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ABSTRACT

Creamer, R., Hubble, H., and Lewis, A. 2005. Curtovirus infection of chile pepper in New Mex-

ico. Plant Dis. 89:480-486.

Chile pepper-producing areas of southern New Mexico (NM) were surveyed during 2001 and
2002 to identify which curtoviruses were infecting chile peppers and to determine the distribu-
tion of the viruses among fields. Plants with symptoms resembling Beet curly top virus (BCTV)
were collected from 10 fields and tested for the presence of curtoviruses by polymerase chain
reaction using primers designed to detect a portion of the coat protein (cp) gene, and tested for
specific curtoviruses using primers designed to detect to a portion of the replication-associated
protein (rep) gene. All amplicons were sequenced and compared with curtoviruses for which
complete sequences were available. Amplification was successful from 79.5% of the chile pep-
per samples. Analysis of the CP sequences showed that more than 92% of the NM field isolates
shared high (98 to 100%) amino acid identity with well-characterized curtoviruses. However,
eight NM isolates displayed a distinct CP sequence that shared only 86 to 88% amino acid iden-
tity with those curtoviruses. Comparison of the rep gene sequence showed that 18.5% of the NM
field isolates tested shared 98 to 100% amino acid identity with Beet mild curly top virus
(BMCTYV), 48% shared 96 to 97% amino acid identity with Beet severe curly top virus
(BSCTV), and 32% shared 93 to 97% amino acid identity with BMCTYV and BSCTV. Although
the distribution of curtoviruses was not identical among all fields sampled, little or no spatial
patterns were found among the field isolates. This study revealed the complexity of curtoviruses

in a single crop and limited geographical area.

Beet curly top virus (BCTV) has caused
significant problems to irrigated agricul-
ture in the western United States since
1899 (7). In New Mexico, curly top dis-
ease is sporadic, but caused substantial
losses to chile pepper (Capsicum annuum
L.) in 3 of the past 10 years. During the
2001 and 2003 growing seasons, many
fields in southwestern New Mexico experi-
enced losses of 30 to 50 and 20 to 30%,
respectively (8).

Curtoviruses infect a broad range of
hosts that includes crops and weeds from
many plant families (2). In New Mexico,
curly top symptoms have been described in
chile pepper, tomato, bean, spinach, and
cucurbits. Severe stunting symptoms typi-
cally occur when chile pepper is infected
with BCTV. Virus-infected plants are often
yellow and, if infected early, do not pro-
duce fruit.

BCTV is transmitted in a persistent cir-
culative manner by the beet leafthopper
Circulifer tenellus (Baker) (2). In Califor-
nia, leathoppers are believed to acquire
virus from weeds on which they overwin-
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ter in the coastal foothills. During the
spring in California, adult leathoppers
migrate into agricultural areas where they
transmit the virus to susceptible crops. The
migratory patterns of the beet leathopper
have not been as well studied in southern
New Mexico. However, as occurs in Cali-
fornia, the leathoppers are thought to over-
winter on weeds and build up to high num-
bers in the summer (8).

BCTV is a monopartite geminivirus and
the type member of the genus Curtovirus
in the family Geminiviridae. Viruses in this
group are characterized by circular single-
stranded (ss)DNA genomes of ap-
proximately 3.0 kb encapsidated within
twin spherical particles. Many strains of
BCTYV initially were distinguished on the
basis of differential symptoms in sugar
beet (12); however, these strains were not
differentiated genetically. In sugar beet
(Beta vulgaris L.), BCTV primarily exists
as three strains, CFH (16), Worland (19,
21), or California/Logan (15), as well as
genotypic variants of these strains (20).
The California/Logan strain has been iden-
tified only from breeding collections (21).
Nucleotide sequence comparisons have
shown that the California and Logan iso-
lates share more than 95% similarity, while
CFH shares approximately 82% similarity
with California and Logan isolates (21).
Nucleotide sequence identity between
CFH and Worland is 80%. Given the dif-
ferences between the CFH, Worland, and
California/Logan strains, Stenger (18)
proposed that they be designated as sepa-

rate species with the names Beet severe
curly top virus (BSCTV), Beet mild curly
top virus (BMCTV), and BCTYV, respec-
tively. Another Curtovirus, Horseradish
curly top virus (HrCTV), is thought to be a
natural recombinant with a whitefly-vec-
tored Begomovirus (13). Recently, an addi-
tional Curtovirus, Spinach curly top virus
(SCTV) was reported infecting spinach in
Texas (1).

Curtoviruses contain seven open reading
frames (ORFs) designated V1 to V3 (en-
coded by the virion or sense strand) and
C1 to C4 (encoded by the complimentary
or antisense strand). ORF V1 encodes the
coat protein (CP), which is required for
infectivity, packaging, and leafthopper
transmission. The c¢p is also one of the
most highly conserved genes among cur-
toviruses (19), as well as among gemi-
niviruses in general (4). V2 has been asso-
ciated with the production and
accumulation of viral ssDNA (11). ORF
C1 encodes the replication-associated pro-
tein (REP) (6), which is required for
BCTV replication, and acts by binding to
DNA sequences in the viral intergenic
region (10). The REP protein contains
regions of varying degrees of conservation
among curtoviruses (9), including a hyper-
variable region near the amino terminus.
Studies involving gene chimeras have de-
termined that the rep genes are inter-
changeable only among certain curtovi-
ruses (18).

Surveys of Curtovirus isolates infecting
sugar beets in Idaho (21), Texas (17), and
the western United States have been con-
ducted (20). These studies found primarily
the CFH or Worland strains, with some
mixed infections of the two strains. A lim-
ited survey of BCTV strains in sugar beet
and pepper in one area of New Mexico
found that CFH was limited to sugar beet,
whereas pepper was infected only with the
Worland strain (20). A small survey of
BCTV in weeds in New Mexico showed
that Worland was predominant, although
CFH also was present (8).

This work was conducted to determine
which curtoviruses infect chile pepper in
southern New Mexico. In addition, we
studied the diversity among isolates from
different fields collected during two field
seasons to determine if there were spatial
patterns in Curtovirus infection of chile
pepper in New Mexico.

MATERIALS AND METHODS
Collection of pepper samples. Plant
samples were collected from 10 chile pep-



per fields located in Luna and Dofia Ana
Counties in southern New Mexico and two
fields during the 2001 and 2002 growing
seasons, respectively. Samples were com-
posed of randomly collected leaves from
symptomatic pepper plants collected in
June and July 2001 and August 2002.
Samples collected in 2002 were from chile
pepper fields only in the vicinity of those
sampled in 2001 because the same fields
were not planted in pepper the second year
of the study.

DNA extraction and polymerase chain
reaction. Leaf tissue (5 g) was ground in
liquid nitrogen with a mortar and pestle.
Powdered material was either stored at
—20°C or immediately extracted. DNA was
extracted essentially as described by
Palmer et al. (14). Extracted viral nucleic
acids were stored in Tris-EDTA, pH 7.0, at
-20°C.

All samples initially were tested for cur-
toviruses by polymerase chain reaction
(PCR) using primers (CP3) that amplify a
portion of the CP and V2 encoding regions

as described previously (8). A modified set
of primers (BCTV CP4f, 5'-CAG-
TATCGACCAGTTGTTT-3' homologous
to nucleotides 483 to 501 of BSCTV-CFH,
and BCTV CP6r, 5'-CTCTTCGAATA-
CGATAAGTAG-3" complementary to
nucleotides 1,102 to 1,122 of BSCTV-
CFH) were used to amplify a 576-bp frag-
ment for sequencing. All samples also
were tested for Curtovirus identity using
primers that amplify a 488-bp portion of
the rep region (BCTV replf, 5-AC-
CACCTTTAATGACACGT-3' homologous
to nucleotides 2,043 to 2,061 of BSCTV-
CFH, and BCTV rep2r, 5'-GCAT-
TAAATGCAGGTAATGCA-3' complemen-
tary to nucleotides 2,511 to 2,531 of
BSCTV-CFH). These primers also were
used for DNA sequencing.

PCR reactions were carried out in a 50-
ul reaction mixture containing 1x PCR
buffer (10 mM Tris-HCI, pH 8.3, 50 mM
KCl, 0.001% gelatin), 200 uM each dNTP,
1.5 mM MgCl,, 500 uM each primer, 4 U
Taq DNA polymerase, and 1 pl of purified

DNA. PCR amplification consisted of 33
cycles of 94°C for 30 s, 51°C for 60 s, and
72°C for 90 s, followed by a final exten-
sion of 72°C for 5 min. Amplification
products were separated by electrophoresis
on a 2% agarose gel and the bands visual-
ized with ethidium bromide.

Sequencing, cloning, and phylogenetic
analyses of amplicons. PCR products
were precipitated directly to remove excess
primers and nucleotides using isopropanol
(100 ul of 90% isopropanol/0.75 M am-
monium acetate). Sequencing was carried
out on the PCR products using the Big
Dye version 3.1 terminator system and an
ABI 3100 sequencer (Applied Biosystems,
Foster City, CA).

To ensure that the sequences obtained
were not artifacts from sequencing a mix-
ture of PCR products, selected amplicons
were inserted in a pGEM-T Easy vector
(Promega Corp., Madison, WI) by TA clon-
ing and the resultant plasmids introduced
into JM109 cells. The plasmid inserts were
amplified and sequenced as above.

1 10 20 30 40 50 60 70
BSCTV MREKYTRNTYTMSQKRKVNPQSAWPKKRRTTTISRKYQWRRPVTKNRTLKLKMYDDMLGAGGIGSTISNNGMIT
DBNW166 khkhkhkhkhhkhkhhkhkdhkhkrhhhrthhkhhhbkhbhhbhbdhbdddhthbdhrhbhrhhbhhrhbdhhbddhtddhrthdhrhbdrhrhbdhhbddhbddhhhhhd
LRMNW2620 ****‘k************‘k**‘k**********T*‘k*************P*************************
DRSE166 ‘k'**********'**‘k'*******T*********T‘k**************P‘k************************
DBNW162O ******R**********‘k**‘k**********T*‘k*************P***********‘k*************
EMCTV_W4 ****i—************i—*************T*i—*****-ﬁr*******P*******-ﬁr******i—**********
LWE566 *‘k**‘k*********‘k**‘k**‘k**‘A’*******T*‘k**‘A’**********P*‘k*********‘k*************
BCTV *'***'k**'k*********'k**'k**********T*****************************************
DBSE266 **R**G***Q******GKF**V*****K*S*T*‘k****K*******S**************************
SCTV ‘k'********Q******APKFQTVWP*K*K*MT*K****K***Q***S*‘k*********S**************
80 90 100 110 120 130 140
BSCTV MLNNYVOGIGDSQRAKNVTVTKHLKFDMALMGSSPFWETPNYMTQYHWIIIDKDVGSVFPTKLSSIFDIPDNG
DBNW166 R R E SR EEEEEEEEEEEEEEEEEEEEEEE SRR R EREEREEEEEEEEEEEEEEEEEEEEEEEEEREEEEEE SRS
LRMNW2620 ‘Jr'.*:**1—******'t**SN****1—******t*‘k'ﬂ:*****1—***t*‘k'ﬂ:**‘t*********t************t***
DRSE166 ***************N*i—****************************i—************i—*************
DBNW162O *1—**1—**********N*1—************1—**1—*********1—**1—**************************
BMCTV_W4 ***************N****i—***************i—************************************
LWE566 khhkhkkhkhkhhhkdhhkkkNhkdhhdhhrkhhFrhhrhhdhhhrhrdhdrhhrhhdrhhhhrdhkdrbhrhhdrkhxdhrx
BCTV ***************R****i—*************Q**************************************
DBSE266 ‘Jr'.*:**1—**1—***'t**ST***L***1—***t*‘k'ﬂ:***A*1—***t*‘k***‘t*********t***D**D******S**
SCTV **************ST*L****************G***************v*********D**DT*****P**
150
BSCTV QAMPSTYRIRR
DBNW166 *khkhkkkhhkhkkhhk
LRMNW262O khkkkhkkhkkhhkkhhk
DRSE166 EE R
DBNWleO *khkkkkkhkkkhkhk
BMCTV_W4 kkhkkkhkhkhkkhkk
LWE566 khk ok ok ok ok ok ok ok ok ok
BCTV khkhkkkhkkhkkhkk
DBRSEZ266 Fhhkhkhkhkhkhhkk
SCTV EE R

Fig. 1. Comparison of the first 157 amino acids of the coat protein (CP) of selected New Mexico chile pepper Curtovirus field isolates with previously char-
acterized curtoviruses available in GenBank. Asterisks denote amino acid residues common with Beet severe curly top virus (BSCTV), (U02311). BCTV =
Beet curly top virus(AY379637); BMCTV = Beet mild curly top virus, (AY13467); SCTV = Spinach curly top virus, (AY548948). Each field isolate shown is
an example of a group of chile pepper Curtovirus isolates as listed in Table 1.

Plant Disease / May 2005 481



Nucleic acid and derived amino acid se-
quences were aligned using CLUSTALW
with those of the following curtoviruses
obtained  from GenBank: BCTV
(AY379637), BSCTV (U02311), BMCTV-
W4 (AY13467), BMCTV-Worland
(U56975), and SCTV (AY548948). Phy-
logenetic analysis of the sequences was
done using PAUP version 4.0 b (24) using
parsimony. Support for the trees was deter-
mined by analysis of 1,000 bootstrap repli-
cations. Potato yellow mosaic virus (Gen-
Bank accession AY126610) was used as an
outgroup to root the tree.

RESULTS

Detection of curly top virus by PCR.
Curtoviruses were amplified from 201 of
253 (79.5%) chile pepper field samples
collected over the two seasons using a
combination of primer sets. The CP3
primer set failed to amplify from 11 sam-

ples that were successfully amplified using
the rep1f-rep2r primer set, which prompted
the switch to the CP4f-CP6r primer set.
These primers amplified an additional 28
samples. In 2001, curtoviruses were identi-
fied in 87.1% of the chile pepper samples;
whereas, in 2002, curtoviruses were ampli-
fied from only 33.3% of the samples
tested.

PCR amplicons of v2-cp from 107 New
Mexico chile pepper samples were se-
quenced and aligned with the homologous
sequences from well-characterized curtovi-
ruses in GenBank. An alignment of the
corresponding amino acids from several of
these samples is shown in Figures 1 and 2.
For 99 of the field isolates (represented by
isolates DBNN166, LRMNM2620,
DRSE166, DBNM1620, and LWES566;
Fig. 1 and Table 1), the first 157 amino
acids (aa) from CP shared 96 to 100%
identity with BMCTV-W4 and BSCTV

(GenBank #U02311). Most of the 99 iso-
lates shared at least 98% amino acid iden-
tity with BMCTV-W4 or BSCTV. The
New Mexico isolates shared 97 to 100%
amino acid identity with each other, vary-
ing by only 1 to 2 aa. Some sequence vari-
ants were more prevalent, with nine other
isolates containing the amino acid se-
quence found in LWES566 (Table 1).

The  remaining  eight  isolates
(DBSW666, DBSES66, DC7620,
DRNE1A66, AG3E276, LINW176,

LS266, and DBSE266, with the latter as an
example in Table 1 and Fig. 1) were highly
similar to each other at the nucleotide level
(99 to 100% identity). However, these
isolates shared only 86 to 88% amino acid
identity with BMCTV-W4 and BSCTV.
There also was variability found within
the last 87 aa (no. 40 to 126) of the V2
protein (Fig. 2). The same 99 isolates men-
tioned above shared 93 to 100% amino

40 50 60 70 80 90 100 110
BSCTV EALTLEEGAVFLOQFQKEVKKLLRRKVNFHRKCSLYEEIYKKYVYNVPEKKGESSKCVAEEEEDYYDFEEIPME
DBNW166 *P"r'ﬁ:*"r'k*‘k'k**'k**'k'k*'****'k**'k**'k*'Jrt'k"r'.*:'k"r'k**'k**'k**'*************t**t**********
LRMNW2620 *P‘A’***'**E‘.***‘k**‘k**‘k**‘k**‘A’**‘A’**‘A’***'***‘k**‘k**‘k**‘k**************************
DRSE166 *P******E"**************C****P**************H***********Y*****************
DBNW1620 LR S R S B S B R R R R
BMCTV_W4 *P******E"***i—**i—*******C********************D**************************i—*
LWE566 *P‘A’***‘k*E‘k**‘k**‘k**‘k**‘k*C‘k**‘A’**‘A’***‘k**‘k**‘k**‘k**‘k**************************
BCTV ********E‘.**R'k**'k**'k**'k*C*************'k*"r'k**'k**'k**************************
DBSE266 *P‘kt*‘k't*E***'i:***************I*‘ktA*'t**'i:*R***P**TKE***V******t**tF*Y***v***
SCTV *P******E"****************C**A***A*******i—**S**A*E**TQVPDCMA***EDD**Q**S**

120

BSCTV ETCDKKQDSEVKDV
DBNW166 khkEhkAhkhkhkhhhhhhhk
LRMNW2620 T
DRSE166 R R EEEEEEEE S
DBNW162O ER e i i
BMCTV-W4 R R R EEEE RS
LWE566 AEAEEEREAETETET XX XK
BCTV AhkEAhkErrhhhh kK
DBSE266 ****Q**VP*****
SCTV *kkPFE,

Fig. 2. Comparison of the amino acids 40 to 126 of the V2 protein of selected New Mexico Curtovirus chile pepper field isolates with previously character-
ized curtoviruses available in GenBank. Asterisks denote amino acid residues common with Beet severe curly top virus (BSCTVUO02311). BCTV = Beet
curly top virus, (AY379637); BMCTV = Beet mild curly top virus, (AY13467); SCTV = Spinach curly top virus, (AY548948). Each field isolate shown is an
example of a group of chile pepper Curtovirus isolates as listed in Table 1.

Table 1. Comparison of percent amino acid identity among coat protein (CP) and V2 regions of New Mexico Curtovirus isolates from chile pepper with four
characterized curtoviruses available in GenBank®

BMCTV-W4 BSCTV BCTV SCTV
Isolate No. of isolates® Ccp V2 Cp V2 CP V2 Ccp V2
DBNW166 2 98 96 100 98 98 95 84 73
LRMNW2620 5 99 97 97 95 97 96 84 74
DRSE166 9 99 97 97 93 97 94 84 73
DBNW1620 8 99 96 97 94 96 95 84 71
LWE566 10 100 99 98 97 98 98 84 73
DBSE266 4 87 82 88 82 89 80 83 70

3 BMCTV = Beet mild curly top virus, (AY113467); BSCTV = Beet severe curly top virus, (U02311); BCTV = Beet curly top virus, (AY379637); SCTV =
Spinach curly top virus, (AY548948). Isolate designations include the county, field, location in the field, and date (i.e., DRSE166 = Doifia Ana County,
Rincon Field, southeast quadrant, sample 1, collected 6/6/01).

® Number of chile pepper Curtovirus isolates that share 100% amino acid identity among CP and V2 regions with the isolate in the first column.
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acid identity with BMCTV-W4 or BSCTYV,
with most isolates sharing 95 to 98%
amino acid identity with one of the two
curtoviruses (Table 1). The same eight
remaining isolates described above (see
DBSE266 as an example) also were highly
similar (99 to 100% nucleotide identity) to
each other in the v2 region, but shared only
80 to 82% amino acid identity with
BMCTV-W4 and BSCTV and 72 to 74%
amino acid identity with SCTV.

Variation in the Rep region. Primers
used to amplify rep (replf/rep2r) yielded a
488-bp fragment that was sequenced for
151 field samples. After alignment, the
isolates were separated into three groups
based on nucleic acid and amino acid ho-
mology (Fig. 3). One group of 72 isolates
(see isolates DBNW1620, DBSE366,
DBNW366, LKSE1620, and DCE5620 as
examples) shared 96 to 97% amino acid
identity with BSCTV (Table 2, Fig. 4) and
shared 98 to 100% amino acid identity
with each other. Thirty-nine of these iso-
lates (see DBNW16120 as an example)
shared the same amino acid sequence. A
second group of 28 isolates (see isolates
LRMNW21620, LWES566, DB98602, and
DB2466 as examples) shared 98 to 100%
amino acid sequence identity with
BMCTV-W4 (Table 2, Fig. 4).

The third group consisted of 48 isolates
(see isolates DBNE266, LWN1620, and
DRSE166 as examples) that had sequences
that shared a high level of identity with
both BSCTV and BMCTV (Table 2, Fig.
4), which we have labeled New Mexico
(NM) unknown. These isolates shared 99
to 100% amino acid identity with one an-
other, and 94 and 97% amino acid identity
with BSCTV and BMCTYV, respectively.
Twenty-nine of these isolates (see
DBNE266 as an example) shared the same
amino acid sequence (Table 2, Fig. 4).

A fourth grouping, with three isolates
(LKW276, LWE766, and DB2666), also
had sequences that shared a high level of
identity with both BSCTV and BMCTV
(Table 2, Fig. 4). These isolates shared
nucleotide identities of 92% with
BSCTV and 91% with BMCTYV, and
shared identities of 95, 96, and 98% with
BSCTV, BMCTYV, and NM unknown,
respectively.

Spatial and temporal distribution of
curly top isolates. Curtoviruses, as distin-
guished by REP sequence, were not
equally distributed among all fields. How-
ever, little spatial or temporal clustering of
isolates was observed. Dofla Ana County
field B yielded 17 different REP se-
quences. In all, 8 isolates of BMCTYV, 16
isolates of the NM unknown, and 15 iso-
lates most similar to BSCTV were col-
lected from the field (Table 3). Chile pep-
pers infected with BMCTYV, NM unknown,
and BSCTV were collected at all sampling
dates during both years in field B. In con-
trast, Luna County field RM yielded six
different REP sequences, including 2 iso-

BSCTV
DBNW1620

L. LWNE1620
—— DCE5620
L LK266

— LRM2A620
L DBN1716

- DRNE2620
80 LKSE1620
. DBNW366

- LWNW2620
- DBSE366

L DRNE166

- DR781602

- DB2266

L — LKE176

L DC1620
BCTV

e | KW276

DBNEZ266

= DBNW166

= DRNW1620

- DRSE366

_I- DBSE2620
DRSE166

= | SSE1620

= LWNW1620

= DBSW966

= DBSE566

— BMCTV-Worland

= LRMNW2620

_I- LKE276

LWE5S66

b— DG2N2716

— LK166

— DB98602

LS366

= DB2466

= BMCTV-W4

LD28602

84

PYMV

= 1 change

Fig. 3. Phylogenetic comparison of replication-associated protein amino acids 133 to 279 of selected New
Mexico chile pepper Curtovirus isolates with Beet severe curly top virus (BSCTV), Beet mild curly top
virus (BMCTV), and Beet curly top virus (BCTV). Numbers represent result of 1,000 bootstrap replica-
tions using parsimony. BSCTV = GenBank no. U02311; BCTV = AY379637; BMCTV = AY 13467.

Table 2. Comparison of percent amino acid sequence identity among replication-associated proteins of New
Mexico chile pepper Curtovirus isolates with previously characterized curtoviruses available in GenBank®

Isolate No. of isolates> BMCTV-W4 BSCTV BCTV SCTV
LRMNW2620 6 100 90 90 92
LWES566 6 99 91 90 92
DB98602 1 98 89 38 91
DB2466 5 99 91 89 90
DBNE266 29 97 94 90 95
LWN1620 1 97 93 91 92
DRSE166 11 97 93 91 94
LKW276 3 96 94 94 92
DBNW1620 39 91 97 95 90
DBSE366 7 91 97 96 91
DBNW366 2 92 97 95 90
LKSE1620 1 90 95 92 90
DCE5620 2 91 97 95 90

A BMCTV = Beet mild curly top virus, (AY113467); BSCTV = Beet severe curly top virus, (U02311);
BCTV = Beet curly top virus, (AY379637); SCTV = Spinach curly top virus, (AY548948). Isolate
designations include the county, field, location in the field, and date (i.e., DRSE166 = Dofia Ana
County, Rincon Field, southeast quadrant, sample 1, collected 6/6/01).

b Number of chile pepper Curtovirus isolates that share 100% amino acid identity with the isolate in
the first column.
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lates of BMCTYV, 1 isolate of NM un-
known, and 14 isolates of BSCTV (Table
3). This field yielded plants infected with
BMCTYV, NM unknown, and BSCTV at the
6 June 2001 sampling date, and only
BSCTV and BMCTV isolates at subse-
quent sampling dates, 16 June through 15
July 2001.

Little spatial clustering occurred among
isolates with similar sequences. For exam-
ple, of the 11 samples with the NM un-
known REP sequence found in DRSE166,
9 were collected from four fields within
Dofia Ana County and 1 each from two
different fields in Luna County (Table 3).
Similarly, the six samples with the
BMCTV REP sequence identified in

133 140

150

LWES566 were collected in both 2001 and
2001 from two different fields in Doifa
Ana County and two in Luna County.
There was no discernable temporal cluster-
ing of isolates. All isolates that were col-
lected at least five times were found at
each sampling date in 2001.

Although the eight isolates with the dis-
tinct cp sequence found in DBSE266 were
collected in 2001, they showed little spatial
clustering. Six isolates were collected from
four Dofia Ana County fields: three of the
six isolates from field B, and the other
three isolates from three different fields in
the county. Two of the eight isolates were
collected from two different fields in Luna
County.

160 170

180

DISCUSSION

At least three different Curtovirus
strains were detected from chile peppers
collected from southern New Mexico. The
majority of the isolates were collected
during 2001, when the incidence of curly
top was 10 to 30% in the region (8). In
2002, curly top incidence was much lower
(0.5 to 1%), and 66.7% of the samples
were not infected with any known curtovi-
ruses, suggesting that some of the typical
Curtovirus symptoms of chlorosis and
stunting observed on plants during that
year were due to causes other than curtovi-
ruses.

When the New Mexico isolates were
differentiated into two groups based on cp

190 200
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Fig. 4. Comparison of replication-associated protein amino acids 133 to 279 of selected New Mexico chile pepper Curtovirus field isolates with previously
characterized curtoviruses available in GenBank. Asterisks denote amino acid residues common with Beet severe curly top virus (BSCTV U02311). BCTV =
Beet curly top virus, (AY379637); BMCTV = Beet mild curly top virus, (AY13467); SCTV = Spinach curly top virus, (AY548948). The chile pepper Cur-
tovirus field isolates shown correspond to the New Mexico isolates listed in Table 2.
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sequence, not surprisingly, the majority of
Curtovirus isolates from chile pepper
formed a tight phylogenetic cluster. This
gene showed little sequence variation (17),
as expected, given its role in encapsidation
and insect transmission (5,6). Maize streak
virus, another leafhopper-transmitted Gem-
inivirus, also has a highly conserved CP,
with isolates from different geographic
locations showing only 2% sequence di-
vergence at the amino acid level (4). In
contrast, the eight isolates with the variant
CP sequence differed from other gemi-
niviruses. The isolates have unique amino
acid residues not common to other curtovi-
ruses or begomoviruses. Cloning and se-
quencing of the virus isolates is necessary
to determine whether the changes are due
to recombination as with HrCTV (13),
Beet pseudo curly top virus (3), and possi-
bly SCTV (1).

Consistent with previous work (8),
BSCTV-CFH and BMCTV-Worland were
found in infected chile pepper. The pres-
ence of the alternative rep sequence (NM
unknown) was more surprising and likely
is due to a new curly top strain or signifi-
cant divergence from a characterized
strain. Although the high homology with
both BSCTV and BMCTYV might be sug-
gestive of a mixture of virus isolates within
the samples, sequences from cloned ampli-
cons showed that this had not occurred.
The alternative rep sequence could be the
result of recombination; however, the large
number (>30%) of samples with this se-
quence suggests that any recombination
was not a recent event. Surveys of other
states will need to be conducted to deter-
mine whether virus containing the NM
unknown rep sequence is found in other
areas of the western United States.

Stenger and McMahon (20) suggested
that two virus genotypes found in sugar

beet that were intermediate between Wor-
land and CFH may be highly diverged
examples of Worland. The NM unknown
isolate or strain, although not identical to
these two genotypes, may be an example
of greater divergence from Worland. How-
ever, sequencing of the entire viral genome
is necessary to determine whether this has
occurred. With REP sequences intermedi-
ate between BSCTV and BMCTV, NM
unknown and the two divergent genotypes
found in sugar beet might be considered as
part of a continuum of Curtovirus strains
between BSCTV and BMCTV. Additional
surveys of curtoviruses from other crops
and geographic areas will be necessary to
test this possibility.

The lack of clearly defined spatial clus-
tering of the chile pepper Curtovirus iso-
lates may be due to several factors. The
lack of spatial patterns likely is due to a
very large, diverse source of virus isolates,
especially given the very large weed host
population known for curly top viruses (2).
New Curtovirus infection may have oc-
curred repeatedly in a field due to flights
of vector leafthoppers into the fields during
the cropping season. In the same 10 fields
surveyed for curtoviruses for this work,
beet leathoppers were found in very large
numbers in 2001 (8). During that year,
leathopper populations in these fields
showed at least four peaks of flight activ-
ity. Each flight of leafthoppers likely origi-
nated from a different location or from
different weed hosts. Ongoing studies
comparing the strains of curtoviruses in
chile pepper with those in adjacent weed
hosts will help resolve whether this oc-
curred. In addition, the lack of clustering
suggests little secondary spread within a
field. This may be due to the nonprefer-
ence of the vector for chile pepper as a
colonization or reproductive host. As an

example, the beet leathopper has been
shown to transmit curtoviruses to non-
preferred hosts, such as tomato, with high
efficiency (23). Most likely, a combination
of all these scenarios occurs.
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