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ABSTRACT 
 
 Willows (spices of genus salix) are the large group of Salicaceae. Recent studies summarized by the 
Angiosperm Phylogeny Group (APG) have greatly expanded family Salicaceae to 55 genera. The genus Salix 
includes 330-500 species. The classification of Salix at the generic and infrageneric levels, long in dispute, is 
still unresolved. The intrinsic taxonomic difficulties of the genus Salix are further increased by their high 
phenotypic plasticity and great variation in diagnostic morphological characters. Genetic markers are used in 
this article to find precise classification. Our molecular studies showed that Salix and Triandrea appear not to be 
monophyletic. 
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Introduction 
 
 Salicaceae or willows family are a family of 
flowering plants. The willows are moisture loving-
trees and shrubs with flexible whip-like branches and 
long lanced-shaped leaves. Fast-growing, the willows 
are planted along stream banks to hold the soil in 
suburban yards. Also salix provide seasonal interest. 
Recent studies summarized by the Angiosperm 
Phylogeny Group (APG) have greatly expanded this 
family to 55 genera. The genus of Salix has 330-500 
species [3]. Willows are distributed throughout the 
northern hemisphere with only a few species native 
to the southern hemisphere [7]. The primary center of 
diversity is located in China [11]. Two secondary 
centers of diversity are located in the former Soviet 
Union with ca. 120 species [10]. 
 The classification of Salix at the generic and 
infrageneric levels, long in dispute, is still unresolved 
[7]. The intrinsic taxonomic difficulties of the genus 
Salix are further increased by their high phenotypic 
plasticity and great variation in diagnostic 
morphological characters [2,8]. 
 Genetic marker is any trait representing genetic 
differences between individual organisms or species. 
Generally, they do not represent the target genes 
themselves but act as ‘signs’ or ‘flags’. Genetic 
markers that are located in close proximity to genes 
(i.e. tightly linked) may be referred to as gene ‘tags’. 
Such markers themselves do not affect the phenotype 
of the trait of interest because they are located only 
near or ‘linked’ to genes controlling the trait. All 
genetic markers occupy specific genomic positions 

within chromosomes (like genes) called ‘loci’ 
(singular ‘locus’) [2]. 
 There are three major types of genetic markers: 
(1) morphological (also ‘classical’ or ‘visible’) 
markers which themselves are phenotypic traits or 
characters; (2) biochemical markers, which include 
allelic variants of enzymes called isozymes; and (3) 
DNA (or molecular) markers, which reveal sites of 
variation in DNA [2]. 
 Morphological markers are usually visually 
characterized phenotypic characters such as flower 
colour, seed shape, growth habits or pigmentation. 
Very few simple Mendelian morphological 
characters have been discovered in plants that could 
be used as genetic markers. Many of the identified 
morphological markers are mutations observed in 
seedlings such as albino needles, dwarfing and other 
aberrations. Such mutants have been used to estimate 
self-pollination rates in conifers. These markers, 
however, have limited application because 
morphological mutants occur rarely and often are 
highly detrimental or even lethal to plants [2]. 
 Unfortunately, few morphological markers are 
known. They tend to be specific for particular plant 
varieties, and most morphological markers are 
mutations which are deleterious to plants. 
Homozygous locus is indistinguishable from a 
heterozygous one when a dominant allele is 
involved. Moreover, the usefulness of the approach is 
limited to traits controlled by single major genes; it 
does not apply to many important traits that are 
governed by many unlinked genes [2]. 
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 Biochemical markers are any hormone, enzyme, 
antibody, or other substance that is detected in the 
body fluids or tissues. Among them, allozymes and 
isozymes are of paramount importance.  
 They have been the most important type of 
genetic marker and are used in many species for 
many different applications [8]. 
 DNA markers may be broadly divided into four 
classes based on the method of their detection: (1) 
hybridization-based e.g. RFLP; (2) polymerase chain 
reaction (PCR)-based, which involves amplicon 
length polymorphism (ALP, AFLP, RAPD, DNA 
amplification finger printing, SSR or microsatellites, 
and etc); (3) molecular markers based on PCR 
followed by hybridization; and (4) DNA sequence-
based like SNPs [8]. 
 Due to above-mentioned difficulties in 
classification of Salix and since molecular markers 
have so many advantages over morphological 
markers, It was decided to classify some of Iranian 
species of this genus using PCR based molecular 
markers. 
 
Materials and Methods 
 
 Twenty two Iranian species were selected. Their 
morphology and distribution are quite different from 
each other. Total DNAs were isolated from leaf 
tissue by the CTAB method of Saghai Maroof et al. 
[9] as modified by Doyle and Doyle [6]. Most DNA 
samples were obtained from herbarium specimens. 
Seventy five primers were used for amplification, 
including Random Amplified Polymorphic DNA 
(RAPD), Microsatellite-Primed PCR (MP-PCR), 
Anchored Microsatellite-Primed PCR (AMP-PCR), 
and Sequence-related amplified polymorphism 
(SRAP). Among them 24 primers were polymorphic, 
which were listed in Table 1.  

 Amplification was carried out in 50 µl of 
reaction 10 μl of genomic DNA, 8 μl of each 
amplification primers, 15 μl Master-Mix (with 
MgCl2  2 mmol/L) and 17 μl deionized water. The 
PCR cocktail with a total volume of 50.0 μl/ reaction 
was placed in costar 96 micro-well PCR plates, 
spinned briefly in a micro centrifuge before it was 
run using the DNA PCR thermocycler. The 96 well 
plates were inserted on the top of the machine, and 
then the required temperature profile (Table2) was 
programmed and run according to the primer 
temperature specifications. After amplification, the 
PCR products were stored at 4˚C until further 
analyzed using gel electrophoresis. 
 The PCR products were resolved by running in 
8% polyacrylamide gel.  The polyacrylamide gel was 
prepared using 0.75 Agarose, 4 ml TAE Buffer, 46 
ml deionized water then heated it with Microwave 
oven for 2 minutes. The acrylamide gel was poured 
between the two assembled vertical plates using a 
beaker and allowed to polymerized for 15 to 20 
minutes. About 2μl of 10 X loading dye was added to 
2-3 μl of each PCR product and loaded on the 
polyacrylamide gel. Electrophoresis was carried out 
at 100 volts for 30 minutes. After electrophoresis, the 
gel was soaked into ethidium bromide staining 
solution (40 µl of ethidium bromide in 1 liter of 
water or TBE) for 30 minutes. After staining, 
amplified DNA fragments were visualized under UV 
light. UPGMA clustering and principle coordinating 
analysis with Paup Ver4 software for analyzing. 
 
Result: 
 
 Our molecular studies, based on Fig.1, showed 
that Salix and Triandrea appear not to be 
monophyletic.

 
Table 1: List of polymeric single and paired primers and their GC content. 

NO Primer GC% 
1 5’-GAC TGC GTA CGA ATT AAT-3’ 38.9 
2 5’-GAC TGC GTA CGA ATT TGC-3’ 50.0 
3 5’-CGC ATT TGT TCA AGC CTA AAC C-3’ 45.5 
4 5’-GAA GAA GAA GAA-3’ 

5’-CTT CTT CTT CTT-3’ 
33.3 

5 5’-GAT AGA TAG A-3’ 
5’-CTA TCT ATC T-3’ 

30.0 
 

6 5’-GAC TGC GTA CGA ATT AAT-3’ 
5’-TGA GTC CAA ACC GGA TA-3’ 

38.9 
47.1 

7 5’-GAC TGC GTA CGA ATT AAT-3’ 
5’-TGA GTC CAA ACC GGA GC-3’ 

38.9 
58.1 

8 5’-GAC TGC GTA CGA ATT GAC-3’ 50.0 
9 5’-GAT AGA TAG A-3’ 30.0 

10 5’-TAT ATA TAT A-3’ 0.0 
11 5’-CTG TGG CTA C-3’ 50.0 
12 5’-TGA GTC CAA ACC GGA TA-3’ 47.1 
13 5’-TGT TTC CCA TGC GAC GTT CCC CAA-3’ 53.8 
14 5’-ACA CAC GCT G-3’ 60.0 
15 5’-GAT AGG GTC GCA TCT TGG GCG TGA C-3’ 

5’-CTA TCC CAG CGT AGA ACC CGC ACT G-3’ 
60.0 

16 5’-GAG AGA GAG A-3’ 
5’-CTC TCT CTC T-3’ 

50.0 

17 5’-GAC TTC TAG TAT TTC TAC CCC CTC-3’ 45.8 
18 5’-TAT AAT TGA GAA AGA AAA AAG ACG-3’ 25 
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19 5’-ATT CTC TTG CTG GCT AGT CTT TG-3’ 43.5 
20 5’-GGG GAG AGG AGC AGA TTG GCT C-3’ 63.6 
21 5’-CGT TGT CCT CGT TGA TCT CTC C-3’ 54.5 
22 5’-GGA GAG ATC AAC GAG GAC AAC G-3’ 54.5 

 
Table 2: Conditions of PCR reaction. 

STEP TEMPERATURE (˚C) Time (Min) CYCLE (NO.) 
Initial Denaturation 94 5 1 

Denaturation 94 1 1 
Annealing 55-60 1 35 
Extension 72 2 1 

 Final extension 72 7 1 

 

 

 
 
Fig. 1: UPGMA dendrogram based Molesular Markers data on spices of salix. 
 
Discussion: 
 
 Desirable genetic markers should meet the 
following criteria: 1) high level of genetic 
polymorphism; 2) co- dominance (so that 
heterozygotes can be distinguished from 
homozygotes); 3) clear distinct allele features (so that 
different alleles can be identified easily); 4) even 
distribution on the entire genome; 5) neutral selection 
(without pleiotropic effect); 6) easy detection (so that 

the whole process can be automated); 7) low cost of 
marker development and genotyping (Inexpensive to 
develop and apply); 8) high reproducibility (High 
robust and repeatable across different tissue types 
and different laboratories); and 9) unaffected by 
environmental and developmental variation [8]. 
 Since the whole genome of Salix is not 
available, in our research random markers, instead of 
specific ones, were applied. These markers are rapid, 
inexpensive and usually show high polymorphism. 
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However, they are dominant marker and have no 
high reproducibility. 
 Due to the disadvantages of markers applied for 
this family and lack of information regarding Salix 
sequence, it is necessary to have more precise 
clustering for Salix species. 
 Chen et al. [5] proposed a new sub generic 
classification for the genus with splitting traditionally 
recognized subgenus Salix into three subgenera Salix, 
Chosenia and Triandrea .   The present data showed 
that all currently recognized Salix subgenera except 
the North American Longifoliae, appear to be non-
monophyletic. The previous works based on 
molecular markers [1] reached the same conclusion 
that the traditionally recognized subgenera Salix, 
vertex and chamaetia are not monophyletic.  
 The subgenus Salix is the largest and 
morphologically divergent taxon of the genus 
encompasses species distributing from South 
America through North America to Eurasia. Based 
on the combined cpDNA sequence data, Chen  et al 
[5] split traditionally recognized subgen. Salix into 
three subgenera Salix, Chosenia and Triiandra. 
These confirm our results.  
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