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Figure 1. Map showing the collection sites of nine natural populations of Q. libani in the north Zagros
forests.
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Table 1. Locations and sample size of studied natural populations of Q. libani.
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Table 2. Descriptive statistics among nine Q. libani populations.

SL TJ AR HA BL KD GM DW GL (Trait*) * i
83- 883-  85.3- 84.7- 89- 75.3- 69.3- e
K ¥ S - /BL
1017 1343 1093 1057 1543 997 /199 99.7 90-94 :
93.00° 1033* 1008* 927°  121.0° 880"  850° 74.0° 92.0° (mean) -, Sle
250 2.70 2.76 18 251 212 2.74 258 1.26 CV (%)
8.7- 10.7- ! 73- 13.7- : : S—_PL
78 "7 1 8233 107 187 10 8.7-11 4-6 .
756°  136* 125% 153 9.2 156 86 11.0® 5.0° (Mean) St
7.1 11.06 7.8 9.69 7.61 5.7 7.15 6.17 13.64 CV (%)
3.7- 2.7-
g g ¥ ¥ . ! S - /LW
o, 2131 273 237 117 22 2-7 334 55 .
470°  33% 29% 3.0% 6.6 2.0° 4.0° 37 5.0% (Mean) St
1606 1123 109 16.6 19.03 0.0 19.84 10.1 0.0 CV (%)
243 283 27-33 34 3393 267 247 34 56 S - /AL
3.20° 39° 30° 33° 6.4° 34° 3.2 33 5.6% (Mean) St
25.4 243 13.7 125 1618 253 1903 1323 8.56 CV (%)
233 37 2733 278 2393 274 25 2-4.4 34 < -o/SD
260° 53® 31° 40° 6.0° 34° 33° 30° 36° (Mean) St
1702 1506 144 237 1594 1315 1903 1939  10.12 CV (%)
187-  153- 14- 12.7-
g g . : S - /MD
12-15 " 1% 12-22 263 17 1219 12347 1243 i
135* 216*  157° 15.9° 201° 153"  156° 13.8° 12.3% (Mean) St
6.62 403 3.05 7.7 6.63 58 747 6.19 441 CV (%)
273- 3713  2711- 25.7- 28- 87 e 25.7- 237- S - BW
313 437 30 443 60.7 377 347 243
293 399°  290° 318" 456° 295" 315 28.6° 24.1% (Mean) St
3.66 2.68 2.84 541 477 45 5.09 4.26 1.85 CV (%)
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BW (e o) allis 000,855 S5 6 ol S,8,5 alols MD (e As) oo s Gos Sl SD (e o)
(o o) O il (2 Sy 0> Sy gy

¢

eSS — A



OlSed 5 pbiladd (&

Q. libani coses & Ole 0 dd (5,5 03101 glowd g sLaasmie —Y J g
Table 3. Biochemical properties among nine Q. libani populations.

SL TJ AR HA BL KD GM DW GL (Trait*) * i

5060 4080 3060 5060 0410 3080 3080 2080 6060 *S-UTN
5.7 54 5.1° 50 6.7 5.1° 43 58 6.0° (Mean) St
1019 1541 20.00 8.10 15.46 1675  14.98 17.24 0.0 CV (%)
61.7- 54.7- 68.1- 60.1- 65.4- 64.8- 60.6- 56.4- 69.3- S TC
64.1 87.1 774 79.2 81.9 95.2 76.2 724 745 :

63.1° 72.7° 74.0° 69.9° 723 72.7° 66.3° 63.3° 7217 ook
1.32 292 232 249 224 2.99 254 233 1.77 CV (%)
31.0- 25.0- 19.0- 31.0- 25.0- 19.0- 18.0- 13.0- 38.0- S P
38.0 50.0 37.0 38.0 65.0 50.0 38.0 50.0 38.0 .

3B 331 316° 3500 38.1° 321" 274° 351 38.0° (Mean) Sk
488 6.16 7.94 340 6.18 6.66 6.00 6.81 0.0 CV (%)

1279-  375- 120.2- 219-  1517- 1278 1490- 1615 188.7- SL K
243 192.0 185.7 7552 2407 1920 1983 2120 199.2 .

186.8°  115.6 158.0°  2344°  2041°  1744™ 1663°  1955°  193.9° (Mean) St
3.08 397 2.80 4.42 202 1.82 1.74 1.45 0.89 CV (%)
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6.81 6.72 9.15 9.75 6.42 5.16 8.88 307 12.13 CV (%)
82.4- 63.8- 45.3- 17.8- 439- 97.1- 36.5- 28.8- 133.2- S /Ca
3166 6458 209.4 1230 2709 4904 1338 1823 2333 :

171.0°  178.3° 116.0° 69.5 1389°  180.7°  77.4° 1237°  2145° (Mean) St
484 513 6.01 5.86 422 43 5.0 41 35 CV (%)
11.1- 58- 11.8- 13- 7.1- 9.9- 47 coioa LI S-oFe
16.8 16.4 15.6 11.6 29.7 29.1 139 20.7

139  105° 135% 6.0 14.1° 143 78 8.3° 15.3° (Mean) St
9.2 11.6 7.8 206 13.0 12.1 154 9.2 10.9 CV (%)
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Table 4. Eigenvalues of the 2 principal component axes from PCA analysis of the genotypes studied.
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Figure 2. Ward Dendrogram (1963) for Q. libani populations based on morphological and
biochemical data.
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Table 5. Primer sequences, annealing temperature (AT) and genetic diversity parameters {the total
number of amplified bands (TB), number of polymorphic bands (PB), percentage of polymorphism
(PL) and size range of amplified bands (FSR)}.

FSR(bp) = PB TB AT (=3 s #
(%) (°C) Sequence Primer
600-2200 100 11 11 533 CAACAATGGCTACCACGA SCoT5
500-2400 100 11 11 520 CAACAATGGCTACCACGC SCoT6
1100-2200 8333 10 12  50.7 CAACAATGGCTACCAGCA SCoT9
450-2400 7272 8 11 563  ACGACATGGCGACCAACG SCoT12
300-1800 875 7 8 53.8  ACGACATGGCGACCACGC SCoT14
300-1600 100 8 8 53.9  AACCATGGCTACCACCAC SCoT22
800-2000 90 9 10 539  ACCATGGCTACCACCGGG SCoT25
300-2100 75 6 8 59.4  ACCATGGCTACCACCGTG SCoT27
650-1850 100 11 11  52.0 CCATGGCTACCACCGGCG SCoT30
500-2050 100 11 11 563 CATGGCTACCACCGGCCC SCoT35
- - 92 101 - - (Total) Js
- 90.85 9.2 101 - - (Mean) -,k

SCOT sle Kl pwlal » aalllas cpf Q. libaANT slacara (S55 ¢35 sbo ol )k = Jgar
Table 6. Genetic diversity parameters of the Q. libani populations analyzed in this study.

Np I h N, PPB (%) N, (Population) ¢.xe>
40.59 0.212 0.142 1.246 72.72 1.405 GL
62.38 0.295 0.194 1.327 87.00 1.623 DW
54.46 0.311 0.211 1.369 80.90 1.546 GM
42.57 0.221 0.146 1.243 72.72 1.425 KD
60.40 0.318 0.213 1.366 82.00 1.604 BL
55.45 0.272 0.180 1.310 75.42 1.554 HA
48.51 0.264 0.177 1.304 71.81 1.485 AR
62.38 0.366 0.250 1.442 80.05 1.623 TJ
50.50 0.251 0.166 1.286 71.81 1.505 SL
53.03 0.279 0.191 1.321 69.44 1.328 et gl 2 ke
(Mean at pop. level)
- 0.431 0.284 1.476 90.85 1.910 455 gl 2 Nl

(Mean at sp. level)
Sl el g G5 g5 h e JTslass Ne (JSasor glasls s PPB s sdalie T slas N,

Kk gl e sS I sl Ny 5 oL
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Jﬂ slass (PPB) ISk slals Ao s (Ng) ol calin Jﬂ sl SOld s N Jader s
(Np) iy slapsS sl sl 5 (1) ole Sledbl el () 5 5 g (Ne) i3
55 S ysbiles ol ot eals OLES anllae 350 (slacamax 53 ciliis sla SLES 1ol 5,5 1
Camar 33 O1 1o 1S 5 (/Y00 = D) U156 Comax 3 S5 55 on e oo ool gl ol
S5 g Slaoll gz (AMOVA) JsSse by L2 5,03 555 (N = h) Sl
2l ol mmen 58 350 YA (GsT) atumer o (S55 2led a2 0L 5 S
(Y J3d) 3003 3 5 Iaamar 0555 03 IS (S5 655 5 o s3 AY a2 ) odkal S
M =N s b 2o e 0 35 W T 0L L 4l ol

Q. libani e 5 0355 (K53 £.55 (AMOVA) J S gn sl iy o5 -V Jsr
Table 7. Analysis of molecular variance (AMOVA) of intra/inter Q. libani populations.

3L ls gl s
E .. ol Sl T
N, Ger (4o ).=> w!)_b -o-- (Variance MS sS i &
(Variance ratio (%)) components) (Source of variation)
233 029 001 27 3.92 75957 643601 8 beone o
(Among populations)
- - - 73 1052 1051 105151 100 Lz 052
(Within populations)
- - - 100 14.44 - 1514752 108 (Total) 5

5 0L N tlacumer S35 pleze ;o Gar (il o :Sike MS (Ol 1o e SS «ssl3l 4,5 df

Dol Saesls) (K5 bl 5 (5 e SV slaosls) (VAVA) 5 (S5 )b 45 polie A Jpur

Q. libani gl 3ls (ks o
Table 8. Nei’s (1978) unbiased genetic identity (above diagonal) and genetic distance (below
diagonal) among Q. libani populations.

Sl

GM GL DwW HA SL BL AR TJ St
(Mean) (Population)
0.899 0.788 0.843 0.820 0.908 0.862 0.856 0.897 0.876 -—- TJ
0.866 0.868 0.852 0.887 0.876 0.868 0.897 -—- 0.133 AR
0.855 0920 0.887 0919 0916 0.916 -—- 0109 0.129 BL
0.847 0.899 0912 0918 0943 --— 0.088 0.141 0.155 SL
0.866 0944 0961 0964 -—- 0.059 0.087 0.132 0.149 HA
0.837 0934 094 -—- 0037 0.086 0.085 0.119 0.097 DW
0.856 0944 -—- 0.057 0.040 0.092 0.120 0.160 0.199 GL
0923 -—— 0.057 0.068 0.058 0.106 0.083 0.142 0.170 GM
-—- 0.080 0.155 0.177 0.144 0.167 0.157 0.144 0.238 KD

0.107 (Mean) L«
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Figure 3. UPGMA dendrogram for Q. libani populations based on Nei’s (1978) genetic distance from
SCoT markers.
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Abstract

Background and objectives: Genetic diversity plays an important role in the

maintenance of ecological and socio-economic functions and survival of plant

species. Information on the natural patterns of genetic variability and their
evolutionary bases are of essential practical keys for sustainable forest management
and conservation. According to population genetic theories, waste of genetic
diversity is a great threat to endangered species with narrow geographic
distribution or growing in small populations. Molecular tools can be noteworthy
means to study the natural genetic diversity patterns in threatened species and to
reveal demographic and ecological aspects in species management in order to plan
long-term conservation or restoration projects. Among them, the inter-simple
sequence repeat (ISSR), Inter-retrotransposon amplified polymorphism (IRAP),
and start codon targeted (SCoT) marker are quick and cost-effective technigques
based on polymerase chain reaction (PCR) that with a high repeatability amplify
the target sequences of multiple loci in the genome. In this study, the genotypic and
phenotypic diversity of 109 individuals from nine populations of Lebanon oak

(Quercus libani) of north-Zagros forests has been reported using start codon

targeted (SCoT) molecular marker, and leaf morphological and biochemical

characteristics.

Materials and Methods: This study was carried out with 109 individuals from

nine populations of Lebanon oak (Q. libani) distributed throughout the oak forests

of Marivan and Baneh. In order to decrease the likelihood of genotypic similarity,
leaf samples were collected from the trees with at least 100 m distance within
populations. The samples were then stored at -20°C (for DNA extraction) or at 4°C

*Corresponding author: n.shabanian@uok.ac.ir
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(for morpholical and biochemical examinations). Morphological tests were
performed using eight descriptive developed for Quercus genus. Biochemical
analysis of total nitrogen, starch, total carbohydrate, potassium, calcium,
magnesium and ferrous were conducted based on Kejeldal, spectrophotometry,
atomic absorption and flame photometry methods. Genomic DNA was extracted
from leaf material following the method described by Doyle and Doyle with a
minor modification. After visualizing and scoring the amplified bands from 10
primers, the 1 and O matrices were analyzed using PopGene software and the
dendrogram was constructed through the unweighted pair group method with
arithmetic means (UPGMA) using the Dice similarity index. Marker and
population genetic parameters such as Nei’s genetic diversity (h), Shannon
diversity index (1), the percentage of polymorphic bands (PPB), and measures of
genetic distance were estimated. The genetic structure of the studied populations
was further investigated by analysis of molecular variation (AMOVA) to estimate
variation among and within populations based on marker patterns, gene flow, and
genetic differentiation index.

Results: Cluster analysis of all phenotypic data grouped the studied populations
into five main clusters. Totally, ten SCoT primers produced 101 amplification
products, of which 92 fragments (90%) were polymorphic. Nei’s gene diversity (h)
and Shannon’s diversity index (I) were relatively high at the both species (h
=0.284, | = 0.258) and population (h=0.191, 1= 0.279) levels. High phenotypic and
genetic diversity demonstrated that Lebanon oak populations in north Zagros
forests maintained a high level of variation. The estimated Gsr (0.29) showed that
the most revealed genetic diversity resided within populations (87%), which was
identified with the moderate gene flow level (N, = 2.33).

Conclusion: The relatively high intra-population genetic diversity and low inter-
population genetic differentiation was largely attributed to long distance dispersal
of pollen, and continuous distribution of populations. Mantel test indicated no
significant correlation between genetic and geographic distances among
populations. Breeding systems characteristics, genetic drift and extensive gene
flow are probably important factors for explaining this differentiation.

Keywords: Morphological marker, Cluster analysis, Molecular diversity, Start
codon targeted (SCoT), Oak
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