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Abstract: The current investigation was performed on the genus Populus in Egypt. This studied on four species of Populus to identification the differences among of these species based on pigment, anatomy and protein based on gel electrophoreses. The result recorded that the pigments which content chlorophyll A, B and carotenoids in P. alba was highest value, and the chlorophyll A and B in P. euroamericana was lowest value. This resulted cleared the significant differences among for four Populus species and can be used this characters as differenced among of Populus species. The significance of anatomical characters is of a diagnostic value to facility the identification and might serve in the solution of some puzzling relationships among different species of the genus Populus. The protein used as the genetic studied to determined differences among the four Populus species, the genetic similarity ranged between 66% and 96% which P. deltoides and P. euroamericana represent 96%. Similarity matrix shows that there’s a great variation between P. alba sample with P. nigra, P. euroamericana and P. deltoides samples since the similarity was 66, 73 and 70%, respectively. 
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1. Introduction

Measurements of chlorophyll a fluorescence, concentration of leaf carbohydrates and their translocation have been used in research on the impact of air pollution on plants (Lichtenthaler and Rinderle, 1988; Bücker and Ballach, 1992).

The autumn coloration of temperate deciduous forests, particularly in the eastern USA, is a spectacular and yet poorly studied phenomenon. Anthocyanin synthesis in vegetative organs is induced by different environmental factors (Mol et al., 1996; Chalker-Scott, 1999).

The role of anatomical data in traditional taxonomy has been recognized since the variation within a species, genus or family is usually reflected in anatomical features as well. The comparative anatomy of leaves has also shown to be of considerable significance in taxonomy by several workers such as Hickey (1973), Cutler (1984), and Afolayan & Meyer (1995). Little microscopic details have been published on the anatomy of Salix L. genus apart from the work of Metcalfe & Chalk (1957) on the family Salicaceae. This family was divided into Salix and Populus when it was originally described by Linnaeus (1753). Salix is by far the larger of the two genera of the family (Azuma et al., 2000). 

The primary function of xylem is the transport of water and minerals (Satoh, 2006). However, xylem sap also contains many organic compounds including carbohydrates (Escher et al., 2004; Lopez-Millan et al., 2000; Satoh et al., 1992), amino acids (Dickson, 1979), and proteins (Aki et al., 2008; Biles and Abeles, 1991; Buhtz et al., 2004; Djordjevic et al., 2007; Kehr et al., 2005; Rep et al., 2002). The presence of proteins in xylem sap is not widely appreciated, since tracheary elements, the specialized cells involved in xylem transport, are dead at maturity and incapable of protein synthesis. Proteins are present in xylem sap at very low concentrations (10–300 µg/mL) (Alvarez et al., 2006; Biles and Abeles, 1991; Buhtz et al., 2004; Satoh et al., 1992); nevertheless, hundreds of protein spots can be detected in xylem sap from Brassica napus and Zea mays using two-dimensional gel electrophoresis (2-DE) (Alvarez et al., 2006; Kehr et al., 2005). Until recently, little was known about the identity of xylem sap proteins, but advances in genomics and proteomics are now facilitating their characterization. To date, xylem sap proteomes have been reported for annual plants including B. napus, Brassica oleracea, Cucurbita maxima, Cucumis sativus, Zea mays, Lycopersicon esculentum, Glycine max, and Oryza sativa (Aki et al., 2008; Alvarez et al., 2006; Buhtz et al., 2004; Djordjevic et al., 2007; Kehr et al., 2005; Rep et al., 2003; 2002). Several proteins have consistently been reported in proteomic studies of xylem sap, including peroxidases, pathogenesis-related (PR) proteins, and proteases (Aki et al., 2008; Alvarez et al., 2006; Buhtz et al., 2004; Djordjevic et al., 2007; Kehr et al., 2005; Rep et al., 2002). While PR proteins were originally discovered due to their strong expression following pathogen infection, they also occur constitutively in many plant organs, in particular flowers and fruit. Of the 17 families of PR proteins (Van Loon et al., 2006), PR-1, b-1,3-glucanases, chitinases, and thaumatin-like proteins (TLPs) are among the PR proteins previously described from xylem sap (Aki et al., 2008; Alvarez et al., 2006; Buhtz et al., 2004; Djordjevic et al., 2007; Kehr et al., 2005; Rep et al., 2002). Other common protein constituents of xylem sap include cell wall proteins and cell wall enzymes, such as glycoside hydrolases and polygalacturonases (Aki et al., 2008; Alvarez et al., 2006; Djordjevic et al., 2007; Kehr et al., 2005). These proteins are typically involved in degrading primary cell walls, a process that occurs in developing tracheary elements during cell death (Turner et al., 2007). Cell wall localized glycine-rich proteins and arabinogalactan-rich proteins have also been identified in xylem sap of various plant species (Aki et al., 2008; Alvarez et al., 2006, 2008; Buhtz et al., 2004; Djordjevic et al., 2007; Kehr et al., 2005). The common occurrence of these types of proteins in xylem sap suggests that they have fundamental roles within the xylem.

There is some evidence that xylem sap proteins may be important for protecting plants against environmental stresses. For example, several PR proteins were found at higher levels in tomato xylem sap after infection by the pathogen, Fusarium oxysporum (Rep et al., 2002). Maize xylem sap has also been found to inhibit fungal growth (Alvarez et al., 2006). This antifungal activity was abolished when xylem sap was pre-treated with proteases, suggesting that the antifungal activity is due to one or more xylem sap proteins. Xylem sap proteins may also play a role in a biotic stress response, as 39 xylem sap proteins were found to be differentially regulated in maize in response to water stress (Alvarez et al., 2008). Many of the unregulated proteins were cell wall metabolism enzymes, which may function by reinforcing the secondary cell walls of xylem vessels during periods of drought.
2. Materials and Methods

2.1. Pigments

Chlorophyll a, b and total carotenoids were calorimetrically determined in leaf samples of four Populus species (mg/100g fresh matter) according to Saric et al. (1976). The determination was conducting using acetone (85%v/v) as a blank at wavelengths of 662, 644 and 449 nm, respectively elicitation.

Chl A.=9.784*E 662-0.99*E644=X1

Chl B.=21.426*E644-4.65*E662=X2

Carotene =4.695*E440-0.268(X1+X2)                                                                                  
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2.2. Anatomy

The anatomical features of four Populus samples leaves were investigated identification of the selected Populus specific according to hortus (1976) was carried out.
Sections of four Populus species leaves (Cut leaves from the top branches of developing studied species of the leaves number 3 to number 5) were stained by alcoholic safranin and light green as a counter stain dehydrated in alcohol-xylol series and finally mounted in Canada balsam. These sections after that, photographed by binocular phase contrast with built-in camera (zeiss model 2845). The microscopic descriptions of these sections were carried out according to Johanson (1940); O'brien and McCully (1981).
2.3. Protein

2.3.1. Leaf protein
SDS-polyacrylamide gel electrophoresis was performed in 12 % acrylamide slab gels following the system of Laemmli (1970) to identify their protein profiles.

2.3.2. Gel preparation

The following stock solutions were prepared:

2.3.2.1. Acrylamide stock solution (30 %)
The solution was prepared by dissolving 30 g acrylamide and 0.8 g N, N, methylene bis–acrylamide in about 70 ml distilled water, then the volume was completed to 100 ml by distilled water. The stock solution was kept at 4oC.

2.3.2.2. Resolving gel buffer (1.5 M Tris-HCl, pH 8.8)
The buffer was prepared by dissolving 18.15 g Tris in 50 ml distilled water, shacked well with magnetic stirrer, and then pH was adjusted to 8.8. Then the volume was completed to 100 ml with distilled water and kept at 4°C.

2.3.2.3. Stacking gel buffer (0.5 M Tris-HCl, pH 6.8)
The buffer was prepared by dissolving 6.05 g Tris in 50 ml distilled water, shacked well with magnetic stirrer, and then pH was adjusted to pH 6.8. Then the volume was completed to 100 ml with distilled water and kept at 4°C.

2.3.2.4. Sodium dodecyl sulfate (SDS 10 %, W/V)
Stock solution was prepared by dissolving 10 g SDS in 70 ml distilled water. Then the solution was completed to 100 ml by distilled water. The solution was stored at room temperature.
2.3.2.5. Ammonium persulfate solution (APS 10 % W/V)
The solution was prepared by dissolving 1.0 g ammonium peresulfate in 10 ml distilled water. The solution is unstable and must be immediately prepared before use.
Table 1. Composition of separating and stacking gels.
	Stock Solutions
	12%  separating gel
	4%  Stacking gel

	Acrylamide
	40 ml
	2.6ml

	Separating gel buffer
	25 ml
	-

	Stacking gel buffer
	-
	5.0 ml

	Distilled water
	33.5 ml
	12.2 ml

	10 % SDS
	1.0 ml
	0.2 ml

	10 % APS
	0. 5 ml
	0.1 ml

	TEMED
	60 μl
	25 μl


	Reagents
	staining
	destaining

	Commassie Brilliant blue R-250
	1 gm
	-

	Methanol
	455 ml
	455 ml

	Glacial acetic acid
	90 ml
	90 ml

	Distilled water
	455 ml
	455 ml


2.3.3. Sample buffer

This buffer was prepared by mixing the following components:
2.5 ml of 0.5 M Tris buffer (pH 6.8)

4 ml of 10 % SDS.

1 ml of 2 mercaptoethanol.

1 g of Sucrose.

1 ml Bromophenol blue (0.4 %).

Up to 10 ml by distilled water.

2.3.4. Extraction of leaf proteins
Protein extraction was conducted by mixing 0.4 g of four Populus species leaves (Cut leaves from the top branches of developing studied species of the leaves number 3 to number 5) with an equal weight of pure, clean, sterile fine sand.

The leaves were then ground to fine powder using a mortar and pestle and homogenized with 1 M Tris-HCl buffer, pH 6.8 in clean eppendorf tube and left in refrigerator overnight. Then centrifuged at 10.000 rpm for 10 min. The supernatant of each sample (contains protein extract) was kept in deep-freeze until use for electrophoretic analysis. Then boil for 5 minutes in water bath before loading in the gel.

2.3.5. Application of samples

A volume of 80 μl of the protein extract was loaded on the gels. Control wells were loaded with standard protein marker Medium range from 14.20 KDa to 66.00 KDa (Fermentas.Com).

2.3.6. Gel running and staining

Lower and upper buffer tanks were filled with the running buffer (electrode buffer). This buffer was prepared by adding 15.0 g Tris, 72.0 g glycine and 5g SDS to 1 liters distilled water and shacked well with magnetic stirrer. Then the volume was completed to 5 liter with distilled water and kept at 4oC.

The polyacrylamide gels were fixed between the two tanks in a suitable position. The electrodes were connected to the power supply. The run was performed at 100 volt until the tracing dye (bromophenol blue) entered the separating gel. Then the voltage was increased to 200 volt until the bromophenol blue dye reached the bottom of the separating gel. Gels were removed from the apparatus and placed in plastic tanks, then covered with the staining solution. Gels were agitated gently overnight. The composition of the staining and distaining solutions was as following:
Then the staining solution was removed and the gels were covered with distaining solution. The distaining solution was changed several times until the gel background became clear.

2.3.7. Gel Analysis

Gels were photographed scanned, analyzed using Gel Doc Vilber Lourmat system.

3. Results and Discussion
3.1. Pigments

As shown in table (2) it is evident that P. alba exhibited the highest value of chlorophyll A where it was 1.373 mg/100g fresh weight (f.w) followed by P. nigra. 1.180mg/100g (f.w) then P.deltoides was the intermediate value 0.980mg/100g (f.w) while P. euroamericana cleared the lowest value of 0.758mg/100g (f.w).

It can be resulted that the used four Populus species cleared a significant differences in values of chlorophyll A.

In this respect  the chlorophyll B content ranged between 0.994 mg/100g (f.w) and 0.695 mg /100g (f.w) where the highest value recorded by P. alba 0.994 mg/100g (f.w), followed by P. deltoides 0.813 mg/100g (f.w), then P. nigra was the intermediate by 0.713 mg/100g (f.w), while P. euroamericana  cleared the lowest value of 0.695mg/100g (f.w).
It can be resulted that the used four Populus species cleared a significant differences in values of chlorophyll B. Where the carotenoids content ranged between  0.527 mg/100g (f.w) and 0.139 mg/100g the highest value 0.527 mg /100g (f.w) was recorded by P. alba, followed by P.nigra 0.361mg /100g (f.w), then P.deltoides was the intermediate by 0.236 mg/100g (f.w), the lowest value 0.139 mg/100g (f.w) was recorded in P. euroamericana. It can be resulted that the used four Populus species cleared a significant differences in values of carotenoids. The most striking difference between sun and shade leaves of the two species was observed for chlorophyll a &b. For P. tremuloides, shade leaves consistently had higher chlorophyll a/b whereas for P. balsamifera, sun leaves almost always had the higher chlorophyll a/b. Since previous studies have shown a tendency for chlorophyll a/b to decrease with decreasing light availability Oberbauer and Strain, (1986), Givnish, (1988) and Lei et al. (1996), our results for P. tremuloides are contrary to the norm.
So the chlorophyll A , B and carotenoids  in P. alba was highest  value  and the chlorophyll A and B in P. euroamericana was lowest value this resulted cleared the significant differences among for four Populus species. 

Table 2. determination of chlorophyll A,B and Carotenoids of Populus spp
	Characters

Species 
	Chl. A. mg/100g
	Chl. B. mg/100g
	Carotenoids mg/100g

	P. nigra
	1.180 B
	0.713 C
	0.361 B

	P. alba
	1.373 A
	0.994 A
	0.527 A

	P. euroamericana
	0.758 D
	0.695 D
	0.139 D

	P. deltoides 
	0.980 C
	0.813 B
	0.236 C


The values have the same letter in all characters are not significant different at 0.05 probability level according to Duncan's Multiple Range Test.

3.2. Anatomy

3.2.1. Populus nigra 

Stricture of leaf

A transverse section shown in fig (1-A) reveal that the upper epidermis as well as the lower one composed of a single layer of nearly compactly arranged rectangular cells. The outer walls are cutinised and possess thin cuticle. Stomata occur on both sides of the leaf and trichomes are not observed. 
Leaves are distinctly dorsiventral where the mesophyll is differentiated into columnar palisade parenchyma on the adaxial side and irregular sporngy parenchyma on the abaxial side. The palisade tissue consists of two layers of chlorenchyma cells which elongated perpendicularly to the surface of the blade and occupies one-half of the whole thickness of the mesophyll. The spongy tissue is composed of two to three layers of chlorenchymatous loosely arranged cells with many wide intercellular spaces.

The midrib is rounded at both adaxial and abaxial surfaces of the leaf. Collenchymas is present in the vein rib, on both sides of the vein beneath the epidermis. There is a large collateral vascular bundle which is oriented with the xylem directed towards the adaxial surface and the phloem towards the abaxial one in crescent shape around the xylem. Xylem consists of vessels arranged in radial rows which embedded in lignified parenchyma cells. Moreover, at the end of xylem tissue toward the adaxial surface of the leaf , there are two small vascular bundles with phloem directed toward the adaxial side, each of them surrounded by fibre sheath which being in conection with main bundle sheath that surrounded the main vascular bundle of the midrib.
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Figure 1-A. Transverse section through a leaf blade of P. nigra. 
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Figure 1-B. Transverse section through a leaf blade of P. nigra with determined the area.
The previous report of Metcalfe and Chalk (1950) indicated that leaves of the genus Populus are usually dorsiventral, but isobilateral structure was recorded in P. nigra, being in contradiction with the present findings. Such contradiction could be attributed to the variation in climatic condition between Europe and Egypt, Faten et al., (2000).

3.2.2. Populus alba
Stricture of leaf
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Transverse section through a leaf blade of P. alba were examined. A microphotograph illustrating blade structure is shown in Fig. (2-A). The upper epidermis is uniseriate, composed of a row of compactly-set tabular large cells, the outer walls are distinctly cutinised and possess relatively thick cuticle. The lower epidermis is also uniseriate, the epidermal cells are small in size and free from cuticle as compared with the uppe ones. Unicellular simple hairs are present only on the abexial surface.
Mesophyll is differentiated into columnar palisade parenchyma on the adaxial side and irregular sporngy parenchyma on the abaxial side. The means that the leaf is distinctly dorsiventral. The palisade tissue consists of two layers of chlorenchyma cells which occupies 65% of the whole thickness of the mesophyll.
Figure 2-A. Transverse section through a leaf blade of P. alba.
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Figure 2-B. Transverse section through a leaf blade of P. alba with determined the area.
The midrib is slightly convex at adaxial surface and being strongly rounded at abaxial one. Collenchymas is present in the vein rib, on both sides of the vein beneath the epidermis. The vascular bundle of the midrib is larger in size and oriented with the xylem directed towards the adaxial surface and the phloem towards the abaxial one. The bundle is surrounded by a sheath of two to three layers of well-developed lignified fibre cells.
As far as the authors are aware no detailed study dealing with anatomical structure of vegetative organs of P. alba was carried out. However, Metcalfe and Chlk (1950) stated that leaf is usually dorsiventral. Faten et al. (2000).

3.2.3. Populus euroamericana
Stricture of leaf

A transverse section shown in fig (3-A) reveal that the upper epidermis as well as the lower one composed of a single layer of nearly compactly arranged rectangular cells. The outer walls are cutinized and possess thin cuticle. Stomata occur on both sides of the leaf.

The mesophyll is differentiated into columnar palisade parenchyma on the adaxial side and irregular sporngy parenchyma on the abaxial side. The palisade tissue consists of three layers of chlorenchyma cells which elongated perpendicularly to the surface of the blade and occupies one-half of the whole thickness of the mesophyll. The spongy tissue is composed of two to three layers of chlorenchymatous loosely arranged cells with many wide intercellular spaces.

The midrib is rounded at both adaxial and abaxial surfaces of the leaf. Collenchymas are present in the vein rib, on both sides of the vein beneath the epidermis. There is a large collateral vascular bundle which is oriented with the xylem directed towards the adaxial surface and the phloem towards the abaxial one in crescent shape around the xylem. Xylem consists of vessels arranged in radial rows which embedded in lignified parenchyma cells. Moreover, at the end of xylem tissue toward the adaxial surface of the leaf, there are two small vascular bundles with phloem directed toward the adaxial side; each of them surrounded by fibre sheath which being in conection with main bundle sheath that surrounded the main vascular bundle of the midrib.

The previous report of Metcalfe and Chalk (1950) indicated that leaves of the genus Populus are usually dorsiventral, but isobilateral structure was recorded in P. euroamericana, being in contradiction with the present findings.
3.2.4. Populus deltoides

Stricture of leaf

The anatomical structure of leaf blade representing P. deltoides was investigated through transverse section shown in fig (4-A) reveal that the upper epidermis as well as the lower one composed of a single layer of nearly compactly arranged rectangular cells. Stomata frequently present on both sides of the leaf and trichomes are absent. The mesophyll is relatively homogeneous where the palisade tissue occurs on both sides of the leaf. Therefore, the leaf is distinctly isobilateral.

At the midrib region, both upper and lower epidermis are convex; i.e. the midrib is rounded at both adaxial and abaxial  surfaces of the leaf. The vascular bundle of midrib consisting of central xylem enclosing some pith. The xylem being surrounded by a nearly heart shaped phloem; i.e., the two kinds of vascular tissues occur in a collateral arrangement with the phloem located outside the xylem. A nearly continuous cylinder consists of about two to three layers of well lignified fibres occur on the periphery of phloem.

The previous report of Faten et al. (2000) indicated that leaves of the genus Populus are usually dorsiventral, but isobilateral structure was recorded in P. deltoides, being in contradiction with the present findings.
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Figure 3-A.Transverse section through a leaf blade of P. euroamericana
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Figure 3-B. Transverse section through a leaf blade of P. euroamericana with determined the area. 
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Figure 4-A.Transverse section through a leaf blade of P. deltoids. 
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Figure 4-B. Transverse section through a leaf blade of P. deltoides with determined the area.
The area of vascular bundles and xylem was differencing between all species as in table (3) and Figs. (1,2,3,4-B).

Regarding the area of vascular bundles it can be observed from the results of table (3) that P. deltoides induced the maximum area (649259.9 µm2) followed by P. euroamericana which gave the area of (349653.4 µm2), while P. nigra deduced the intermediate area (127919.1 µm2), then P. alba had the lowest one in average value of (26093.05 µm2 ).

The area of xylem differed among the four species of Populus where P. deltoides recorded the highest value of (162895.5 µm2), followed by P. euroamericana which gave the area of (125702.3 µm2), while those P. nigra resulted the intermediate area in average value of   (55795.79 µm2), and the late one was where value of (16713.78 µm2).

The previous obtained results from the table (3) obviously cleared that the area of vascular bundles and xylem were the majority in P. deltoides comparing with those obtained from the other species, where P. euroamericana have been the middle area, then P. nigra, after that P. alba was the later in arrangement.
Table 3. Area of vascular bundles & area of xylem for four species of Populus.
	Area of xylem
	Area of vascular bundles
	Characters

Species

	55795.79 µm2 C
	127919.1 µm2 C
	P. nigra

	16713.78 µm2 D
	26093.05 µm2 D
	P. alba

	125702.3 µm2 B
	349653.4 µm2 B
	P. euroamericana

	162895.5 µm2 A
	649259.9 µm2 A
	P. deltoides


The values have the same letter in all characters are not significant different at 0.05 probability level according to Duncan's Multiple Range Test.
3.3. Protein 

3.3.1. Genetic diversity using SDS-PAGE
The electropherogram of the leaves collected from four Populus plant, in different species, exhibited the presence of 13 protein bands with molecular weight ranged between 12.5 – 104 KDa.
The protein bands of four species for Populus plant were varied in number and density of bands. The variability analysis of four species showed some polypeptides bands absent or/and present in some species (7 polymorphic band number & M.Wt (KDa) of it (‹4,65› ,‹6,60› ,‹7,52› ‹9,43› ,‹10,32›, ‹11,28› and ‹12,22›) with percentage 53.8%. Since 1 polymorphic band was recorded in both P. nigra and P. deltoides number 4 with M.Wt 65 KDa. Also, 4 polymorphic bands were recorded in P. nigra, P. euroamericana and P. deltoides with number and M.Wt (KDa) (‹6,60›, ‹7,52›, ‹9,43› and ‹10,32›). As well as, 2 bands were recorded where one band in P. alba, P. euroamericana and P. deltoides with M.Wt 28 (KDa) number 11 and the other band in both P. euroamericana and P. deltoides with M.Wt 22 (KDa) number 12. Results in table (4) and Fig. (5) revealed that, Populus species characterized by the presence of 6 monomorphic common polypeptide bands with number and M.Wt (KDa) (‹1,104›, ‹2,87›, ‹3,76›, ‹5,63›, ‹8,47› and ‹13,12.5›) with percentage 46.2%. The aforementioned result demonstrated that there were an adverse in molecular weight and number for the used four Populus species since Populus exhibited.
Genetic distance was measured as the difference revealed among of four Populus species. Since the highest genetic distance was detected between P. alba and P. nigra as well as between P. deltoides and P. alba which represent 0.2449, followed by genetic distance between P. alba and P. euroamericana which represent 0.2236, then genetic distance between P. nigra and P. euroamericana intermediate when recorded 0.1732, also genetic distance between P. nigra and P.deltoide which recorded 0.1414. On the other hand, the lowest distance was 0.1000 between P. deltoides and P. euroamericana. The obtained results showed that, there’s a great variation between four Populus species in genetic content (Table 5).
Also, Genetic similarity ranged between 66% and 96% where P. deltoides and P. euroamericana represent 96%. Similarity matrix shows that there’s a great variation between P. alba sample with P. nigra, P. euroamericana and P. deltoides samples since the similarity was 66, 73 and 70% respectively (Fig. 6).

The result which being compatible with the obtained result by RAPD analysis, since the integration between results may be regarded to the fact that, protein molecules are directly coded by genes as indicated by Stegmann et al. (1980).
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Figure 5. SDS-PAGE protein patterns of four Populus species. Lane M: Protein marker, Lanes 1 to 4: 1- P. nigra,2- P. alba,3- P. euroamericana, and 4- P. deltoides.
Table 4. Scoring sheet of protein bands in the electrophoregram of the studied Populus species.

	Band No.
	M.Wt
	P. nigra
	P. alba
	P. euroamericana
	P. deltoides
	Polymorphism

	
	
	Band score
	Band score
	Band score
	Band score
	

	1
	104
	1
	1
	1
	1
	Monomorphic

	2
	87
	1
	1
	1
	1
	Monomorphic

	3
	76
	1
	1
	1
	1
	Monomorphic

	4
	65
	1
	0
	0
	1
	Polymorphic

	5
	63
	1
	1
	1
	1
	Monomorphic

	6
	60
	1
	0
	1
	1
	Polymorphic

	7
	52
	1
	0
	1
	1
	Polymorphic

	8
	47
	1
	1
	1
	1
	Monomorphic

	9
	43
	1
	0
	1
	1
	Polymorphic

	10
	32
	1
	0
	1
	1
	Polymorphic

	11
	28
	0
	1
	1
	1
	Polymorphic

	12
	22
	0
	0
	1
	1
	Polymorphic

	13
	12.5
	1
	1
	1
	1
	Monomorphic

	Total band score
	11C
	7D
	12B
	13A
	


Table 5. Genetic distance between different samples detected by qualitative of the protein pattern of four Populus species.

	species
	P. nigra
	P. alba
	P. euroamericana
	P. deltoides

	P. nigra
	0
	
	
	

	P. alba
	0.2449
	0
	
	

	P. euroamericana
	0.1732
	0.2236
	0
	

	P. deltoides
	0.1414
	0.2449
	0.1000
	0
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Figure 6. Dendrogram obtained by cluster analysis based on presence/absence matrix for protein.
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