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A sequence of 21,858 base pairs from the genome of human herpesvirus 6 (HHV-6) strain U1102 is presented.
The sequence has a mean composition of 41% G+C, and the observed frequency of CpG dinucleotides is close
to that predicted from this mononucleotide composition. The sequence contains 17 complete open reading
frames (ORFs) and part of another at the 5’ end of the sequence. The predicted protein products of two of these
ORFs have no recognizable homologs in the genomes of other sequenced human herpesviruses (i.e.,
Epstein-Barr virus [EBV], human cytomegalovirus [HCMV], herpes simplex virus [HSV], and varicella-zoster
virus [VZV]). However, the products of nine other ORFs are clearly homologous to a set of genes that is
conserved in all other sequenced herpesviruses, including homologs of the alkaline exonuclease, the phospho-
transferase, the spliced ORF, and the major capsid protein genes. Measurements of similarity between these
homologous sequences showed that HHV-6 is clearly most closely related to HCMV. The degree of relatedness
between HHV-6 and HCMV was commensurate with that observed in comparisons between HSV and VZV or
EBYV and herpesvirus saimiri and significantly greater than its relatedness to EBV, HSV, or VZV. In addition,
the gene for the major capsid protein and its 5’ neighbor are reoriented with respect to the spliced ORFs in the
genomes of both HHV-6 and HCMYV relative to the organization observed in EBV, HSV, and VZV. Three
ORFs in HHV-6 have recognizable homologs only in the genome of HCMYV. Despite differences in gross

composition and size, we conclude that the genomes of HHV-6 and HCMYV are closely related.

The first recognized isolations of a previously undetected
human herpesvirus, now called human herpesvirus 6 (HHV-
6), were obtained in the course of in vitro cultivation of
peripheral blood lymphocytes from patients with lympho-
proliferative disorders, some of whom were also infected
with human immunodeficiency virus (50). The viruses were
shown to have the ultrastructural and morphogenetic prop-
erties characteristic of a herpesvirus (5, 59) but to be distinct
from the five previously known human herpesviruses by
their antigenic properties and by the failure to show homol-
ogous hybridization with nucleic acid sequences from each
of these other five human viruses (32). Independent isolates
of herpesviruses shown to be closely related to the initial
isolate (HBLV/GS) were subsequently reported from human
immunodeficiency virus-infected patients from Uganda
(strains U1102 and U683 [20]), The Gambia (strain AJ [59]),
and Zaire (strain Z29 [38]). A series of seroepidemiological
investigations has since established that evidence of a prior
infection with HHV-6 is widespread in populations of appar-
ently healthy adults and that the virus is typically acquired in
early infancy (7, 52). The primary infection in infants has
been shown to cause the common childhood infection exan-
them subitum (roseola infantum [34, 61]), and a series of
virus isolations from the acute stages of this mild childhood
disease has been obtained. There have also been reports of
the common detection of HHV-6 in cervical lymph nodes
(23) and of HHV-6 DNA sequences in a proportion of some
rare B-cell tumors (31) and suggestions that infection or
recurrence in adult life may be related to lymphadenopathy
9, 46).

We are interested in the relationships between the diver-
gent biological and molecular genetic properties of the
herpesviruses and their evolution. The current classification

* Corresponding author.

287

of the herpesviruses recognizes their biological diversity and
divides them into three subgroups (the alpha-, beta-, and
gammaherpesviruses) on the basis of some of these biologi-
cal properties (28, 30, 49). Alphaherpesviruses, exemplified
by herpes simplex viruses (herpes simplex virus types 1 and
2 [HSV-1 and HSV-2]; human herpesviruses 1 and 2) and
varicella-zoster virus (VZV; human herpesvirus 3), are dis-
tinguished by their capacity to establish latent infections of
neural tissues and to reactivate from these sites. Betaherpes-
viruses include the cytomegaloviruses (e.g., human cyto-
megalovirus [HCMV]; human herpesvirus 5); they replicate
productively in cultures of fibroblasts from the host species.
The sites of their persistence in vivo are uncertain but may
involve reticuloendothelial cells and do not appear to involve
neural tissues (42). Gammaherpesviruses are typified by the
B-cell lymphotropic human herpesvirus, Epstein-Barr virus
(EBV; human herpesvirus 4), and the T-cell lymphotropic
virus of the squirrel monkey, herpesvirus saimiri (HVS;
saimiriine herpesvirus 2). The major mode of virus persis-
tence of these lymphotropic viruses is as latent infections of
circulating lymphocytes. The isolations of HHV-6 from
peripheral blood lymphocytes have clearly shown that the
virus can infect a population of lymphocytes in vivo. The
major population of productively infected cells in cultures of
cord blood or peripheral blood lymphocytes has the charac-
teristics of immature CD4* T cells (20, 39), and the virus can
be propagated in cultures of lymphoblastoid cells in vitro
(39, 59). Despite the lack of knowledge on the nature of the
latent site of the virus or any demonstration that HHV-6 can
transform lymphoid cells, it has been suggested that the
virus should provisionally be classified as a gammaherpes-
virus (33, 38).

We have undertaken an analysis of the structure and
sequence of the genome from a Ugandan isolate of HHV-6
(U1102 [20)). In this report, we present and interpret a
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FIG. 1. (a) Restriction map of the region sequenced showing EcoRI, HindIll, PstI, Smal, and Sall restriction sites. The DNA sequence
was determined from the shaded portions of the plasmids, whose names appear on the restriction fragments from which they were derived.
(b) Positions of termination codons in each of the three possible ORFs for each strand of the region sequenced. Arrows indicate the location
and direction of the major ORFs. ORFs are named 0 to 17; R or L indicates rightward or leftward orientation.

sequence of 21.8 kilobase pairs (kbp) from the genome of
HHV-6 that includes the sequence previously recognized as
having significant nucleotide sequence similarities to a re-
gion of the HCMV genome (22). The sequence and arrange-
ment of the predicted open reading frames (ORFs) in this
region of the HHV-6 genome bear a much closer resem-
blance to corresponding regions of HCMYV (a betaherpesvi-
rus) than to corresponding regions of the genome of EBV,
HSV, or VZV.

MATERIALS AND METHODS

Isolation and characterization of recombinant DNA clones
of HHV-6 DNA. All recombinant DNA clones were isolated
from HHV-6 (U1102) DNA prepared from cultures of in-
fected cord blood lymphocytes. The Sall and Smal clones
were prepared by cloning purified restriction endonuclease
fragments into the Sall site of a pBS (Bluescribe; Stratagene)
vector or the Smal site of pUC13. Fragments were selected
for sequencing on the basis of their linkage relationships to
the 5.4-kbp HindIlI fragment (cloned into the HindIII site of
pUCS8 as pHDS5), which was previously shown to be homol-
ogous to a region of the HCMV genome (22; unpublished
results). The EcoRI plasmid pR9.1 was provided by M.
Jones, and the PD12 clone was a 1.2-kbp PstI fragment
cloned directly into the PstI site of M13mp18. The relation-
ships between these cloned fragments over the relevant
portion of the HHV-6 genome are summarized in Fig. 1. A
detailed description of the mapping and cloning of the
HHYV-6 (U1102) genome will be presented elsewhere, but the
rightmost Sall site of pSAD3.5 in the region analyzed in this
report is located approximately 31 kbp from the right unique/
repeat junction of the HHV-6 genome, the total size of which
is about 170 kbp.

DNA sequencing and sequence analysis. The DNA se-
quence was determined from the regions shown in Fig. 1,
using the methods described by Bankier et al. (2). Random
subfragments of DN A from these plasmids were prepared by
sonication (19) and subcloned into M13mp8 (43), and single-
stranded templates were sequenced by the dideoxynucle-
otide-chain termination method (51). Regions of sequence
compression were resolved by replacing dGTP with deoxy-
7-deazaguanosine triphosphate in the sequencing reactions
(45).

Sequence data were assembled by using the computer
programs DBAUTO and DBUTIL (55, 56) and analyzed for
the presence of ORFs and transcription signals with the
programs DIANA (J. Crooke, T. S. Horsnell, and B. G.
Barrell, unpublished data) and ANALYSEQ (58). Predicted
protein sequences were analyzed for hydrophobicity and
potential glycosylation sites with ANALYSEP (58), and
searches for homologous protein sequences contained in
protein libraries were performed by using the computer
program FASTP (37). The AMPS suite of programs (3, 4)
was used to carry out pairwise computer alignments of
predicted translation products of HHV-6 ORFs and the
homologous genes of the other human herpesviruses.
Twenty randomizations of each alignment were performed
so that a significance score for the alignment could be
obtained. The program uses the Dayhoff mutation data
matrix (17, 18) for protein alignments. All computer pro-
grams were run on DEC VAX and microVAX computers.

RESULTS

The DNA sequence of a 21,858-bp region of the HHV-6
(U1102) genome has been determined for both strands, each
base being sequenced an average of six times by the random

FIG. 2. DNA and predicted protein sequences. The nucleotide sequence reported here will appear in the EMBL and GenBank data bases
under accession number M28243. The DNA sequence is given as the rightward 5'-to-3’ strand only (numbered 1 to 21858). Rightward-encoded
protein sequences are shown above the corresponding DNA sequences in single-letter code; leftward-encoded protein sequences are shown
below the corresponding DNA sequences. The name of each ORF is given on the left of the first line of sequence, and amino acid sequences
are numbered from the N terminus to the C terminus to the right of the sequence. Protein sequences are shown from the first ATG. The

sequence continues on the following pages.
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CGGAATACACAAAAAAA GCCATA 'TTGACAACGACGACGATA GGCTCGAGAAAAGAACGATTT TTGGTGGATATGATAGGAATGTTAAG

Q E I S AL KHUVRAQSZPOQRU HTIVPMETTULTPTTITETETZKTGA AAS ST PTZ KT PSTITL
ACAAGAGATTAGTGCGTTGAAGCATGTTCGCGCTCAATCGCCGCAGAGACATATCGTTCCGATGGAGACTCTGCCTACGATCGAGGAGAAAGGCGCCGCGTCCCCAAAGCCATCTATTTT

N A S LAPETVNR RSTILAGA QNES ST DTULTLTZ KTLNTIZKTE KTLTFVUDA ATLTNTEKTMMTDS *
AAACGCTTCTTTGGCGCCTGAAACCGTAAATAGGAGCCTTGCTGGTCAGAACGAATCCACGGATCTGCTGAAACTCAACAAGAAATTGTTTGTTGACGCGTTAAATAAAATGGATAGTTA

AAATGTATTTTTATGTTGTGATCAAGTGGTGTTTAGCTGTGTGTTATAAGGAAGATTCAGAGTGAAT TCCTGGACATGGTGAAACTTGACACATAATTGT TTACCGACGCGTTCAATAAA

ACGAATGGTTAAAAGTTGTTTTTTGTTTTTTTTATTTTCGTATAAAATGGTATTTAGGCGCTAGTTACGGGGAAGATCTATGGGAGTGATTGTGACAAGGAATGAAATGAATGCCGACAT
P S S RH S HNUHTCEPTITFHTIGTVD

CTCCTTCTAATATCGTTAGGTTTTGTGGGGTTCCAGGCGGCATGAATTCCATGCGAGTAGATTCTCCGGGT TTTAGAGAAAAGTGCAAGGGTACCATATGTGCGGTGTCGAACGCAACGC
G E L I TULNOQPTGE®PZPMTFEMRPRTSETGTPTZ KTULSTFUHTLTPVMHEATTDTFAUVR

GGAGTGAACTCAAAAAAATTCCCATGTTGATGTCTGGCGTTAAGT TTGCAACCGTGCTTAGACTTGGTGTTCGCAATACTGCTTGGT TTGTGAAAGT TACGGTGTTTCTTACGGGACCAT
L s s L FIGMNTIDTPTULNA AVTSTULSZPTHRIULVAQNTTFTU VTANT RV VTEPGN

TTGGAGATTCTGTGTTTACATAAATTTTGCTTGCTTCTGTCCAGTTGAATTCGACATTAT TCCCCGGTGGTAAAATTTGTTTGGGGAAGAAGTATACTACGCCTATAGGTTGCGAGTAAT
P S ETNUV Y I KSAETWNTFETVNNGTPTZPTLTIGQT KT PTFTFUYVVGTI P Q s Y N

TGATGCGACGGTTCTTCTTAAATGCTTTCATGGTGATGT CGTGTCTCATCCCAAATGCCGGTGGTTGTAGAGATTCCGAGCAAGAGT TTGGGTATAAATAAACCCGTAAAGT
I RRNEKKTFAKMTTIYULPRTETDUWTIGTTTS STIGTLTULTZLTE KT PTITFTLTGTTFN

TTGAATTTGAATTAAAGATAGTGTTAAAAGAACAATGGACAGGAGTAACCGTGTTAGGGATGATATTTTTAGT TGCGCAGACAGT TATTGAATGGGTGTTGCATTTTAGAAGTGTTTCTT
S NS NF I TNTFSCHVZPTVTNTZPTITINIEKTATCVYVTTISUHTNTZECETZKTULTLTE Q

GATTCTGCGACAATGTAATGTCTGCGGTTT -uAGTGAAATTTGTATGGCAAGTTGTTCAGGATAAAAATTATCGTCAAGGAGATAGTCGTTTTCGTAGTTTGCCTTCAAAATTA
N Qs L TIODA AT OQP®PTTULSTIIOQIIALG QETPYTFNUDTUDTULTULTYTUDUNTETYUNA AT KTULTITL

ATAGATTTCCGCAGAGTAAGATTCTAGAAATATAGACGTTTTTGTGTGATATAAATTCGATGTTACCAGTTTTAAAAATTTGGTCGAGCGGAGTGTTTTGGAGATTAACCCATATCTCTG
L NG CLILTI®RSTIZYV NI KHSTITFTETINSGTT KTFTIGOQDTILTFPTNG GTLUNTVYVGWTITE A

CCTTAAATGAATATCGTGTTGGCTCTTCTGGTGTTTGTTCTATCCATCGTATATCAGCCACTTGAATTTTAATACGCGTGAGAGGGCCATATATGACAAACTTCGCGTCGCACTGTCCGT
K F s YRTU®PEETPTUOQETIW®WRTIDAVQTIXTIRTTULTPGTYTIVTFT KA ATDC Q G H

GGGGTATAATGTGGCGATCGTGGGCTTCGATGCGTTGCACCGGTAAAT TTGATATAT TCACGTTTGCGTGAGGAAGTGCAAATATAT TAAGGACGATAGGTAATCTACTGAGATCCAGAT
P I I1 HRDHAETIRUOQVPULNSTINVNAHTPILATFTINSNILVTITPTILTR RTSTIULTDTILD

CTAGATCTGAGATGTTCTGCACCGCGAAGGGTATGTTGCCGTAATCTTTTGGATCGATGTAAGTAAAAGGCGATGATGTAAAACTGCTTTCGTCTCTACAAATGCACACTACGGCGGATG
L DS INOQVAFUPTINGYUDIEKT PDTITYTTFTPSSTTFSSETSDT RTETITCVVA AS S

AAGGGGGGGTGATACCTAATCCGCATTTAAACAATCTCAGTTCGCCGGGTTTTAATATGGCGGTAGTTGTTACTCTTAGCTGTAGTACGTACGAAGACCATTGTAGAGTGGCGGGTTGCA
P PTIGLG CKTF FLRTULETGT?PZ KTULTIATTTV VR RILGOLTVYSSMWOQTULTA ASTFP Q M

TGTTTGCTTTTCTGGATGTCTGAAGGGAATCCTGTTAGTGTATTTTGGATGTTAAATAGTTGATGTAAACGTAGAGAGTCATATGCGTATTTTTATAATAGAGTGTTTTTCCACGGACGG
1 K I I S HKZEUV s P

GAGAGTCTGCGGGTTTCCACGCGCAGGCTTGTCTTCGTATTCTAAGGGATGTAATGTGAGT TCCGGTAGCAAGTATGCAGGAAAACAAT TGCCCATGAAGTGTACGTCGAATGGTTTATC
LTQPNGRAPI KD DETYZETLTPHTLTTULETPTULTLTY A APTFT CNTGMTFUHTVYVTUDTFTPTI KTD

GGTATTCTCCGTGTGTGTTAAAAGAGATTTCATGTCGCTGTTTGAGAGTGAACGAAACGGCTTTCTAAACAACT TCTTCGTCACAAAAAAGACACGCCCTAACATGTCGTGTTCGGTTAC
T N ETHTULUL S KMD SN SLSRTFUPI KTZ RTFTILIE KT KTV VTFTFVIRGTLMDUHTETUV

GGAAACTGTTCTTTCGCACGAAATCCGCAATTTTAACGGTTCTTGGGCAAACCATAAAAATGGATACAGCT TGAAGACATGCGTCTGGACAGGGATGAAGATGCCTACGATTTTTTTGTT
$ VT RETCSTIURTILIEKTILZPEUGQATFUWILTFUZPYTULXKTFVHTAOQVZPTITFTIGTYVTIT KT KN

AGTGAACTCGCCGCGTAGCGTGATCTCTTTGTTTGTATTACTTACTAAGGACATATCGTTGGGAAAGAAAACCTCTAGATTCTTCCCGTCTGCGCAGATTTTAAAATACGGCATATTCAT
T FEGRULTTIET KUNTNSUVILSMDNZPTFTFVETLNTEKTGT DA ATCTITE KTFT YZPMNM

ATTTAGCGTGACGGTGCTCCGATCAGGGGGGGAAAAGGTCAAGCGAAGATAACATTCTTTCGTGATTGGAAACCGTCGCTTGTTTTCCGGCAACACTACGTTACGCAAAAAGACTGTGAG
N L TVTSRDZPZPSTFTULRTILYT CETZ KTTIZPTFI RTRTIEKNETPTLVV VNA RTILTEFTUVTL

AAAAGGATCGTTAAATTCTATTTTGTAGATAGAGATGCCGGGTTCGGAAATCATGTTGACTCTGCAGAGTGGGATGATACTTTTGAATAGGTTTTCCCAATAGGGACATTCTCTGGTATC
FPDNTFETII KTYTISTIOGPESTIMNVR RTCECTLTPTITISIE KTEFTLNETMWMTYTZ PTCTETRTD

GATGCTGAACACGCTAAAAACTATTAGCAGCTTTCTGCCATAGCGGTCTAATTTTTGAGACTGATAAGGACT TTCTGTCCAGTTTAGGT TAAATAAGATCAAAGACATTTCAACGCTATC
I s FVSsSsFUVIULLIZ KR RGYH RDILIEKU QSO QYZPSETUWNTILNTFILTITULSMETUVSD

ATTCTGAACTACTTTAAATTGATTTATCACGTTGGTTGTCGAGATAGGCATATTGGTTAGGCCATATTGTTCGTATACGGTCGGATCGATGTTTTCTTTTTGACATAGCGCATTGATGTC
N QVVKFQNTIUVNTTSTIU®PMNTILSGYOGQETYVTTZPDTINTET KU T CTULA ANTITD

GTCAATCTCCAGTGCATGTGACGGCAGATAAATGGGTATGGAAAATAAATGAATCCGTACGGGAACCGTCCTAGAAATAGGTAAAATTTTTATTTTGATAGTCGTTGTTTTTTCGAGAAA
D I E L AH S PULYTIUPTISTFULHTIRVYVEPVTRSTIZPILTIZ KTIZ KTITTTTI KTETLTF

CTGTACATCGAACAGAACGTCCTCAGT TTCCGATTCAGTGCCATCTGTTATGAATAGGAT TCCTGGTTTTGTGCTTGAGATTCGACATTTCAAAATGATTTCTTGGTAAGAATTCGAAAC
Q VD FLVDETESETGDTT1IITFIULTIGT?PI KT SSTIURTE CI KIULTITIEG QTYSNSUV

TATGTGATTGCAATCAAAAACGAGTTGCAAGACATGGTTTAGTTGAGGAGAAAACATGCTGGTACAAAAAACATTTTATGTTTCATCTCCCTTTTTAAATACTGTGTTTTTTTAAGGGAT
I H N CDF VL QL V HNILUG QZPSF

GAGGTCATTTTGTAT:! T GC TGTCCCGGC TGTGTTTTTATAATCCTGTGTATGAGTGATAGAAAAGTCATAGTAGGCTAGTGTTTTTTTAAAAAGCATTTAA
* N

TTTTTATAAATACATGTAGCCATTCTGTTATCTGCGGAAACGTCACAGACAACAAAATACGTTTTCTCGTTGGTCAAAGAATTAATTTGGTCGATCATAGT TAAGACTGATTTGACTTTT
K Y I € TAMRNDA ASVDCVVFYTI KTENTIULSNIOQDTIMTTLVSIZKUVIKK

TTTAATTCATCTTTAATTTCCGTAGCGTGAAGTTGTCCGCAGCGCTGTGTGTTTAACGTTGTTCTTTTAGATAATAGTTCTTGGCATTTGATCAAAAGCATTGAATGGTCTTCCAGCGTT
D K I ETAHULAQGT CRA QTNTULTTA RIKSTULIULEZ QT CI KTITULTILMSUHDTETLTL

AGCCGATCTATGTAAGTTCTCACGATGTCTGGGGCCATGGCCGTGATCATGGACAGCGAGATGCAAGCTGTTTTCATGGAGTACATTGATTGTTTGTCGTTGACTATGTCTGGTAATTTA
D I Y TRV IDUZPAMATTIMSILS I A T KM S Y M S Q KDNUV I DZPTIULKTI

ATGAGTACGTCTCTGTATTGGATAGAGCATAACTCATCGATGATTGTTTGCATCTCATTGTATTCTCTGTGAACTGCTATAAGACCAATGCATAGCAATCTGATGTTGATCTCGGCCGCA
L VDRYOQI SsSCLEUDTITITAGOQMENYEHRUHVATIULGTI T CILULR RTINTIEA AATI

ATGGCTGTCGGAACGACTAAAGGTACAGTGAGCTCCCAATCACCTAGTTTCAATAGCTTTTCTTCCGAGTGCGTCGATAAAGGTGGAATCAATGTCAAGGTGTCACCCTTTTCCCAGGGG
A TP V VL P VTLEWDSGTL LI KT LULIKTETESHTSULZPUZPTIULTIULTUDGI KTEWTZPTF

AAGGGTCCTGTGTTCTTTATGGCATACTGATGGCCGGTCACCGGCTTTCTCAAAACCAGTTGATTGCCTTCCACCTTTTGCAGAATGGTTACGACCATGGTCCGTAATACGTTTCGGACG
P G T N K I A Y QH G TV P KU RIULVILAQNGEVI KA QTLTITU VUV MTRILVNIRVHEH

TGGACGTAATCTTTGTTGGAGGAGACGATGGGATAAAGACCTAAATTGCCGCTACCTATTAGATGGTGGTGAGCTGGGATCGGTATGACGATGTTCATGAGCTTGCATAGGGTGCTGATA
VY D KN S s VI P YL G L NG S G I L HHHAPTIUZPTIVINMLIKTECEILTSTID

TCGGAAAGTGACAGTTTGTGATCGAAAGTGCAGTAGACGGTTTCCATTTTATATGGATGATTCGATAATGAGT TGGAAAGGTATGGTTTCTCCTATGGCGTAATTACAATAATGGGTTTC
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GCTGATCTGCGTATTGCCGGTTTTAGACCGACTCTCTAATAGAGCTTGGTTGGATGAACAGTGAAGAGGCAGAGCGTTTTGTAAGAACTGGCATGGTCTGCTTACGAAGCTATCCGTGCC
S I Q T NG T K S R S E L L AQN S S5 CHULZPTULANAOQLTFOQCZPRSVF SDTG

CTCAGAGCACGAGTATTGTATTTCGCTATCGCTGTTTAAACACGAGTTCGATTTCATGCAGTATTCGCTTATCACTTTGTACATCATCTTGTTTGTTTTTAAGATGTCAGATTCGGTAAA
E s ¢ s Y QI E SDSNULTGCSNSI KMTECYZESTIVIKYMMTEKTESNTTE KTLTIUDSTETTF

AAATTGAGCGTTGGGACTGTATGTCTTGGGGTTGTAACATAGTTGTTCTCTGTGTGCCGTGTTGTATAGAATATCGCCTAAGGAGCCTGGTAGAGATGCCCAAGGGTTTGTGGTTGCGGC
F QANP S Y TI KUPNYCLOQERUHATNYIULTIUDSGIULSGPL S A WPNTTAA

GAATGTATCGCTGTCTGTTTGGGTGTGGTCGTACAATGCTTTTCTAGCCGCCTCTTCGTTGTGCGGGTCCGTTCCCATCATACATGATTCCCTGCCTCTTGGGT TGTGGGGCGATTTGAA
F T D S D TOQTHUDYULAIZ KU RAAETENUHZPUDTGMMTCSEU RTGT RUPNUHTZPSKTF

AAAGTTAATGTTTGTCGTAACCGGGGTCAGTATAACTTCGCAGATAGCTTGTTGACCATGCAGTAGTAT TGGGTTTTTGTTAATTCCGCCGAACGTTATGATGTTTAGTGCTTC
F NINTTUVZPTULIVETCTIA AQQQGHTULULTISUPUPNZIEKNUISNIGSGTFTTITINTILASE

GCTCTC TTAGGTTTTTCTATCCCGACGTGATGTCGAATCCACGTATTTATGTCCGCGTTGGTAAACGCGTGTATCGGGAAGGCGGAGAAAAGGTTTTGTATCTTGCTCCCCAT
S E S P NP KE I GV HHRTIWTNTIDANTTFAHTIUPTFA AS ST FIULNAO QTIIZKSGM

ATCTGATTTAATTCGCTTAAGATTGGCAGTGGCGGTGGTAGAGCTAAAACCTAAGCCCATATCTACAAAACTTAGGTGCTGGGTGAAGTTGTAAGTGGTTGCGATATCTTTAGCTTCCGC
D s K I RKULNATA ATTS S F 6L G MDVF F S L HOQTTFNYTTA ATIUDI KA ATEA

GGTGACCGTGGGATCGTCTAAAATTATAGATGTGGCTGCTCTGGAACTGTATAATAGGCACTCGACGTCGAAATTATCCGTCCGGACTAGTGTGGCCGCAAAGCCCGGATGGATTTTGTT
T VTP DD L I I S TAAR S S YLLCEVDTFNDTI RUVYVILTAATFGUZPHTITIKN

TTTGCTTTGGATCGCTATGGCAACGGGAGACAATTTTGAGTGCATGGCGGCAAGCGTCATAATGCTCAACAGGGAATTGGGGCAGAAGGCTGAGTACACGGAAAACGGTGTTCGTTGCCA
K S Q I A I AV P S L KSHMAALTMTISLL S NUPCTFA ASYVSsSFUZPTU RZ QW

ATTATAAAATTCTAATGCTAAT AAACCGCCGTCGTTTCTTTGACAGT! AATGTATTT AAACTTGGATATCAGCATTCATGGTGCCGCAGATTCCCGG
N Y F E L ALPUPZPILUPTFGGDNIR R OCHZPTFTNTILTFUVOQTIUDA ANMTSGTCTIGP

GTCGGAGAAGAATCGATGAAATGGGATTGGTTGATAGTACCGTCTTAGGGTGGTGATCGGTGAGATCAGGCAAAGCCCGTTGTATAGAATGTGTTGTAGTGATTGAAAATGAACGGAGTT
DS F F RHFUPIPOQYYRIRILTTTIU®PSIULCLGNYULTIHAOQLSOQTFHV SN

GCCGTGTCGCTGCGCGGGATCTAAGGAGACTTCCACTTCCAATATTTTCGTATTTTCATTAATGTAGATTAGCGATTTAAACAACTGTTTTGCGATACAGGATGTGTTGGCTACGGTGTA
G HRQAPDULSVEVETLTII KTNENTIYTIULSIZ KT FTULAOQIKATITCSTNAVTY

GCCAGGGCCCATACCTTCTCGGATCAGAGACATTAGAACGTCGCTGGTAATCGGATTCTCCTGGAAATAATCATCTGGACTGATGAACGGTTCCGTGTAGAATAAGTCTAGAACTAGTTC
G P GM G ER I L S MLVDSTTIU®PNETZ GQTFYUDDUZ?PSTITFU?PETTYTFTULUDULVTLE

CTTTACGTTGACGCCAGCGCCACAGGCCTTGTTATTTGATAGTGCCGGGAGTACGCAGAAGTAAAATATCTCGCTCAGGATGGTGGTTTCGTTCGATGGTCTGTCATTGTCGGTAAAGAC
K VNV GA GCAIKNNSLAPTULVCTFYT FTI1IESTULTITTENSZPIRUDNINUDTTFV

GACGCTTGAATCTATTAGATTCATTCTTTGCACATCGGATATTTCGTAATTTCTAACTCTTACGGTGTTCTGTGTCAGTGGTGTATCATCCGCTGTTATTTTTGCATTCGTGTCGTTTCT
Vs s DI LNMRUOQVDS5TIEYNIRVIRVYVTNGQTIULZPTUDUDA ATTIIZ KA ANTUDNR

GGGCATGGTATGGACGAACGGGCAGAACAGACGTCCGTCGAACAACGCGTTGGCGAAATTCACCAGAGGTTCGCCGCAAAGTTGCTCGTTGAGGTTGGAGATAGAGATTGTTCTCTTCAC
P M T H UV F P CF LR GDTFIULANATFNUVILZPESGT CULAOQENTLNSTIS STITTRIEKYV

TAGGCGAATTAGCGACACA. TTTCTGTAGT GAAAGCTGCTCCC 'CAGTTCGTCGCCCATGTGGTTAGAGATTAGCATGATCATCTCGAAGCTGTTGCAAAAAAGAAGTAT
L R I L SV LNU RYHATFAAGT?PTIULETUDGMHENSTITIULMTIMETF SN GCTFULTILTI

ATGTTTCATGTTAAACCAATAAGAAATACACTGGCTAATTACTTGTTTTAGGATCATAAAAGCATGCTTGTTTCCATGCACTAAGGTCTCGATAACGTAAGCCAATTCTGGGTACGAGCC
H KM NTF WY s I CQ 51 VQKVLIMTFAHRIEKNGHVYVYLTETIUVYA ATLTETPYS G

ACTCGTCAAGCTTTCGéTGACAATTTTGAGGGTGAAGTCGTACTTTTGGCAGTTCGTCTTTGCATGTTCCAGTATTTGATTTGTACGGGCTTCGTGGAAAGAGACTGGAGCTAACGGTAA
$ T LS E TV I KULTTFUDYZKAQCNTI KA AHETLTIOQNTRAEUBHTFSUVEPATLTFPIL

AGGTATGTTGCCTATCATTATTCTTGGTGTGCAGAGTACTTCTGTGGCTCGGTTTTTCTGGATATACGTGAGATCGAAGAAGGGGTGTCTTTCGGTCGGCAGTGTTGGATTGTCCGGTTT
P T CL V ETARNIKAO QTIYTTULODTFTFU&PUHRETZ PTLTU PNIDTP K

GTAAAAATCTTCAATGTTTAATTCGTTTTTTAAGACGTTGGTGTTTTTGGGTACTTCTTGTCGACTTTCGTATAAGT TGTATAAGGTCTGTAAGATCCTGGCTGGGTTTTCTCGGGTAAT
Y F D EINULENIZKTULVNTNI KZPVEU QRS SETYTLNZYULTAGQLTIURUA ATPNINETKRTI

TTTTAGTTGACATAGTTGGGAAAAGCGGTGGCCGGTAGGCAATGGTTCGCTTTTCATGAGTCGTTCGACGATGGTCGAGTCGTGGACAATGGGATGGCAAACCGACGGTAATATGTCGGC
K L. Q ¢ L QS FRHGTU®PULPESI KMLURETVTITSDHV VTIZPHTCVYVSPILTITUDA

AAAATCAATTCGCTGCACGACTTGGTCTTTATTGTGGAAAAAAACGCTGGTGGGTAGGTTGTTTTCCATGGTGTCGTTTAATTTCACACGTGTTTCCATTGTACTGAAACCGGTCTCGCT
F DI RQVV QDI KNMHTFT FUVSTZPULNUNEMMTDNILIE KTV VR RTTEMTS ST FTGTTE S

CGGTATGTAGATACCCAAAGGGAAAAAGAATGTTAGTTGTAAGCTCTGTTCTAGCGGATCGTTGACGTCTGTGTTTTTGTAAACTTTGTGTAGGTGGTCGAATGCGACTAATTTATCTCC
P I Y I 6L P F F F TULOQULSQETLZPUDNVUDTNIZKYU VI KU HTLUHTDTFA AVTLTI KT DG

CAATTTCAACGTGTTCAGCTTTAGGTCGGCGTACGCGCGGCTTTTGTCGAAGATTTCTGATTTGTTGTTAGTGTCTTGTTGTTCTGTCCCGGCGTTCACGGTGAATTGAGTAAAATCGGC
L K L TN NULXKTULUDA AYA ARSI KD DT FTIESI KNNTDA QOQETGA ANTVTT FIQTTFDA

CATGATTGCACGGTATGCAATCGCAGTCACTGCGTTTTCTTTGCCCATAATAAAGTGACCATATGAGATTGGGGCGGAGACGACTTGTGTGGAGATGTACTGGGAGAGTATGCTGGTGAG
M I AR Y A I ATV ANEIKTGMTIT FHSGY S IPASUVVQTSTIUVYAOQSTULTISTTL

TTTTTGGATAGAGCCGATCGGTCCTAATAAAACACCATCT TTTTCTTT 'GTAGTTGTTCGTATCATTTAGAATGCTTTCCGTGACCGATTCCATCATGTCGTTTAG
K QI s 661 P GL ULV GDULZPUVNZEIZKS ST YNNTUDNILTISETUVSEMMTDNTL

AATTCTATAGATATATGAAATATTATTATTCCTGTTCAAAAAAAATAATGACGTTAACAATCTGTTCTTCAGGCTCTGAAACATGTTGCTGCGCTGTACTCGGCTCAGAGCTTGTTTATT
I R Y I ¥ S I NNNU RNILTFTFULSTULTULRUNIKILS SO QTFMNSUZRU QVR RS STIULAGQTI KN

ATGTACTTTGTTCTCATTCATGGTCAGGACGATAAATTGCGGGGGAGATTTTCTCAATAAGGTTTGCATGAATGCGTGAATCAAACCTCGCTCGAGCGAATCGGCTGAATTCTTTAAAGA
HV K NENMTULV IV FOQPZPSKZ RIULILTA QMTFAHBTITULGRTETLSTUDA ASNTE KTITLS

TCTTAAGACTGTATGTAACGCATTGATGTTTAAAATCTGATCGATGACTGTGTTTTTAAATGTGTTTTCCAGATGT TCCAGACAGGCAGCGCTCAAATCGAACGATATGTTTATGGGGTG
R L V THULANTINTILTIAGQDTIUVTNIE KTFEFTNETLUHETZLT CAAS ST LTUDTFSTINTITFPH

TTTTTCTGAGTGTTTGGCTACCATGATGGTGGTTTCTTTTGAAGCAGTTACGTCGTTTCCTGTAGCGACTCTAGGTAATTGAATAAAGAAGAGAACCTTCCCGAGGGTCATTCGACTCAC
K E S H KAV MTITTETZKSA ATV VDNGTAVR RZPILAOQTITFTFIULVIE KTSGTELTMMTR RSV

ATCATTGAAGCGGATTACGTTCGCTGCAACGGCGATCGGCGTGGTGAAAAAGTTAATCCATTCTATTTTGT TGCAGTAGAT TCCGAGTAAGGCTTCAAAACTGATGTTGTAACGGCTCGG
D NF R IV NAAVATIUZPTTT FTFNIWETITZKNTCTYTIGULTULATETFSTINTZYT RSP

ATCGTCACCGAAATAAATTCGCAAATTGTCAAAAAGTTGTTCGGCTGTGTATGTTTTAATGTCATTGAAAATATTTAGAGGTGCTTCGATCT TAGGTAAAATTTCGGTCGCCTGCCAATT
D DPDGF Y IRULNDTFTULGQEATT YTTZ KTIUDNTFTINTILTPAETITZ KT PTLTITETA AROQTWN

H T G N CE T LI VNS CVF G S TOCARSTIUPVF FIDSTCDTULTA
TTCCATGTTTCGGCGTTATGCAGCACACCGGTAATTGTGAAACTTTAATAGTTAATTCATGTTTTGGTTCCACT TGTGCACGGTCGATTCCAGTTTTTATAGATTCGTGTGATCTGACCG
E VS RDEETHRTILARSMEPVVLETIKTITES STITIETZKTITFU QT SGTPNTIUVHTDK
CTGAAGTGTCTCGCGACGAGGAAACTCGTTTAGCGCGATCCATGCCTGTAGTTCTGGAAAAGATCGAGTCAATCATAGAGAAAATTTTTCAAACGTCCGGGCCAAATATCGTTCACGATA

D RAKTIALTGCR RTULILTLGZPVAVZPCTFTCETETWSDTNDTYTULSZ KT SSGT CT KTCTIG P
AAGACAGGGCTAAAATTGCCTTGTGTCGTCTGTTGTTAGGACCAGTTGCGGTGCCATGCTTCTGTGAAGAGTGGGACACCAACGACTATTTGTCGAAATCTGGCTGTAAATGCATAGGTC

LY I HTSRG C®RTECSDTIUPVF FI KTFSIMZEKT DTYYASUHVYVT FRTGTILTULSTLIE KTETMWW
CGATCTTATATATTCATACCAGTCGATGTCGTTGTAGCGACATTCCGGTTTTTAAGTTTTCTAT TATGAAAGATTACTATGCTTCACACGTGTTCAGAGGTTTATTATCTCTGAAAGAGT

FIG. 2—Continued.
290

4560
1283

4680
1243

4800
1203

4920
1163

5040
1123

5160
1083

5280
1043

5400
1003

5520
963

5640
923

5760
883

5880
843

6000
803

6120
783

6240
723

6360
683

6480
643

6600
603

6720
563

6840
523

6960
483

7080
443

7200
403

7320
363

7440
323

7560
283

7680
243

7800
203

7920
163

8040
123

8160
83

8280
43

8400
3
35

8520

1

75
8640

115
8760

155
8880



6R

KA

8R

SR

N T HL PNV L CTTZCETULSMSUDRYJVATVYZ?PIZ KO QNS S5TIZYTZLETYTZYTZPYTFTLSC
GGAATACACATCTACCGAATGTATTGTGTACGTGTGAGTTGTCGATGAGCGATAGATATGTGGCGACAGTGTATCCTAAGCAGAATTCTATTTATCTAGAATACTATCCGTATTTTTTGT

Y L CR H L TV I ETIEZQTCTNDTILTISTULILGP KV VAQRT YVTITIHTFTI KTILTLTFGTF
GCTACCTGTGTCGCCATCTTACTGTCATTGAGATTGAGCAGTGTACAAATGATTTAATTTCGCTTCTTGGCCCTAAAGTAGCTCAGCGAGTCATAATTCATTTTAAACTGCTTTTTGGTT

R H K P HIGTVD S WF WENTFTFMLETLUHTIKTILUW¥¥LTJVVI KU HNZP RVYVTTTUDTFF
TTCGTCACAAGCCGCATATTGGTACTGTTGATTCGTGGTTCTGGGAAAATTTTTTTATGTTAGAATTGCATAAGCTTTGGTTAACCGTAGTCAAACATAATCGGGTGACGACAGATTTTT

NVVYET KT Q N Y K QY A I KTTULURMS S KAVZPAIO QRTLTETLA AT KTFTZ KU QOQTL
TTAATGTAGTCTACGAGAAAATTCAAAACTATAAACAATACGCAATCAAGACCCTGAGGATGTCGTCTAAGGCGGTTCCTGCAATACAGAGGTTGTGTTTGGCAAAATTTAAGCAGCAAT

L YL NTIKV TV KIZ KNIZKREMTCTLNSGT FVYSGGKTULYVVESSOQLTITFHZ RINTL
TGTTGTATCTAAATATTAAGGTTACGGTAAAAAAAAATAAGCGAGAAATGTGTTTGAATGGCTTTGTTTACGGTAAAACATTGTATGTCGTTGAATCTTCTCAGTTAATCTTCCGGAATT

L L LY YDYSULPDETGECIKTNETENTVTILTA AHRTYTIHRTVYVTISUZ RILSTFTI KT RSTZ RS A
TGCTTCTGTTGTATTACGATTACAGTTTGCCGGACGAATGCAAGACAAACGAAGAAAACGTTTTGACGGCTCATTACATACGAGTAAT TTCGAGATTGTCGTTTAAGCGGTCTCGGAGTG

L PP GV RPDTFTITFVAQQPT KT RTEKETLTPNVEPGGTIDTFA AETITS SV VU RIEHGEGA
CGCTCCCGCCAGGCGTGAGACCAGATTTTATCTTTGTGGCACAACAGCCTAAACGTAAAGAGTTACCTAATGTTCCCGGTGGTATCGATTTTGCTGAAATTACCTCAGTGAGGCATGGCG

VTLNAFNTNI KVMNILTIEKA ATTISI KR RANTFUVYHRTIZPTE KTMTUHTST FTU VMY
CGGTAACTCTTAACGCGTTTAATACGAACAAAGTCATGAATTTAAAAGCAACCATTTCAAAAAGGGCTAACTTTGTATATCATCGCATTCCTAAGACGATGACCCACAGTTTTGTCATGT

K HTFZKETPAFTVSTFVSNDTDTLTDMSSTLNTIN I RGP Y CDTFULYATL
ACAAGCATACGTTTAAAGAACCTGCGTTTACCGTAAGCACGTTTGTTTCAAACGATGATTTAGATATGAGT TCGTTGAATATCAACATACGTGGACCTTACTGCGACTTTTTATATGCTT

G VY KMHV S IRDULTFTILPAFUVCNSNNSUVDILOQGLENSO GQDTVVTZ RN ﬁ K
TAGGCGTTTATAAGATGCATGTTTCTATCCGAGATCTATTTTTACCGGCGTTCGTTTGCAATAGCAATAATTCAGTGGAT TTACAGGGACTGGAAAATCAGGATGTTGTGAGAAATAGAA

VY W I T NTF P CMTI SN ANIKVNVNVGWT FI KA AGTSGTITIZPUZRVYVSGETDTLAQ
AGAAAAAGGTGTATTGGATCACTAACTTTCCGTGCATGATTTCTAATGCTAACAAAGTGAACGTGGGATGGTTT AA Al TATTATTCCTCGGGTGTCT CTTC

NV LoL Q E L NNVRETIUPGIULVFDMDTILUHOQLTULVULTLEUG QRNUNTILUEOQTIUZPTFL
AAAATGTTTTGCTTCAGGAATTAAATAACGTTC TTCCC TTAGTCTTTGATATGGATTTACATCAACTGCTTGTTTTATTGGAACAGCGAAATCTACATCAGATTCCGTTTC

V KQ F L I FLRULGULTULMGYSGHSTRR ﬁ K VH D I ML HULTI S NGTULTFDTFN
TCGTTAAACAGTTTCTTATTTTTTTACGTCTCGGTCTGTTAATGGGT TACGGGCACTCTCGGCGCAACAAGGTGCATGATATTATGTTACATTTAATT TCGAATGGTCTGTTTGATTTTA

K NS VA NTI KTIIKUBHGT CALVSGTRULANNSNVZPIKTITIA ARG GQIEKTI KM MTEKTLTUDUHMG
ATAAGAACTCCGTAGCAAATACAAAAATCAAACA! T TGGTT TCGCCAACAATGTT AAATCATTGCT. AGAAAATGAAGCTAGATCACATGG

R N AN S LAV ULRTFTIVIKSGETU QI KNTZE KTV VTFTIIKTLTLTETYTLA AETS ST ATINT
GGCGAAATGCTAATTCGCTCGCCGTGTTGCGTTTTATCGT TAAAAGTGGGGAACAGAAAAATAAAACTGTTTTCATTAAAT TGTTGGAATATT TAGCGGAAACCTCAACTGCCATAAATA

R NE VARILTLOGOQTTULTAZKVIE KT *
M N VLV ADEWTFUDTGCATIT CTLUDSETTIA AUV
CGCGGAATGAAGTCGCCAGATTACTTCAGACTCTGACGGCTAAGGTGAAAACATGAATGTACTCGTGGCCGACGAATGGTTCGATTGCGCGATTAGGT TAGAT TCGGAAACCATAGCTGT

H E I F NP EULSKTULULNILUHSI KTV YMSODULGCATFTISGCVNR RNVGT KTLT
CCATGAGATTTTCAATCCGGAGTTAAGTAAACTGCTTAACTTGCACTCGAAAACAGTCTACATGTCCGACCTATGCGCTTTTATTTCTGGTTGTGTTAATCGGAATGTCGGTAAACTTAC

I Y WHUV N GDTIIJYATLTSGTIULHTCVIKTII KTIZETCECGERTIADGRTYHZRIULYTESTI
CATATATTGGCATGTGAACGGAGATATAATCTACGCATTGACGGGTATTTTACATTGTGTAAAAATAAAGATAGAGTGCGGGGAGAGAAT TGCCGATGGTCGATATAGATTATACGAAAT

P K L F L MR GQ S TPMETLIZKUWIE KU HA AV GIATTNIEKTPILTILTUHUYVILTUDUV'LE
TCCTAAATTATTTTTAATGAGAGGACAGTCAACACCCATGGAATTGAAGTGGAAGCACGCCGTGGGTATCGCGACGACGAATAAGCCTTTGCTGACGCACGT TTTAACAGATGTGTTGGA

T SsS P F TLPDTULULSVQETLSTITFREH RTILSTYTIZYZYVULGSDJVDTIUVART
AACATCTCCTTTTACCTT TACGCTTCTGTCGGT TGTCTATTTT TGTCGTACATTTAC "TGGGGTCAGATGTTGATATCGTAGCGCGGAC

E R E I FQ KCAETULARULAOQQVT FIULTIOQGNTIMENTFUVLAQATCTLTFUGQLGA
AGAGAGAGAGATTTTTCAAAAATGTGCAGAACTAGCTCGCCTACAGCAAGTGTTCCTTATTCAAGGAAATATTAT AAACTTTGTCCTCGCCC TTGTCTATTTCAGCT

D G L WEETISGSVRZPRUPETLMSSAFIOQHURVYVMILNNTZGCYT CTIA AVTITFN
TGATGGTTTGTGGGAAGAGATATCTGGTTCTGTACGTCCTAGGCCGGAATTGATGTCCAGTGCGTTCATTCAACACAGAGTAATGTTGAATAATTGTTATTGTATCGCTGTCATCTTCAA

A I Y K H KL S LPTVERSHETU VNI RUVAQETY]YZKSYVNAEPTULSTUVTLUVTC
TGCCATTTACAAACACAAACTTTCCCTGCCTACCGTAGAAAGAAGCCACGAAACCGTTAATCGTGTAGCTCAGGAATATTATAAGTCTTATGTGAATGCTCCTCTCTCTGTTCTTGTGTG

A T KV L TULVFTETETYNTFIKSALVTFV S QFTFOQVDVEAST RADTUVTIR RIULTF
TGCGACTAAGGTGCTTACTTTATTTACAGAAGAATATAACTTTAAGTCAGCTCTCGTATTTGTCAGTCAGTTTTTCCAGGTGGACGTCGAGGCTTC TGTGATTCGTCTGTT

L A CLKGTD *
TTTAGCGTGTCTAAAGGGTGATTAAATCTCTCGGAAAGAGGCTGAACTGTTTCCAGAGCATACATAAATCGCCATAATTATAGCGATAATTAAGTCGTCGGAACAGGCTTGTTTTTTAGC
* I ERF S A S S NG S CV Y I AMTITIATITITULUDTU DS STCARQTEKTKA

GCTGTATGTTATGTAATTGTTAACGGAGATCTGGTGAATGTTTCTGATTTGTTCTAGTGCGTATTCCACGGGATCGTAGGTAATTTTTAT TGTAAACGATATCAATTCCTGTGACGCCTT
S YT I Y NNV S I QHTINR RTIUOQQETLAYEVZPDYTTIZ KTITT FSILEG QS SAHTK

GATGTTTCCTGAATTAAAATTCGAGATAAAAAACTCAACTGCTAGTTTTTTTTCTTTACCGAGTAGGTAAAATGGCTGTGCTATCTGATTTTGGTCTGGGGTGTGGAAAAAAGTCACCTG
I NG S NF N S I F F EV ALIKIKEIZKTGTULTLYTFUZPO QATIGQNO QDTZPTHTFT FTUVAQ

TATAGATTTATTAGCCGTGATGTTTTCCTTTATGATACATGCAATTTTTACGGCAGAAGCTTGATTGGAATTCCCTTCTATGATGATTTTTACTTCCGTGAAGAAAGGATGTAGATCTAG
I $S K NATTINEIZ KTITITGCATII KV YVASAQNSNGTETITIIIKVETT FTFUZPUHTULTUDIL

GATTGACAATATCATATGCGCGGCACATTCAGCTATTGCCGTGTCGGAACTTGTCATTAAACTTTCTAGAAAGTAGTGCTCCATGCCGTAGACGATATATTGATCTAGATAGGTGCCTAT
I S L I M HAAOCEA ATIATD S S TMULSEULTFYHEMMGYUVTIYOQDULYTGTI

TGCTGCTATGCCTGTGCCAGAAGCACGGCGGTTGCCTGTATAGGCAGGGTCTAGGTATACGTACAGATCTTTACCTAAAAAGGGAATTAGATTTTTATTGATGGTGCTGTATCGGAAAAA
A AI 6GT G S ARRNGTYA APTUDUZLYVYZLLDIKSGTLTFZ?PTIULNIKNSNITSYRTFTF

CTCGAATTCGGTTTGGCCTTGTTCCGTAATTAAAACGTCGTTGATCACATTGCAAGTGGCTCCGCCCATGATTTCATGGATGAAAGCTCCTTCTAGGAAGAGGTTGGCCGTTTTTTTAAC
E F ETQGOQETTIULVDNIUVN N CTAGT GMTIEUHTITFAGETLTFTIULNATIKIKYV

TTCGGCGTTAATGCTGATGAACTTGGGTTTGTGGAGTCGGTAGCAAGAA“AGGCTGTGGCGTTACCGCGTTCGTTTAACATATGGGCGTGATCTTCACATACGTAAGAAACTACGGAGAG
I F K P K HLRYCSCATA ANGRENTILMUBHAHRDET CVY SV Vs L

CATTTCAAACGGAGAGTTGTTCAGCTTCATTAAAAAAGATGTTGAATGGTTTCCGGAATTGGTCGAAGATATAAATAGGATCTTGGTAGATGCTTGGGGCAGGAAACCTAAAATCGTGCT
M E F P S NN LKMTULTF ST S HNGSNTS S IV FULIXKTSAQPTULTFGTULTIT S

M N S AL NG I KDUDTFEN
GAACGCGTCTTTCTTTATAAAGTGGCTCTCGTCGACAATAAGCAGATTGAAGCTCTGTCCGCGTATACTCT ATGAATTCGGCGTTAAACGGGATAAAAGACGATTTTGAGA
F AD KK I F H S EDUVILILNTFSQGRTIS/ ACCEPTOR FROM 12L

cC E T KDDL F K I I DKI S KNGZCNTFTIVEAGQVESTLZP?PRIRVDSAATIULTFD
ACTGTGAAACGAAAGACGACCTTTTTAAAATAATTGATAAAATAAGCAAAAATTGCAATTTTATAGTGGAACAGGTCGAGTCTTTGCCTCGGAGGGTGGATTCAGCGGCCATCCTATTTG

N L AV ETIFNDUV I YROQNGVAAIKTIRUOQGNGSO QDTIUDT *

M E L P RKYDRUVTGRTIIULTHIKNNINUOOMMTETCTT
ATAATCTCGCGGTGGAGATATTTAACGATGTAATATATCGACAAAATGGAGTTGCCGCGAAAATACGACAGGGT! TATT TAAGAATAACCAGATGTGTACAACC
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E C S QM Y NL HVNUPITTFEULSGTLGNV VT FVCMRBRTCLTVUHUHTCDM GQ@TUDTCT
GAATGTTCTCAGATGTATAATTTACACAATCCTATCACGTTTGAGTTGGGACTTGGAAACGTGTTTGTCTGTATGCGGTGTTTGACGGTTCACCACTGTGATATGCAAACTGACTGTACC

I VN THEGYV CAKTGTULTFY S G WMPAYADTCTFTLTETZPTIT CET PN NTIETUV
ATTGTCAACACGCAT TATGTCTGTGCAAAAACGGGTTTATTTTATAGCGGTTGGATGCCTGCATATGCAGACTGCTTCTTAGAACCGATCTGTGAGCCGAATATTGAAACGGTT

N VVVVLLSYUVYSsSTFILMENIKERTYAARATITIDS STITIZ KT DTGH KT FTII KNUVESTD
AATGTCGTGGTGGTCTTGTTATCTTATGTATATAGTTTTTTGATGGAAAACAAGGAACGATATGCTGCCATTATTGATAGCATTATTAAAGATGGGAAATTTATAAAAAACGTGGAAGAC

AV F Y TFNA AV F TNSTTFNI KTIUPULTTTISIRULFVOQLTITIGS GHA ATI KTGTI
GCTGTGTTTTATACTTTTAACGCGGTTTTTACTAACTCAACTTTCAATAAGATTCCTCTGACGACGATAAGTCGTCTTTTTGTTCAGTTGATTATAGGAGGACACGCTAAAGGAACGATT

Y DS NV IRV S RRI KRETDSTLLI KI KMTZBRTLETYGNATLTITL *
10R M ETHUL Y Y DTULYQY QG G
TATGACAGTAATGTAATTCGCGTCAGTCGTCGGAAACGAGAAGACAGTTTACTAAAAAAGATGAGATTGGAGTATGGAAACGCACTTATACTATGACACCCTGTATCAATATCAAGGCGG

VY P A HI CLUPTUDUVCLZPM®RVYVDTCTIESTLYT FHRTZ CVFTFI KSGMUHEYTTEW
AGTGTATCCGGCTCATATTTGCCTGCCGACAGATGTGTGTCTTCCGATGAGAGTGGATTGTATCGAGTCTTTATATTTTCGGTGTGTATTTTTTAAGAGTGGGATGCATTATACTGAATG

S K L K F TV 1Is RUETIKTFIKDVULI KDA ADSUDEVTFTGLVVMTTIZPTIZPTIUV
GAGTAAATTAAAGTTTACTGTGATTTCACGTGAAATAAAGTTTAAAGATGTGTTAAAGGATGCGGACTCTGACGAAGTTTTTACCGGTTTGGTGGTAATGACTATCCCAATTCCGATAGT

D FHF DIDSVIULI KU LVYZ®PRULVHRETIVLRILYUDULTIT CVRUPUPSNIR RSFEP
AGATTTTCATTTTGATATCGATTCTGTAATTTTGAAATTGGTTTATCCGCGGTTAGTGCACCGGGAAATAGTGCTGAGACTCTACGATCTTATATGCGTCAGACCTCCGTCAAACCGGCC

S EA S A KVNTIANDTFYOQLTS®RENIZ KU QTU®PUDTETEI K RTECLTFTFOQOQGT?PTULTEP
GTCGGAAGCATCAGCTAAAAATATTGCTAATGATTTCTATCAACTAACCTCACGTGAAAATAAACAGACACCCGATGAGGAAAAACGTTGTCTATTTTTTCAGCAGGGACCTTTAGAGCC

P S T V R GLKAPGNEIZKUZPTIAOQTFUPAHANEIKMTESTFULSD S WFGQIKV
ACCCTCTACCGTCAGAGGCTTAAAGGCGCCCGGTAATGAAAAGCCAATACAATTTCCCGCCCATGCTAACGAAAAAATGACCGAATCTTTTTTAAGCGATAGTTGGTTCGGACAAAAAGT

R €C K K I L DF TOQTYOQVV V CWYETILST FSREMOQTITENNILILSASA QLK
CAGATGCAAAAAAATTTTGGATTTTACGCAAACGTATCAAGTCGTGGTATGTTGGTACGAGCTTTCGTTTTCCCGCGAGATGCAGATCGAGAATAATTTACTGTCCGCTTCCCAGCTAAA

R V N A ADVF WD RTNRYULRDTIGSURUYVLITHTIVIE KTILAGQTIUHNI RAGQTFIKOQHK
GCGGGTTAACGCTGCGGATTTTTGGGATAGAACTAATCGGTATTTGCGAGATATTGGAAGCAGGGTATTGACACACATCGTGAAAACGCTTCAGATTCATAATAGGCAATTTAAACAGAA

F N C N F P DNTF S F DRULLSFMAQLGIKUDTFW¥WILNILTTULUDS ST CTITIIZ KA ATITI
ATTTAATTGCAATTTTCCAGATAATTTCAGCTTTGATCGTCTATTATCATTTATGCAGCTCGGGAAAGATTTTTGGATTTTAAACTTAACTTTAGACAGCTGCATTATTAAGGCAATTAT

G FQNGGK S F L AQDEVWG6DULIDTCSKG S VI Y GEIZ KTIAGQUWTIL
CTGTTTCCTAGGTTTTCAAAAC AAATCTTTTTT CCAAGATGAAGTTTGGGGGGATTTAATAGACTGTTCTAAAGGATCGGTGATCTACGGGGAAAAGATCCAATGGATTTT

D S T NNULY S TCREIZ K QNI KSWETLYV VDT CCALTYUVSsSETZ KTLTETLTDTFUVTLFP
GGACTCGACTAACAATTTATATTCGACGTGTCGGGAAAAACAGAATAAGTCGTGGGAATTATATGTTGATTGCTGTGCTTTGTATGTATCTGAAAAGT TAGAGTTGGATTTTGTGCTACC

G 6 F A I TG KT FALTUDTGDTIDTFTFNUWRTFGTIL S *
11R M A I s TF s I 6D L G Y L RNTFTIULAO QNETCNUWTFTRTISC
CGGCGGATTTGCAATCACCGGTAAATTCGCGCTTACTGATGGCGATATCGACTTTTTCAATTGGCGATTTGGGTTATCTTAGAAATTTTCTGCAGAATGAATGTAACTGGTTCAGAATTT

K K T FYREYR RSV AT S S PTTFSLNNIKZPIKTI KT FTCMH TCETIVTITFI KT RSE
GTAAAAAAACATTCTATCGCGAATATCGCAGCGTTGCGACATCGTCTCCTACATTCTCGTTGAATAATAAGCCTAAGAAATTTTGCATGCATTGCGAGATTGTAATATTCAAGCGAAGTG

E FMF S LAVNGIHTFGQTFULTGIKME KTFNIEKTI KA AVZPETGTLYYYTITULETLG
AAGAATTTATGTTCAGCCTTGCGGTAAATGGCATACATTTTGGGCAGTTTTTAACCGGAAAAATGAAAT TTAATAAGAAAGCAGTTCCGGAAGGGCTCTATTACTATATATTGGAATTGG

s 1 TP I DULGT FIPRYNSDTGCVTNMRTCVTZ®PEUVTIZYZENTCSTIUVCTPTEE
GAAGCATAACCCCTATCGATTTGGGCTTTATTCCGAGATATAATTCCGACTGTGTTACAAACATGCGTTGTGTTACACCGGAGGTTATTTATGAAAATTGCTCTATTGTGTGTCCCGAAG

A NR LTV K G S G DNIKULTU PTULG GG GT CGAWTCTLZ KNSZGU G DTULVYTIZYTTFA ATLAY
AGGCAAATCGCCTCACGGTAAAAGGGTCCGGGGACAATAAATTGACTCCCTTAGGTGGGTGTGGAGCATGGTGTCTGAAAAATGGTGGCGATCTGTATATCTATACTTTTGCACTCGCTT

DL FLTOCYWDI K STT FUPSULAIKTITITFUDMTIA ATCESTETDTCVTFT CI KT DU HTUNTE KU HUV
ACGATCTTTTCCTAACTTGTTATGACAAATCCACCTTTCCATCTCTGGCAAAAATTATTTTTGATATGATAGCTTGCGAATCCGAAGATTGTGTCTTTTGTAAAGATCACAACAAACATG

S QA GQ IV GGCV S NQETT CTFT CYTS ST CZ KI KT KMANTINNSNTZP®PETLTIS STILTLT CHTD
TATCGCAAGCTGGACAGATTGTAGGGTGCGTCTCTAATCAAGAAACCTGTTTTTGCTACACATCGTGTAAGAAAAAAATGGCTAATATTAACAATCCGGAGTTAATCTCTCTGCTCTGTG

Q E I N K I DI MYUPIZKTIIKA ASTULSULDTINSZYA AHTGTYT FSGDTUDTPZYA ATLT KTCTVN
ATCAGGAAATTAATAAGATAGATATTATGTATCCCAAAATAAAAGCATCGTTATCACTGGACATTAATTCTTACGCTCATGGGTACTTCGGTGACGACCCTTATGCGTTAAAATGTGTTA

W I P VRIS AALSUR RTILTIVILSTCPUVCEKT RVVMD *
ATTGGATACCAGTCAGGATCAGCGCAGCTCTGAGCAGGCTGATTGTTTTGTCGTGTCCTGTGTGTAAGCGTGTGGTAATGGACTAATTGTGTGTTTTATGTATTAATTTTTTATTTCTGA
AAATAAAGTTAAATTGATAGTACTTACGTGTGTATTGTAGCAGCTGGCGAAAAGTGCTGTGCTCTTTATATTTTGATGGTCGATTGTAATTACATTATCCAGGCATGTGATTGTCTTTTC

12L SPLICE DONOR 7L / VHTNYZCSATFTULATSI KTINAQHDTITTIUVNHDILZCTTITTIKE

TGGAAACATTCGGCGGCATTTAAACTCGACTTCTTTCATCACARAGTGAGATACGTGTTTTTGATGTGCCACGTAACCGATGCTGATTCCTTCAATGTTCTTCAATAAAAAACTTATAAT
P FMRRCKTFETVETIKMVF FHSVHEKO OQHAVYGI S I GETINTIKTLTLTFSTITI

AGGAACTATGAACCACGTTTTTCCATGTCTTCTTGGGACTAGGAATACGTTAGTTTTTTGTTTCAGCGTATTCAGAGTACTTTCGTTTACGAATTCAATGTCGAACACGTGGGTCAGATA
P VI F WTIXKGHU RURZPVLFVNTI KA QIEKTLTNTIZLTSENVTFTETITDTFUVUHTTLY

GTTGATAACACGATTGGCTAAAGCTGGAAGTTTGGTGACGGCGATGAAGAAGATTACATGTATGAGAATGTTCTTCTGAAATGGTTCCAGTTGTATTTTGCGCGTGTCTCCAAAGTCGTT
N I VR NALAPTULIKTUVATITFTFTIUVUHTIIULTINIEKZ GTFZPETLO QTITZ KT RTUDTGTFTDN

GAATTCTCCTTTGATCCATTTTCTGAAATCTTTGATAAAACCGTCTATTTGCAAGAACAGCGGTTCACGATATAGAATCT TAAAGGATTCAAGAAATTCCGTGTATTGTGATTCAAAGGA
F EG K I WKRTFUDI KTITFGDTIOQLTFTULZPTETRTYULTIIKTFSETULTFTETTVYGOQSTETF S

TTTGTCGGAAGCGGGTAAAAACTTCATTTCTTGTAGCTTGTGCGAAAGGCTCGGTAGTATAGTAAGAGGCTTACGGTTTTTAAGATGTCGCTGTTTTTCACAAAATGTATATAGAGGTTT
K D s APLTFKMEU QLI KHSTLSUZPULTITTULZPI KR RNIEKILUHTR RGO Q@EKTETETFTZ YTLTZPK

TACCTGTTGGTTATATGAATGGGCAAAGCCGAGTTCTGGCGTGAGCATTATAAAACGCTTCTTATAGAAGATGGCACTGTTGGGGTACTTGGTAGATATTGTCGAGCAGTCTCTTTCGCC
VeQQNY s HAFGLETPTTULMITFRIEKTIKYTFTIA ASNTZPYZ KT STITS ST CTDTZ RTEG

13R M S Q VR SMEUZPDTULTTULA AAVYQAAANTULTTETGQTD
TTTCCATATGATCGCTTCATAGTTATTTTTTATGTGGGTTATGTCGCAGGTACGTAGCATGGAGCCCGACCTTACGTTGGCGGCGGTCTATCAGGCGGCGGCGAACCTCACAGAGCAAGA
K W I I A E Y NNKTIHTTIDTGCTRTILM

kK E I F AEAV KTATF SV CS SAAPSARTLURBRMTIETTPTU QNTFMTFUVTS SV
TAAGGAGATTTTTGCCGAAGCGGTAAAAACTGCGTTTTCAGTGTGTAGTTCGGCAGCCCCGAGCGCTAGGTTGAGGATGATCGAAACGCCTACACAGAATTTTATGTTTGTGACGAGCGT

I1 P S GV TS GEZ KI KTI KTLNVNTIDA AALTDNTILA ATLTSTFA ANTZIKITZKTSTZ KT KMARTTYL
TATTCCTTCGGGTGTGACGTCTGGTGAAAAAAAAACAAAGT TAAATATCGATGCCGCTCTGGATAATTTGGCTTTGTCGTTTGCGAACAAAAAATCAAAGAAGATGGCTAGAACGTATTT

LQNVLRTOQDO QQ@VATISGI KT YTITULYTZ KT KU HTIETSTULMTIUDTEKTT KTLTVEZ KK
GCTGCAGAACGTTTTGCGGACTCAAGATCAACAAGTTGCCATTTCGGGGAAGTACAT TTTGTATACAAAAAAACACATTGAAACGTCTTTGATGATCGATAAGACGAAGTTAGTTAAAAA

1 L E Y A ETZPNULLGTYTUDVRDTILETCTULTLTWLVTFTCGTPZ KTSTFT COQSTDSTCTF
AATTCTCGAGTATGCCGAGACCCCTAATCTGTTAGGATATACCGATGTGCGTGATCTTGAATGTTTACTTTGGTTAGTGT TTTGTGGTCCTAAAAGT TTTTGCCAGTCAGACAGTTGTTT

FIG. 2—Continued.
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G Y S KT G Y NAATFUPNVNILTLZPZPYULYET CG QNNGULTFTFGIVQAYVT FSsSW
CGGATACAGTAAGACGGGATATAATGCCGCGTTTCCAAATCTATTGCCTCCGTATCTGTACGAATGCGGCCAAAATAATGGACTGTTTTTTGGCATTGTGCAAGCTTACGTGTTTTCTTG

Y s DF DF S ALETI SERARIRRIRSILTLYDULIE KA QR KTFAEU QEUVSVLSYV
GTACTCAGATTTTGATTTTTCGGCGCTTGAGATTTCAGAACGCGCTCGTCGTCGAATCAGGTCACTCCTGTACGACTTAAAACAGAAGT TTGCGGAGCAAGAAGTTTCTGTTTTATCGGT

A S QM CI F CALYI KO QNI KTLSTLETYV S GDULI KT SVF FSsSUPTITITIIKDTCTLSTC
AGCGTCACAGATGTGTATCTTTTGTGCATTATATAAACAAAACAAACTTAGTCTAGAATACGTTTCTGGTGACTTAAAGACTTCTGTTTTTAGTCCAATTATAATAAAGGATTGTTTATG

A QTTTISTTOQMLUZPGTXKSSATITVFUZPVYDILRIKILILSGA ALV VTISETSGS S VK
CGCGCAGACGACAATTTCTACAACTCAGATGCTGCCAGGTACAAAGAGCTCAGCCATATTTCCGGTATATGACCTTCGTAAGCTGCTCGGTGCGCTTGTCATTTCGGAAGGTAGTGTCAA

F D I *
14R M S L K D Y L R Q@ S5 1I s KDULEUVR RUHRUDSULIKTIRTILGERUHEPILSUVH
GTTCGACATATAATGTCTTTGAA( TATCT AGTCCATTTCTAAAGATTTGGAGGTGAGACATCGAGATTCTTTAAA( TAGAT TCCATTGAGTGTGCAT

Q HM I AARUGQTITIIKSUDNAEA QQHV IS S1L S GFLDI KO QIKSTFTULRIVYVOGQAOQK
CAGCATATGATCGCCGCTAGGCAGATCATCAAATCGGACAATGCAGAACAACAGCATGTAATATCTTCTTTGAGTGGTTTTTTGGATAAGCAGAAGAGTTTTTTAAGAGTGCAACAAAAA

A L KQULEIKULDVDETITIUDTA AAEVI KAV S NDTIZKTETIULTITSTTETLTE *
1SR

M
GCTTTAAAGCAGCTAGAGAAATTGGACGTCGACGAAATAATTGATACGGCAGCGGAAGTGAAAGCAGTCAGTAATGATATAAAAGAAACTCTTATAACAAGCACTGAATTAGAATAATTA

D NGV ETZPOQGOQKTOQZPTINTLZPZPVRIKIEKTILIRIEKUSHETGTLSGIZ KU GV VI KT RI KTLTF A
TGGACAACGGTGTGGAGACACCTCAGGGTCAAAAAACTCAGCCGATAAATTTACCACCAGTCAGGAAAAAGTTAAGAAAACATGAGGGACTCGGAAAAGGTGTTAAACGAAAACTTTTTG

E DS S PLKIKO QTISACSUDMETIULSSUPVIKSZETCESUZ RS SA ASTLDTESTFGK
CCGAAGATAGCTCTCCCTTAAAGAAACAGATTTCCGCCTGCAGTGATATGGAAACACTTTCTTCGCCTGTAAAGTCTGAATGCGAGTCGCGAAGTGCTTCTCTCGATGAAAGTTTCGGAA

€C K HETIACDTCSATITETETLTLTGCHESTLTILUDSZPMIEKTLSNAHTTITFSSNIKW
AATGTAAACACGAAATTGCTTGCGATTGTTCTGCGATAGAGGAATTGCTTTGTCACGAGTCGCTTCTAGACTCGCCGATGAAACTGTCGAATGCCCACACCATCTTCAGCTCAAACAAAT

K L E L E K I I A S KOQTIFLDMSENAEIULAAYGETTULTUGCNULR RTITFIEIKTIS
GGAAACTGGAGCTAGAGAAAATTATAGCTTCAAAGCAGATTTTTCTAGACATGAGTGAGAATGCTGAACTTGCGGCCTACGGCGAAACT TTGTGTAACCTGAGAATTTTCGAAAAGATCA

S P F L F DV QS EEWRSYSVVYV?PHNIKETILTCGAO QTFTCQPZEI KTMMARUVL
GCTCGCCGTTTTTGTTTGATGTGCAAAGCGAAGAGCGTTCGTATTCAGTGGTCTACGTCCCTCACAACAAAGAACTCTGTGGACAGTTTTGTCAACCTGAGAAAACTATGGCTCGAGTTC

G V GA Y G KV F DULDI KVATIIKTANET DTESVISAFTIAGVYVTIRAIKSGA
TCGGAGTGGGTGCTTACGGGAAGGTGTTTGATCTAGATAAAGTGGCCATAAAGACGGCCAATGAAGATGAGAGTGTCATTTCGGCTTTCATAGCTGGTGTCATCCGTGCAAAATCAGGAG

DL L S HETCVINUNIUILILTISNSUVCMSUHIKT YVSLSRTYUDTIDTULUHI KTETETDHW
CCGACTTATTATCTCACGAGTGTGTTATTAATAACCTATTGATTTCAAATTCCGTTTGTATGAGTCATAAAGTGTCTTTGTCACGTACTTATGATATTGATCTCCATAAGTTCGAAGATT

D VRNV MNYYSsSVF CKULADA AVRTEFILNILIKTCECRTINBTEFIDTISZPMNTITFL
GGGATGTCAGGAATGTAATGAATTACTACAGTGTGTTTTGTAAGTTAGCTGATGCTGTAAGGTTTCTAAATCTGAAATGTAGAATTAATCATTTCGATATCTCACCTATGAATATATTTT

N H K K E I I FDAVULADTYSTULSEMUBHEBPNYNGTTCATIA AR KETYU DI KNTILO QL
TAAATCATAAAAAAGAGATCATCTTTGATGCCGTGTTGGCGGATTACAGCTTGTCCGAGATGCATCCCAATTATAACGGCACGTGTGCTATTGCTAAAGAGTATGACAAAAATCTTCAAC

VP I S RNKTFCDMTFNZPGTFRZPLVANAMITLVNVYVTCGATFTU DTGTENNTPTL
TTGTGCCAATTAGTCGTAACAAATTCTGTGACATGTTTAATCCTGGATTTCGACCACTTGTCGCCAATGCAATGATATTGGTCAATGTGTGCGGGGCTTTTGATGGTGAAAATAATCCTC

R HCNLDULTGCATFAQV VLS CVULRMTUDIE KT RGT CREA AOQLTYYET KT RTILTFA
TTAGACACTGTAACTTGGATCTGTGTGCTTTTGCCCAGGTTGTATTATCGTGTGTGCTAAGAATGACGGATAAACGTGGATGCCGCGAAGCTCAGTTATACTACGAGAAAAGGTTGTTTG

L ANEACRTULNZPILIKYU®PTFAYRTUDACTCI KTV VTLAEUHVVLILGLULTFYRDUV
CCTTGGCTAACGAGGCCTGTCGATTGAATCCTCTCAAATATCCATTTGCTTACAGGGATGCTTGCTGTAAAGTATTGGCTGAGCATGTAGTATTACTAGGGTTATTGTTTTACCGAGACG

v E 1 Y E KL YDFLDERTGETFGSRDULTFEATTFTULNNSIZ KTI LT RIRU OQPTIR
TGGTT AAAACTATAC TTTCTAGAT TTTGGGTCACGA CTTTTT AACTTTTTTAAATAATAGTAAACTTACCAGACGTCAGCCAATCA

E 6 L A S L QS S EYGEIKTLULUHDULRETLTFIULTINSTA ADTULUDI KTUDTS S L F H
TCTCGCGTCTCTACAGTCGTCC AAAAACTTTTACATGACCTTAGAGAGTTGTTCTTGATCAATTCTACTGCGGATCTGGATAAAGATACATCATCTCTCTTTC

16R M DL DOQTI S ETULS SV AETETETZPTILTMMTFTULILTUDI KTLYA ATIRTETKTIHK
ATATGTGATATAGTAATGGATCTTGATCAAATATCTGAAACACTGAGTTCTGT! AGAAGAGCCTTTAACCATGTTTTTACT AACTGTATGCAATACGGGAAAAGATCAAG

Q VP F 5 IV RULCHVYVYOCMLTIIKYNASNNNTZ CTITULGRIEKILTITETEMMOQAQOQTFL
CAAGTTCCATTTTCAATTGTTCGCTTGTGTCATGTTTACTGCATGCTAATAAAATATAACGCTTCTAACAATAATTGCATTCTGGGCCGTAAACTTATTGAGGAAATGCAGCAGTTTTTG

€C 6 TR VD GS EDI S MDULSETLTCIKTULYUDYT CZPULLTCSATLTGCRAEPTECUVSYV
TGCGGC. TGGATGGAT AGACATTTCTATGGATCTGAGTGAATTGTGCAAGCTGTATGATTACTGTCCATTATTGTGTTCTGCTCTGTGTCGTGCGCCTTGTGTATCTGTG

N K L F K I VERETR RGO QSENZPULWHATLRIKYTVTA ATH XTULYUDTIZYTTR
AACAAGTTATTTAAAATC GTGAAACTC AGTCGGAAAATCCCCTCTGGCACGCGTTACGGAAATATACCGTGACGGCGACTAAGTTGTATGACATCTATACGACAAGA

€ F LEY K G QQFF GEAV I Y GAIKUHERYTIRUHLVATT FYVKRETVIKE
A

TGTTTTT AT TTTTT 'GATTTAT A TGAGCGTGTTATTAGACACCTCGTAGCGACCTTTTACGTTAAAAGGGAAGTTAAGGAA

T L 6L L L DUP S S 6V F 6GASLDACTFGTI ST FNEDGTFTILMVI KET KA ATLTITF
ACGTTGGGATTGCTGCTTGATCCTTCTTCTGGAGTTTTTGGCGCGTCTCTAGACGCGTGTTTTGGAATTTCATTCAATGAGGATGGATTCCTGATGGTTAAGGAAAAAGCGCTGATTTTT

E I K F K Y KYULRUDIKEUDA BT FVSsS EULLIKNZPTEIKSTFSDFTITULSUHEPUVEPUV
GAGATTAAATTCAAATATAAATATTTACGGGATAAAGAAGATCACTTTGTTTCTGAACTATTAAAAAACCCCACGGAGAAATCCTTTTCGGATTTTATTTTATCTCATCCGGTGCCTGTC

I EFRERGI KTIUPSSREYTLMTYUDTFOQYRZP QRIKTLR RTT CEPTU®PATITLATFP
ATAGAGTTTCGAGAAAGAGGGAAGATTCCGTCATCTAGAGAATATTTAATGACGTATGATTTTCAATATCGTCCTCAGAGAAAGTTGCGTACTTGCCCCACTCCAGCTATTTTGGCACCT

H I K QL L C L NETAOGQXKSTVIVFDTCIKSUDILTC CEZ QI KTULSV VT FAQIKAVTFTYV
CATATCAAACAACTGCTGTGTTTGAACGAAACACAGAAATCTACGGTAATCGTTTTTGATTGTAAGAGCGACTTGTGTGAGCAGAAGCTGTCTGTGTTTCAGAAGGCTGTGTTTACTGTG

N VF V NZPIEKHRYTFTFQSULLQQYVMTOQTFYTINDUBHBNNZPEYTITESTEV
AATGTATTCGTAAATCCGAAACACAGGTATTTTTTTCAGAGTCTGTTACAACAATATGTAATGACTCAGTTTTATATTAATGATCATAATAATCCAGAATATATCGAAAGTACGGAAGTG

P S VH I VTAFTFRIRRTETEERSTILHTLVIDETETYTIETEETIZPTLATLTIUV
CCTTCTGTTCACATTGT GGCTTTCTT AGAAC. AGAA TTTGCATT AGAATATAT AGAAGAAATACCTTTGGCCTTGATTGTG

T P VAP NUPETFTCCVITDTIUGCNTLTWENIUNIZ CIE KA QTS STULOQVWAQSAVN
17R M G A K C C K P
ACTCCGGTAGCACCGAATCCGGAATTTACTTGTTGTGTTATAACAGACATATGCAATCTGTGGGAAAATAATATTTGCAAGCAGACCAGTTTACAGGTATGGGCGCAAAGTGCTGTAAAC
Q YL AACVRIEKTEPIKTP *
vV S C G MCKIKTTENTULTIDYIZ KGNZPTITULLANETFTVLTTUDTTESTETETEGHM
CAGTATCTTGCGGCATGTGTAAGAAAACCGAAAACACCTTGATTGATTACAAGGGAAATCCTATATTACTAGCGAATGAATTTACTGTTTTAACCGATACCGAATCGGAAGAGGAAGGGA

A DLEIKZPTULTULETZKTVVAIKTECECDTEAETZ KT KTLTPTCIKSKK * =
TGGCAGATCTTGAAAAGCCCTTACTTGAAAAAGTAGTTGCTAAGTGTGATACGGAAGC TGAAAAAAAATTGCCTTGTAAATCAAAAAAATGATAGACGACGCAGATTTACGGCACGCTCG

TTTTTTTTTATTTTTTGGCTATTTGACAATAAACATGATTGTAATAAAGTGTCACTCGTTTTCATCCATTAGGCTCGAGCTTTCAGTATTAACTAGTTGCTTGTACCGACGCTTCTTTTT
AACTAGGTAGCGTACAAG

FIG. 2—Continued.
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TABLE 1. Summary of data: ORFs, putative translation start sites, TATA consensus sequences, and lengths and relative molecular
masses of predicted translation products

Name ORF ORF ATG ATG context TATA TATA Length Molecular
start end position sequence position sequence (amino acids) (kilodaltons)
OR 2)° 358 (119)¢
1L 1954 544 1921 AACATGC 1978 TATTTAA 458 51.5
2L 3315 2002 3298 AGCATGT 3330 CATAAAA 432 50.2
3341 TATTTAA
3L 4412 3480 4367 AAAATGG b ? 296 335
4L 8415 4372 8406 AACATGG 8450 TATTAAA 1,345 151.9
8501 TATAAAA®
SR 8376 10733 8418 GTTATGC 8352 TATTTAGA® 772 88.7
6R 10724 11782 10733 AACATGG 10673 CATAAATA 350 39.9
7L 12984 11785
129094 666 76.2
12L 17007 16063{ 16989 TCCATGC* 17146 CATAAAA
1610
8R 12891 13175 12921 GGAATGA 12856 TATAAAG 85 9.6
9R 13114 13773 13126 AAAATGG 13099 TATTTAA 216 24.9
10R 13745 15079 13754 AGTATGG 13524 TATTAAAC 432 51.4
13542 TATAAAA®
11R 14948 16043 15039 CTGATGG ? ? 335 37.9
13R 16943 18009 16952 TTTATGT® 16849 TATAAAASC 353 39.4
16961 GTTATGT 16849 TATAAAAC
16979 AGCATGG 16944 TATTTTT
14R 17962 18354 18013 ATAATGT 17861 TATAATASC 114 13.2
15R 18348 20045 18360 ATTATGG 18318 TATAATA® 561 63.7
16R 19996 21519 20056 GTAATGG 20016 GATAAAG® 488 56.6
17R 21432 21689 21459 GGTATGG 21398 TATAACA 77 8.3

“ Incomplete ORF.
59, No obvious TATA consensus 5’ to the first ATG of the ORF.

¢ An intervening ATG codon lies between the proposed TATA consensus sequence and the first ATG of the ORF.

4 Splice acceptor site of ORF 7L.

¢ ATG context sequence does not conform to the Kozak (36) consensus sequence (RNNATG or NNNATGG).

/ Splice donor site of ORF 12L.

method. The overall G+C content was found to be 41%,
considerably lower than the values for HSV-1 (68%) (40),
EBV (60%) (1), and HCMV (58%) (60; M. S. Chee, A. T.
Bankier, S. Beck, R. Bohni, C. M. Brown, R. Cerny, T.
Horsnell, C. A. Hutchison III, T. Kouzarides, J. A. Marti-
gnetti, E. Preddie, S. C. Satchwell, P. Tomlinson, K. M.
Weston, and B. G. Barrell, Curr. Top. Microbiol. Immunol.,
in press) and in the same range as those for VZV (46%) (15)
and HVS L DNA (36%) (25). Observed frequencies of CpG
dinucleotides in this portion of the HHV-6 DNA sequence
did not differ significantly from those expected on the basis
of random associations between mononucleotides (not
shown). In contrast, eucaryotic DNA (6) and the genomes of
the gammaherpesviruses EBV and HVS do show an overall
CpG dinucleotide deficiency (27, 29).

The region sequenced contains 1 partial and 17 complete
ORFs, numbered OR (R, rightward; L, leftward) to 17R in

TABLE 2. Summary of optimized FASTP scores observed in
comparisons between HHV-6 ORF 11R and the homologous
genes from the other human herpesviruses

Score

Virus ORF

11R HCMVUL94 BGLF2 UL16 44
HHV-6 11R 1821
HCMV HCMVUL94 530 1929
EBV BGLF2 221 236 1718
HSV-1 UL1l6 108 62 169 1986
VZV 44 <30 <30 <30 518 1857

Fig. 1, which were predicted to be coding by the positional
base preferences method of Staden (57) (data not shown).
The protein sequences of the predicted ORFs (beginning
from the first ATG codon) are shown relative to the nucleo-
tide sequence in Fig. 2. A summary of the proposed loca-
tions of the ORFs together with positions of putative TATA
boxes and translation start sites appears in Table 1. Potential
polyadenylation signals (AATAAA and ATTAAA) encoded
by the viral genome are numerous, presumably because of
the high A+T content of the DNA sequence. No attempt has
been made to predict which ones may be used during
transcription of viral genes because no transcription map-
ping data are available.

Homology of HHV-6 ORFs to those of other herpesviruses.
Each of the 18 amino acid sequences was screened against a
library of herpesvirus protein sequences as well as the
Protein Information Resource library (26), using the com-
puter program FASTP (37) with a K-tuple value of 2. An
optimized FASTP score of greater than 100 was considered
to indicate a significant degree of amino acid similarity. No
nonherpesvirus proteins were identified when the Protein
Information Resource library was searched. If a homologous
sequence in the herpesvirus protein library was identified,
then it was used to rescreen the library. Thus, the evolution-
ary relationships of proteins from other herpesviruses to
those of HHV-6 could be established even if the similarities
observed in some direct pairwise comparisons were of
uncertain significance. For example, when the HHV-6 ORF
11R amino acid sequence was used as the probe sequence, it
identified homologous protein sequences encoded in the
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TABLE 3. Summary of identification of homologs of the HHV-6 ORFs in the genomes of other human herpesviruses

HHV-6 HCMV EBV HSV-1 VZV Comment
OR NS“ NS NS NS Incomplete
1L NS NS NS NS Potentially glycosylated
2L NS NS NS NS Hydrophobic
3L HCMVULSS BDLF1 UL18 41 -t
4L HCMVULS6 BcLF1 UL19 40 Major capsid protein
SR HCMVULS7 BcRF1 NS NS Hydrophobic
6R HCMVULSS NS NS NS
7L HCMVULS9EX?2 BDRF1 UL15 42 Splice exon 2
NS HCMVUL90 NS NS NS
8R HCMVUL9I1 NS NS NS
9R HCMVUL92 BDLF4 NS NS
10R HCMVUL93 BGLF1 UL17 43 b
11R HCMVUL9%4 BGLF2 UL16 44 -t
12L HCMVULS9EX1 BGRF1 UL15 45 Splice exon 1
13R HCMVULD95 BGLF3 NS NS
14R HCMVUL96 NS NS NS
1SR HCMVUL97 BGLF4 UL13 47 Putative phoshophotransferase
16R HCMVUL98 BGLF5 UL12 48 Alkaline exonuclease
17R NS BBLF1 UL11 49 Hydrophilic®

“ NS, No significant sequence similarity.

b Identified by the cross-referencing method shown in Table 2, whereby each ORF amino acid sequence identified homologs in at least one but not all of the

other human herpesviruses during library searches with the program FASTP.

genomes of HCMV, EBV, and HSV-1, but a VZV homolog
was identified only when the HSV-1 UL16 amino acid
sequence was used as the probe sequence (Table 2). Table 3
lists all of the HHV-6 ORFs found in this study alongside
their counterparts in other human herpesviruses.

The region contains ORFs homologous to a number of
highly conserved genes, including the major capsid gene (10,
14), the two exons of the spliced gene of unknown function
(12), a putative phosphotransferase gene (11, 54), and the
alkaline exonuclease gene (21, 41). The organization of these
ORFs with respect to size and orientation is most similar to
that seen in HCMYV (Fig. 3).

Calculations of the percentage amino acid identity shared
by HHV-6 ORFs and their counterparts in HCMV, EBV,
HSV-1, and VZV by using the AMPS program (3, 4) re-
vealed that the majority of HHV-6 ORFs shared the greatest
degree of sequence similarity with their HCMV homologs

and least with those of the alphaherpesviruses. A compari-
son of the percentage amino acid identity shared by HCMV
and HHV-6 ORFs and HHV-6 and EBV ORFs is presented
in Table 4. Significance scores were calculated from 20
randomizations of each pairwise comparison.

Analysis of ORFs. The first three ORFs, OR, 1L, and 2L,
have no significant amino acid sequence similarity to ORFs
in other human herpesviruses. ORF OR is the C-terminal
portion of an ORF that begins in the neighboring restriction
fragment. Good candidates for TATA and polyadenylation
signals are located close to 5’ and 3’ ends of both 1L and the
neighboring ORF 2L (Table 1). ORF 1L encodes a protein
product 458 amino acids in length that has eight potential
N-linked glycosylation sites but no obvious hydrophobic
signal or transmembrane anchor sequences, which would be
more clearly indicative of a function as a surface glycopro-
tein. Other ORFs encode potential N-linked glycosylation
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FIG. 3. Arrangement of ORFs of HHV-6 compared with the arrangement of ORFs for the homologous regions of HCMV (Chee et al., in
press), EBV (1), HSV-1 (40), and VZV (15). The diagram is oriented so that the exons of the conserved spliced gene lie in the same direction
for each of the herpesviruses. The shaded ORFs are those that encode proteins whose amino acid sequence is conserved across each of the
herpesviruses represented.
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TABLE 4. Percentage of amino acid identity obtained in comparisons between the predicted protein sequences of HHV-6 ORFs and
those of the homologous genes of HCMV and EBV

HCMYV ORF % Identity Significance? HHV-6 ORF % Identity Significance EBV ORF
HCMVULSS 44 56 3L 23 15 BDLF1
HCMVULS6 43 56 4L 29 36 BcLF1
HCMVULS7 43 52 SR 32 16 BcRF1
HCMVULS8 29 17 6R
HCMVULS9EX?2 61 45 7L 4?2 40 BDRF1
HCMVUL91 31 8 8R
HCMVUL92 45 17 9R 23 14 BDLF4
HCMVUL93 23 12 10R 21 4 BGLF1
HCMVULY%4 33 26 11R 22 14 BGLF2
HCMVULS9EX1 52 28 121L% 28 16 BGRF1
HCMVULS9S 37 26 13R 18 7 BGLF3
HCMVUL96 25 31 14R
HCMVUL97 27 18 15R 20 2 BGLF4
HCMVUL98 37 29 16R 27 16 BGLF5

17R 28 2 BBLF1
HCMVULS89° 57 88 12L7L° 36 36 BGDRF1¢

@ Score indicating the significance of the pairwise alignment on the basis of 20 randomizations of the two sequences. A score of <5 indicates the need for close
examination of the alignment, and a score of >15 indicates that the alignment is likely to be meaningful (3).

» Exons 1 and 2 of spliced ORF analyzed separately.
€ Exons 1 and 2 of spliced ORF analyzed together.

sites, but only ORFs 1L, 4L, and 7L have more than three
sites (8, 13, and 6, respectively).

The next three ORFs, 3L, 4L, and SR, are homologous,
with a contiguous block of ORFs in both HCMV and EBV.
Two of these (3L and 4L) are conserved across all of the
known human herpesviruses. This block of genes is inverted
in both HHV-6 and HCMV (HCMVULS85 and HCMVULS6)
compared with the arrangement observed for the homolo-
gous genes in EBV (BDRF1 and BcLF1), HSV-1 (UL18 and
UL19), and VZV (VZV41 and VZV40). The HHV-6 major
capsid protein is encoded by 4L. It is 1,345 amino acids long,
shorter than its homologs in the other human herpesviruses
by 25 to 51 amino acids.

ORFs 6R, 8R, and 14R have homologs in HCMV only.
The arrangement of these ORFs, as well as 9R, 10R, and
11R, which are located on the opposite strand within the
intron of the spliced gene, most closely resembles that
observed in HCMV (Fig. 3).

The next two rightward ORFs (15R and 16R) encode
highly conserved genes which in EBV are transcribed during
the early stages of productive infection (24). ORF 15R

encodes a putative phosphotransferase and is discussed in
more detail elsewhere (10). The significance score for the
pairwise amino acid alignment of ORF 15R and its EBV
homolog is <5 (Table 4) and is probably due to conservation
of amino acid motifs within a divergent overall amino acid
sequence. ORF 16R encodes the HHV-6 homolog of the
alkaline exonuclease gene (21, 41). Although this ORF has
the highest percentage of identical amino acids with the
homologous gene of HCMYV, it has a higher overall amino
acid similarity to its counterpart in EBV, reflected as a
higher optimized FASTP score (409 versus 374).

ORF 17R overlaps 16R by an unusually large proportion of
its total length (20 of 76 amino acids). The presence of a
proposed TATA box and ATG as well as the positional base
preference analysis (not shown) all indicate that the ORF is
likely to be a protein-coding sequence. The most similar
gene in the other herpesviruses is ORF 49 of VZV, with
which it shares 32% identity over a region of 44 amino acids.
VZV ORF 49 encodes a hydrophilic protein (15), as does
ORF 17R. Although the other human herpesviruses have
similar-size ORFs located adjacent to the alkaline exonucle-

EXON 1 INTRON

HHV-6 Y N T H

TAC AAT ACA CAC GTAAGTACTA....... CCCCTCTCAG
CMV Y N T N

TAC AAC ACC AAC GTGAGTAGCT....... CTCTACACAG
EBV F N K N

TTC AAT AAG AAT GTAAGACCTG....... TGTCTTTCAG
HSV-1 H N T N

CAC AAC ACA AAC GTAAGTCCTC....... CTGTCTCCAG
vzv H N T N

CAC AAC ACA AAC GTGAGTGTTT....... ATCGTTCCAG

DONOR ACCEPTOR

EXON 2

S I R G
AGT ATA CGC GGA

) I R G
AGC ATC CGA GGA

S I R G
AGC ATC CGG GGG

G I R G
GGA ATC CGA GGC

G I R G
GGT ATC CGA GGT

FIG. 4. DNA sequence and encoded protein sequences in the region of the predicted splice donor site of exon 1 and the predicted splice
acceptor site of exon 2 of the conserved spliced gene for HHV-6, HCMV (Chee and Barrell, in preparation), EBV (1), HSV-1 (12, 40), and
VZV (15). The conserved nucleotides that are found in the splice donor consensus sequence and the splice acceptor consensus sequence are
(C/A)AG:GT(A/G)AGT and (C/T)AG:G, respectively, where : represents the intron-exon junction (53).
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TABLE 5. Percentage amino acid similarity observed in
comparisons between a portion of exon 2 of the conserved spliced
gene from representative herpesviruses

% Amino acid similarity

Group Virus
HHV-6 HCMV EBV HVS HSV-1 VZV
a VZV 46 48 41 27 68 100
a HSV-1 47 47 46 34 100
vy HVS 44 36 68 100
vy EBV 44 49 100
B HCMV 66 100
HHV-6 100
% G+C of 43 57 60 36 68 46
corresponding
genome

ase gene (the UL11 ORF of HSV-1 [40] and the BBLF1 ORF
of EBV, which is transcribed at late times in productive viral
infection [24]), their similarities to HHV-6 17R are not
sufficient to give evidence of homology. The ORF in the
comparable position in the HCMV sequence encodes the
highly immunogenic 28-kilodalton phosphoprotein described
by Meyer et al. (44), which is not homologous to ORF 17R.

The two exons of the highly conserved spliced gene (12L
and 7L) can be used as an indicator of the evolutionary
relatedness of herpesviruses. Costa et al. (12) have shown
that these ORFs in HSV-1 (UL15) are transcribed late in
infection to give a 2.7-kbp transcript after the removal of a
4-kbp intron. Davison and Scott (15) examined the conser-
vation of nucleotide sequences at the splice donor-acceptor
sites of these exons in VZV, EBV, and HSV-1. Figure 4
shows the sequences of HCMV (M. Chee and B. G. Barrell,
manuscript in preparation) and HHV-6 added to this com-
parison. Table 5 shows measurements of the percentage
similarity between the predicted amino acid sequences of the
homologous portions of these ORFs in all possible pairwise
comparisons between HSV-1, VZV, EBV, HVS, HCMV,
and HHV-6. The proteins of the two alphaherpesviruses,
HSV-1 and VZV, share 68% amino acid similarity, as do
those of the gammaherpesviruses, EBV and HVS. HHV-6
shares 66% amino acid similarity with the betaherpesvirus
HCMYV, further evidence that at the molecular level this
virus is more closely related to the betaherpesviruses than to
the lymphotropic gammaherpesviruses.

DISCUSSION

The sequence presented here is the first large-scale anal-
ysis of sequences of the U1102 isolate of HHV-6. We have
identified an overall colinearity between homologous genes
of this virus and HCMV, a betaherpesvirus. Sequence
comparisons by other workers have revealed both genetic
colinearity between herpesviruses belonging to the same
biological subgroup (13, 27) and large-scale rearrangements
of blocks of conserved genes in herpesviruses belonging to
different biological subgroups (16, 35). The region of HHV-6
presented in this report contains a number of highly con-
served ORFs, including the major capsid protein and alka-
line exonuclease. The conserved block of ORFs comprising
3L, 4L, and 5R is organized in the same orientation as the
HCMV homolog and inverted compared with the EBV,
HSV-1, and VZV homologs. The arrangement of the ORFs
occurring within the intron of the spliced gene (on the
opposite strand) is most similar to the arrangement seen in
HCMYV. Homologs of the HHV-6 ORFs 5R, 8R, and 14R are
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found only in HCMV. These observations, as well as the
similarity of predicted amino acid sequences to those of
HCMYV, lead to the conclusion that HCMV and HHV-6 are
as closely related as HSV-1 and VZV (13) or EBV and HVS
(27). However, these genes of HHV-6 have a number of
distinctive features; they are often smaller than their HCMV
homologs, occur closer together, and overlap more often
(Fig. 3), so that the smaller genome of HHV-6 (ca. 170 kbp
[unpublished results]) appears to make more economical
usage of DNA sequence than does the HCMV genome (230
kbp) in this region. In addition, two of the complete ORFs of
the HHV-6 sequence (1L and 2L; Fig. 3) have no obvious
counterparts in the genomes of any of the other human
herpesviruses. It will be of interest to determine to what
extent these sequences are conserved in other isolates of
HHV-6.

Finally, some comments on the relationships between the
molecular and biological properties of herpesviruses in gen-
eral and HHV-6 in particular seem appropriate. The type
species of the three biologically defined herpesvirus sub-
groups also comprise three clearly distinct groups in a
molecular phylogenetic system (16, 27, 35). However, it is
clearly possible to lose or gain nonhomologous functions,
resulting in similar phenotypic properties. Thus, there is no
necessary contradiction in a virus that may be a valid
member of the biologically defined gammaherpesviruses
having a betaherpesvirus as its closest relative in a molecular
phylogeny. The major practical problems with the current
biologically based classifications are the vagueness of the
differentiating criteria and the absence of basic data on these
biological properties, even when they are capable of being
stated precisely. Since the only general theories of the
relationships between genetic systems are essentially phylo-
genetic, a biologically based classification that is inconsis-
tent with phylogenetic data is likely to be of limited useful-
ness. Recent studies of the genetic organization of the
herpesvirus of turkeys and of Marek’s disease virus provide
an interesting illustration of the problems. These viruses
have long been regarded as lymphotropic gammaherpesvi-
ruses because of the association of Marek’s disease virus
with lymphoproliferative disease, and much of the previous
work interpreting their properties has proceeded by analogy
with the association between EBV and B cells (47, 48).
However, Buckmaster et al. (8) have shown that the genetic
organizations of these two viruses are colinear with those of
the alphaherpesviruses, HSV and VZV. Measurements of
sequence similarity of the predicted protein products of
these viruses also confirm a closer relationship to alpha-
herpesviruses than to sequenced gammaherpesviruses (8;
unpublished results). These observations suggest that the
lymphotropic properties of Marek’s disease virus and her-
pesvirus of turkeys are unlikely to be determined by mole-
cules homologous to those of EBV. The results we have
presented here for HHV-6 provide a further example of a
herpesvirus that has some lymphotropic properties but is
more closely related to HCMV, a betaherpesvirus, than to
other gammaherpesviruses. We suggest that comparisons
between HHV-6 and HCMV are likely to prove more
revealing of the basis for the divergence in their biological
properties than are analogies with the properties of gamma-
herpesviruses such as EBV and HVS.
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