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Analysis of the late expression factor genesin
Clostera anachoreta granulovirus
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Abstract [Objectives] To identify late expression factor (LEF) genes and investigate the ClanGV infection mechanism.
[Methods] We analyzed the ClanGV LEF family of genes of Clostera anastomosis granulovirus, including gene
identification and organization, gene sequences, and structural characteristics at the DNA and protein levels, and compared the
data obtained with those on other baculoviruses. Open reading frames (ORFs) were confirmed using the ORF finder online
program. Homology searches were carried out using the BLASTP program. Sequence data assembly and analysis were

performed using DNAStar and DNACIub software. Sequence comparison in public databases was done using the BLAST
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program. Multiple sequence analysis was performed using ClustalW Version 1.8 and GeneDoc 2.7. Phylogenetic analysis was
carried out with MEGA 4.0 software using the neighbor joining (NJ) distance method (1 000 bootstrap replicates). [Results]
Sequence analysis indicated that the C. anastomosis granulovirus ClanGV genome includes 15 LEF genes, annotated as ie-1,
lef-2, 39k, lef-11, p35, p47, lef-1, lef-6, lef-5, lef-4, dnapol, lef-3, lef-9, lef-8 and lef-10, respectively. C. anastomosis
granulovirus ClanGV shares higher homology with the Choristoneura occidentalis granulovirus, Agrotis segetum granulovirus,
Cryptophlebia leucotreta granulovirus, Phthorimaea operculella granulovirus, and the Cydia pomonella granulovirus, than
with other granuloviruses. With the exception of 9 nucleopolyhedroviruses, P35 was only found in C. anastomosis
granulovirus ClanGV and the C. anastomosis granulovirus. C. anastomosis granulovirus ClanGV lef-2 differed from that of the
other 12 granuloviruses in transcription orientation. The nucleopolyhedrovirus belonging to gammabaculovirus and
deltabaculovirus include 7 and 3 ClanGV lefs, respectively. C. anastomosis granulovirus ClanGV lefs have very low homology
with baculoviruses, although their homology with granulovirus |efs is higher than with those of nucleopolyhedroviruses. C.
anastomosis granulovirus ClanGV lef-2, 39k, p35, lef-5, dnapol, and lef-9, possess an early promoter motif (TATA). p47 and
lef-1 have a CACT motif 20-40 bp downstream of TATA, and eight genes; lef-11, p35, |ef-6, |ef-5, lef-3, lef-9, lef-8, and lef-10,
have a late promoter motif TAAG. However, only p35, |ef-5, lef-9, and lef-10, possess both the TATA and TAAG. [Conclusion]
The results of this study are of considerable importance to research on the ClanGV granulovirus gene function and infection
mechanism.
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Fig. 1 Schematicillustration of lef gene structure and orientation in the genome of ClanGV and other 12 sequenced GVs
ORFs ORFs GVs
ORFs GenBank NC 008168 CoGV  NC 005839 AsGV
NC 005068 CIGV ~ NC 004062 PoGV  NC 002816 CpGV NC 002331 XcGV NC 010240 HaGV
NC 013772 PuGV  NC 013797 PrGV  NC 002593 PxGV  NC 009503 SIGV NC 005038 AoGV

The arrows represent the relative length and direction of the ORFs. The arabic numerals on lines indicate the ORF number
between two genes, and those behind GV names show the total ORF number included in corresponding genome. GenBank
accession numbers of genomes used in this comparison are NC_008168 (CoGV), NC_005839 (AsGV), NC_005068 (CIGV),
NC_004062 (PoGV), NC_002816 (CpGV), NC_002331 (XcGV), NC_010240 (HaGV), NC_013772 (PuGV), NC_013797
(PrGV), NC_002593 (PxGV), NC_009503 (SIGV) and NC_005038 (AoGV), respectively.
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#&1 ClanGV #] lefs 5HE NPVs i lefs BELxT*
Tablel Comparison of ClanGV lefswith those of NPV s*
Alpha Gamma Delta
ClanGV ~ AcNPV ~ BmNPV ~ HaNPV  SfMNPV  NaNPV NINPV NsNPV CnNPV
ie-l 471 582/10 584/10 661/11 683/8
6(-) 134 (+) 121 (+) 14 (+) 136 (-)
lef-2 176 210/26 210/21 242/16 214/20
29(-) 153 (+)  135(+) 117 (5 16 ()
39k 262 275/12 277/12 312/13 310/10
46(-) 29 (-) 27 (-) 31 (-) 121 (+)
lef-11 101 127/24 133/21
47(-) 32(-) 120 (+)
p35 307 299/39 299/39
52(-) 128 (+) 112 (%)
pa7 402 401/38 399/37 412/42 399/38 392/19 389/19 386/22
55(+) 33 (-) 31(-) 35(-) 116 (+) 49 (-) 46 (-) 49 (-
lef-1 233 266/27 270/27 245/35 239/29 211/27 211/28 190/23 235/21
60(-) 7 6() 124 (-) 18 (-) 68 (-) 65 (-) 68 (-) 45 (-)
lef-6 106 113/11 173/11 187/12 154/12 106
65(-) 21(+) 19 (+) 24 () 128 (+) 65 (-)
lef-5 245 265/38 265/37 315/31 276/40 235/28 235/28 230/27
72(-) 92(+) 83 (+) 87 (+) 66 (-) 58 (-) 55(-) 58 (-)
lef-4 453 464/28 465/28 454/30 459/32 468/22 468/22 457/26
80(-) 83(+) 73 (+) 79 (+) 76 (-) 62 (-) 59 (-) 62 (-)
dnapol 1037 984/29 986/29 1020/31 1041/31 919/21 923/20 913/20 1138/16
95(-) 58(-) 53 (-) 67 (+) 92 (+) 12 (-) 20 (-) 28 (-) 91 (+)
lef-3 336 385/10 385/10 379/11 387/11
97(-) 60(-) 55 () 65 (+) 90 (+)
lef-9 495 516/48 490/50 519/51 498/50 529/31 503/33 507/33
101(+) 55(+) 50 (+) 52 (+) 97 (-) 39(-) 37 (-) 40 (-)
lef-8 849 876/45 877/45 901/44 881/46 843/29 843/30 846/29 922/20
111(-) 43(-) 39(-) 38(-) 113 (+) 83 (+) 78 (+) 81(+) 26 (-)
lef-10 69 78/23 78/21 71/24 75/27
118(+) 46(+) 42 (+) 46 (+) 106 (-)
* o AcMNPV BmNPV HaNPV SfMNPV vy NaNPV NINPV NsNPV
e} CnNPV lef ClanGV lef
ORF cepmr oee_nr
GenBank NC_001623 (AcMNPV) NC_001962 (BmNPV) NC_003094 (HaNPV) NC_009011

(SIMNPV) NC_008252 (NaNPV) NC_005906 (NINPV) NC_005905 (NsNPV)

* Alphabaculovirus used in this comparison are AcMNPV, BmNPV, HaNPV, SfMNPV; gammabaculovirus used in this
comparison are NaNPV, NINPV, NsNPV; deltabaculovirus used in this comparison is CnNPV; for each gene, the arabic

numerals in first lines indicate the gene length in amino acid sequence and its identity with that of ClanGV; the arabic
numerals in second lines indicate the ORF number in genomes; “+”and“-” show the gene transcription direction; GenBank

NC_ 003084 (CnNPV)

accession numbers of genomes used in this comparison are NC 001623 (AcMNPV), NC_001962(BmNPV), NC 003094
(HaNPV), NC_009011 (SIMNPV), NC_008252 (NaNPV), NC_005906(NINPV), NC_005905 (NsNPV) and NC_003084 (CnNPV),
respectively. The same below.
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Table2 Promotersof ClanGV lef genes
ieel lef-2 3% lef-11 p35 p47 lef-1 lef-6 lef-5 lef-4 dnapol lef-3 1ef9 lef-8 lef-10
TATA ~ =97 -31 - -45 -43 -184 _ -57 - -143 - 1'60 - -95
CACT -74 - - -165 -  -24 -178 -106 - -81 - - - - -50
CAGT - - - -134 - - - -119 - 1_22 - -17 - 1‘42 -
TAAG - - ~ -8 -176 - C s T - ) -26 -17
- 134 173
CGTGC -139 - - - - - - - - - - - -87 - -

— indicates there is no corresponding promoter.
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