B in U2OS cells.

Movie of U20S cells which express A3B-mCherry at the time of initial data collection and
immediately transduced with a lentivirus expressing BORF2-eGFP, which rapidly accumulates in
protein levels as the movie progresses. These data are representative of n = 2 biologically
independent experiments.

Supplementary Video 4 | Live cell imaging showing effect of BORF2 on A3B induction in
U20S cells.

Reciprocal movie of U20S cells which express BORF2-eGFP, followed by induction of A3B-
mCherry. These data are representative of n = 2 biologically independent experiments.



