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Human T-cell leukemia virus type 1 uses a specific tRNA"isodecoder to prime reverse transcription
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Materials and Methods
Primer-tagging assay to determine the length of the RT primer

Total RNA from HIV-1 and HTLV-1 virions was extracted by TRIzol (Invitrogen) following the
manufacturer’s protocol. The viral RT primer-template complex was formed by heating the extracted total
viral RNAs in 50 mM HEPES, pH 7.5 at 80°C for 2 min and then at 60°C for 2 min. A final concentration
of 1 mM of MgCl, was added, followed by incubation at 37°C for 30 min, and cooling on ice for at least
30 min. To make size standards, synthetic or in vitro transcribed RNAs were annealed in the same manner
with 1 pM tRF™™, tRNAFR., or tRNA]L“f{JSU and either 0.5 uM HIV-1 or HTLV-1 PBS sequence (see Table
S1). For RT extension reactions, the folded RT primer-template complexes were incubated with d/ddNTP
mix, 10 mM dithiothreitol (DTT), 1x first-strand buffer (50 mM Tri-HCI, pH 8.3, 75 mM KCl, and 3 mM
MgCl,), and SuperScript III reverse transcriptase (Invitrogen) at 50°C for 1 h, followed by incubation at
70°C for 15 min to inactivate the reverse transcriptase. For the HIV-1 primer-template system, two
nucleotides (nt), cytidine and thymine, were extended from the 3' end of the primer by addition of a
d/ddNTP mix composed of 165 nM of [a-**P] dCTP and 500 nM of ddTTP. For the HTLV-1 primer-
template system, three nt, adenosine, cytidine, and thymine, were extended from the 3' end of the primer
using a d/ddNTP mix composed of 500 nM dATP, 165 nM [a-**P] dCTP, and 500 nM ddTTP. To generate
a single-nt ladder, cycle sequencing reactions were carried out using a BstYI-linearized pUC19 HTLV-1 &'
UTR plasmid template and a 5' *P-labeled primer (sequence 5'-CAG CCC ATC CTA TAG C-3,
complementary to nt 360-375 in the template) in 1x reaction buffer (15 mM Tris-HCI and 3.5 mM MgCl,,
pH 9.5). Thermo sequenase DNA polymerase and ddNTP termination reaction mix (Affymetrix) were
added followed by a PCR reaction according to the following parameters: 95°C for 1 min followed by 60
cycles of 95°C for 30 sec, 55°C for 30 sec and 72°C for 1 min. All samples were mixed with RNA loading
dye containing 50% formamide, denatured by heating at 95°C for 5 min, and loaded onto 8%
polyacrylamide/8 M urea sequencing gels. Gels were exposed to phosphor screens overnight and visualized

by a Typhoon FLA 9500 phosphoimager (Cytiva).
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Table S1 List of RNA sequences used in this study.

Length
RNA Sequence
(nt)
5'-GGG CCC AUC CUA UAG CAC UCU CCA GGA GAG AAA UUU AGU
HTLV-1
98 ACA CAG UUG GGG GCU CGU CCG GGA UAC GAG CGC CCCUUU AUU
PBS*
CCC UAG GCA AUG GGC Cc-3
tRF™ 18 5'-AUC CCG GAC GAG CCC CCA-3'
5'-GGC UCG UUG GUC UAG GGG UAU GAU UCU CGC UUU GGG UGC
tRNAPS, 75
GAG AGG UCC CGG GUU CAA AUC CCG GAC GAG CCC CCA-3'
5'-GCC CGG AUA GCU CAG UCG GUA GAG CAU CAG ACU UUU AAU
tRNADS, | 76

CUG AGG GUC CGG GGU UCA AGU CCC UGU UCG GGC GCC A-3'

“ The sequence underlined is the HTLV-1 18-nt PBS. The italicized nt are not encoded by HTLV-1; the

two 5'-G nt were added for efficient initiation of in vitro transcription by T7 RNA polymerase.
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Table S2 List of RT and PCR primers used in sequencing the tRNA RT primers.

Retrovirus Primer Sequence

5'-GTA AAA CGA CGG CCA GCG TCT GTA ACT

RT and PCR forward primer’ | CAC GGC TTG CAG GAG AGA AAT TTA GTA CAC

HTLV-1 AGT.3'
PCR reverse primer” 5'-GGC TCG TTG GTC TAG-3'
5'-GTA AAA CGA CGG CCA GCG TCT GTA ACT
RT and PCR forward primer’ | CAC GGC TTG AGT GTG GAA AAT CTC TAG CAG-
HIV-1

3’

PCR reverse primer” 5'-GCC CGG ATA GCT CAG-3'

“ Underlined sequences are M 13 forward primer designed for Sanger sequencing. Italicized sequences are
20-nt spacers. Shaded sequences are complementary to the 5' 24-nt (for HTLV-1) and the 5' 21-nt (for
HIV-1) of the (-) ssDNA.

1 ' ro L
’ The PCR reverse primers are complementary to the 5' end of tRNA"™ (for HTLV-1) and tRNAJSU (for

HIV-1).
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Supplementary Figure S1

A B

NG% XD 0A NN

** e

e

ﬁ@ @é_/‘MT-Z
OO &

@ Extraction of virions through
sucrose cushion

virions

Medium

25% sucrose
Sucrose cushion

@ ‘ Lysis of virions

RT primer

\

5 3

gRNA /‘
@ ‘ RT with dC* and ddT

%

5 3

Figure S1. Reverse transcription (RT) primer tagging assays showed that full-length tRNA"™ serves
as the HTLV-1 RT primer. (A) Flowchart of method used to concentrate HTLV-1 virions produced from
MT-2 cells and label the RT primer with [a-**P] dCTP (dC*). (B) Primer tagging assays to determine the
length of the extended RT primer. The first four lanes show a dideoxynucleotide sequencing ladder. Lane
5is 5' *’P-labeled tRF™™ (18 nt); lane 6 is 5' *?P-labeled tRNAF': (75 nt); lane 7 was prepared by annealing

in vitro transcribed tRNA]{J}{fU to the HIV-1 PBS and extending by two nt (78 nt); lanes 8 and 9, 21-nt and

Pro

78-nt standards were prepared by annealing tRF™ or tRNA{S; to the HTLV-1 PBS, respectively, and
extending them by three nt; lanes 10 and 11 show the results obtained upon primer extension of RNA

isolated from HIV-1 virions (lane 10) and HTLV-1 virions (lane 11).
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Supplementary Figure S2

A Am‘on . Complementary to the PBS

10 20 30 | | 40 50 | 60 70 |
tRNA-Pro-TGG-3-1 GGCTCGTTGlG TCTAGGGGTlA TGATTCTCGIC TTTGGGTGClG AGAGGTCCCIG GGTTCAAATlc CCGGACGAGlc CCCCA
BRSPS b o e oot BESE TR S S 5T DRARERAESS SPNEUIERAAS CCEPER ISR SATGRR DR D S e S & B
(RNEPRTECEE - » s v s S Ra S S EaeS PE S SIEREET RASPEEE IR Bk REE SRR SRS S S R R RE HE  B S
IRNARTEGRE <« S ol Rl SEeSS 88255 RULEENAGES LENBDUL A0S S LREBALE WOMELLE S S L AEEIIRAIIIS W §
R EOIEERE & =5 o sy 8209 =HSE9E 2EsE9tanes FPONOER il PR ERE e s SRR R s P P S FS S = B
iRNA P TCCA TS & o cvoos & 2 oo T-te: = "toccTe Pt - CEE"ErEE: e e o
(RHARRTEEI & £ ¢ S oiowaee SEXL45 58554 & 8 2o0Swas B =4 & e Pl Loloiiinns EORRLAEL DD DURTEIRYER BEE § 8
RREPHBEEIT -« o cirrmimisi BA S SRR S S ES BF RS Do n e o R B E R R R R RS S SRR B S 5 NSRS S R
RNAPrO-CAGLIZD! = = = & mwepassns @ @@ @ @ S8 Ss WS 55 8@ @ aa  EAOPEEIE IS £ R R i ) D SSRGS 2
IRNARPIOICECES & & & ol wmimiaeisl SAdEds s nessaaddss SEICIoES et e LR BEEARREE Sl SR s § &
GBI b=~ = v = B RE s AR o ES BE S S SR =& o= S CAp—— y S e VI S e
tRNA-PrO-AGG-2-1 = = = = = = = = = = = = s = =2 oo s e eeaaoo e G SARNSETNGe. B e BEBEEEDEE S SENMEEELE G R SNSRI B A
RNAPIO-AGG-2-2 = = = = = = = = = = = = = 2 22 m s ms eaaaaae S RIE s m s e e EEE S r e e Sadang G P B pehcrccticoc Giouc BT = -
tRNA-PrO-AGG-2-3 = = = = = = = = = = =« o e aecmcan cacamancan o A Geepniie fom (5 i 8 e ) ) () = el e () S SRR is ek s 8 B
ARNAPIOSAGGE2:4) & = & @ raiardis: GG @@ d ¥ s daw wdedamieas S ARSI R L B B RS AL L B SRR @ B S AR 5 & &
RNAPIGAGGZS = = = = mumchians: B ocem saans o s s smE®Es PR B E R SR PEEEOH DD SRS B P AT e & B
tRNA-PIO-AGG-2-6 = = = = = = = = = = = == = e = 2w on e B T
RNA-PIo-AGG-2-7 - - - - - - - - - - - - - - - - oo oo B e T I I N
tRNA-PrO-AGG28 - - - = = = = == o = e e oo mccen oeeee e B T e I e S S
RNAPIOAGGH: = = = s siwimpmnin S @ S s & oo se& o2& & 8mEE oy = AR S e DR D 5T NSRS ES S S SRS e S Y B

Consensus GGCTCGTTGG TCTAGGGGTA TGATTCTCGC TTTAGGTGCG AGAGGTCCCG GGTTCAAATC CCGGACGAGC CCCCA
100%
Conservation

0%
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B Anticodon Complementary to the PBS
10 20 30 ] 40 50 60 70 |
| | | | | | |
tRNA-Lys-TTT-3-1 GCCCGGATAG CTCAGTCGGT AGAGCATCAG ACTTTTAATC TGAGGGTCCA GGGTTCAAGT CCCTGTTCGG GCGCCA
RNAZIYSTTIRSSD = S 2 8 8 5 8 2 5 & 5§ iyessanie marmupeeemeeis: NPy, 18 ZL2ELE ST AS SO0 00 &8 D RN &80 S
IRNBIETTEER « = = 2 7 v 2 2 4 & = cosartrring SUREwRTIER SERE £ 26 RErE PR R HE BB ErE R ARG NE P ssrutaakel B2 = S
Ty < o e g g
IRNAZLYSSTIRAES, & 6.8 6.5.5.8 2 & & & Ssauemariens empsosmnsenpn somapmepie See Saaboes s oo Dosasd s e s oo s s sankapas 52 o s
tRNA-LYS-TTT-B-1 = = = = = = = o o & & e e eeeemon cccecooeee soeseeeann somnnnnnn G seeeeeeeee teeieee e
ARNACEETITA] = @ Shaboa s & @ Sl SRS CASEi i = DO OEE S E2e AHOHSE S 50 @ & Ay M e = cvees
tRNA-LYs-TTT-2-1 - - - T = =« = =« - oo Wi nt. mrcumces s, G R P RRR RS RS RE FRERE RS ERE W s A- ----n--
ARNASLYE-TTTETT = o o o s = o symmneimis | SR R o commenes e o S o e CionnlBlon wow o mw e sime o mismmeeinge Bie = o @ syms
{RNALys:TIRTE6a1 = eily il & & & = o auerapiadadin Suapemeraieesie st S 22k AeR Qg ettt 4p EAAL s sae GrRvewms Cisthes =5 = s
tRNA-LYS-TTT-1-1 = « c T o = e = e« o= ucon T oo saccuacacne cnamcerane aaoanesnas saseonacanc aseceesa A- «-A---
RINASLYsSTTTeA =T Rme o Anziim = v Sumasimasmss Aocrien Erceosmeberisises, SeeaESesys = S S ES G AE = = 56 Rrosm & = & 5o eusumns b s <B10E = eno
tRNA-Lys-CTT-2-1 - - - - - - 8 2 2 &S nnpss IS 5 & Greiy Wi Gl T E R GH; & et & Qre i RCIGr Pty © & 5 e
tRNA-Lys-CTT-2-2 - - - - - - Cls 2 & cimeemdnc s, Sl & o Glise, ouche i e itds s Bl e (et iR i ARG Tors = 5 Sutee
tRNA-Lys-CTT-2-3 - - - - - - Bl = = & e T ) Gl e (L PR = Chstre Stagmye G & ssemese = Bhes= G ACHC . Tiaims = = » s
tRNA-Lys-CTT-2-4 - - - - - - C & o & & CELRERT eI R B Gy wnee Gjeravuriieds 5 @ e [c Gieic (G s CIGE T © & b anst
tRNA-Lys-CTT-2-5 - - - - - - - SO - . O B - S— BE = [~ “REE - =2 = s
tRNA-Lys-CTT-3-1 = = === = o B T (e FEREREEE o (o AP S PR G = smsere = GG SRCIG . T = = = mowwe
tRNA-Lys-CTT-4-1 - - - - - - )& 85 & SRSt e b o GiGE:" WIAERS R s, O e GV 2 Josias & CiiaiE CRPNCRGYITRNS 4 & 2 Saw
tRNA-Lys-CTT-1-1 - - - - - - Gle = = minpesenEkencRte Erone = Rk (Clc LT R (o o1 ARPR CETE = ~roars = GlrsC B o) (e |, S
tRNA-Lys-CTT-1-2 = = - - - - Gl = = & = e NS, & e GG smrern G e G\ Cammrmione I = s = G- G RCiGi= Toomi = = = ssimws
tRNA-Lys-CTT-5-1 - - « « = - B e awmwoney B ez By goe 6o 2 e EY pugess Becl 2GR E Ty g asg
RNAILYSCTTETA = wounfBiniCli= moy = vmsmsimmpimhmomint (miimfinim = = = (c; DA (o3 A = Climiew: = o 7 TiG=dC i CIC T TR = F
{RNALLYSICTT8 « 2l snsfBle o smssevemis & o = G =R s Crenes sz Gl nsgesmene B o) D G »rmiCrenCueosi) ToSA T O e = = = comps
tRNA-Lys-CTT-9-1 - - - - - AiCimelC = S cEiinncions Gl 2 GG 5: Sl C s G6 wass TG & s = Cici 16 REGLR S Tis A
IRNASVEIETTIA0A < sreuiRi=dBle == = ssmnsumemeanese jmumyernge s = - (o AEET— R o A T T =i G C SATICIC T =T -

tRNA-LYS:CTT-11-1 C TG -A-Coue < oomucauais asassas [ JER o S B AT -coe-e GT-C «+-ATG-T-v = = «-«
Consensus GCCCGGCTAG CTCAGTCGGT AGAGCATGAG ACTCTTAATC TCAGGGTCGT GGGTTCGAGC CCCACGTTGG GCGCCA

100%

corserin T T TR AT o e (AT (] e AT

Figure S2. Sequence alignment of human tRNA"™ and tRNA"* genes. Sequence alignment of 20 human
tRNAR'. genes (A) and 27 human tRNA];{}éSG genes (B). tRNA sequences are from the genomic tRNA

database (http://gtrnadb.ucsc.edu/), and the alignments were generated with CLC sequence viewer 7

software. Specific tRNA isodecoders identified in this work to be the RT primers used by HTLV-1 or HIV-
1 are in red boxes; only nt that differ from these sequences are explicitly shown in the other sequences. The
tRNA genes are annotated by two numbers. The first number is transcript ID, indicating a specific tRNA
isodecoder. Genes with different transcript IDs have different sequences. The lower the number, the higher
the confidence that this gene encodes a tRNA. The second number is a gene locus ID. Genes with the same

transcript ID but different gene locus ID have the same sequence but are transcribed from different gene

loci (Chan et al. 2021).
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Supplementary Figure S3
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Figure S3. Structure of the nem®U:C base pair and Alk B demethylation reaction. (A) Two hydrogen
bonds form between the N3 hydrogen in ncm’U (left) and the N3 nitrogen in C (right) and between the 4-
carbonyl oxygen in ncm’U and the N4 hydrogen in C. (B) The terminal methyl group at the C4 position of

mem’s®U is removed by AlkB, resulting in cm’s*U.



