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Abstract

In order to investigate the genomic organization of the Trichoplusia ni Single Capsid
Nucleopolyhedrovirus (TnSNPV), a 2,066 basepairs (bp) genomic fragment was
sequenced. The fragment was found to contain five open reading frames (ORFs)
homologous to baculovirus genes, including p26, fibrillin (p10), AcMNPV ORF-29,
late expression factor 6 (lef-6) and the C-terminal portion of p74, on either strand of
DNA. Predicted amino acid sequences for the ORFs were compared and identity
values of between 12% and 54% were observed. TnSNPV has previously been
tentatively identified as a member of the Group II NPVs. Clustering and arrangement
of the TnSNPV genes were similar to the clustering reported for SeMNPV, confirming
TnSNPV as a Group II NPV.

Introduction

Two genera make up the family Baculoviridae, the Nucleopolyhedrovirus (NPV) and
Granulovirus (GV) [1], all of which infect arthropods [2]. GVs have been isolated
exclusively from lepidopteran larvae [3-5]. On the other hand, although the vast majority
of NPVs infect insects, a few infect crustaceans [6].

The cabbage looper (Trichoplusia ni) is an agri- cultural pest of many different
economically impor- tant crops. Preliminary tests have shown the South African isolate of
Trichoplusia ni Single Capsid Nucleopolyhedrovirus (TnSNPV) to be highly patho- genic
to Trichoplusia ni, killing larvae two days after application. TnSNPV, a member of the
family Baculoviridae, possesses a genome about 160 kb in size. The virus is not well
characterized with only the polyhedrin [7], plO [8] and ie-1 [9] genes sequenced and
analysed to date. To gain some insight into the reason why the TnSNPV genome is 30 kb
larger than AcMNPV, genome libraries are being sequenced and mapped. In this paper,
the sequence of a 2,966 bp fragment of the TnSNPV genome was determined and
analysed. Analysis of this fragment was used to define differences between baculoviruses
and to provide information for the further investigation of TnSNPV phylogeny.
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Materials and Methods

TnSNPV was propagated in field-collected late fourth or early fifth instar Trichoplusia ni
larvae. Larvae were reared on an artificial lepidoptera diet, with a synthetic 12 : 12 h day-
night cycle at 65% humidity. TnSNPV was purified and purified OBs were used to
extract genomic DNA, which was digested with various enzymes and analysed by agarose
gel electrophoresis [10].

Cloning and Sequencing

Genomic DNA was digested with PstI (Boehringer Mannheim) and shotgun-cloned
into the compatible restriction sites of pBluescript SK* to construct a partial
library [10]. A 2,066 bp Pstl-HindIIl subclone was selected for sequencing.
Automated sequencing of the end-termini revealed the presence of the C-terminal
portion of the TnSNPV p74 gene and a portion of a lef-6 homologue. Subsequently,
subclones were constructed and sequenced using universal primers with a
Pharmacia ALF/Express automated sequencer.

Computer Analysis

Sequence analysis was performed using the GCG computer program. Conceptual
amino acid sequences were compared with sequence homologues at
GenBank/EMBL wusing the Advanced Blast Search Server [11]. Sequence
alignments were done using CLUSTAL X [12] and GENEDOC software [13] was
used for homology shading of the aligned amino acid sequences. Baculovirus
sequences used in the com- parative analysis were (GenBank accession numbers
included): HaSNPV, Heliothis armigera SNPV (NC003094); AcMNPV,
Autographa californica MNPV (1L.22858); BmNPV, Bombyx mori NPV (L33 180);
SeMNPV, Spodoptera exigua MNPV (AF169823); LAMNPV, Lymantria dispar
MNPV (AF081810); OpMNPV, Orgyia pseudotsugata MNPV (T10403),
SlituraNPV, Spodoptera litura NPV (NCo003102); Slitt, Spodoptera littoralis NPV
(X99376); CINPV, Choristineura fumiferana MNPV (M97904); XcGV, Xestia c-
nigrum GV (U70896); PxGV, Plutella xylostella GV (NC002593); Buzu- SNPV,
Buzura suppressaria SNPV (AAC77813); HzSNPV, Heliothis zea SNPV (NC002593);
CpGV, Cydia pomonella GV (NC002816); EpNPV, Epiphyas postvittana NPV
(NC003083).

Results and Discussion

Sequence Analysis

Five ORFs homologous to baculovirus proteins were identified within the fragment.
These included p26, AcMNPV ORF29-homologue, plO, lef-6 and the C-terminal
portion of p74. The nucleotide and putative amino acid sequences of the
ORFs are presented in Fig. 1.

Lef-6

Lef-6 has been shown to be involved in the expression of both the late major capsid
protein (vp39) and the very late protein, polyhedrin (Polh). It is believed that lef-6
functions either as a trans-acting transcriptional or translational activator, or as a
primary or accessory replication factor [14,15].
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The TnSNPV lef-6 homologue encoded for a potential protein 158 amino acids in
length. A potential late transcription initiation motif (ATAAG) was located 13 nt
upstream of the putative translation start codon (ATG). No obvious
polyadenylation signal was found downstream of the putative translation stop codon
(TAA). The 474 nt ORF encodes for a putative protein with My = 18.29 kDa. Overall,
with the exception of AcMNPV and BmNPV, low amino acid sequence identity was
observed between the different baculoviruses compared. The conceptual TnSNPV
lef-6 amino acid sequence was most homo- logous to HzSNPV and HaSNPV, with
39% sequence identity and 56% similarity. Two conserved amino acid sequence
motifs (longer than two amino acids) appear to be present in the traditional Groups
I and IT NPVs: K(R/K)F and TRK (Fig. 2).

P74
During the baculovirus replication cycle, two phenotypically distinct viruses are

produced [16]. One of these phenotypes, Occlusion Derived Virus (ODVs), is
responsible for the horizontal transmission of virus between insects. After ingestion,
ODVs are dissolved by the alkaline midgut, releasing occlusion bodies (OBs).
Polypeptide p74 appears to be important for the successful infection of insects,
but not for cell culture [17]. Peptide p74 is not glycosylated and it has been
shown that expression of the AcMNPV p74 gene is essential for the production of
infectious OBs [17,18]. The peptide appears to be a structural polypeptide of OBs,
most probably associated with the outside surface of the virion envelope [19].
Although it is expressed at low levels late in the AcMNPV infection cycle, no
conventional late transcription initiation motif (TAAG) is present [20]. The C-
terminal portion of a TnSNPV p74 homologue was identified and compared to
other baculovirus p74 proteins. The partial TnSNPV gene was most homologous to
the SeMNPV p74 gene (54% identity and 73% similarity). As expected, the GV p74
homologue showed relatively low identity values (23-26%) to the TnSNPV p74 gene.
TnSNPV p74 is in the opposite orientation to the plO homologue identified. A
possible poly-A motif was identified 7 nt downstream of the putative stop codon
(TAA). Several conserved motifs were observed in both the NPV and GV py4
homologues (black shaded areas in Fig. 3), the largest being
(I/V)NS(N/D)GQ(M/L)(L/I).

p26

Polypeptide p26 is transcribed as early as 18 h post-infection (hpi) in the Ac MNPV
infection cycle [21]. The transcripts are synthesized by the host RNA polymerase II
throughout the infection cycle [22], accumulating in the cytoplasm. The peptide
is normally present in the membrane fraction of budded virus [23] and has been
shown to be non-essential for in vitro replication [24]. AcCMNPV p26 gene produces
two transcripts: a minor transcript terminating upstream of the pio ORF and a
major transcript transcribed through and co-terminating with the plO gene [25].
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Fig | Nucleotlde sequence of the TnSNPV genomic fragment. The predicted amino acid sequence is
represented by the one letter code designation below the nucleotide sequence. The ORFs and their direction of
transcription are shown. Putative TAAG motifs for late gene transcription and putative poly A motifs are
underlined. Unique restriction endonuclease sites are indicated. Signals on the complementary strand of the
DNA are underlined and their complementary sequences are shown.
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Unlike other baculoviruses sequenced to date, SeMPNV possesses two p26
homologues. It would appear as though the two copies were acquired either
independently from different sources, or that the one diverged from the other and
then rearranged following duplication [26].

Although various p26 baculovirus genes have been completely sequenced, the exact
function has not been determined. The TnSNPV putative p26 gene appears to be the
largest sequenced to date. TnSNPV p26 has previously been partially characterized
[8]. Amino acid sequence data was most homologous (35% identity and 51%
similarity) to Se2MNPV p26. The ORF of 840 nt encodes for a possible protein
280 amino acids in length, with a putative mass of 31.71 kDa. Upstream of the
p26 ORF a possible late promoter motif (ATAAG) is present at position

-17 nt relative to the putative ATG start codon. Further upstream, at position
-230 and -251 nt, two characteristic early gene mRNA start sites (CAGT) were
identified [27]. However, these putative start sites werenot preceded by perfect TATA
boxes as described by [28]. Downstream of the p26 ORF, two possible poly-A
motifs were present at positions 41 and 51 nt relative to the putative stop codon TAA.
The conserved p26 amino acid sequences HQPPGV, GAPI, LVSVVT, SVYG, QLPY
are shown in Fig. 4 [27].

&0
0 ILE!.L:I{
NS HE
Vi S
MIRTES
nnOn

RIS

Fig 2 Alignment of the deduced amino acid sequences of putative lef 6 genes from 12 baculoviruses was done
using CLUSTAL X. Dashes were introduced to align the sequences. Black shaded areas indicate 100%
homology; deep grey 80% or more; light grey 60% or more.

However, it appears as though these amino acid sequences are less conserved than
previously reported. Only two motifs seem to be highly conserved, i.e. (Y/F)PG
and (I/V)S(V/L)(V/D(T/S) (Fig. 4).
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AcMNP6 O7F29-Homologue

The function of the AcMNPV ORF29-homologue is not known. An ORF of 219 nt
encoding for a protein of 73 amino acids was identified, encoding for a putative
protein of 8.48 kDa. Two conserved motifs were present (shaded in black):
(Q/E)HW/FE(R/K)I and (I/L/V)TK (Fig. 5). The TnSNPV ORF was similar in size
to the ORFs of AcMNPV and OpMNPV. Comparison of TnSNPV to five homo-
logues showed low identity values. The AcMNPV ORF29-homologue primary
amino acid sequence was not well conserved between the various NPVs. The
TnSNPV AcMNPV ORF29-homologue was most homologous to SeMNPV with an
identity value of 29% and a similarity value of 38%.

p10

This non-structural peptide is expressed very late in the infection cycle. Although
the gene is conserved between different baculoviruses, primary amino acid structures
differ significantly.

AcKN PV

B pY

HasSnv

OpNN PV

EptiPY

HzSNPV

SeNn eV

TnSN PV

CINPY

LANNPV 2
SlituraNeVv
Slithey

S oy

[ EuSE
i

XeGV
PGV
ACMH PV
Bl PV
HaSNEV
CpNH PV
EpNPV
H2SHPV
SeMNEY
Tasnev
CENPY
LavN PV :
Slityratiov :
SLictNEY I
ReGv : Evg LMSLETINAT 1 D
PxGY 3 o1 G ) DEMFEIRLLIATERS

’ L0 . 200 . 220 . 2
AcHNEV T SR ENESNO PP O TS MNKE~ =~ === - BN QL AMGEFATR -~~~ ==~ TIVAFTAFVIET-~-~~ ELIFF
BnNPV : gsm LIRHE NG l}gr%suur.x»-- CIIMAZENTN - -~ TIVAFTASVIER-—---QLIFF
HaSH PV : CHLESLOS FKEFKHSQPES~ LIARBFGLS == = v == e e s SLTIMALVMI THD = <~ < MNAY
CpMNEV | ; us@na}’gtﬁ* RANNEN - -~ d VAANGEFLT - = TAVALAAF ) ARK--~-~ELTFF
EpNPY S LESNOTR =o_._1‘z§smau -------- RS LEKFHACHFFTN-— ===~ TGITIAAFINYK~~~~~ ELTFF
TSNPV A LG LO SN KR FOOS QPES < e -~ TIOAKERGLE - =~ m e e SLILMALVNITND- ---HNAZ
SeMNEV : ERRSHLIBLONS0E: Yo mmeme—— HYQSTIIAP TR IAG -~~~ === ALVLAMMP- - ==~~~ ROTHVT
ThSNEY 3 ‘.Ax L 1R Y GTDDGT ---VWNAG»'«'L.H B AVIIIFIQSQDTI - -ONNINY
CINPV : @8 -,,ﬂx.a;?,u : ‘?Q‘,T P ENNEN === unnsﬁc».ml“'f‘l.tc -------- TAVALAAFMLHEK =~ ~ «~KLTF¥
LAWY : B :r,:KL[!,;&LB,;‘-;R@.‘IT‘AyEPMAP\V:LYW‘.LHA[.AGL AYq[hASl’I‘!‘!‘RPNMSTTU\.SLSIRI\EEDLTRRMAS
Siituraney = | RAERHA HEREE R ANSERNC----~~ TPLVEQIFTRYLLVCAG ===~ ~n==~ TARI GGG~ m == m == GPUNS
SHILENPV Rl RARIYEEERERES TRSERNR- ~TPLVEHIAT PELLRAP = v e s S RGES PR = o == AP5SCE
XeGv T HRHEO--YKNENTEH S KRt Ll P5— = === SEYLOGEVLLVG-—-~~ CHVAVYKNVNRKSLEP POLVAFS
PXGV e B A 4 (e —— T
. 260 . 280

ACHNPY : ”"s".?;'_:‘rs‘;r HEESYERMKTROLLE -~~~ ===~ s=nmeo—e- : 236
EnNPV 3 ;;j.b'.z,,;rrgf,__;Kzsrcgixrhm,br ------------------- r 236
HaSNpy . -}_‘év-!;'5.1L,'L"lNTHSSiM;p;NG;_!RhHmY:\TNP--UYHNL:‘!'---- + 254
OpMN v : DAF VAR IREPY IR IR DLLE = s m e s rnnsnmame ;236
EpNEV 1 SRR KEP Y KT DML~ === = == = === e : 236
H2INPY 7 JVICRISLI ZINGREHAQYATME -~ YHNLY : 254
SeMNEY TR VDALS I VIEERROTNY LONE - - W Y DHLY : 244
TnSNEY DSLLEWLSEREFTSRICGE --WYDHLYR--—- : 253
CENFY A YRR P Y B R TROLLF =~ = s v e mm v s e : 236
LAMNPY 3 '}'_"'(LL-_T;UESVS;;‘./L JHREANRVTASPLWYOHLIT -~~~ : 270
SLituraNPy : VIR IV R NAP M VG QRFARGDPL -~ LUY JRY ===~~~ : 245
SLittNPV ;}é}-’r{'ﬁf’,wﬁr{ﬂnu%zd:.'qmucor---wvm‘{------ : 243
XcGv + PR IGT) L S TESLES NTE LHHKTPAAPREKLAQNKPLVYRN : 268
PRGV R L GUAPATTRCSLDANGSCI-—- 1 178

Fig. 3. Alignment of $e deduced amino acid seg of p baculovires p/d genes was dome wsimg CLUSTAL X. Dashes wez

inwrodeced 10 align the sequences. Black shaded amas mdicae 100% homology; deep grey 80% or more; hght grey 6066 or more.

https://repository.uwc.ac.za



N 2 - &l + ik}
BopHPY H MELT LEPGOE-=~-—==-=-VFDETLS0Y
Ry [ =MELY LEPCOE--- ----WFDETLERY
ORMHEY 8 — e e FEPSQE-—- - ---VEDRELDOH
cinpV P —mm—m—m e -—-H GRS LEPEOE - == =~ ==V FLETLEQY
EptEy i mm—— - BV TV OEOKTL LGHE IEFEPGOE~-~- ===~ VEDETLHEY
HaSHPY = = = =ML EITCLFFAT LAS A TARES LORY i EEH{EH -~ -[EDTLORL
HZSWPY @ —----——HLEQTCLFFATLASATGAES LORY i L GHQEH - - - - - -~ - DSDFLORL
TRSHEY @ MIQSQFILSFMLTIASASMASTETTTRETEL hGDGE TIBPHSDSHY IRTGODOFPLEVL
SRIANEY e s ses s MGFATFLLYLICSASETHAR f B FFHS0THG === =-[DELTWL
PuguSHPY ;| ===sememe M ELFFLATAFLSTRETSS IH E ! CTEPHOEFS-——-—--TREFITH
TAMMPY @ —---BSEVSAILTLMIVAGUARAETGSGRVE ¥ PEHAMDOOE- - -~ DODARARLR
SelMHEY | —---MSNCIHEVATHOVAKFSTEAREVEHNE u}ﬁuﬂm——---—--ﬂ?‘rm-m

* 100 * 120
APV ¢ ] LA P QLYLET LISV SEDGSLLTL -~ - -KLENTC R
fo iy : g T = QLYLNTI ISV SEDGELLFlL == - - KLERTCFHER
[ ;a; VI3F-QLE1G- TRVIRETESGGRG -~ ~ATDIICE
CEHEY H B S TR QLT T"'u'El;s“TJ'lSG:'.'!'SE----'['LTI']'E
Eptipv : £ L.lﬁ:- ay H‘P uIU[FME#&QH TEGS TG ---- I PRAKCH,
Hasupy M M 0~ RE LTS ALFVELEHGE A IS = - < -V PEFVY!
HzSHEY A:s,ja B-RI DTS ALV LEMGEHA RN - = =~V PEFVY
TnSKEV AR SG- [ ORSKDS LEVE LN DG T LERY - - - - BPSHVY T
SelMBEEY A E - ST SONDOL LV L NG LY KT - - - —RNTBVY
BauzaSHEV | A\ LLTGAES DEATLH MLLAT - - -~ TANRVIES
LAWHEY DA PAERARYCORLOY LEDHHT LL DAY - - -ARTDEYYE

SalHEEY @ YR AR AR LERNSYWHE ';PIBMKKP.TS.RI‘INI':‘IJDHH'I‘T]_‘"

. 180 ¢ 200 ' 220 . 240

ACHHEY IAFHR-VOEN T RER R mn--ma\'FhquHHSEETVE -——-—---EIK

BIEHEY : TFHR-VGEH B ST OEREREEEH TRV PH -~ GVRVEE LD HHS

GpHNEY (A = BADG AARRGIE AR R - - RGAGRTVRAGE

CEIHFY : L TWFR-RADG ROADREE R EV O -~ GYRAER LETGRE

EpHEY AALHK-QLOGE RETSLE i HRHVEH -~ GV RTERWLADE B ™ 11

HasH FY SHRHODADROAVE TRERRLERE O T OFDSHHGY T PERLLT GRS, LPHERSVGT EERR

HEZSHPY s S HEIE D RCROA Y Tl VB F R LR 0L OF DS NGV T PERLLT GRE; !%Pnnkzvnrm:m

TREHEY : CRYDDYDRGIVE LI RPRGLAE TN Y DS TV VS == LLHNGHS --EPYMTVEEFA

SeIHNEY  : CREDDYERGLYFEMAT HEPAGLEE MPID-~ AV T VEELEADHS 55—~ RUMSAEDER

BuzuSNEY : CREDTYERGLYY i e VR HIREE | SULHFOON- e L LOVEOLA

LdMHEY  : FERYOLY ANDENE e A S PV EV AR D - - - —— - ————~RDR- - L5385 ARPPAR-= == o === n me

SelHHEY TEOVHDONACE VL - - GOAGETHAS L OG- - - PV T VT DFQDELTIHT IR VPR -~ - -——m = - ==
* 260 * ZED

ACHHEY ¢ CHALEQENRTRALESCVerDS ERRELYRIGD- -k LeMEEy 1 240

EnHEY : RHALEQENKTP ALESCVINGWRDSERES v RRGD- o M LEM 1 240

OpMHEY 1 AHAFEERRFER ARESCAR o D5E RS FNRGE-— HURL : 230

CLHEY i AHALSOTAPOAERSESC [ | DRES R FHEGS - HMEL = 233

EpREY ¢ RYRHACADTA TALLSCUR LSS E R PH G (ETWEDY : o242

HaSHPFY @ LTSVANRATFE;LTANVHE R DDE VNILOEGE- ~SetinnT RFOE r 267

HzEMFY  : LTSVANRDTFE:LTRNVHRUY"DoEdviiiLoEaE-—T5isRTIRF : 267

ToSHEY ¢ LETTRANBLTYRILERN] A Y B RR S LWWEA - FTEY TOLOWTAS, Ivm-—-—--—-—----- : 280

SEZMHEY ¢ HAATVERGLYR,LERY AR ﬂ]’..*"l_;:-;ﬂ'.'m- EE YRYRLOG A I THONEDDDDDOSIGHIV @ 273

BuzuSHIY @ MERYRHRONYR WRRTY _i,'n!' ES DT LVEGE « < Lo S Y R OV EFUHE ~ = == === ==mm 1 163

LOMNEY @ -AMG-DOREFRIWERVA PRERRLAL w,n&anr, DEFENL= r 253

SelMBEY @ --ID-AYWTFDEENVYY GETHSKIRIKTO-—-—-——- PRENSLIL-——- ;250

Fig. 4. Alignoment of ghe dedueced amino acd sequences of potatve pi genes from 12 bacubovinsmes wos done weng CLUSTAL X Dushes
were mirodeced o align the saquences. Black shaded areas indicate 100H: bomology; deep grey 80 or mone; §ight grey 608 or mone.
Se MNPV (DRFED) and SEEMNPV (ORFIZE) were idensrfiad from omne vines.

Particular segments of the gene confer unique functions on the virus [29]. This suggests
that the gene evolved from an ancestor gene faster than other baculovirus genes. The
TnSNPV plO gene has previously been identified on the EcoRI-V fragment and was
subsequently characterized [8].
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Fig. 6. Companson of the genomes of TRSNFV, AcMNPV, LANPV, OpMNPV and SeNPV. Armrows repmsent the different ORFs and e
respective dimctons of tansen poion (not dawn 1o scale) The Lf 6 (1) homologues are Imked by dashad lmes and e p26 () homologees by
sobd lmes. (2) AcMNPV ORF 29, (3) pl0, (5) p74.

Arrangement of Genes in the Genome

Mechanisms involved in gene re-arrangement are not fully understood. However, it
is known that the arrangement of genes of Group I NPVs is fairly conserved. On
the other hand, the gene arrangement of Group II NPVs is less conserved,
indicating a more diverse group [30]. The cluster of genes identified (lef-6-
AcMNPV ORF29- homologue-p26-plO-p74) was fairly well conserved between the
different baculovirus genomes. With the exception of the transcriptional direction
of the TnSNPV lef-6, the arrangement and direction of transcription of these
genes in SeMNPV and TnSNPV were identical, indicating a possible common
baculoviral ancestor. The entire LAMNPV gene cluster showed re-arrangement
and a shift to the left of the genome. Gene arrangement and clustering of
AcMNPV and OpMNPV are identical, with the gene duplex lef-6-AcMNPV ORF29-
homologue shifted to the left (Fig. 6). Gene arrangement and gene homology
comparisons con- firmed the earlier speculation that TnSNPV was a Group II
NPV [7].
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