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Summary. The nucleotide sequence of RNA-1 of an isolate of the H serotype of
Indian peanut clump virus (IPCV-H) was shown to comprise 5 841 nucleotides.
The RNA contains three open reading frames (ORF) which are between nucleo-
tides 133 and 3522, nucleotides 3526 and 5103 (assuming expression by
suppression of the ORF 1 termination codon) and nucleotides 5168 and 5 539.
The encoded polypeptides have M,, of 129 687 (p130), 60 188 {(p60) and 14 281
(p14). ORF 21is thought to be expressed by suppression of the termination codon
of ORF 1 to produce a M, 189975 product (p190). p130 contains sequences
characteristic of proteins with methyl transferase and NTP-binding properties
and p190 contains these and sequences characteristic of RNA-dependent RNA
polymerases. The nucleotide sequence of IPCV RNA-1 is similar to that of
peanut clump virus (PCV) and corresponding encoded polypeptides are 88%
(p130), 95% p60 and 75% (p14) identical. The sequences of the translation
products are also similar to those of soil-borne wheat mosaic virus and barley
stripe mosaic virus. Oligonucleotide primers, designed on the basis of the
sequences of RNA-1 of IPCV and PCV, were effective in reverse transcription-
PCR amplification of these RNAs and that of IPCV isolates of the serologically
distinct L and T serotypes.

Introduction

Indian peanut clump virus (IPCV) is widespread in India where it induces clump
disease in groundnut crops [15, 17]. The virus is thought to be transmitted by
the soil-inhabiting fungus Polymyxa graminis which can persist in the soil for

*The nucleotide sequence data reported in this paper has been deposited at EMBL under
accession number X99149.
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several years [17]. Clump disease can be economically important in several
regions [15].

IPCV has a bi-partite genome of positive-sense RNA molecules [16]. RNA-1
is about 6 kb and RNA-2 is about 4 kb, and each is encapsidated in a rod-shaped
particle [16]. In vitro translation showed that the coat protein was encoded by
RNA-2 [11] and nucleotide sequencing confirmed this [21]. The other principal
translation products of [IPCV RNA were those of RNA-1 and had M, of about
143000 and 195000 [11].

IPCV resembles peanut clump virus (PCV) [15], which induces clump
disease in groundnut crops in West Africa. Biological and physical properties of
PCV has led to it being classified in the genus Furovirus [1].

Isolates of TPCV fall into one of three distinct serotypes, Hyderabad (H),
Ludhiana (L) or Talod (T) [14]. The serotypes are found in geographically
separated areas of India [14, 16], although isolates of the T serotype have been
found at several locations [14]. The lack of serological cross-reaction between
serotypes is a potential complication for serological diagnosis of infection and
this, and the lack of genes for resistance to IPCV in groundnut germplasm [17],
have prompted work on the molecular characterisation of the virus [13, 21].

In previous work, the coat protein gene of IPCV was identified as the
5'-proximal gene in RNA-2 [21]. In the work reported here, we have cloned and
sequenced RNA-1 of IPCV-H and have located the three open reading frames it
contains. The results show that RNA-1 of IPCV and of PCV are closely similar
and also show, as demonstrated for PCV RNA-1[7], that some proteins encoded
by IPCV RNA-1 resemble those of both the type member of the genus Furovirus,
soil-borne wheat mosaic virus (SBWMYV), and the type member of the genus
Hordeivirus, barely stripe mosaic virus (BSMV).

In other work [22], it was shown that hybridisation assays using a probe
made from cDNA to the 3’-most 742 nucleotides of IPCV RNA-1 were able to
detect RNA from isolates of any of the three serotypes of IPCV and PCV. From
an alignment of the sequence of IPCV RNA-1 established in the work reported
here with that of PCV RNA-1, pairs of oligonucleotide primers were selected for
use in reverse transcription/polymerase chain reaction assays (RT-PCR) to
detect isolates of IPCV-H and PCV. The primers were shown also to be
applicable to the detection of isolates of IPCV serotypes L and T.

Materials and methods

Virus isolates and propagation

The Hyderabad isolate (H), Ludhiana isolate (L) and the D isolate of IPCV (D), which belong
to the H, L and T serotypes [14], respectively, were propagated in Phaseolus vulgaris and
purified as described by Reddy et al. [16].

c¢DNA synthesis and cloning

RNA was extracted from purified virus particles as described by Mayo and Reddy [11].
cDNA was synthesized as described by Gubler and Hoffman [6] using a commercial kit
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(Boehringer) and cloned in Sma I-digested pUC19. Clones specific to [IPCV RNA-1 were
identified by Northern blotting.

The 5'- and 3'-extremities of [IPCV RNA-1 were cloned using the method of RACE-PCR
[5] utilising the 5’-Amplifinder RACE kit (Clontech) as described by the manufacturers. To
obtain cDNA to the 3’-end of IPCV RNA-1, the 5'-phosphorylated and 3’-amino blocked
anchor oligonucleotide (5-CACGAATTCACTATCGATTCTGGAACCTTCAGAGQG)
was ligated directly to IPCV single-stranded RNA using T4 RNA ligase. First strand cDNA
was made using as a primer SCCTCTGAAGGTTCCAGAATCGATAG (AP1) which was
complementary to the anchor. A DNA fragment corresponding to the 3’-end of the RNA-1
genome was then amplified using AP1 and - AGTGGTAGACTATTGACC (which corre-
sponds to nucleotides 5099 to 5116 of IPCV RNA-1). To obtain cDNA to the 5'-end of the
RNA-1, cDNA was synthesised using a primer complementary to nucleotides 434 to 448
(#137, S AAGTCTCCAACGTTCQ). The RACE procedure was then followed and the PCR
was done using primer AP1 and a second, nested primer which was complementary to
nucleotides 49 to 68 (5'-GTTGCAGGAATTGCGAACCT).

All PCR fragments were gel purified and cloned into the PCR cloning vector pGEM-T
(Promega). Insert size was determined following digestion with Pou I1.

Nucleotide sequencing

Nucleotide sequences were determined by dideoxy chain termination [18]. Template DNA
was either single-stranded M 13 DNA or double-stranded DNA from cDNA clones [24]. All
sequencing was done using the Sequenase enzyme (Amersham). The genome was sequenced
in its entirety in both orientations, at least twice on independent clones.

Nucleotide sequence was assembled as described by Mayo et al. [12] and sequences were
compared using programs in the GCG package [4].

RT-PCR

Primers were designed to be used in reverse transcription reactions and in subsequent PCR.
Sequences were chosen which with minimum degeneracy matched the sequences of IPCV
RNA-1 and PCV RNA-1 [7]. The primers were J1: 5-GTATTCTGTGGTGTTTGTTT-3
(nucleotide positions 1-20), J2: 5-ATAAACCTCCCCAAAGGAGT-3' (nucleotide posi-
tions 1933-1952), J3: 5-AT/CGACATGAAAGATGAAGTG-3" (nucleotide positions
1769—-1788),J4: 5'-AGCCAAAATAGACTCCGCAA-3 (nucleotide positions 3 809-3 §28),
J5: S-GGTTTGGGTCAAAGTTTGAG-3' (nucleotide positions 3527-3546), J6: 5'-
GTCAATAGTC/TTACCACTCAT-3 (nucleotide positions 5096-5115), J7: 5-TGTT-
TGCCAATGGAA/GAAAGC-3' (nucleotide positions 4 558-4577), 18: 5-TGGGACGG-
ATATCGCTCCGT-3 (nucleotide positions 5 822-5 841).

To prime first strand cDNA synthesis, 100 ng of each downstream primer (J2, J4, J6 and
J8)was added to 0.5 pug of RNA extracted from purified virus particles or to 5 ug of total RNA
extracted from the leaf tissue of IPCV-infected Nicotiana benthamiana. The reaction compo-
nents were 1 x PCR buffer, 4 mM MgCl,, | mM dNTPs, 0.1 mg/ml BSA, 0.005 mM DTT,
20U RNAseln (Boehringer) and 10 U/ml AMYV reverse transcriptase (Boehringer). The
mixture was incubated at 42 °C for | hour and then heated at 95 °C for 2 min to inactivate
the reverse transcriptase. One to 5 ul of the reverse transcriptase products was then used
in a PCR reaction, consisting of 1x PCR buffer, 1.5 mM MgCl,, 0.2 mM dNTPs,
1.5 pg/ml downstream primer, 3 pg/ml upstream primer and 1-2 U Tag polymerase
(Amplitaq, Perkin Elmer). Cycling times and temperatures were 94 °C for 5 min (1 cycle,
during which the polymerase was added), 94 °C for 1 min, 55 °C for 1 min, 72 °C for 2 min (30
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h .
10 - 30 50 79 90 110

GUAUUCUGUGGUGUUUGUUUUUGGC CUUGGUCAAGUACACAACAUUACAGGUUCGCAAUUCCUGCAACUUUCGCUUUGL GACGCGGGGLAACCUUUGCUAUCUGGUGUC AUUUCAUUCGU

130 150 170 199 21e 230
GACGAUALCAGUAUGGCGCAAUCUAACAUUUAUUCUGACAUGAUUGACAGGUAUGUCAACGAUGAGACGGUGGUUCAGAAUCUGUUUAUGACGGCUUCUUCUACCACAAAAUCGUUGUUG
M AQSNIYSDMIDRYV NDTETVVQNLFMTASSTTZIKSLL

250 270 290 310 330 359
CAUGAUGUCAUCGCUGACCGUGCAGCUAACCACCUUAAAAGUUUGGAGAAAAAACAAAAACAAAAAGAGUUGGUUGAUGUGAGAAGGGUUCUGAGUUCUGAGUCUUUGAACGCUULGUGH
HDVIAUDRAANUBHILIKISTULEZIKIE KU QK QI KTELVDVRRV LS SESTLNALTC

370 390 410 430 459 470
UCGUUGUAUCCUGAGUUCAAUGUCAUUACAAGUAACCGUGAACGAGGUAGCCAUACUAUGGCAGCUGUGUGUC GAACGUUGGAGACLBUUGUAVAUAAAAAGUUUGUUACCUGUGAAUGAU
S LY PEFNVYITSNRERUGSHTMAAY CRTLETTULYTIZIKSULLPVYNTSD

490 510 530 558 570 590
ACUGUUGUGUGGGAUGUUGGUGGGAACUGGUUAACGCAUGUAAAGUAUUCCACUAAUCAGGAC GUUCAUUGUUGLIUGUCCUCUGUUGGAUUAUAGAGAUGCUAUGCGUAAACAAGAGAGG
TV V WDV G&GNWLTHVYKYSTNQDVHCCCCPLLDYRDAMRPRIKTGTER

61@ 630 650 670 690 71e
AUUCUGAGUCUUGAGUUGUUUGCUAGAAAUGGAAAAGAAAAAACCGAGGAAUUCGACGCUUGUUAUCAACAGAUCAGGAAUUUCGAAAAUACUCGGCGUACUGCUAUAAGUGCUGGGAAG
I L s LELFARNGIKTEZ KTTETZEFDACY QIRNTEFTENTRRTATISAGK

730 759 770 799 810 83e
AACGUGGUUAUGAAUGAUAGAUADUGUUGUGAUGUCUUCCAGAACUGUGCUUAUGAACCUGACUCUGGAAAGUUGAGAGUCGCUAUGGGCGUGCACAGUGUGUACGAUAUGACACUUCAA
NV VY MNIDRYCCDVY FQNU CAYEUPDSSGEKULRVYAMOGVYHSVYVYYDMTLAQ

850 870 890 910 93¢ 950
GAGUUAGUCGACGGGUUGGAGAGGAAGAAGALUGAACAUUUCAULGGUUGUUUUUUGUUCUCUCCAAAGCUUUUGCUUGGUCAGGAAGAAGGAGAGCUACCAUUUGUUAAUGGCAGAUUC
E LV DGLERIKTIKTIEHTFTIUGT CFLFSPIKTULLLGSGAQETETGETLPFVNSGRF

970 950 1012 1030 1050 1070
AAAGUGAAGAAAGGGAAGAUUCGGUUUUUCUUUCUGGAUGAUACGACUCAUGGUUAUGAGCAUGACUUAAAUGAUUAUCUUGAAUAUAUCAGAAAAUCUUUUGUCGUUGCUAAAUGUGGU
K vV KK GKIRFFFLDDTTHUGYEHUDLNDYTULEYTIRIKTSTFVVAKT CG

1090 1110 1130 1150 1170 1199
CAUGUUUACAUGCUAGAGUUGUUCUCCAUGAGGGGUGAUACAGUUUUUUUUAAACUGUAUGACGUCACCGAAUAUAGUUUGUCGAAGACUGGUUUCCUUUCCACGCUGCUGCCUACUAGA
HVYMILELFSMRGDTV FFKULYDVTEYSLSKTGFLSTILULPTR

1210 1230 125@ 1279 1290 1310
GACCAUGUAUUUAAAGCUAUGCCCAUACCGAAUACUGACGAGGUUAUUGUACCACUAUAUUGGAUUGAAAAUGGAGAAGUAGUGGUUGAGAGGCGUUACCUGCCCAAAUCGCUAGUGUGU
DHV FKAMPTIPNTDEVYIVPLYW®¥IENSGTEVVYVERRYLZPKISTLUVC

1330 1350 1372 1399 1410 1430
CGUGGUAUGGAAUGGUUGAUGCGAAAUAAGGCGAAUGCGUUACAGUAUGAAACGUUGUUGAACUAUUUAGUAUCUACAAAUGUUUCUGCUGUUUUUAAUGGAUGUCAGGUGAGAGAAGGU
R ¢GMEWLMRNIKANALQYETULLNYLVSTNVSAVFNGCCQVRES®G

1450 1470 1490 1510 1530 1550
UUAAAGACAGAUCCUUGGAUUUUGUGCAAAUUGGCAAUGACAUUGUUGGUGCGUGAGGAAUUUAACAGAGAAAAACAGAAGAAGGUGCUUGAGAUGCUCAGAUUAAGUGGUUCAGAGCAA
L K TDPWIILCKTLAMTULILVRETETFNRETIKTI QK- KVLEMLARLSGGSEQ

1570 1550 lele 1630 1650 1670
AUUAGUCUGAAGAGAAUAUUCAAGGGUGUUUUUGAAAAAUUULUUGGAAGUGUUUCUCUAAAGGCUCGCGUCUUGAGGACUGUUGCCCOUUGGUGUGGUGUCGAAUUCGGAAGCAUGAAG
I SLKRTIFKGVY FEKFFOGSVSLKAMRVYVYILRTVYARMWCGVETFSGSMEK

1690 1710 1730 1750 J3 > o
UAUGAUGUAGAUGUGUUGE CAUUGUAUGUUGAGAUCGAAGACAGUAUCAC GUUGUGGAGAAAAGGUAAACUGGAAGGGAUUGAAGCUUAUGACAUGAAAGAUGAAGUGAUGCGCUAUAAU
Y D VDVLPULYUVETITEHDSTITTLWRTIKTEGT KTLTETG GTITEHATYTDHMSEKTDTEVMEPRTYN

1810 1830 1850 1870 1890 1910
GACAAGAAGCAGGAUGUGGAGCGCCUUACCCAGACCCUCAAGGACAAAGUAAGUGAAGAUGGAUCUGCUUCUGACUCUUCUUCCAGGUUAAAGAAGCUGGCAGCCUUUGCGGUACUUGCA
0O KKQDVERLTQTLZKDIKVSEHDSUGSASDSSSRLIKI KTLAALFAUVLA

1930 < 1959 J2 197 1990 2010 2030
AGUGGAAAGGAUACUCCUUUGGGGAGGUUUAUCUCAUCAAGAUCCGCGUCCAGUAAUGG GAGUACCGAAACGAUUAGUUCCGACCAGGAGACUGUGUCACCAAAAAUUUCUGUUCCUGAU
S GKDTPLGRTFTISSRSASSNGSTETTISSDQETVYSPKTISVPOD

2050 207@ 2099 2110 2139 2150
AGUCCGACAGAAGAAGUUCCGCCCUUGAUAUUGCCUVAUACUGUCAAGAAGCGUUGGGLUGAUUACUCGAGUGAUAGCAGUGACGACGUUGCAGCAGGGGAAGACUUUAUGUCACCGGUG
S PTEEV PP LIULPYTVKI KR RWADYSSDSSODDVAAGETDTFMSZPVY

217e 2199 2210 2230 2250 2270
UCAACAUUGGUCCUCCGGAGACGUCUACCUGCCCCCCCUGUGUACCCGAAUGACGUUCAAGAAGCUGCUUGUCUAGAGUACUUGUGGUAUUUGAAGUGCAAAAUUGUCUGUGACUUCUCG
S TLVLIRRRLPAPPYYPNDVQEAACLEY LWY L KU CKTIWVCDFS

2290 2310 2330 2350 2370 2390
GCGAUGUUUUCUAUCGUCUGCGACUUCAAGGAUCAGCUGUUACAUGAUGGAAGGUGUGAGUUCCCAAAGAAUGCCUUCUUUUUGAAGGUGGGUGCUGAGACAAAAUGGGCGUUGAAACGU
A°MFSIUVCDFIKDOGQLLHDG GRTC CETFUPIKNAFTFLIKVGAETHXKXWALKR

Fig. I (continued)
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2410 2430 2450 2470 2499 2519
CCCACUUCUCAGCAGGUCGGACACCAAUACUGUGUGAAAUUUUCUGAGAAUGAUGAUCACAUGGAGUUGACCCCCGUUAGUUGGAAAAAGCAGAACGAUGAAGUGCGUAGUALULUCCCY
P TS QQV GHQY CVKTFSENDTDMHMETULTPVSWIKTZEKTGNTDTEVRSTITFTP

253e 2550 2579 2590 2610 2630
CAAGGAUUGAGCGAUGGGUGGUA CAUGUUUUCUGACUUGACUUUUUUGAUGAAUGAGUGGUUAAUUUUCAACAAGUUGGUUGCUAUGUACCCUACUCUUCAAAAAAACCAACUAAAAGLUY
Q G L SDGWYMFSDLTF FLMNEWLTIFNIEKILVYAMY®PTILQKNGI QLKYV

2650 2670 2690 271@ 2730 2750
AGGUUGAUUGAUGGAGUACCUGGUUGUGGAAAAUCUACCUGGAUUUUGAAUAAUUGUGAUCUUGAUAAGCAGGUUGUGCUGGCUGAAGGAAGAGAAGCGACCGAUGAUCUGAGAAAGAGA
R LIDGVPGCGKSTWTIILNNIGCDILDOGI KA QVVLAETGRTEATDTDULRIKR

2770 2790 2819 2830 2850 2879
UUCACUGAAAAGGGGUUUCCUAGAAAGCGUUGUGAGGAGAGGGUGAGAACAGUGCACUCCUBUAUGCUUAAACCCUUGACGCGUGGUUUCAAUUCUUULCACUUUGAUGAAGCUCUCAUG
F TEKOGFPRKRTICETERVYVRTVHSFMLIKZPLTRGTFNS ST FHTFUDTEALM

2890 2910 293¢ 2950 2970 2990
GCCCAUGCUGGUAUGAUUUAUAUUUGL GGGCGUAUGUUGAGAGCUAGGGAAGUGAUCUGUCAGGGUGAUUCUAAACAGAUCCCUUUUAUCAAUCGCGUUGAACAGAUYACCUUAAGGUAL
AHAGMTIYTIOCCGRMLRAREWVTIOC CQGDSKQIPFTINARVYVYEQTITTULRY

3010 3030 3es0 3070 30290 3119
GCUUCGUUUAAUGUAGUUGAAAGGGAGUAUGUUAGAAAGACUUACAGGUGCCCAUUGGAUGUCAUCUAUUACUUAAAUAAAAAGAGAUACUAUCAAGGUGAUGAUAUCGUAGGGUUCUICA
A°S FNVYVY EREYVRKTYROCCPLDVIYYLNEKJIKIR RYYOQGDDTIUWVSGT FS

3130 3150 3170 3190 3210 3230
AAGACAACACAUUCUGUUGAUACAAAGUCAAAAACUUCUGGAUUCACCUCUUUGGUGAAGCUUCCGAAAGAACCUGUGCAUVAUUUGACAUUCCUGCAAGCUGAGAAAGAGGAAGUUGCU
K T THSVDTIKSKTSGFTS LV KLPKEPVHYLTTFLQATETKTETEUVA

3250 3270 3299 3310 3330 3350
AAACAUUUGGCGGOAGUGAAAGGUGCUACGGUGUCGACUAUUCAUGAGGCGCAGGGGAAGACGUUUGAAUGCGUAAAUCUGGUCAGGUUGAAAAUGACAGACAAUGAGUUAUAUCCUGGA
K HLAGVKSGATYV STTIHEAQGKTTFECVNLVRLKMTIDNIETLYPOG

3370 3390 3410 3430 3450 3470
GGGGCAAAGGCAGAGCCUUACACAAUUGUUGGUUUGACAAGGCAUACCAGAAGUCUUGUCUACUAUUCUGUUGUUGAAGACAGGCUUVAUGAGGAUAUCUCUGCGUUGAAGGAUGUGAUG
G AKAEPY TIVGGLTRHTRSILVYYYSYVEDRLYTEDTISALIKTEDVYM

3490 3510 J5 > 3570 3590
GAGGACCAGUUGCUGAAGUGCUCUCACUCUGAGCAGACCAAAUGACGGUUUGGGUCAAAGUUUGAGUCCAUCGUGGUAGCAGAUAGAAAGGUCAUGGCCCCUGAUGUUGGGGAUCUUGUG
EDQLLTEKTCSHSE® QTTKT®*RFGSTEKTFETSTIVYADRTEKVYMATPIDVYTG GTDTLV

3ele 3630 3650 3670 3690 3710
ACCAUUCAAGACUUGUACGADCGGACUUUCCCUGGUAAUUCCACUUUGGAUUCAAGCUUUGACGGGUAUACUGUUGCUUCUUCUAACCUAGAGUUAGAGAUUUCUAACUGUAAGAUUGCA
TIQODLYDRTFPGNSTLDSSFDOGY TV ASSNILETULETISNTI CIKTIA

3730 3750 3770 3790 « J4
CCUAACAAGUCUAUUAGAGGGUUCCAAGAAAAGAUCUGUUUCUCUCCGAGAUUGAGGACCGCUAUGCCUGAGAAGCGUCAAGGUUCCUUUGC GGAGUCUAUUUUGGCUCUGC GUAAGAGA
P N K S IRGTFO QTEZKTICFSPRTLPRTAMPTETKT RGO QS GSTFA AEST STITLATLTRTKTR R

3850 3870 3899 3910 3930 3950
AAUAUGGCGUGUCCCAGACUUCAAGAGUCUGUGAAUGAACAUCAGAUAGUUGAUGAUACACUGGCGAAAGCUUVULCUUGUUALULCUCGGACUCUUUUGUGGAUCAAAGUCCGUUAALA
NMACPRILGESVNEHQTIVDDTTULAKAFSTCYZFSDSFUVDOQQSUZPLTI

3970 3999 4010 4030 4050 4070
ACAGAUGAGGCUGCUCUUAGGUGQUGGGAAAAACAAUCAACCACGGCAAAAAAUCAAAUGCUCGCUGAULGGCGUUCUYUGGAUCAAAUUGAUGUGUGCACGUACAACUUUAUGAUCAAG
T DEAALRWWEIZKA QSTTAKNOQMLADWRSLDQIODVCCTYNTFMTIEK

4999 4110 4139 4150 4179 419
AAUGACGUUAAACCGAAGUUGGAUUUGACACCCCAAAGUGAAUAUGCAGCUCUUCAAACUGUUGUCUAUCCUGAAAAAAUAGUAAACGGUUUGUUUGGGCCGAUAAUUAAGGAAAUCAAU
NDV KPKXKLDLTPQSEYAALQTVVYYPEIKTIVNSGLTFSGE®?PTITIZKTETIN

4210 4230 4250 4270 4290 4310
GAACGGGUGUUGUCAGCUCUUAGGCCAAAUGUGUUUGUUAACACGCGGAUGACUUCUGAAGAGUUGAGUCGCACAGCCGAGUAUCUUUUUCCAGGUGACGAAUUCGAGGUUGUUGAA ALY
E RV L SALRPNVFVNTRMTSETETILSRTAEYLFPGDETFEUWVVETI

4330 4350 4370 4399 4410 4430
GAUUUUUCCAAGUAUGACAAGUCAAAAACUUCAUUGCACAUCAGAAUGGUUAUAAGA CUUUACGAGCAGUUUGGUCUUAAUGGUUAUAUGAAGUAUCUAUGGGAAAAAUCACAAACUCAG
DFSKYDIKSKXKTSLHTIRMVYTIRTLYEQTFGLNGYMEKYLWETZ KSAQ QTNAQ

4450 4470 4490 4510 4539 4550 J7 =
ACAGUCGUCAAAGAUAGAAACUAUGGC GUUGAAGCUUACAUCUUGUACCAGCAGAAAUCAGGCAACUGUGACACAUAUGGUUCUAACACAUAUUCUUCUAUGUUUGCAUUGCUUGACUGY
TVV KD RNYGVYEAYTILYOQAQQEKSGNI TCDTYGSNTYSSMEA ATLTLTEDC

> 4599 4610 4630 4650 4670
UUGCCAAUGGAAAAAGCUGUAUACUCUAUCUUUGGUGGUGAUGACUCUUUAAUUCUUUUUCCAAAGGGGACUGUUGUUAAUGACCCUUGUGGUCGUUUAGCUUCUCUGUGGAAUUUUGAC
L PMEIKAVYSIFOGGDDSULIULFPKOGTVVNDPILCGRULASILWNTETD

4690 4710 4730 4750 4770 4799

UGUAAAUCAAUGAAAUUUAAAGUUCCGGCUUUUUGUGGUAAGUUCAUGAUUCCAGUUGC CGGCAGGUACCGUUUUGAACCCGACCCUUUGAAGUUGAUAACAAAGCUGGGUAACAAGACA
C K S MKFKVvPAFCGKFMIZPY AGRYRFEPIDPLIEKTILTITZI KTILSGNIKT

Fig. 1 (continued)
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4810 4830 4850 4370 4890 4910
AUUGCUAUCGAAGGAAAAACCAAGGCUGAGGUGAGACGUAACGGUUCUAAACUUUUGUCUGAAAUUUACGUGUCUAUUUGCGAUAAUUAUAAAAAUUUUGAUGACGCAAGAGUUUUAGAC
I A I £€£G6GKTIKAEVRRNGSI KTLLSETIYVYSTICDNTYIKNTFUDDARYLD

4930 4950 4970 4990 5019 5030
GCLUUGGCUUAUGCUUUGGUAGACAGAUACAAACCUGA CAUUUGUC CGAAAGCUGCCUUGUAUAGUUUGAGUAAGUUUUUGAGGUCUUUUGAAUCCULCUGUGAAUUGUUCGAUAUUUAL
AL AY AL VDRYKPDTIU CPI K AALYSLSKT FTLRSTFES ST FTCEILTFODTIZVY

505@ 5070 5090 - J6 5130 5150
UACGAAGGUGAAAGAUUAGGUUUUGAULUC GUUCCUGUUACUGUUCGGAAAGAUUAUGAGUGGUAGACUALUGACCULUYCGGUCULUAGUC GUUGUUUUGUGUUUCUGUGUULCCULUC
Y £ 6 ERLGFDODFVPV TV RIKUDYEW

5170 5190 5219 5230 5259 5270
VUUUGUGAUGGCGAAAUCAGACUUCUUUCGUGAGGAACGCAAACGCAGGGUUGCGAUCUUAGGUGAACAAGCUGUUUGUAAAGUCAACGGAGUGCCUGGCUACUCUUGUGGUAUGCCACC
M A K SDFFRETERIKRRVAIILGTEU®QAVCKVYNGVYPGY S CGMPP

5290 5310 5330 3350 5379 5390
CGCUGUAGAGCAAGUGUUUGUACCGGUGGAUAAUGAAGAGGAGGCUUACAUGCUUGUGUUCCCAUAUGACGGUUGCUGUGGAGAAAAACACUAUAAGCUGUAUAACUCACUCGCGGAUAY
AV EQV FVY PV DNETETEAYMLYV FPYDOG CTCGEIKHYI KULYNSLADTI

5410 5430 5450 5470 5490 5510
CUCUGAUGACGAUUUGAAAUUGCAAUGUUUGGAGAGACAGLGGGAGACUYUGUUGACGAACUUCCAGAAGAAACUGAAAGAUUACGACUCUGCAAUUGCGCUACUUAGUGAGAAGUUUAA
S DDOLKILQCCLERGQRETTLLTNTFAOQKI KLKXDYDSATIALILSTETKTFK

5530 5559 5570 5590 5610 5630
AAAGUUGCGUUEUAAGAUGUAAAGAAUUCAGAAUCCCUUCUAAAAGAACAAAAAUGAUUAUGUC GAGCCUGAUCAGCUCGAGGCGGUGCGAGCCAUAGAGCACGGUUGUGGGUULAAACY

K L RS KM

5650 5670 5690 5710 5730 5750
UAAAACCCUCUAGUCUCACUUCCUAGUCGUUACAAGGUUAAUUGCAAAAAACCCUUGUAUCUGAUUAUAAUGGGAGUGCCGACAAGAUGUCGGGAGUGUCAAGACGCGACACUUAGUGGC

5770 5790 5810 «
UGGCGUAGACUGCUGGUGCGCGAACUCAUAGAGUUCGCGUAGGUGCAAAUCCCCCGCCGAUACGGAGCGAUAUCCGUCCCA

Fig. 1. Nucleotide sequence of IPCV RNA-1. The positions of the primers J1 to J8§ are
indicated by arrows which show the direction of the primed synthesis. Open reading frames
are indicated as ORF to the left. *indicates termination codons

cycles) and 72 °C for 5 min (1 cycle). Products were analysed by electrophoresis in a 10%
acrylamide gel.

Results
Nucleotide sequence and genome organization

The nucleotide sequence (EMBL database accession number X99149) was
determined from cloned cDNA except for 15 and 802 nucleotides at the 5'- and
3’-ends respectively. These terminal sequences were obtained using 5'- and
3’-RACE procedures. Figure 1 shows the sequence of the 5841 nucleotides (nts)
together with the location of the three open reading frames detected. ORF 1 is
fromnt 133 to UGA at nts 3 523 to 3 525. The next ORF, if starting with an AUG
codon, would be between nts 3575 and 5103. However, in vitro translation of
IPCV RNA-1 yielded major products with M, of about 143000 (the major
product) and about 195000 [11], which would suggest that the 143 000 product
is the ORF 1 product and that the 193 000 product arises by suppression of the
ORF 1 termination codon. Similar UGA codon suppression is known to occur
during translation of tobacco rattle virus (TRV) RNA-1 [23] and, as for RNA-1
of PCV [7] which is similar to IPCV RNA-1 (see below), the codon context of the
UGA terminating ORF 1 is very similar to that around UGA codons in TRV
RNA-1, pea early browning virus RNA-1 [8] and SBWMYV RNA-1 [19] which
are also thought to be suppressed during translation. Therefore, ORF 2 is taken
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Table 1. Percentage identity between nucleotide sequence of parts of RNA-1
of IPCV and PCV and between the IPCV RNA-encoded proteins and
corresponding proteins of PCV, SBWMYV or BSMV

Region® Length %]Identity with®
(nts)
RNA-1 of corresponding polypeptides of
PCV
PCV SBWMYV* BSMV©

5NCR 132 86 - ~ -
ORF 1 3393 78 88 38 37
ORF 2 1581 79 95 56 56
1G 61 62 - - —
ORF 3 375 75 75 27 30
3'NCR 299 86 - — -

a NCR: non-coding region, IG: intergenic region between ORF 2 and ORF 3

b Measured by using GAP

° Corresponding region from SBWMYV RNA-1(ORF 1,2)and RNA2 (ORF 3)and RNAa
(ORF 1) and RNAy of BSMV (ORF 2, 3)

to start immediately downstream of the ORF1 UGA (nt 3 526) and terminates at
nt 5103. A third ORF (nts 5 168 to 5 539) follows a non-coding region of 61 nts.

Similarity between IPCV RNA-1 and PCV RNA-1

Comparisons with the nucleotide sequences of other virus RNA showed that
IPCV RNA-1 strongly resembles PCV RNA-1. By using GAP, the sequences
were aligned with only two insertion/deletions of >3 nucleotides. These were
“deletions” in IPCV RNA-1 of 48 nucleotides starting at nt 1980 and 16
nucleotides starting at nt 5 155.

The 5'-terminal seven nucleotides of IPCYV RNA-1 are the same as those in
RNA-2 [21], but the 5'-non-coding region (NCR) is 133 nucleotides long in
contrast to the 501 nucleotides of the 5'-NCR of RNA-2 [21]. The six 5'-terminal
nucleotides are the same as the six nucleotides shared between RNA-1 and
RNA-2 of PCV [7]. The RNA-1 sequences of the two viruses are identical for the
5'-terminal 27 nucleotides and the 3’-terminal 20 nucleotides, presumably reflect-
ing the strong similarity between RNA-1 of IPCV and PCV.

Table 1 lists the percent identities between IPCV and PCYV in each region of
RNA-1. Resemblance is closest (86%)in the terminal NCR;in the 3'-terminal 276
nucleotides there are only 30 mismatches between RNA-1 molecules of IPCV-H
and PCV and 15 between RNA-1 and RNA-2 of PCV. The resemblance of IPCV
to PCV is least in the intergenic region, although this region is perhaps too short
to make the estimate meaningful. The similarities between the RNA-1 of IPCV



2308 J. S. Miller et al.

Table 2. Percentage identities among fragments of the RNA-1 nucleotide
sequences of serotypes of IPCV and PCV

Region® Viruses compared

H/T H/L  H/PCV  T/PCV  L/PCV

63-561 - 92 86 - 84
2956-3 360 89 - 76 75 -
4734-5425 88 - 76 76 -

* Position of the nucleotide sequence fragments compared in the com-
plete sequence of RNA-1 of IPCV-H

and PCV are more striking than those between RNA-2 molecules. The 5-NCR
and the coat protein gene in [PCV RNA-2 [21] are 55% and 62% identical
respectively to those of PCV [9].

During other sequencing work with RNA-2 of isolates of IPCV belonging to
serotypes L and T, fragments were obtained which matched the sequence of
RNA-1 of H. Table 2 shows the similarities between these fragments and the
corresponding sequences of IPCV-H RNA-1 or PCV RNA-1 as well as the
similarities between H and PCV RNAs in the same regions. The percentage
identity between sequences of isolates from different serotypes of IPCV were
greater (88%, 89% and 92%) than the percentage identity between any of the
IPCV isolates and PCV (75% to 86%).

Polypeptides encoded by IPCV RNA-1

The translation product of ORF 1 has a calculated M, of 129 687 (p130) and that
of ORF 1| and ORF 2 together has a calculated M, of 189 875 (p190). Like the
p131 and p191 proteins of PCV [7], which they resemble closely (Table 1), p130
and p190 contain sequence motifs which are thought to be characteristic of
proteins with methyl transferase and helicase activity and, only in p190, sequence
motifs thought to be characteristic of RNA-dependent RNA polymerases. The
translation product of ORF3 (M, 14 281; p14) does not contain motifs strongly
suggestive of function. The calculated translation products of ORF 1 and
ORF 1 + ORF 2 thus are close to the sizes estimated for the products of in vitro
translation of RNA-1 of IPCV (L serotype) [11]. All three translation products
are similar in amino acid sequence to those of PCV RNA-1 (Table 1). p14 of
IPCV-H and PCV are 75% identical and ORF 3 nucleotide sequences are also
75% identical. In contrast, the nucleotide sequences of the ORF-1, and in
particular the ORF 2, are less identical than are the proteins encoded by the
ORFs (Table 1).

Table 1 also shows amino acid sequence comparisons between the IPCV
translation products and the corresponding proteins of the type member of the
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primers primers primers primers
1+2 3+4 6+7 7+8

DHL DHL DHL D H

«— 0.5kb

Fig. 2. Reverse transcription-PCR detection of IPCV RNA using different primer pairs.

DNA products were analysed by electrophoresis in a 5% polyacrylamide gel, stained with

ethidium bromide and photographed in UV light. The RNA samples were of isolates D,

H and L (serotypes T, H and L respectively). The positions of marker DNA of known size are
shown on either side. The bar indicates the top of the gel

genus Furovirus, soil-borne wheat mosaic virus and barely stripe mosaic virus.
The percentage identity values are very similar to those reported between these
proteins and the translation products of PCV RNA-1 [7].

RT-PCR detection assay

Four pairs of primers (J1 to J8) were designed for use in RT-PCR to amplify
overlapping parts of RNA-1 of both IPCV-H and PCV. The positions of the
primers are shown in Fig. 1. With each of the four primer pairs, RT-PCR yielded
a prominent product between 1kb and 2kb (Fig. 2). These products were
approximately the size of those predicted from the known sequence (Fig. 1)
although small differences were detectable between the PCR products from
isolates in the different serotypes suggesting that the RNA-1 molecules of
different IPCV isolates differ in size. Other bands were presumably of DNA
resulting from primer mismatching. Amplification done using primers J1 and J2
with RNA extracted from N. benthamiana leaves infected with IPCV also
produced a fragment of the expected size (not shown).

Discussion

The results show that the RNA-1 molecules of IPCV-H and PCV are more
similar than are the 5’ regions of the RNA-2 molecules of the two viruses. The
NCR of the RNA-1s are 86% identical whereas the 5 NCR of the RNA-2s are
55% identical. The most similar regions of the polypeptides encoded by the
RNA-1sare the ORF 2 products, the putative polymerase region, which are 95%
identical. Other RNA-1 encoded proteins are 75% identical and the RNA-2-
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encoded coat proteins are 62% identical [21]. IPCV and PCYV induce similar
diseases in groundnut crops and the viruses have been considered by different
authors as strains of one virus [2, 16] or distinct viruses [17, 21]. PCV occurs in
a range of serological variants [10] and IPCV is known to occur in three
serotypes between which there is little or no cress-reaction [14, 16]. Thus,
although 95% sequence identity between polymerase amino acid sequences
would suggest that the viruses being compared are variants of one virus species,
the range of variation among isolates of IPCV, and perhaps PCV, together with
the larger differences between other genes argue that a taxonomic distinction
between IPCV and PCYV is both justified and of practical value. The limited
sequence comparisons between fragments of RNA-1 molecules of IPCYV isolates
of serotype L and T (Table 2) are consistent with this view in that the IPCV
isolates were more alike than any was like PCV. Nevertheless, further sequence
information, particularly from serologically distinct isolates of PCV, is needed
for sound conclusions to be reached.

Because there are 61 possible codons in a RNA sequence but these encode
one of only 20 amino acids, some nucleotide changes do not alter the encoded
amino acid sequence. Thus in a gene derived from a common ancestor, nucleot-
ide sequence divergence would be expected to be greater than amino acid
sequence divergence; constraints as to permitted mutations would determine the
actual ratio. In comparisons between IPCV and PCV (Table 1) the 15K genes
were 75% identical in both nucleotide sequence and amino acid sequence
whereas ORF 1 and its encoded protein were 78% and 88% identical and ORF
2 and its encoded protein were 79% and 95% identical. This suggests that the
nucleotide sequence of the 15K gene has been constrained more than the
sequences of the other ORF and thus that it contains functions other than that of
being a mRNA,

As has been discussed by others [7, 9, 21], there are similaritics among the
gene products of PCV and IPCV and those of the type member of the genus
Furovirus, SBWMV. However, there are also similarities between proteins of
BSMYV (genus Hordeivirus) and structural proteins of IPCV and PCV [21] or
non-structural proteins of IPCV (p130, p190 and p14, Table 1) and PCV [7, 9].
The accomodation of these similarities in the taxonomy of furoviruses and
hordeiviruses is a problem for future consideration.

IPCV and PCV infect a wide range of species including graminaceous crop
species [17, 20], and Delfosse et al. [3] have reported that IPCV can cause
a disease in wheat crops in India. Such graminaceous plants are good hosts for
the virus vector Polymyxa graminis. These observations raise the possibility that
graminaceous hosts could be infected by viruses which are related to IPCV or
PCYV but which do not infect groundnuts. If this were so, acquisition of the
genetic determinant for groundnut infection, perhaps by recombination, could
represent a source of novel pathogens. A broad specificity cDNA probe was
devised on the basis of RNA-1 sequences and this has been shown to be capable
of detecting infection by any of the 3 serotypes of IPCV as well as one isolate of
PCV [22]. This probe would probably be capable of detecting such a novel virus.
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The probe is currently being used in field diagnostic work. The current work has
yielded primers for use in RT-PCR assays for IPCV, and by virtue of sequence
match, the isolate of PCV described by Herzog et al. [ 7]. Although cumbersome
for diagnostic work, except where extreme sensitivity is needed, this method is of
potential value in conjunction with survey work as it allows the subsequent
identification of the RNA-1 sequence amplified.
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