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ABSTRACT
Pahalawatta, V., Druffel, K., and Pappu, H. R. 2007. Seed transmission of Dahlia mosaic virus in
Dahlia pinnata. Plant Dis. 91:88-91.
Dahlia is an economically important ornamental crop in the United States and several other
countries in the world. Among the viral diseases that affect dahlia, Dahlia mosaic virus (DMV)
is considered to be the most widespread and to have the greatest impact on flower production.
Using grow-out tests followed by polymerase chain reaction (PCR)-based testing of the seedlings, dahlia seed obtained from three different sources were shown to contain DMV. Additionally, the distribution of DMV in various parts of the dahlia seed was determined by PCR. Growout tests revealed a high rate of seed transmission. DMV was detected in cotyledons and, rarely,
in the seed coat. The virus also was detected in pollen collected from infected plants. In addition
to vegetative propagation, seedborne infection could be contributing to the spread of DMV in
dahlia. Use of virus-free seed and vegetative material would result in reduced incidence of the
disease.

Kentucky, Tennessee, and Colorado were
used in this study. In all, 20 seeds from
each seed source were used: 10 seeds were
used for virus detection in seed coat and
cotyledon and the other 10 seeds were
used for grow-out tests and testing for the
virus in the resulting seedlings. In addition,
five seeds each from two of the seed
sources were grown in an insect-proof
greenhouse. Plants were analyzed by PCR
and inspected visually for development of
DMV symptoms.
DNA extractions. Ten seeds from each
source were soaked in distilled water for 2
to 4 h until the seed coat softened. Seed
then were blotted dry and the seed coats
were separated from the cotyledons using
forceps. Total nucleic acid was extracted
from the separated seed coats and cotyledons using the modified Dellaporta
method (13,14). The remaining 10 seeds
from each seed source were allowed to
germinate on moistened filter paper in
covered petri dishes (100 by 15 mm) to
avoid exposure to insect vectors. After 9 to
10 days, when the first true leaves started
to emerge, total DNA was extracted from
the seedlings as described above. Four
weeks after planting, a single leaf from
each plant grown in the greenhouse also
was used for total DNA extraction.
Detection of DMV by PCR. DMV isolate D10, originally isolated from an infected dahlia plant, was used to clone and
sequence the viral genome. Based on the
sequence information (11), primer pairs
were designed for specific detection of
DMV in dahlia. Three primer pairs representing three open reading frames (ORFs)
of the DMV genome were used to detect
the virus in the seed, seedling, and leaf
samples (Table 1). Six additional primer
pairs designed based on DMV sequences
available in the GenBank (Accession nos.
AY309480,
AY309479,
AY291588,
AY291587, AY291586, and AY291585)
also were used. The PCR reaction included
a final volume of 2 µl of 10× PCR buffer
and a final concentration of 0.15 mM

Dahlia mosaic virus (DMV), a member
of the genus Caulimovirus, family Caulimoviridae, is an economically important
viral pathogen of dahlia. First reported in
Dahlia pinnata from Germany, the disease
is prevalent in Dahlia spp. and has become
one of the most dominant viruses in the
floriculture and ornamental industry
(3,13). The disease is characterized by
symptoms of mosaic, chlorotic vein banding, and leaf malformations; however,
symptoms vary depending on dahlia cultivar (12). Dahlia cultivars with few or no
symptoms are considered to be important
reservoirs of virus. DMV is geographically
widespread but the natural host range is
limited to only Dahlia spp. (7). Previous
studies of DMV transmission have resulted
in identification of 16 aphid species, including Aphis fabae, Myzus persicae, and
Macrosiphum euphorbiae (2), as vectors
transmitting the virus in a nonpersistent
manner. A virus-encoded aphid transmission
protein is reported to be necessary for viral
transmission (7). DMV also was shown to
be transmitted by mechanical inoculation
(2,3). Previous studies of DMV report that
the virus is not transmitted by seed (2,3).
However, there have been no studies to
confirm this definitively. Partial molecular
characterization of the DMV genome has

been reported (GenBank accession nos.
AY309480,
AY309479,
AY291588,
AY291587, AY291586, and AY291585;
10,11) and detection of DMV based on
polymerase chain reaction (PCR) and realtime PCR is now possible (1,10,13).
A survey by Pappu et al. (13), using a
PCR-based detection assay, of dahlia
plants collected from several states in the
United States, revealed a very high incidence of DMV in dahlia. Subsequently,
numerous dahlia plants and seed from
different locations within the United States
were tested with the PCR-based detection
assay. The majority of plants and seed
tested positive for the presence of DMV,
suggesting the occurrence of seedborne
viral infection. However, there have been
no systematic studies to unequivocally
demonstrate seedborne viral infection or
the potential of the virus to be seed transmitted. The objective of this study was to
investigate seed transmission of DMV in
dahlia, including whether DMV could be
pollen-borne, under conditions that eliminate the possibility of introduction of the
virus by aphids.
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Table 1. Dahlia mosaic virus (DMV)-specific primer pairs used for DMV detection by polymerase
chain reaction
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MATERIALS AND METHODS
Seed sources. Three commercially
available seed sources of D. pinnata from

Primer paira
ORF1-START
ORF1-END1
ORF4CP1-1431F
ORF4CPI-1926C
ORF6-START
ORF6-END1
a

Sequence (5′–3′)
ATGGATCGTAAAGATT
CTGTTTTTCTGTGTTTCTACTGG
TGCATAAAATGAGTTCTATC
TGAACTTGTTCATCATTATC
ATGGAAGAAATTAAGGCGT
TTGTCTTCATCCATAAAGCAG

Temp = temperature and ORF = open reading frame.

Temp (ºC)

Expected size (bp)

50

900

58

480

60

1,280

dNTPs, 2 mM MgCl2, and 0.6 µM each
primer in a total reaction volume of 20 µl.
PCR amplification was performed in a
DNA thermal cycler (BioRad, Hercules,
CA) programmed for 3 min at 94ºC for
initial denaturation; 50 cycles each consisting of 30 s at 94ºC, 20 s at Tm, and a 1-min
extension per 1,000-bp product at 72ºC;
followed by a final extension for 7 min at
72ºC. Each PCR reaction included a DNA
sample from a DMV-infected plant and a

water control. The PCR products were
analyzed by agarose gel electrophoresis in
1× Tris-acetate-EDTA buffer. PCR products representing each ORF were cloned
and sequenced to verify the identity of
amplified fragments.
RESULTS AND DISCUSSION
DMV was detected in the cotyledons of
all seed analyzed with the three primer
pairs specific for DMV. The PCR reaction

Table 2. Detection of Dahlia mosaic virus (DMV) by polymerase chain reaction (PCR) in seed and
seedlings from three different commercial seed sources
No. positive for DMV/no. tested
Source, primer

paira

Tennessee
ORF1-START, ORF1-END1
ORF4CP1-1431F, ORF4CP1-1926C
ORF6-START, ORF6-END1
Kentucky
ORF1-START, ORF1-END1
ORF4CP1-1431F, ORF4CP1-1926C
ORF6-START, ORF6-END1
Colorado
ORF1-START, ORF1-END1
ORF4CP1-1431F, ORF4CP1-1926C
ORF6-START, ORF6-END1
a
b

Seed coat

Cotyledon

Seedlingsb

0/10
0/10
0/10

10/10
10/10
10/10

10/10
10/10
10/10

0/10
0/10
0/10

10/10
10/10
10/10

10/10
10/10
10/10

0/10
1/10
0/10

10/10
10/10
10/10

10/10
10/10
10/10

Dahlia seed source and PCR primer pair; ORF = open reading frame.
Seedlings were tested when 9 to 10 days old and asymptomatic.

with primer pair ORF1-START/ORF1END1, representing the first ORF, produced an amplicon of 900 bp. Similarly,
the primer pair ORF4CP1-1431F/
ORF4CP1-1926C, representing ORF4,
produced an amplicon of 480 bp, and the
primer pair ORF6-START/ORF6-END1,
representing ORF6, produced an amplicon
of 1,280 bp. All amplicons produced were
within the expected size range for DMV. In
contrast, the virus could not be detected in
the seed coat except in two cases where
seed coats from two seeds were positive
for DMV using the primers derived from
ORF 4 (Table 2; Fig. 1). All seedlings
obtained from seed germinated on filter
paper also tested positive for the presence
of the virus with each of the three primer
pairs (Table 2; Fig. 2). Similarly, DNA
extracts from 4-week-old leaf samples
taken from the plants grown in the greenhouse also were positive for DMV when
tested by PCR, although the plants were
asymptomatic (Fig. 3A). All of these plants
developed mosaic symptoms, to varying
degrees, 5 to 7 weeks after planting (Fig.
3B). The six primer pairs designed based
on DMV sequences available in the GenBank failed to produce any amplicons.
Our results indicate that DMV is seed
transmitted in dahlia. All of the seed ana-

Fig. 1. Agarose gel electrophoresis of polymerase chain reaction (PCR) products from DNA extracts of dahlia seed coats and cotyledons amplified with
Dahlia mosaic virus-specific primer pairs. Representative sample of PCR products for DNA extracts of dahlia seed amplified with open reading frame
(ORF)1-START/ORF1-END1 (ORF1), ORF4CP1-1431F/ORF4CP1-1926C (ORF4), and ORF6-START/ORF6-END1 (ORF6). Sc, seed coat; c, cotyledon;
+, positive control; –, negative control; L, 1-kb DNA ladder.

Fig. 2. Agarose gel electrophoresis of polymerase chain reaction products from DNA extracts of 9- to10-day-old dahlia seedlings germinated in covered petri
dishes and tested with Dahlia mosaic virus-specific primer pairs. Open reading frame (ORF)1, ORF1-START/ORF1-END1; ORF4, ORF4CP11431F/ORF4CP1-1926C; ORF6, ORF6-START/ORF6-END1; +, positive control; –, negative control; L, 1-kb DNA ladder.
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lyzed using the PCR-based assay tested
positive for DMV, demonstrating the seedborne nature of the virus. Generally,
whole-seed viral assays are considered
unsuitable in estimating the rate of seed
transmission because viral presence in the
seed coat has no correlation to virus
transmission from seed to seedlings (4,8).
In our study, dahlia seed coats and cotyledons were separated and individually
tested for DMV. The results showed that
the viral infection was associated primarily
with the cotyledons and rarely with the
seed coat. It is possible that the occasional
detection of the virus in the seed coat may
have been due to remnants of the cotyledon on the seed coat when the two seed
components were separated. Due to the
small size of the dahlia seed, it was not
possible to separate the embryo axis from
cotyledon. Seed transmission was confirmed by detecting DMV in very young
seedlings (9 to 10 days old) that were ger-

minated in covered petri dishes, which
excluded the possibility of virus transmission by aphid. We also found that DMV
could be amplified in total DNA extracts of
pollen collected from dahlia flowers of
infected plants (Fig. 4). Furthermore, viruses transmitted through seed are reported
to have certain common characteristics (6),
such as mechanical transmissibility, narrow host range among annual plants, and
vector transmission in a nonpersistent
manner, which also are exhibited by DMV.
Another caulimovirus, Cauliflower mosaic
virus, has been reported to be seedborne
due to the occurrence of the virus in the
seed testa (16), although no subsequent
transmission to seedlings was recorded.
The frequency of seed transmission for
plant viruses varies from 0 to 100% and
rarely exceeds 50% for most viruses (9). It
was reported that plant pararetrovirus DNA
might integrate into host chromosomes
(5,15). Research is in progress to deter-

Fig. 3. Seedlings positive for Dahlia mosaic virus (DMV) by polymerase chain reaction. A, Asymptomatic 4-week-old DMV-infected dahlia seedling grown from seed under aphid-free conditions; B,
DMV-infected seedling displaying symptoms (mosaic and chlorosis) at 5 to 7 weeks after planting.
The seedling was grown from seed under aphid-free conditions.
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mine whether the high frequency of detection of DMV sequences in dahlia could be
due to such an event.
The high rate of seed transmission of
DMV combined with delayed symptom
development, both observed in this study,
may be partly responsible for the widespread occurrence of the virus in the
United States (13). Four-week-old dahlia
plants tested positive for DMV; however,
symptoms were not evident until 1 to 3
weeks later. This demonstrates the need for
testing young plants for DMV because
asymptomatic infections contribute to
inadvertent distribution of virus-infected
material and its subsequent propagation.
The six primer pairs designed from the
DMV sequences available in GenBank did
not produce any amplicons. This could be
due to the limited sequence homology
between the D10 isolate used in this study
and those available in GenBank. Also,
amino acid sequence similarity between
D10 and those available in GenBank
ranged from 49 to 73% for the three ORFs
represented by the amplicons obtained
using D10-specific primers. Preliminary
sequence data obtained in our laboratory
and reports (10) suggest that there are at
least three distinct populations potentially
associated with dahlia mosaic. Therefore,
it is highly probable that the DMV sequences in GenBank are not represented in
the DMV isolates used in this study.
One of the biggest setbacks to detecting
DMV and eliminating diseased plants is
the propagation of infected plants and
continued production of plants with asymptomatic infections. The results of this
study demonstrate the potential role of
seed transmission in the spread of DMV.
Although the majority of dahlia propagation is through tubers, control options
should include use of virus-free seed to
reduce the impact of DMV.

Fig. 4. Agarose gel electrophoresis of polymerase chain reaction products amplified with
Dahlia mosaic virus-specific primer pair open
reading frame (ORF)6-START/ORF6-END1
from DNA extracts of pollen collected from
virus-infected dahlias; +, positive control; –,
negative control; L, 1-kb DNA ladder.
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