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ABSTRACT

Lei, C.-H., Lister, R. M., Vincent, J. R., and Karanjkar, M. N. 1995. SGV
serotype isolates of barley yellow dwarf virus differing in vectors and
molecular relationships. Phytopathology 85:820-826.

Two SGV serotype isolates of barley yellow dwarf virus (BYDV),
NY-SGV from New York State and TX-SGV from Texas, exhibited
differences in aphid transmissibility that could significantly influence
their relative occurrence and epidemiology; i.e., TX-SGV was readily
transmitted by a range of vector aphids, whereas NY-SGV showed a
much greater vector specificity. In serological assays, TX-SGV differed
from NY-SGV but resembled an SGV serotype isolate from Idaho that
shares similar vector relationships with TX-SGV. Dot blot hybridization
assays using cloned cDNA probes distinguished the SGV isolates from
the P-PAV, MAV-PS1, NY-RPV, and NY-RMYV isolates of BYDV and

from each other. Nucleotide sequences were determined for the 22-kDa
coat protein gene, the associated 17-kDa internal open reading frame,
and a 50-kDa protein gene of the NY-SGV and TX-SGV isolates. The
deduced amino acid sequences of these proteins shared approximately
96% similarity between isolates but had only about 71% similarity with
comparable regions from the MAV-PS1 and P-PAV serotype isolates and
approximately 57% similarity with those of the NY-RPV isolate. These
comparisons did not identify obvious differences in primary structure
that might be related to differences in vector relationships of NY-SGV
and TX-SGV. The results demonstrate that the SGV serotype is distinct from
other BYDV serotypes and that it includes sequence-distinguishable
variants that differ in epidemiologically significant properties, such as
transmissibility by various vectors.

The barley yellow dwarf luteoviruses (BYDVs) were originally
differentiated as five biotypes (MAV, PAY, SGV, RPV, and RMV)
by their aphid transmissibility (18). Isolates representative of each
biotype, designated on the basis of vector relationships and their
origin in New York state (19), were named: NY-RPV, transmitted
readily by Rhopalosiphum padi (L.); NY-RMYV, transmitted readily
by R. maidis (Fitch); NY-MAV, transmitted readily by Sitobion
avenae (Fabricius); NY-PAV, transmitted readily by R. padi and
Sitobion avenae; and NY-SGV, transmitted readily by Schizaphis
graminum (Rondani) (18). Subsequent investigations of serological
relationships showed a parallel separation into serotypes (28).
However, although both serological properties and vector spec-
ificities involve capsid protein (CP) properties (6), recent studies
have shown that vector specificity need not correspond to sero-
type groupings among isolates (1,2,8,14).

Vector specificities, serotyping, and other characteristics have
been used to group MAV, PAV, and SGV serotypes into BYDV
subgroup 1 and RPV and RMYV serotypes into BYDV subgroup 2
(5,15,18,28). This grouping is supported by the recently pub-
lished nucleotide sequences of isolates MAV-PS1 (25), Vic-PAV
(16), P-PAV (25), and NY-RPV (26). Sequences for the MAV and
PAV serotype isolates are similar and contain five large open read-
ing frames (ORFs), now conventionally numbered 1 to 5, plus a
small ORF, numbered 6, whereas the sequence for the RPV sero-
type contains six large ORFs, now conventionally numbered 0 to
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5 (15). Moreover, comparisons of the CP and other genes in the 3
region of the genomes of MAV-PS1, P-PAV, and NY-RPV indicate
that MAV and PAV isolates resemble each other more than they
resemble NY-RPV (26,27). This region includes genes important
in encoding proteins that may determine aphid-transmission spec-
ificity.

BYDVs are obligately transmitted by aphids, and their vector
relationships can be relatively specific. Virus-aphid specificity seems
to result from recognition between virions of a specific isolate
and virus receptors in the salivary gland of a particular aphid
species (6). ORFs for two proteins putatively involved in virion
structure have been identified for BYDVs: ORF 3, encoding the
22-kDa CP, and ORF 5, encoding a 50-kDa protein. This latter
OREF is contiguous with the CP ORF and is probably translated
by a translational readthrough of the CP termination codon, pro-
ducing a readthrough protein. A third ORF (ORF 4), corre-
sponding to a 17-kDa protein, is embedded within the coding
region for the CP but in a different reading frame. If the virus-
receptor hypothesis applies, the determinants for specificity of
aphid transmission must be part of the structures formed by one
or more of these proteins and should be reflected in specific gen-
omic characteristics. Recently, as reported here, we found that an
isolate of the SGV serotype from Texas (TX-SGV) is readily
transmissible not only by Schizaphis graminum but also by Sito-
bion avenae, R. padi, and R. maidis, whereas the NY-SGV type
isolate is readily transmitted only by Schizaphis graminum. We
report here on a study of other features differentiating them from
each other and other BYDV isolates, including diagnostic sero-
logical properties, dot blot hybridization tests, and differences in
nucleic acid and deduced amino acid sequences.



MATERIALS AND METHODS

Virus isolates and enzyme-linked immunosorbent assay
(ELISA). TX-SGV, from a wheat plant collected in Texas (sup-
plied by D. Marshall, Texas A&M University, College Station),
and NY-SGV (supplied by W. FE. Rochow from the Cornell Uni-
versity collection) were maintained in barley (Hordeum vulgare
L.) cv. Moore or oat (Avena sativa L.) cv. Clintland 64 in constant
environment chambers at 20°C. They were transferred regularly
with Schizaphis graminum, and virions were purified from Moore
barley roots as described by Webby and Lister (29). ID-SGV (8),
a SGV isolate from Idaho supplied by S. Halbert, was not main-
tained regularly, but virions were purified once from a culture
maintained in conditions similar to those for TX-SGV and NY-
SGV. ID-SGV is transmissible by several vector aphids (8) and is
similar in this respect to other SGV isolates previously reported
in Idaho collections (20). Similar procedures were used to prop-
agate MAV-PS1 (14), P-PAV (9), NY-RPV, and NY-RMV, which
were transferred by Sitobion avenae, R. padi, R. padi, and R.
maidis, respectively. Double-antibody sandwich-ELISA (DAS-ELISA)
(13) with serotype-specific antisera (29) was used to check that cul-
tures remained uncontaminated and in tests to compare the BYDV
isolates. Triple-antibody sandwich-ELISA (TAS-ELISA) with mono-
clonal antibodies (MAbs) (29) also was used to assess serological
relatedness among the isolates.

Aphid-transmission experiments. In experiments on vector
specificity, nonviruliferous Schizaphis graminum, Sitobion avenae,
R. padi, or R. maidis were allowed 5- to 10-day acquisition access
periods on Moore barley plants infected with TX-SGV or NY-
SGV and then were transferred in groups of three to five aphids to
Clintland 64 oat plants or, in the case of R. maidis, to Moore
barley test plants, for inoculation access periods of 2 to 3 days.
Aphid survival was recorded, and aphids then were killed with
malathion. The plants were grown for 2 weeks in the greenhouse
before being tested for virus infection by DAS-ELISA. Only test
plants on which aphids survived for at least 2 days were included
in the results. Another set of two similar experiments tested the
transmissibility of a culture of TX-SGV that had been transmitted
sequentially through Clintland 64 oat or Moore barley plants by
batches of 10 R. padi, Sitobion avenae, R. maidis, and Schizaphis
graminum, respectively. In further experiments, nymphs and adults

TABLE 1. Double-antibody sandwich (DAS) and triple-antibody sandwich
(TAS) enzyme-linked immunosorbent assay (ELISA) with purified virions of
the NY-SGV, TX-SGV, and ID-SGV isolates of barley yellow dwarf virus
(BYDV)

ELISA value with SGV serotype isolate?

Antibody NY-SGV TX-SGV ID-SGV
DAS-ELISA with
polyclonal antiserum
MAV-PSI 0.08 0.26 0.16
P-PAV 0.02 0.09 nt®
NY-SGV 1.44 1.59 1.37
NY-RPV 0.03 0.02 nt
NY-RMV 0.01 0.01 nt
TAS-ELISA with MAb®
MAVI 0.08 0.08 nt
MAV3 0.18 2.10 1.75
AF8 0.56 0.71 0.49
MAFF2 0.04 0.05 0.06
MAC91 0.03 0.03 0.04

4 Means of duplicate wells, 100 ng per well. Virions of other BYDV serotype
isolates (MAV-PS1, P-PAV, NY-RPV, and NY-RMV for DAS-ELISA; MAV-
PS1 and P-PAV for TAS-ELISA) and buffer without virions also were in-
cluded and used as positive and negative controls, respectively, for check-
ing the reactivity of each antibody used.

b Not tested.

¢ Monoclonal antibodies (MAbs) used were MAVI, MAV3 (10), AF8 (12;
C.-H. Lei and R. M. Lister, unpublished data), MAFF2, and MAC91 (24).

of Schizaphis graminum from aphid cultures that had been raised
on Moore barley plants infected with TX-SGV or NY-SGV were
transferred singly to Moore barley or Clintland 64 oat test plants,
as above, to assess their ability to transmit the virus.

RNA extraction, cDNA library construction, and polymerase
chain reaction (PCR). Purified virions were pelleted by ultracentri-
fugation, and the RNA was obtained by phenol/chloroform ex-
traction and ethanol precipitation after the virions were dis-
associated in 200 mM Tris-HCI (pH 9.0), 2% (wt/vol) sodium
dodecyl sulfate (SDS), and 5 mM EDTA at 60°C for 10 min. cDNA
libraries were constructed from the genomic RNAs of NY-SGV
and TX-SGV, respectively, by the method of Gubler and Hoffman
(7) and cloned into the Hincll site of pGEM-3Z (Promega, Madi-
son, WI).

cDNA clones also were prepared by PCR with synthetic oligo-
mers containing BYDV sequences. One microgram of genomic RNA
was reverse transcribed (Superscript, Life Technologies [LT], Rich-
mond, CA) and treated with RNase H (LT). The DNA product
was ethanol precipitated and dissolved in 20 pl of distilled water.
PCR was performed under the following conditions: 1 ul of cDNA
template; 200 uM dNTPs; 100 pM each of the primers; 2 mM
MgCl,; 10 mM Tris-HCI, pH 8.3; 50 mM KCI; 0.01% (wt/vol)
gelatin; and 2.5 units of Tag polymerase (Perkin-Elmer Cetus,
Norwalk, CT) in 100 pl. The reaction mixture was covered with
50 pl of mineral oil and, after an initial 5-min incubation at 95°C,
was subjected to 25 or 30 cycles of 95°C for 1 min, 50°C for 2
min, and 72°C for 2 min.

Sequencing and screening libraries. Purified recombinant plas-
mid DNA was sequenced by the dideoxy chain termination method
(23) with a modified T7 DNA polymerase (Sequenase, U.S. Bio-
chemical, Cleveland). Nucleotide sequence analyses were per-
formed with Microgenie software, version 4.0 (Beckman Instru-
ments, Inc., Fullerton, CA), and Genetics Computer Group

TABLE 2. Percent transmission of the TX-SGV and NY-SGV isolates of
barley yellow dwarf virus by vectors Schizaphis graminum, Rhopalosiphum
padi, Sitobion avenae, and R. maidis*

Vector
Isolate S. graminum R. padi S. avenae R. maidis
TX-SGVb 100 81 67 58
TX-SGV* 91 72 68 88
NY-5GV¢ 56 0 0 0
NY-SGVe 82 14 5 <l

* Acquisition access period 5 to 10 days; test feed 2 to 3 days; 5 to 10 aphids
per plant. Vector clones supplied by W. FE Rochow from the Cornell
collection,

b Determined in present work in two experiments, involving totals of 36 to 49
plants for each vector, with the original TX-SGV isolate.

¢ Determined in present work in two experiments, involving totals of 38 to 47
plants for each vector, with a culture of TX-SGV that had been transmitted
sequentially through Clintland 64 oat or Moore barley plants by batches of
R. padi, S. avenae, R. maidis, and S. graminum, respectively.

4 Determined in present work in one experiment involving 50 plants for each
vector.

¢ Determined by Johnson and Rochow (11).

TABLE 3. Transmission of the TX-SGV and NY-SGV isolates of barley
yellow dwarf virus by single Schizaphis graminum nymphs and adults raised
on infected Moore barley

Percent transmission (number of tests)

Nymph Adult
Exp. Test plant TX-SGV  NY-SGV  TX-SGV  NY-SGV
| Clintland 64 oat 82(28) nt? T2(36) nt
2 Clintland 64 oat 92(50) 18(49) 82(49) 4(49)
3 Moore barley 70(47) 14(34) 56(46) 3(34)
Totals 80(125) 17(83) 70(131) 4(83)
# Not tested.
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(Madison, WI) sequence analysis software, version 7.2 (4). Clones
that contained CP sequences homologous to those found in other
BYDV isolates (16,25,27) were assumed to contain part of the
putative SGV CP gene, and these sequences were the basis for
primers to amplify the SGV CP coding region by PCR. Some clones
recovered after PCR were used as hybridization probes, 3?P-
labeled with a multipriming labeling kit (Ambion, Inc., Austin, TX),
to screen the libraries for additional CP cDNA clones. Clones con-
taining the RTP gene sequences were identified by probing the
c¢DNA libraries for clones overlapping the CP gene.

Dot blot hybridization. In one set of experiments, dot blot
hybridization tests (22) were applied to purified virions at a range

(Nytran, Schleicher and Schuell, Inc., Keene, OH) pretreated with
20x SSC (1x SSC is 0.15 M sodium chloride plus 0.015 M
sodium citrate, pH 7.0). The same virion preparations also were
examined by DAS-ELISA at the same range of concentrations to
confirm that virion concentrations were consistent among dilu-
tions and to compare isolates serologically. Blots were baked
under vacuum for 3 to 4 h at 80°C and then incubated for 30 min
to 1 h at 68°C in 10% formamide, 1.5X SSPE (1x SSPE is 0.18
M NaCl, 10 mM NaPOy, and 1 mM EDTA [pH 7.7]), 1% SDS,
and 5X Denhardt’s solution. Hybridization was in the same solu-
tion plus 50 pg of calf thymus DNA per ml with the [o-**P]dCTP-
labeled probe (1.5 x 107 cpm) at 68°C for 16 h. Blots were

washed sequentially with 2X SSC plus 0.1% SDS, 0.5x SSC plus
0.1% SDS, 0.1X SSC plus 0.1% SDS, and 0.1x SSC plus 1%
SDS, each for 15 min at room temperature.

of concentrations (1.0, 0.1, 0.01, and 0.001 pg/ml), estimated
from Eygpnm (0.1%) = 8 (3). Virion preparations in 0.1 M sodium
phosphate, pH 7.0, were immobilized on a nylon membrane

NY-SGV 1 AUGAAUUCUCAAGGCCCUAGGCGCAACGCACGCAARAAUGUCAGAAGACGCAAUCGAACAGUUCGGCL
TX-SGV L F YIRS, W B s oot W 0 B T R A.

NY-SGY 101 GAAGACGAAGAAAUGGUCGACGUCCAGCAAGAAGACGGGCAARUCAUUUACCGAGACCAGCAGGCAGGUCTGAGGUAUTCACTUUUUCAGUCARCGACAT
TX-5GV L0 wewwwssnmmsmwess An-oWsonnsosrsnesaeesesssnses i, |+ I VAP R T oo T T

NY-SGV 201 CAAAGGCAACUCCAACGGGGUCAUCARAUUCGGCCCCAGCCUUUCGCAAUGUCCUGCAUUAUCAGACGGAAUACUUAAGUCCUACCACGACUACGCGAUC
TX-SGV 201 .oevvnnnnnnnss Bavrnsssnsnsnsssnansnsnasansssssssssssnsnnnn Caliienesnnnansnasesnannansannns L DA

NY-SGV 301 ACAAAUGUCCAGAUAUUCUAUAGAUCGCACGCCAGCUCCGAAACUGAGGGCGCACUCUL
TX-SGV 301 Jesanesinnnse BB i ieucaseseseasesasassosessssssansesasssssscssesassssesssensasossssssssansanansns C...G..

NY-SGV 401 GCUACAUUAACUCAUUCACCAUCACAAGUUCCGGAUCGAAGACCUUCACGGCGGGCUCUATUAACGGGACCACGAUGAAGAACUAUTUGUCUGACCAGUT
TX-8GV 401 ..ciiiiiiiisenannarssnannnns Covsnnnnsnna Aisusssssaassssansnsssnssssnsssanssstssssassssns Aicassnse A..

NY-SGV 501 UUACCUCUUAUACAAAGGCAACAGUUCUAAGGCCACUGUUGCAGGUCAGUUUAUUAUCACGAUCCGCGUUAAAAUGECCARCCCURAAAUAGGUAGACCCC

TX-SGV 501 C...... Y I A T S P | NP S ) A - P [ PP A
()

NY-SGV 601 UCGCCGUCUCCCECCCCCGCUCCCGCACCCACACCARCACCUCARCCCCAACCCUUUCCCCARCCGCAGCCAGAACCAGCAAAACCUAGAUUCUAUGCUA

TX-8GV 601 ........ Rt U..UA....AA....A..C..0uuuns [ B B i e i i i URevunnns G s e C..G

NY-SGV 701 ACUACUCCGGUACACCGACUGUCAACAUCAGUACCAGGGAGACAUCAGACAGUAUAGCUGUCAAAAGGCT
o S Te AV 1) RN SRS | SOOG VAN . SO WA . RSP, | SRR QRN VR . T | SO | JRPRPRRDS SV - 9 WAL - TR, 1, 1 - SRS L O ——

NY-SGV 801 UGAUGUCCAUGAARAACCGCCAGAUCAAGUCUUGGUGGUAUUCCGACAACAAC JCUCAGGCUGCGUUUGUCUUCCCAGUUCCGGAAGGUGAAUAC
TE-SGY B0l Colhecvroranasmmmnnnmnnses COU..0..ceeranass - YN — R L+ JR— ? SR G..G.UU

NY-8GV 901 UCUAUACAGAUCACUGCCGAAGGGCUACAGUCGGUAGACCACAUUGGUGGCAAMIUAUGAUGGCUACUGGAUUGGCCUUAUUGCUUACGGCARUGACAUAT
TX-8GV 901

NY-SGV 1001 CUGAUAACUGGGGUAUUGGGGUUUAUGAUAAGUGCUCCAUAACUGAUCUAAUCAACACGGCCUCUUGGAGGCCAGGACAUAMAGAUAUGGAGCUAMACGG
TX-8GV 1001 ....cvvvnnnas ¥ D AR.C...A.COG..0uun Realeiasisssnssins U..C.Uevannn L TR | P = R e A..C..U..

NY-SGV 1101 GUGUAAAUUCUCAGAUCAAGUAGUAGAACGUGAUGCAAUCAUAUCAUUCAAAAUCCAUGCUCAAARAGGAGCAUCGUUCUACCUAGUCGCACCAAGGACC
TX-8GV 1101 ...Covuvrvunn G..Couun. Bicasimdatin Ciasd Tes@ivivie Wenimidsmian v G.AC..G..U......U.G..U..G....AA..A

NY-SGV 1201 AAGAAAGCAGACAAAUACAACUAUGUUGUAUCGUAUGGUGGGUACACUGAGAAGCGAAUGGAGUUUGGGACCAUCUCCGUGACCAUAGAUGAAAGAANCG
TX-SGYV 1201 ...... Tiiaaaaa @esiisicsnicinnnns Diiaaa Bl s Cicaas Aicassssiannins Aivasanas Diisiasiasssnsasasa G..uw

NY-SGV 1301 ACGAGGCAAGAUCACAGUGGCACACGCUACAACCUUUCAAGCCUGGUCUGCUUGAAAUAUCUCAUAAGCGAGCCACUCCUUUAUCUACCUUCGUGCCAGY
TXSGV LWL covmsvvsnmnseina Aicisasas AAG....UC....G...A....A.DC....... COA...G. A UusaBiscsnscsnsnsasnncsnnnnns

NY-SGV 1401 UCCGGACACUAAUUUUGAAAGAAAUGAGGACACCARUCCUCCCGUUAGUGUUUCAUCCCCAGAACUUGAGGUUAACCUUARUCUGGAGGACAUUUCGCAC

TESGV 2401 Ruunenesoranassemsenvemssnssnenesseeesessss Uisnsasnse Cesenssnnssnsnse Covonnnennane CoeCrvovvnns L+ [
(o)
NY-SGV 1501 GAGCUAACUGAANGGGGAAGGGAGCCCACCCCUGACCCGCAGGACGAUCUAGCCAMACGACUGGAAGAGUACGAAARAGCANCCAGUGAGGUGCCUGAUT
TX-8GV 1501 ..... Gevuruns KiiWavas AU sCovsvsnannasnss CU.vunes [ 3 U VessalleanaBusssanssansnannins
)

NY-5GV 1601 UCGCAUUGACUCAGGAUGACGAGGAGAUCCCAUCGAUCUCUUUGGCACCACCUAAACCCCCUGGUUUGCCAMAAUCACCAGAACCAGCCAGUACCUAUAG
TX-SGV 1601

NY-SGV 1701 GCCCGAUCCUGUUACAAUUCCCAACUACACCAAMAGCAARGCUAACAACCGAUTACUCUCCCGGUUUT ARCCGCUCARAUAR UGAC
TESOV. IT0L cecivsmianmsnsnsisnssarsisininsbosasssssrunnsas - A Biolasunananasanan BiwCaivanas RaCuwiainiain

(G)
NY-SGV 1801 GGAUCUACUGCCACCACAUCAAGAUUAACUCCAGAGCAAAACCUGGAGUAUUACCGCAUUCAGCGGUCUCUGGGCARGACCGCAGCAGCARAGUACAAAC

TX-SGV 1801 ........ CeiTucn s o A ok T, | T, W Wi i S LI V- S U - U R WR—: UAU.eennnnnn A
(c)

NY-5GV 1901 AAGAGUGUUUGAAUGAACAAGCAAUCUAG
TX-8GV

Fig. 1. Comparative nucleotide sequences coding for the coat proteins and 50-kDa proteins of barley yellow dwarf virus isolates NY-SGV and TX-SGV,
Nucleotides that are identical between NY-SGV and TX-SGV are indicated by dots; only the nucleotides that differ in TX-SGV are listed. Variant nucleotides
identified from sequencing multiple clones are noted in parentheses above or below the consensus sequence for NY-SGV and TX-SGV, respectively. The first
underlined AUG indicates the coat protein initiation codon; the second underlined AUG indicates the 17-kDa internal reading frame initiation codon; the first
stop codon, UGA, and the second and third stop codon, UAGs, indicate the stop codons for the coat protein, the 17-, and the 50-kDa proteins, respectively.
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RESULTS

ELISA comparisons. DAS-ELISA tests with polyclonal anti-
sera (Table 1) indicated that all three SGV isolates were mutually
related but were unrelated to the subgroup 2 isolates NY-RPV and
NY-RMV. Both TX-SGV and ID-SGV showed a small degree of
cross-reactivity with the NY-MAV antiserum, similar to that pre-
viously reported for PAV serotype isolates (30; Table 1), but such
cross-reactivity was much less evident for NY-SGV. Table 1 also
summarizes typical results obtained in TAS-ELISA tests with
SGVs and other virus isolates and various MAbs. TX-SGV and
ID-SGV both reacted much more strongly than NY-SGV with
Mab MAV3, but all the isolates reacted similarly with other
MAbs tested (Table 1).

Aphid-transmission experiments. Comparisons of the trans-
missibility of TX-SGV by aphids showed that whereas only
Schizaphis graminum transmitted NY-SGV, Sitobion avenae,
Schizaphis graminum, R. padi, and R. maidis all transmitted
TX-SGV quite efficiently (Table 2). Similar results were obtained
in transmission experiments carried out with the TX-SGV culture
after passaging it sequentially through R. padi, Sitobion avenae,
R. maidis, and Schizaphis graminum, respectively, by transmis-

TABLE 4. Percent nucleotide identity among the coat protein and 50-kDa
open reading frames (ORFs) of NY-SGV, TX-SGV, and other barley yellow
dwarf virus isolates®

TX-SGV? MAV-PS1¢ P-PAV® NY-RPV?

NY-SGV*® 94.6 68.4 69.2 52.6
(84.8) (51.8) (50.8) (43.9)

TX-SGV 69.5 70.7 524
(52.0) (52.4) (45.8)

MAV-PS1 76.7 52.8
(60.2) (45.0)

P-PAV s 55.0
(45.3)

* Values for the 50-kDa ORFs are in parentheses.
b This work.

¢ Ueng et al. (25).

4 Vincent et al. (26,27).

sion to Clintland 64 oats or Moore barley plants (Table 2). In
further experiments, both single nymphs and single adults of
Schizaphis graminum raised on TX-SGV infected Moore barley
plants transmitted the virus efficiently, whereas those raised on
NY-SGV-infected plants transmitted this virus poorly (Table 3).
For each isolate, transmission by adults was less efficient than
transmission by nymphs, but the differences in transmission ef-
ficiency were much greater for NY-SGV than for TX-SGV (Table
3). These effects were similar with both Clintland 64 oats and
Moore barley test plants.

Clones and characteristics of the CP, 17-, and 50-kDa ORFs
of SGV genomes. ORFs corresponding to ORFs 3, 4, and 5 of
other BYDVs (15), i.e., the CP, 17-, and 50-kDa ORFs, respec-
tively, were identified and sequenced as follows. Nucleotide
sequencing of cDNA clones from the TX-SGV library identified a
clone (TSGV171) containing the sequence (5-CGTATTTTATTTAC-
3’). This sequence (RNA form) is conserved in the 5° untranslated
region flanking the MAV and PAV CP genes (25,26) and, thus,
was chosen as one PCR primer. The second PCR primer (5'-
GGATCCGTCTACCTATTTGG-3"), which was similar to that de-
signed by Robertson et al. (17), represented a 14-nucleotide se-
quence located (RNA form) at the 5 end of the MAV and PAV CP

TABLE 5. Percent amino acid similarity among the deduced coat proteins
and 50-kDa proteins (in parentheses) of NY-SGV, TX-SGV, and other barley
yellow dwarf virus isolates

TX-SGV? MAV-PS1® P-PAVP NY-RPV¢
NY-SGV* 95.9 70.4 71.4 56.9
(93.7) (61.7) (66.3) (51.0)
TX-SGV 71.9 724 58.5
(62.0) (61.3) (52.2)
MAV-PS1 80.8 59.1
(74.0) (52.4)
P-PAV 60.9
(52.8)
* This work.

b Ueng et al. (25).
¢ Vincent et al. (26,27).

NY-SGV P R R R FRIAY R RRWRTVRPVVVVOERNEBIGEIRRRNGRR 46
TX-SGV P R RGN R EBIRY R RRUWREVRP VvV VYV OESEEIGEIR RRNGRR 46
P-PAV MNSVGRR[§P R RESIES] W RESBMRRIMRTVRPVVVVQPNRAGPRRRNGRR 50
Vic-PAV MNSVGRR[eP R RESIN WWRESM R RISRTVRPVVVVQPNRAGPRRRNGRR 50
WERSSIEN M N S VG R RIWEY R R PRAR ARBAV S ARMSA R MAMRURAoI-1 " : 8 We 49
NY-SGV ANBSMIR PENGREJE VFRENF S V N DRd Kie]lN S 97
TX-SGV ANRBMIR P TGRTEVFRF svNDRKIIN S 97
P-PAV ANPBABIRP TG TEVFVFSV LKANS 101
Vic-PAV ANRPTGTEVFVFSVELKANS 101
MAV-PS] PBESYL I S G AR o] SVNDLKANS 100
NY-SGV A QIFYRHE AT GAMF IE 148
TX-SGV A ON{F ¥ RE AT G AMF I E 148
P-PAV el VEF K S W TENG ABNF I E 152
Vic-PAV S I REAE ] IMTPNG AR F I E 152
MAV-PS1 IVEFKS SITMIGCANIFIE 151
NY-SGV NG SPEMEE T TMK N Y L ShlcRhd LAREY GBI SE] K 2 T VE 196
TX-SGV RN G SEEMET TMKNY L ShRoBIRd LRSI G SE] K 2 T VKol dh: 196
P-PAV FIIAPBNI NGKEFQESTHMDOFIMLYKANGRWTMD TAGQFITI 200
Vic-PAV FINGKEFQESTDQFMLYKANGTDTAGQFII 200
WERE I F T Alole] I GKEFIE S TR QO FYMLYKANGSTEDTAGQFITI 199

Fig. 2. Comparison of the deduced amino acid sequences of the putative coat proteins of barley yellow dwarf virus isolates NY-SGV and TX-SGV with those of
MAV-PS1, P-PAV (27), and Vic-PAV (16). Identical amino acids are represented against a black background; chemically related amino acids are represented

against a shaded background.

Vol. 85, No. 7, 1995 823



coding regions with an introduced BamHI restriction site (under-
lined). Three clones, including one designated as TSGV-PCR-
CP7, were obtained from cDNA fragments produced by PCR.
Screening the cDNA library with TSGV-PCR-CP7 as the hybrid-
ization probe identified other cDNA clones. The CP nucleotide
sequence was determined solely from the cDNA clones, such that
the reported sequence represents at least two separate clones.
Similar strategies were used for NY-SGV; thus, clone NY-SGV7
was identified by its sequence homology with the 5" end of the
TX-SGV CP gene. Within NY-SGV7, the sequence 5'-GTCCAA-
GCCCCCGGAACCG-3" was identified beginning 79 nucleotides
downstream from the NY-SGV CP ATG. This 19-mer was used in
PCR with the downstream primer described above.

Two clones were obtained by PCR, and five overlapping cDNA
clones were obtained from the NY-SGV library. The putative CP
genes of both TX-SGV and NY-SGV contain 591 nucleotides
(Fig. 1) and encode a protein with 196 amino acid residues and a
predicted M, of 21,700. Another ORF, corresponding to ORF 4
(15), is embedded in the CP gene in a different frame, starting at
nucleotide 38 and consisting of 441 nucleotides, potentially en-
coding a protein with 146 amino acid residues and predicted M,
of 16,400 for TX-SGV or 16,600 for NY-SGV. Some clones ex-
tended downstream from the CP region to overlap a 50-kDa ORF.

This enabled sequencing of this region by methods similar to
those described above. The putative protein encoded by the 50-
kDa ORF for both NY- and TX-SGV contains 1338 nucleotides
and 445 amino acid residues, with a predicted M, of 49,700 for
NY-SGV and 49,900 for TX-SGV (Fig. 1).

Sequence comparison of the CP, 17-, and 50-kDa ORFs. When
the TX-SGV and NY-SGV sequences were aligned and gapped to
maximize homology, the percent similarity of NY-SGV to other
BYDV isolates was TX-SGV > MAV and PAV isolates > NY-
RPV (Table 4). The deduced CP amino acid sequence of NY-SGV
had higher similarity to that of TX-SGV than to those of other
serotype isolates that were compared (Table 5). Similarly, the
putative 17-kDa ORF proteins had higher similarity (95.9%) to
each other, than to those of the MAV and PAV isolates (approxi-
mately 70%) or NY-RPV (50%). Although the percentages varied,
TX-SGV showed similar relationships in such comparisons (Tables
4 and 5). Comparisons of the 50-kDa ORFs showed similar re-
lationships among the isolates compared. When deduced amino
acid sequences for the CPs (Fig. 2) and 50-kDa proteins (Fig. 3)
of both SGVs were compared with other subgroup 1 BYDV iso-
lates for which both the CP and 50-kDa protein sequences are
known, i.e., MAV-PS1, P-PAV (25), and Vic-PAV (16), no dif-
ferences in primary structure could be correlated with differences

NY-SGV sk A BeTPpTVRIIST 56
TX-SGV P PE Bereflvillzsr 56
P-PAV PENPRIP TP TP Q MG TP TERYI ST 60
Vie-PAV rEIPIIP TP TP Q GTPTERII ST 60
MAV-PSI 52
NY-SGV 117
TX-SGV 117
P-PAV 121
Vie-PAV 121
MAV-PSI 113
NY-SGV 177
TX-SGV 177
P-PAV shd N 182
Vic-PAV shagd N 182
MAV-PSI1 174
NY-SGV DKYNY 237
TX-SGV DEYNY 237
P-PAV DKYNY 243
Vic-PAV DKYNY 243
MAV-PS1 DKYNY 235
NY-SGV KPGLL E 297
TX-5GV AP GQS E 297
P-PAV J{F KHI Q 205
Vic-PAV IS KHI K 295
MAV-PS1 T ENR P 288

NY-SGV LEDI REBTPD F 358
TX-SGV LED IE REBTPD F 358
P-PAV p K o] v p if\L 338
Vie-PAV DR oRY vV D If\L 338
MAV-PS1 1D T AR Lk EKEAFD L 345

NY-SGV L P KSPJANNRL
TX-SGV L P KSEJ§ANSRL
P-PAV T sfe N K v :8s] K L R EEWN 4E KT K S NRYF
Vic-PAV T sfeN T v :86] K L R EEWN ERRT KSGRYF
MAV-PS1 R DEYR S V' A ERaSA vV N 4D RQ QP EKRYP
NY-SGV G NKVAD ET K KEBQOECLNEQAT 445
TX-8GV G N K I A Dfg T K K TECLNEQATI 445
P-PAV A PT PAAPTV L E QFQ 449
Vie-PAV A PRIT P T A PEV I A QFQ 450
MAV-PS| s sila s ol B L Q SLDDT 457

Fig. 3. Comparison of the deduced amino acid sequences of the 50-kDa proteins of barley yellow dwarf virus isolates NY-SGV and TX-SGV with those of
MAV-PS1, P-PAV (25), and Vic-PAV (16). Identical amino acids are represented against a black background; chemically related amino acids are represented
against a shaded background.
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in vector relationships.

Dot blot hybridization. Clone TSGV-PCR-CP7, which con-
tains the whole CP gene plus 50 base pairs of the 5" noncoding
region, hybridized strongly with TX-SGV, ID-SGV, and NY-SGV,
weakly with P-PAV, and did not hybridize with MAV-PS1, NY-
RPV, and NY-RMV (Fig. 4A). However, clone TSGV-PCR-CP7
did differentiate NY-SGV from TX-SGV and ID-SGV because
hybridization with NY-SGV over the range of dilutions used was
weaker than with the other two SGV isolates. Similar results were
obtained with clone NSGV-PCR-CP51, which contains the entire
CP gene of NY-SGV, except for the 78 base pairs 3’ of the ATG,
as the probe. This clone hybridized very weakly, if at all, with P-
PAV, but in contrast to TSGV-PCR-CP7, it hybridized more
strongly with NY-SGYV than with the other two SGV isolates (Fig.
4B). Variations in these results over the range of dilutions used
were internally consistent with the spectrophotometric estimates
of RNA concentration and with ELISA results (Table 1) that con-
firmed that virion concentrations were similar among the prep-
arations used for hybridization.

DISCUSSION

Our serological test results clearly differentiated the SGV iso-
lates from other subgroup 1 isolates and also differentiated NY-
SGV from TX-SGV and ID-SGV. Aphid-transmission experi-
ments also indicated clear differences between NY-SGV and TX-
SGV. Thus, in experiments with groups of about 10 aphids that
were allowed a 1- to 2-week acquisition access period and a 3- to
6-day transmission feed, Johnson and Rochow (11) showed that
Schizaphis graminum transmitted NY-SGV to 82% of test plants,
R. padi to 14%, Sitobion avenae to 5%, and R. maidis to fewer
than 1% (Table 2). In our similar experiments with groups of
three to five aphids and somewhat shorter acquisition and inocu-
lation access times, we confirmed that of these vectors only Schiza-

phis graminum transmitted NY-SGYV efficiently, but we found that
all the species tested readily transmitted TX-SGV. This was true
even after TX-SGV had been passaged sequentially through all of
the vectors, a treatment designed to separate mixtures of viruses
having different vector specificities. Another interesting differ-
ence was that both single nymphs and adults of Schizaphis gram-
inum transmitted TX-SGV quite efficiently, whereas in our ex-
periments and in those of Johnson and Rochow (11) and Zhou
and Rochow (31), nymphs were much more efficient as vectors of
NY-SGV than were adults.

Nucleotide and deduced amino acid sequence comparisons have
not been available for SGV serotype isolates. The information
reported here supports the inclusion of the SGV serotype in
subgroup 1 on the basis of the nucleotide and deduced amino acid
sequence similarity of the putative CP genes of NY-SGV and TX-
SGV with those of MAV-PS1, NY-MAV, Vic-PAV, P-PAV, and
NY-RPV (Tables 4 and 5; Fig. 2). At the nucleotide level, NY-
SGV and TX-SGV have 94.6% identity in the CP regions (Table
4). Such homology is comparable to homologies between paired
isolates of other serotypes (25). For example, in the same region,
P-PAV and Vic-PAV have 95.0% identity, and MAV-PS1 and NY-
MAV have 99.3% identity. The two SGV isolates share essen-
tially the same CP coding region similarities with MAV-PS1 and
P-PAV (both 70%) and have a low similarity with NY-RPV (52%)
(Table 4). Nucleotide sequence comparisons between the CP
coding regions appear to be a good index of relationships among
BYDV isolates. That it is reasonable to classify the SGV serotype
in BYDV subgroup 1 is confirmed by comparisons of the de-
duced amino acid sequences of RTPs (Tables 4 and 5; Fig. 3).

Although NY-SGV differs significantly in vector relationships
from TX-SGY, the putative CPs of both isolates share about 96%
homology (Tables 3 and 4), respectively, with most of the
variability located in the N-terminal domains (Fig. 2). Attempting
to correlate differences in the deduced amino acid sequences with

A ID-SGV NY-SGV TX-SGV MAV-PS1 P-PAV NY-RPV NY-RMV
1 ® o
100
10
1 ng & ®» ¢ %200
B TX-SGV NY-SGV ID-SGV MAV-PS1 P-PAV NY-RPV NY-RMV
1 ug
100 ng
10 ng
1 ng M

Fig. 4. Detection of various concentrations of purified preparations (1 ng/ml to 1 pg/ml, indicated to the left) of seven isolates of barley yellow dwarf virus by
dot blot hybridization, probed with cDNA clones from A, TX-SGV (clone TSGV-PCR-CP7) and B, NY-SGV (clone NSGV-PCR-CP51).
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differences in vector relationships must remain speculative for the
present, until structural models for BYDV become available. How-
ever, for icosahedral RNA viruses, the N-terminal regions of the
CPs are generally located in the interior of the virus particle (21).
If this also is true for the BYDV CP, then differences in primary
structure between the two SGV isolates in these regions are
unlikely to be responsible for their different vector relationships.
However, mismatches are much more abundant in the 50-kDa
ORFs, which is consistent with the notion that this protein could
account for vector specificity, as discussed by Miller et al. (16)
and Vincent et al. (27).

In the set of experiments done here, clones covering the CP
region from either NY-SGV or TX-SGV clearly hybridized with
their respective homologous and heterologous SGV isolates but
only weakly, if at all, with other BYDV isolates (Fig. 4), con-
firming the results of our serological tests, which indicated that it
is reasonable to regard SGVs as distinct. In fact, the results of
both the serological and nucleic hybridization tests indicate a
diagnostic basis for differentiating NY-SGV and TX-SGV, not
only from the other subgroup 1 isolates but also from each other,
in ecological and epidemiological studies. Interestingly, in this
regard, the nucleic acid hybridization experiments indicated that
TX-SGV resembles ID-SGV more than NY-SGV (Fig. 4). Like
other SGV serotype isolates from Idaho, ID-SGV is transmitted
not only by Schizaphis graminum but also by other vectors
(8,20). BYDV serotypes in general comprise variants differing in
properties that can be significant in their pathology and epi-
demiologys; it is important to try to correlate such properties with
differential diagnostic and molecular characteristics.
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