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In a survey for rust diseases in Maragheh area rust symptoms were observed on poplars 
(Populus nigra) in Maragheh city parks and orchards near the city. Uredinia and 
urediniospores typical of Melampsora were present on the underside of leaves. 
Paraphyses were clavate with walls evenly thick and Telia, formed on the leaves early 
in the autumn, were epiphyllous and subepidermal. DNA was extracted from 
urediniospores and the primers ITS1 and ITS4 were used to amplify the internal 
transcribed spacer region of the ribosomal DNA. Based on the key provided by 
Bagyanarayana and the species description by Pei and Shang, and the result of 
sequencing, the causal agent was identified as Melampsora allii-populina Kelb.  
Melampsora species are mainly determined based on their morphology, alternate hosts 
and telial host range. However, in most cases, only one or two spore stages could be 
found at the time of observation and there is no information of the alternate hosts. This 
is the first study of poplar rust disease to the species level in the area.  Rust disease is 
likely to be the most important disease on poplar in this area. As poplar rust can cause 
severe damages to nursery plants and young trees, there must be further research to 
understand the epidemiology of the rust disease. A key question to be answered is 
whether the rust goes through a full life-cycle, possible via known alternate host Allium 
spp. or only uredinial and telial stages are present in the studied area. 
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INTRODUCTION 

oplars occur naturally across the northern 
hemisphere between the latitudes 30° and 
72°N. Poplars are fast growing, easily 
propagated and can be cultivated under 

various growing conditions. They are now widely 
grown in various parts of the world for the purpose 
of urban amenity, farmland sheltering and for 
timber, pulp and biomass production (Pei 2005). 
Poplar rust is found everywhere poplar species are 
grown. Even though it does not kill mature trees, it 
can lead to significant economic losses due to 
growth reduction and predisposition to secondary 
plant pathogens. Growth reduction occurs as a 
result of reduced photosynthesis due to reduced 
photosynthetically-active leaf area and premature 
leaf drop. When severe, it can lead to death of 
young seedlings. Worldwide, at least 14 species of 
Melampsora on Poplars have been recognized 
(Newcombe 1993; Pei 2005) and Five species, M. 
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pulcherrima, M.magnusiana, M.populi, M.alli-
populina and M. populina have been reported by 
researchers from Iran(Ershad 2009). 

The objective of this study was to determine 
the occurrence and distribution of poplar leaf rust 
in Maragheh area of Iran and identify the causal 
rust species through conventional and molecular 
approaches. 

MATERIALS AND METHODS 
Leaves of infected poplar trees were collected 

from different parts of city parks, margins of crop 
fields and orchards  around the city of Maragheh at 
monthly  intervals starting from May in the spring 
until October in the Fall to determine the 
proportion of plants that were infected and to 
observe rust severity and the positions of infection. 
Some infected trees were marked for later 
observations of disease development. Infected plant 
tissues with urediniospores and teliospores were 
placed in plastic bags and each sample was marked 
carefully to record the location. Samples were kept 
cool until returned to the laboratory. 
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Identification of the leaf Rust species. 

Morphology and surface ornamentation of 
urediniospores, paraphyses  and teliospores were 
examined with scanning electron microscopy 
(SEM) and light microscopy (LM). For LM. 
Uredinia-bearing leaf segments, urediniospores and 
paraphyses were mounted in water on glass slides 
and a total of 50 uredinia, 50 urediniospores and 50 
paraphyses were measured with an ocular 
micrometre. Teliospores were examined after 
making freehand sections using a razor blade. The 
freehand sections were mounted in water on glass 
slides and a total of 50 telia and 50 teliospores from 
five different leaves (10 from each leaf) were 
measured. Morphological characteristics of 
urediniospores, paraphyses and teliospores that 
have proven useful in taxonomic comparisons for 
Melampsora species were measured and compared. 
Major axis length, width, cell wall thickness (µm) 
of the urediniospores, paraphyses length, width, 
head length, topwall, sidewall and stalk width and 
teliospores major axis length, width were measured 
and compared for each sample. Mean values were 
calculated for each characteristic. In addition to the 
examination using LM, urediniospores were 
examined with scanning electron microscopes 
(SEMs). Urediniospores were collected from the 
leaf sample using a fine hair brush and attached 
onto the surface of a _sticky carbon tab_ mounted 
on an electron microscope stub. The samples were 
then coated with gold for 60 s using the Gatan 
ALTO2100 prep unit and examined using the Jeol 
6360 LV SEM in high vacuum mode, 10 kV and 
SEI detector.  

ITS sequence information 

To examine the phylogenetic relationships of 
the rust with other Melampsora species, the internal 
transcript spacer (ITS) region of ribosomal DNA 
(rDNA) of the rust was sequenced at Department of 
Plant and Invertebrate Ecology, Rothamsted 
Research, UK. DNA was extracted from 2–5 mg  
urediniospores using the method described in Pei 
and Ruiz (2000) and the ITS region was amplified 
using the primer pair ITS1 (5¢-
TCCGTAGGTGAACCTGCGG) and ITS4 (5¢- 
TCCTTCCGCTTATTGATATGC) (White et al. 
1990). These two primers are designed to cover 
partial 18S and 28S and the whole ITS1, 5.8S and 
ITS2 regions (Pei 2005). PCR was performed in a 
Perkin Elmer 9700 thermocycler using the profile 
of 94_C for 5 min, then 25 cycles of 94_C for 30 s, 
56_C for 30 s and 72_C for 1 min, followed by a 
final extension at 72_C for 10 min. Resulting PCR 
products were purified using the Qiaquick PCR 
Purification kit (Qiagen, Hilden, Germany). 
Sequencing was performed using the two pairs of 
primers in conjunction with BigDyeTM Terminator 
Cycle Sequencing Reaction kit (PE Applied 
Biosystems) and resolved on an ABI (Stretch 377). 

RESULTS AND DISCUSSION 
Field observations  

Poplar trees were slightly-to-severely affected 
by rust in most of study sites. Trees had infected 
leaves with uredinia present on both abaxial and 
adaxial surfaces throughout summer and infection 
was higher on lower side of leaves and telia were 
observed early in the autumn on the underside of 
leaves. (Fig.1) 

 
 

 
 
Fig.1- Disease symptoms of Populus nigra infected by 
M. allii-populina in the field. 
 

Identification  

The urediniospores had a smooth area at the 
apex (Fig.2) and were measured 29.38(±0.76) × 
17.17(±0.29) µm. The walls of the urediniospores 
were evenly thick and measured 3 µm. Paraphyses 
were clavate and measured 65.1(±3.10) × 
17.55(±0.79) µm. The walls of the paraphyses were 
evenly thick and measured 2 - 5 µm. Telia, formed 
on the leaves in the autumn, were epiphyllous and 
subepidermal, measured 400 - 800 µm in length. 
Teliospores were sessile, had evenly thickened 
walls and were measured 45.5 (±1.27) × 9.5(±0.46) 
µm. Based on the key provided by Bagyanarayana 
(1998) and the species description by Pei and 
Shang (2005) the causal agent was identified as 
Melampsora allii-populina Kelb. 
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Fig. 2. SEM image of urediniospores of M. allii-populina   
showing distinctive apical smooth-spot on spores.  
 

Amplification and sequencing of ITS-rDNA  

Internal transcribed spacer region ribsomasal 
DNA (ITS-rDNA) was successfully amplified and 
sequenced. PCR products were approximately 625 
base pairs in length. BLAST (Basic Local 
Alignment Search Tool) searches resulted in a 99% 
match between the sequences obtained and that 
of M. allii-populina from the UK (GenBank 
AY444773).  

Melampsora species are mainly determined 
based on their morphology, alternate hosts and 
telial host ranges. However, in most cases, only one 
or two spore stages could be found at the time of 
observation and there is no information of the 
alternate hosts. Also confounding identification, 
morphological and morphometeric characteristics 
are often overlapping among species. Thus, 
molecular tools such as rDNA provide more rapid 
and precise methods for diagnosing rust diseases. 
This was verified by the studies presented here. In 
our study the primers ITS1 and ITS4 (white et al. 
1990) permitted the amplification of a single rDNA 
fragment with a distinctive sequence from leaves 
with rust sori. Therefore, this primer pair is 
confirmed to be useful for the PCR amplification of 
the ITS-rDNA of Melampsora and identification of 
rust fungi to the species level.  

This is a preliminary study of poplar rust 
disease, which appears to be most important in this 
area, to the species level. As poplar rust can cause 
severe damages to nursery plants and young trees, 
further research is needed to elucidate the 
epidemiology of the rust disease and to determine 
the occurrence, severity and disease impact on 
poplar trees. A key question still to be answered is 
whether the rust goes through a full life-cycle, 

possible via known alternate host Allium spp. or 
only has uredinial and telial stages in the area. 
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