
RELATIONS BETWEEK NATIVE ISRAELI AND JORDANIAN ALEPPO PINE 
(PINUS HALEPENSIS MILL.) BASED ON ALLOZYME ANALYSIS: A NOTE1 

L. Koro l  & G .  Schiller *' 

*) Department of Agronomy and Natural Resources, Agricultural Research Organization, The Volcani Center, P.O. Box 6, 
Bet Dagan 50250, Israel 

' To whom correspondence should be addressed 

Received August 21, 1996; accepted December 16, 1996 

ABSTRACT 

Horizontal starch gel electrophoresis of enzymes extracted from the megagametophytes of germinated Aleppo 
pine (Pin~rs halepensis Mill.) seeds showed that alleles which are unique to the East Mediterranean group, i.e., 
Cat-2 allele tno and A a p l  allele two, appear also in the Jordanian populations. Mean expected heterozygosity 
of the Israeli and the Jordanian Aleppo pine groups was 0.143 and 0.140 respectively. Mean genetic identity 
between these two groups of Aleppo pine populations is 0.991+0.001 in comparison with the mean genetic 
identity among the eight Israeli Aleppo pine relict populations (0.994=0.005), or between the Israeli and other 
circum Mediterranean Aleppo pine populations (O.977*0.015). Mean Hs \vas 0.143 and mean H, was 0.149, 
mean G,,, i e . ,  proportion of total diversity among populations was relatively low - 0.05. Mean genetic distance 
\vas 0.006 \vhich is similar to the genetic distance among native Israeli populations. The results show that most 
of the genetic diversity in I? halepensis lies within populations and onlb, a little among the two groups of 
populations namely the Israeli and Jordanian group. These results confirm a previous hypothesis about the 
genetic identity of Pinus halepensis populations in Israel and Jordan. 
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INTRODUCTION 

Aleppo pine (Pinus halepensis Mill.) forests are widely 
distributed around the Mediterranean sea (CRITCHFIELD 
& LITTLE 1966). Present area of  distribution is the 
result of geomorphological and climatic changes in the 
Tertiary and Quaternary (NAHAL 1962; PANETSOS 
198 1) and probably, to some extent, also due to human 
activity (%HILLER & BRUNORI 1992; SCHILLER & 
MENDEL 1995). 

Allozyme analysis provided evidence for the 
subdivision o f  circum Mediterranean populations o f  
Aleppo pine into two groups: (1) West Mediterranean 
and, (2) East Mediterranean group (SCHILLER et al. 
1985). GRUNWALD et  al. (1986) concluded that the 
genetic parameters which distinguish the East Mediter- 
ranean group, i,e., the Israeli relict populations, from all 
the others circum Mediterranean populations, are 
probably identical also for the relict populations in 
Jordan in Lebanon and Syria. Since there is no reason 
to expect that native Aleppo pine grou ing in Israel and 
Jordan should differ much among themselves, hence 

the Jordan valley is too narrow to be a genetic barrier. 
The  establishment of peace between Israel and 

Jordan enabled us  to receive seed material to examine 
the hypothesis by  GRUNLVALD et al. (1986). Therefore, 
the objective o f  the present work was  to estimate the 
genetic similarity o r  distance between the largest relict 
population o f  Pinus halepensis Mill. in  Israel and 
Jordan. 

MATERIAL AND M E T H O D S  

Seed Mater ia l s  

Wind-pollinated seeds were collected from 172 trees 
growing in five different stands within the native P 
halepensis forest on the Mt. C a m e l  range (35'00' E, 
32'43' N)  ~ v h i c h  is the largest among the eight relicts 
o f  P halepensis in Israel. Two bulked seed lots of 
native Jordanian P halepensis stands (ZOHARY 1973) 
were received via the seed and nursery unit o f  the forest 
department o f  the Jewish National Fund (JNF); one 
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Table 1 Enzyme names, abbreviations of the names and  electrophoretic systems 

Enzyme system 

Aconitase 
Alanine aminopeptidase 
Alcohol dehydrogenase 
Catalase 
Glutamate dehydrogenase 
Glutamic-oxaloacetic transaminase 
Isocitric dehydrogenase 
Leucine aminopeptidase 
Malate dehydrogenase 
Menadione reductase 
Phosphoglucomutase 
Phosphoglucose isomerase 
6-Phosphogluconate dehydrogenase 
Superoxide dismutase 

Abbreviation 

ACO 
AAP 
ADH 
CAT 
GDH 
GOT 
IDH 
LAP 

MDH 
MNR 
PGM 
PGI 

6PGD 
SOD 

Buffer System 

seed lot was from trees growing in the area of Jerash 
(35'54' E, 32O17' N) and the second from the area of 
Ajlun (3.5'46' E, 32'20' N). Seeds were stored in a 
refrigerator at +5 'C until analysis. 

After electrophoresis the gels were sliced and 
stained for each enzyme system according to CONKLE 
et al. (1982). The 14 enzyme systems were stained and 
25 putative loci were resolved. 

Electrophoresis 
Statistics 

Seeds were germinated on moistened filter paper, 
Whatman No. 3 in Petri dishes at +20 OC. 

Extraction of enzymes and horizontal starch gel 
electrophoresis were performed according to the 
laboratory manual by CONKLE et al. (1 982). Analyses 
were performed using eight haploid megagametophytes 
per tree in Israeli populations, or 76 individual megaga- 
rnetophytes from the bulked seed material of the 
Jordanian populations. 

The maternal tissue was homogenized in a grinding 
plate (KELLEY & ADAMS 1977) together with 75 pl of 
0.2 M phosphate buffer pH 7.5, 0.176 Triton X-100, 
1% BSA, 0.1% b-mercaptoethanol, for all enzyme 
systems. Four different electrophoresis buffer systems 
were used to analyze 14 enzyme systems (Table 1): 

System I: Gel buffer: 0.02 M tris, 0.02 M boric 
acid, 0.002 M EDTA pH 8.4. Electrode buffer: 0.2 M 
tris, 0.2 M boric acid, 0.004 M EDTA pH 8.4 (WENDEL 
& PARKS 1982). 

System 11: Gel buffer: 0.01M tris, 0.005 M citric 
acid pH 8.8 Electrode buffer: 0.05 M NaOH, 0.3 M 
boric acid pH 8.0 (CONKLE etal. 1982). 

System 111: Gel buffer: 0.002 M citric acid, ad- 
justed with N-(3-aminopropyl) morpholine to pH 6.1 
Electrode buffer: 0.04 M citric acid, adjusted with mor- 
pholine to pH 6.1 (CONKLE et al. 1982). 

System IV: Gel buffer: 0.002 M citric acid, ad- 
justed with morpholine to pH 8.3. Electrode buffer: 
0.04 M citric acid, adjusted with morpholine to pH 8.3 

The IBM PC version 1.7 of the BIOSYS-I computer 
program for the analysis of allelic variation in genetics 
(SWOFFORD & SELANDER 198 1) was used to calculate 
parameters of intra- and interpopulation genetic diver- 
sity: mean sample size per locus, mean number of 
alleles per locus, percentage of polymorphic loci, mean 
heterozygosity expected from Hardy-Weinberg propor- 
tions, estimation of genetic differentiation and genetic 
distances. The data of allele frequencies were also used 
to calculate the proportion of total diversity among 
populations (GsT) (NEI 1973, 1978), the total genetic 
diversity (H,) and within populations diversity (H,); 
GsT was determined according to HAMRICK and GODT 
(1989) as GsT = (H, - H,)l H,. The G,, values were 
calculated for each polymorphic locus and then aver- 
aged over all loci. 

RESULTS 

Twenty five loci were resolved of them 15 (60%) were 
polymorphic in at least one of the stands. Allelic 
frequencies of 14 polymorphic loci (excluding Cat-2) 
is shown in Table 2. In contrast to the Israeli and the 
Jerash populations, the Ajlun population had only 1 1  
polymorphic loci, the loci Lap, Mdh-2 and illdlz-3, 
were monomorphic; and the third allele in the Mnr 
locus did not exist. Level of allozyme variation within 
the seven stands and within the Israeli and the Jorda- 
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Table 2 Alleleic frequencies of 14 isoenzyme loci in seven stands o f  Pinus hnlepensis in Israel and Jordan (isozyme 
abbreviations as in table 1; n - number of observations) 

Locus Allele 
Carmel 1 

n = 3 0  
Jerash 
n = 20 

0.393 
0.607 
0.804 
0. I96 
0.784 
0.216 
0.579 
0.42 1 
0.887 
0.1 13 
0.932 
0.068 
0.02 1 
0.979 
0.769 
0.23 1 
0.20 1 
0.799 
0.143 
0.394 
0.463 
1.000 
0.000 
0.263 
0.737 
1.000 
0.000 
0.997 
0.003 
0.000 

Carmel 4 
n = 2 8  

0.393 
0.607 
0.768 
0.232 
0.929 
0.071 
0.607 
0.393 
1.000 
0.000 
0.929 
0.071 
0.036 
0.964 
0.714 
0.286 
0.179 
0.82 1 
0.196 
0.625 
0.179 
1.000 
0.000 
0.232 
0.768 
1.000 
0.000 
1.000 
0.000 
0.000 

Aap-1 

Aco 

Adh-2 

Got-3 

fdiz-1 

LOP 

htclh-2 

,Wc/Iz-3 

Aldh-4 

Afm-1 

Pgl-2 

Pgm-2 

6Pgd-2 

6Pgd-3 

Carme15 
n = 4 5  

0.239 
0.761 
0.935 
0.065 
0.815 
0.185 
0.543 
0.457 
0.804 
0. 196 
0.913 
0.087 
0.026 
0.974 
0.763 
0.237 
0.092 
0.908 
0.044 
0.467 
0.489 
1.000 
0.000 
0.043 
0.957 
0.946 
0.054 
0.989 
0.000 
0.01 1 

Table 3 Genetic diversity within the seven stands of  Pinrcs hnlepensis and in the Israeli and Jordanian groups 

Population 

Carmel 1 
Carmel 2 
Carmel 3 
Carmel 4 
~ a r m e l  5 
Israeli group 

A' 

30 
23 
4 6 
2 8 
4 5 

172 ' I  

Jerash 
A.jlun 
Jordanian group 

A'- number of individual trccs or megagametophl.ts analyzed: L - numbcr of loci samplcd, it - number of alleles per locus; A, 
-number of alleles per polymorphic locus, P - polymorphic loci; Ifc - ekpected heterozygosit!,. ' I  No. of trees analyzed; ') No. 
of megagarnetophytes analyzed. 
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20 
5 6 

76 *) 

Overall mean 25 1.528 0.484 
s.e. 1 0.028 0.020 1 0.012 

0.144 
0.006 
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Table  4 Genetic diversity statistics of polymorphic loci of polymorphic loci (Table 4) shows that the genetic 
diversity within populations was higher than the 
diversity among populations. 

Nei's genetic identity or distances among the seven 
stands and between the Israeli and Jordanian Aleppo 
pine groups (Table 5) shows that the genetic distance 
between the seven stands is very small, i.e., they are 
virtually identical. The mean value of Nei's genetic 
identity for Israel was 0.994, with a range between 
0.985 to 0.999. For Jordan the mean genetic identity 
was 0.988. Genetic distance behveen the two groups 
was very small 0.006. The range of genetic distance 
within groups was from 0.001 to 0.015. The smallest 
genetic distance between pairs was 0.00 1 (stand 1 and 
stand 2 on Mt. Carmel; stand 3 on Mt. Carmel and 
Jerash); the greatest genetic distance was 0.020 (stand 
2 on Mt. Carmel and Ajlun). Values of genetic varia- 
tion (Table 6) show that the total genetic diversity (H,), 
including the monomorphic loci, of the seven popula- 
tions was 0.143 (s.e., 0.005), the mean genetic diversity 
(Hs) within populations was 0.143 (s.e., 0.005) and the 
mean proportion of total diversity due to differences 
between populations (G,,) was 0.043, i.e., 4.3%.HT, Hs 
and G,, of the Jordanian group were lower than those 
of the Israeli group. 

(unbiased for sample size and population number) 

Locus 

A 
Aco 
Adh-2 
Got-3 
Id/?-I 

LOP 
M h - 2  
Mdh-3 
il/dlz-4 
hlnr 
Pgi-2 
Pgnz-2 
6Pgd-2 
6Pgd-3 

HI- genetic diversity within populations; H,  - total genetic 
diversity; D,,, - ; G,, - proportion of total diversity among 
populations 

nian groups is relatively similar (Table 3). Average 
number of alleles per polymorphic locus (.4,) and 
percentage of polymorphic loci (P) was 2.106 and 
0.496 in the Israeli group and 2.041 and 0.456 in the 
Jordanian group, respectively. Expected heterozygosity 
was higher in the Israeli group 0.145, than in the 
Jordanian group 0.140, respectively. Over all mean 
expected heterozygosity was 0.14410.006; the level 
variation of genetic diversity within the Israeli group is 
smaller than in the Jordanian group. D i v e r s i ~  statistics 

DISCUSSION 

According to %HILLER et a/. (1985) allele frequencies 
within the hvo loci Aap-1 and Cat-2 distinguish 
between the East Mediterranean and the West Mediter- 
ranean group of P halepensis native populations. In 
our study, no significant difference was found between 

Table 5 Nei's genetic identities (above) o r  distances (below) and means of identities (right) and distances (below) among 
the seven populations and between the Israeli and Jordanian  Pirlrls Iraleprrtsis groups 

Population Carrncl 4 Carnicl 5 / Jcrash Ajlun / Mean 

Carmcl 1 
Carmel 2 
Carmel 3 
Carmel 4 
Carmel 5 
Jcrash 
Ajlun 

Group 

Israel 
Jordan 

Mean 

0.993 
0.988 

Idcntity range Mcan 

0.006 
0.0 12 

0.985 0.999 
0.988 

Distance range 

0.001 0.015 
0.0 12 



Table 6 Values of genetic variation of Pinus lrnleperrsis 
and of geographic groups 

Israeli group 
Jordan group 

the Mt. Carmel and Jordanian Aleppo pine native 
populations in the allele frequencies in these two loci. 
This enables us  to  conclude that the Jordanian native 
Aleppo pine is part of  the East Mediterranean group. 
However, the results show that there is a small differ- 
ence in numbers of  polymorphic loci and allele fre- 
quencies between Israeli and Jordanian native popula- 
tions mainly due to  differences occurring in the Ajlun 
population in the Lap, Mdh-2 and Mdh-3 loci. Com- 
parison of  genetic characteristics between the Israeli 
and Jordanian populations shows a high level of  
genetic similarity or genetic identity between this two 
groups. The genetic identity between the two groups o f  
populations was 0.991*0.001; this in comparison with 
the genetic identity within the native Israeli group 
among the five stands on Mt. Carmel which was 0.994 
50.005. Similar identity measure was also found among 
all the eight native relict populations in Israel of  
0.994+0.005 (GRUNLWD et al. 1986); genetic identity 
with other circum Mediterranean populations was 
found to be only O.977&O.O 15 (SCHILLER et 01. 1985). 
Nevertheless, small differences were found; in three 
out o f  the 15 polylnorphic loci values of  H, Lvere less 
than 0.10, showing that the common allele at these loci 
has a frequency higher 0.95. According to HAMRICK et 
al. ( 1  992) and EDWARDS and HAMRICK (1995), the fact 
that allele frequencies are nearly fixed in only a few 
enzqme systems is typical o f  many conifer species. 

Similarity in allele frequencies at the Cat-2, Aco 
and Af'h-4 locus was used by GRUNMRLD et al. (1986) 
to divide the native Israeli eight relict populations into 
three different geographic assemblages of Galilee, Mt. 
Carmel and Samaria and Judea. Our present study 
shoivs that  the allele frequencies of  Cat-2 and Aco in 
the Jordanian stands are similar to those of  the Samaria 
and Judea group, and less so  to the Mt. Carmel or the 
Galilee group. This results are logic from the geograph- 
ical point of  view as  the aerial distance between popu- 
lations o f  the Samaria and Judea group and the popula- 
tions o f  the Jordanian group are less then 60 km. 

To conclude, the high similarity between larger 
parts o f  Cis- and Trans Jordan landscapes (ZOHARY 
1962 1973); and because of  the very high resemblance 
of  the insect fauna in the pine forests on both sides o f  
the Jordan, which where both geographically separated 

from the forests in Lebanon and Syria (GOAS 1995; 
MENDEL et 01. 1994) strengthen the assumption re- 
sulted from allozyme analysis, that I! halepensis in 
Cis- and Trans Jordan are relicts o f  a single ancestor 
population, established on both sides of  the rift valley 
probably during the Pleistocene (HOROWITZ 1992), 
arriving from North Africa (SCHILLER et al. 1985). A s  
the result o f  migration to particular habitats followed 
by  isolation that population has split into local races 
corresponding to the various relict occurrences. 

ACKNOWLEDGMENT 

Grateful acknowledgment is made to the Forest Department 
of the Land Development Authority, Qiryat Hayyim, for 
financial support of this project. 

REFERENCES 

CONKLE, h4. T., HODGKISS, P. D., NUWALLY, B. L. & HUN- 
TER, S. C. 1982: Starch Gel Electrophoresis of Conifer 
Seeds: a Laboratory Manual. USDA Forest Service, 
Pacific Southn.est Forest and Range Experiment Station, 
General Technical Repport PSW-61. 

CONKLE? M. T., SCHILLER, G. & GRUNLVALD, C. 1988: Elec- 
trophoretic analysis of diversity and phylogeny of Pinus 
brutia and closely related tasa. Systematic Botany 13:411 
-424. 

CRITCHFIELD, W. B. & LITTLE, E. L. JR. 1966: Geographic 
Distribution of the Pines of the b'orld. USDA Dep. of 
Agric. Miscel. Pub., KO. 991. 

EDWARDS; M. A. & HAMRICK, J.  L. 1995: Genetic variation in 
shortleaf pine, Pinus eclzinata Mill. (Pinaceae). Forest 
Genetics 2:2 1-28. 

GOAS, A. 1995: Genetic distance among different populations 
of the pine processionary caterpillar (Thawnetopoea spp.) 
as related to biogeography and origin of the Israeli 
populations, MSc. Thesis. The Hebrew Univ. of Jerusa- 
lem, Faculty of Agrc. Rehovot (Heb, e). 

GRLJ~TVALD, C, SCI~LLER, G. Bi CONKLE, M. T. 1986: Isozyme 
variation among native stands and populations of Aleppo 
pine in Israel. Isr-aelJ Bot. 35:161-173. 

HAMRICK, J .  L. & GODT, M. J. \iT, 1989: Alloqme diversity in 
plant species. In.  Broirn. A. H. D., Clegg, M. T., Kahler. 
A. L. and Weir; B.S. (eds.). Plant Population Genetics, 
Breeding and Genetic Resources. Sinauer Press, Sunder- 
land. Mass. pp. 43-63. 

HAMRICK, J .  L., G o ~ r ,  M. J. LV. & SHERMAN-BROYLES, S. L. 
1992: Factors influencing level of genetic divcrsity in 
~voody plat species. h!ew Forests 6 9 - 1 2 4 .  

~ I O R O W I T Z ,  A. 1992: Palynologq of Arid Lands. Elsevier, 
Amsterdam, pp. 546. 

KELLEY, A. & ADAMS, R. P. 1977: Preparation of estracts 
from juniper leaves for electrophoresis. Pi~ytochemistry 
16:513-516, 

MENDEL. Z., ASSAEL, F., SAPHIR, N. & KAFISHEH. U: 1994: 
Ne\v distribution records of 3lats~icocczu josephi and 
Pitzeuspini (Hornoptera) on pine trees in parts of the Near 
East. Phytopnmsitica 22:9-18. 

0 A R B O R A  P U B L I S H E R S  



L. KOROL & G. SCHILLER: GENETIC DIFFERENTIATION OF PI.\.L'S HALEPEMIS POPULATIONS 

NAHAL, I. 1962: Le pin d'Alep; etude taonomique, phgtogeo- 
graphique, ecologique et sylvicole. ,41111. Ec. Eau.~. FOI: 
Nancy 19:473486.  

NEI, M. 1973: Analysis of gene diversity in subdivided 
populations. Proc. Not. Acad. Sci. U S A .  70:3321 -3323. 

NEI, M. 1978: Estimation of average heterozygosity and 
genetic distance from a small number of individuals. 
Genetics 89:583-590. 

PANETSOS, C. P. 1981: Monograph of Pin~ls holepensis (Mill) 
and Pinus brutin (Ten). Ann. Forest. (Zagreb) 9:39-77. 

SWILLER, G. & BRUNORI, A. 1992: Aleppo pine (Pinus hole- 
pensis Mill.) in Umbria and its relation to east Mediterra- 
nean populations. Israel Bot. 41: 123 -127. 

SCHILLER, G., CONKLE, h'1. T. & GRUNLVALD, C. 1985: Local 
differentiation among Mediterranean populations of 
Aleppo pine in their isoenzymes. Silvae Genn/ico 35(1): 
11-18, 

SCHILLER, G. & ME~DEL,  Z. 1995: Is the overlap of ranges of 
Aleppo pine and brutia pine in the east Mediterranean 
natural or due to human activity. In: Ph. Baradat. W.T. 
Adams and Miiller-Starck (eds.). Population Genetics and 
Genetic Conservation of Forest Trees. SPB Academic 
Publishing. Amsterdam, pp: 159-1 63. 

SWOFFORD, L. D. & SELANDER, B. R. 1981: BIOSYS-I, A 
computer program for the analysis of allelic variation in 
genetics. Users manual. Department of Genetics and 
Development. University of Illinois at Urbana-Cham- 
paign, Urbana, IL. 

WENDEL, J. F. & PARKES, C. R. 1982: Genetic control of 
isozyme variation in Camellia japonica L. J. Hered. 73: 
197-204. 

ZOHARY, M. 1962: Plant life of Palestine, Israel and Jordan. 
The Ronald Press Co. New York, NY, 262 pp. 

ZOHARY, M. 1973: Geobotanical Foundation of the Middle 
East. Gustav Fischer Verlag, Stuttgart, 740 pp. 


