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Extended Abstract

Background and Objectives:

The Rhamnaceae family is one of the largest flowering plant families, comprising 52-57 genera and around
950 species worldwide. Of these, 14 species are reported in China, while the remaining are found across Europe
and tropical regions. In Iran, five genera of this family (occasionally six) are present and are among the most
well-known trees in Iranian forests. Understanding the ecological and habitat conditions of native plant species
is essential for researchers. This study aimed to investigate the micromorphology of the epidermis surface and
fruits and to measure some phytochemical compounds, and molecular characteristics of eight Rhamnus pallasii
populations.

Methodology:

This study examined the micromorphology, molecular characteristics, and phytochemical composition of eight
Rhamnus pallasii populations. The epidermis surface, stomata, and fruit were analyzed using electron
microscopy at the Razi Metallurgy Center in Tehran. Iran. Genetic diversity was assessed using ISSR markers
across the eight populations. The extraction of samples was made using water and 80% ethanol solvents, then,
the total phenol, flavonoid content, and antioxidant activity of extracts were measured.

Results:

In all populations, the stomata were irregular in shape, of the anomocytic type, with anticlinal walls that ranged
from straight to curved. All samples exhibited simple, single-celled cover hairs with varying densities across
populations. Molecular studies revealed significant genetic differences among the populations. Phytochemical
analysis showed considerable variations in the levels of phenols, flavonoids, and antioxidant properties among
the samples. Environmental factors such as altitude, soil, humidity, light, temperature, pressure, and latitude
played a key role in plant growth, essential oil production, and the accumulation of secondary metabolites.
Conclusion:

Micromorphological analysis of the studied populations showed irregular shapes, with anomocytic stomata
and straight-to-curved anticlinal walls. All populations displayed simple, single-celled trichomes, although
hair density varied across populations. Molecular analysis indicated significant genetic differences among the
populations, while phytochemical investigations revealed notable differences in phenolic, flavonoid, and
antioxidant content. Environmental factors, including altitude, soil, humidity, light, temperature, pressure, and
latitude, played an important role in plant growth, essential oil yield, and secondary metabolite accumulation.
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Figure 1. Location of the study area in the northern provinces of Iran
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Figure 2. Different organs of Rhamnus pallasii (A: plant; B: stem; C: leaves; D: fruit)
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Table 1. List of stidoed populations and subspecies of Rhamnus pallasii

No.  Species Locality Voucher no.

1 R. pallasii subsp. pallasii-1 Fisch. & C.A.Mey Gilan, Loshan 802593-GKUH
2 R. pallasii subsp. pallasii-2 Golestan, Zaringol 802643-GKUH
3 R. pallasii subsp. sintenisii -1 (Rech.f.) Browicz & Ziel. Golestan, Azadshahr 802628-GKUH
4 R. pallasii subsp.sintenisii -2 Mazandaran, Chaloos 802511-GKUH
5 R. pallasii subsp. iranica-1 (Bornm.) Browicz & Ziel. Mazandaran, Royan 802613-GKUH
6 R. pallasii subsp.iranica-2 Golestan, Gonbad Kavous 802537-GKUH
7 R. pallasii subsp.pallasii-3 Mazandaran,Babolsar 802618-GKUH
8 R. pallasii subsp. pallasii -4 Mazandaran,Noshahr 802540-GKUH
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Table 2. Name and sequence of primers used in ISSR

Primer Name Sequence
5 (GA)9A 3[] GAGAGAGAGAGAGAGAGAA
5' (GA)9C 31 GAGAGAGAGAGAGAGAGAC
5" (CA)7GT 3' CACACACACACACAGT
5 (GA)9IT 3' GAGAGAGAGAGAGAGAGAT
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Table 3. Temperature program used in ISSR-PCR

Cycle Number

Temperature and Time

Step

1 94°C-5'

45 94°C-30"
45 54.6°C-30"
45 72° C-2'

1 72°C-10’

First denaturation
Denaturation
Annealing
Extention

Final extention

L oy Jsloe ‘QT B SRRV T WA SIS PR
ax ¥l oy ase, cud K g edge las
Sz olae iy e dd S O)T By :\dezs\.w
C\ﬁw\ 25k ) Jse ol el b as & ASosll

S o5
x 100

C""““W | sbl, = -
S 200 059

P olas JS g ol Al

rL?'-"\ 538 g 58 2s, L oLS JS Js o)) 63@.))‘
AU laeslas 51 ads S Ve e aods ) sbay s sa
5 4Bl o0 a Al o r;&\“’ Voedle |
S YA (s A G A vy u;;"\ﬁﬂ slady
Voo s don Yo mae ol S e ¥ ik ol
N ey o LS gl 5 S 4y 5 B e 25 S
Sls o dids Yo e 4 biaise I 5 S5
VYo g b b g Sl s Wiy e o
oolulia) gt dslae 5o ol 0ala)l 3L 5 Al e gl
S p S Cose 4 s ambuw WSS 8 ol
S b2 5 a bl 4 (GAE) el S sVl
i ol

A oslas 455 S ol Lt

2l IS f}:‘.':'.‘."}ﬂ e S5 s el G )
s S YVO 4o [ ba as r\:_d\ Ol s SAl L
At 2 p Sk ) chle L alS sbasslas

(ISSR) (S5 ¢35 3 Jool> sl b5

A g Slio SO0 a4 o sanlie lausl
e Sl 0 = pae V= p0a) Kas 6,180
adlas 550 slaal,l om 03 I3 s S Dol oas
oLzl GenAlex V. 6.4 513l 3 ke 5 (AMOVA) 505
(Peakall & Smouse, 2006) s

adlle 5,50 Glacuaen \-Ne.\j s S sl
Sl el (S5 g Ol 5 Jols slaesls
45253 UPGMA 25, slac o> 4 550 5l eslaze] L ISSR
PCoA (Principal coordinate ! Saler bad 5o 4,
;LT (Podani, 2000) wasx U3l analysis)
PAST ver 2.176u,\;\r,~ Soeslaal bosas S5
(Peakall & GenAlex6.4 , (Hammer et al., 2012)
2 ¢l>sl Smouse, 2006)

o sid Olalllas
JS a5 JS s o Sesll ol o last s2d adlllas
Al (151 ISl lge ao50) glas] sl s

:L;J;oJLa.cda,o
BEX") @j O \.3 IS W &é 6&\.-5/ 6\.&43},4.; ‘.,\hf‘
B E R S T FRG SV r; K oKl s
5 Lol aos A Jsbl 2l e YO ol 4 5 esls )3
Loolen ol S sl amn ¥V gl 5o cell ¥ S &
Lol asad 03 S, 5l am .2 8515, 5L Sl s S
FO-rpm s 4ids V0 Sae 4y Jols Jslma (il s 42S)



o s slaosls IGT
sslaz!l L Minitab 16.2 )\‘}é\rj' 23 b gt (slaenls
(One-way ANOVA) & LS byl 4 3

VRS W EE JOVETE:

(’J‘\'ﬁ'@‘ — iy ), ol
pv\:e,\ S 2 SN CSs Se bl eSS
S el 48 5ls las ol 3 adlllas )50 G man
Ll oo e 5o o2 5 GBS b 3 o &8 ol 5
350 SlCuman A 3 45, JS& s 435, glbad e
R. 5R. pallasii subsp. pallasii sl 4 o 5 whitel adllas
858 15 93 opl 3 &5, IS S pallasii subsp. iranica -2
St 303 53] 5 Ahas o Al e g sdin S)so 4
JSs) R. pallasii subsp. pallasii 455 5 55 ;s Lais ws s
g5 52 (7 50 JS2)R. pallasii subsp. sintenisii (¥ 5 ¥
ol S smalie Sl s St gl 435, o
VLY sla ay bpse saes U o, JUS s
RE N SRS S AN oS Ko S

s e ol | Calises

oSiln ot 48 5l plas s ol slags Sl
a4 by 88 Gl Sbiumea ole s 455, (2 5 Jsb
s 5 4 (V JS&) R. pallasii subsp. iranica -1 «,5
VYN Jsb oSl 5 jmes S Y/FY o e oSle U
25 ok b2 s 5 Jsb Kl S s e S
& e oy Sen Y/PV Jsb 080l 5 ey Sen o/
el 03 (A JSK2) R. pallasii subsp. pallasi-3 « 55
JB Y Joas s adlle o) Lo s g Seslul ki
o) ool

ol ol adlas 5,550 455 clacumen 55 S S anllls
S 5ol sl g (LSS Gl S S
“a oy Solie blwaasr 3 LSS S5y ames
R. pallasii subsp. iranica«,S ,5 ;5 WSS &S,sb
3 Ko Slaiamar 3l oSl (3 JS2)

of

e 2wty Glel by s sl by
A S Yeoe maosn Ve Jsbl L gl el s
al S e st T iy Sea Vet i a A e ddes
Y/A)}Y}A\ f""‘“”\""‘-)\*‘“"J"Jﬁjg“"’\" ‘M)é\’
55 038 oS5 3 g ok 035 381 Jaie i e
Cda e les o amds Fo e 4 bas s ol
aals sad 4 Cod e sl TVO 50 Jsb 5o o
Loy Ve It 2ds S YVO ool o)lae s W)
[P TN VE R P [ R VIR KPP RY (b o
v_a:\.f ssylas IS U550 o) s ol dsles s
T g e I N

e Loy b jlas glaS] T el ol L5
DPPH
S 5L s S (Sawms Ul oliee (2s) cnl 2
Il 6)3TCA->.- Ol b 3l Weeslas 55,0 ool
(DPPH)  Josloamde S =Y —Jeden =) 5\ ol
A4 S lae,las 5 ) e ¥ sl as o851l

Joboe e VA 2 4 e i w25
o e L) (J bl 53 as s« /- - F cdale L) DPPH
ool 3 AiE Y Sy 5 ead 0ol (IS s 4 Al
ol 5l e ¥ ol J S ) it wsls 3
La gl Cdar e 05 JSU1 2 s ¥ ol enay DPPH
A oodr ol Las il e U0V s J S
Gy 351 Jsly sl pan doss s Jpe b 5o dised

Y

Ac — A

Ac
=Ac DPPH 5151 J&sl, Hlge doys =A alal, ol 5o

%A =1 +( ) x 100

o3l el )8 o= As s e )5 wds

]



R. pallasii &5 allas 3,50 0 0] Slio —F Jsi>

Table 4. The studied epidermal characters of R. pallasii

Species Populations origin Shape Type of stomata Anticlinal wall Stomata  SD Stomata  Stomata  SD Stomata ~ Stomata length
pattern Width width Length length to width ratio

R. pallasii subsp. pallasii -1 Gilan, Loshan Irregular Paracytic-Anomocytic ~ Wavy 2.29 0.49 6.32 0.78 2.75

R. pallasii subsp. pallasii -2 Golestan, Zaringol Irregular Anomocytic Wavy 0.71 0.15 2.67 0.44 5.16

R. pallasii subsp. sintenisii -1 ~ Golestan, Azadshahr Irregular Anomocytic Straight to curved 1.23 0.26 3.55 0.34 2.07

R. pallasii subsp. sintenisii -2~ Mazandaran, Chaloos Irregular Paracytic- Anomocytic ~ Wavy 0.98 0.21 3.95 0.15 4.03

R. pallasii subsp. iranica -1 Mazandaran, Royan Irregular Anomocytic Wavy 2.42 0.41 7.31 1.72 3.53

R. pallasii subsp. iranica -2 Golestan to Gonbad Kavous ~ Polygonal ~ Anomocytic Straight to curved 1.60 0.26 4.65 0.51 2.90

R. pallasii subsp. pallasii -3 Mazandaran, Babolsar Polygonal  Paracytic- Anomocytic  Straight to curved 1.49 0.19 5.13 0.81 3.44

R. pallasii subsp. pallasii -4 Mazandaran, Noshahr Irregular Anomocytic Wavy 1.18 0.25 3.25 0.68 2.75
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Figure 3. The micromorphological features of Epiderm surface in Rhamnus pallasii subsp. pallasi (Gilan Population). A, C, G
and H: Epidermal surface ornamentation; B, D, E and F: Trichome Types.
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Figure 4. The micromorphological features of Epiderm surface in Rhamnus pallasii subsp. pallasi (Zaringol Population). A, B,
C and F: Trichome Types; D: Epidermal surface ornamentation; E: Stomata.
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Figure 5. The micromorphological features of Epiderm surface in Rhamnus pallasii subsp. sintenisii (Azadshahr Population).
A, B and F: Epidermal surface ornamentation; C, D and E: Stomata.



7\ \ b)\.a.':l AR .Xl.> O‘j“ ng"’/. > 9 ‘-;C.J‘,d o\h\; C)Ld‘) &J} C)Lm“ 5 @.L“— A:f:..:

o i H - \ v ! fad -
ﬁ:. : A | R, ¢
B A rougl e Slisy D 5 C &5, (e Corez) Rhamnus pallasii subsp. sintenisii « ol gl liicsy 5, Olio - S

Figure 6. The micromorphological features of Epiderm surface in Rhamnus pallasii subsp. sintenisii (Chaloos Population). A
and B: Epidermal surface ornamentation; C and D: Stomata.
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Figure 7. The micromorphological features of Epiderm surface in Rhamnus pallasii subsp. iranica (A-F: Royan Population.
G-L: Gonbad kavous Population). A, B, E and F: Trichome Types C, D, | and L: Stomata; G, H, J and K: Epidermal surface
ornamentation.
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Figure 8. The micromorphological features of Epiderm surface in Rhamnus pallasii subsp. pallasii (Babolsar Population). B,
C, D, Hand I: Stomata; A, E, F and G: Epidermal surface ornamentation
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Figure 9. The micromorphological features of Epiderm surface in Rhamnus pallasii subsp. pallasii (Nowshahr Population).A
Epidermal surface ornamentation; D and E: Stomata and B: Trichome Types; C:
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Table 5. Means of length and width of fruits in subspecies of R. pallasii.

Species Population Fruit width Fruit length Lt Ornamentation
(mm) (mm) ratio
Mean SD Mean SD

R. pallasii subsp. pallasii -1 Gilan, Loshan 16.13 116  18.62 0.15 1.15  Smallpox and wrinked
R. pallasii subsp. pallasii -2 Golestan, Zaringol 18.55 226  20.28 055 1.09  Smallpox and wrinked
R. pallasii subsp. sintenisii -1 Golestan, Azadshahr 17.72 178 19.32 094 1.09  Smallpox and wrinked
R. pallasii subsp. sintenisii -2 Mazandaran, Marzan abad 22.81 257 2519 132 11 Smallpox and irregular
R. pallasii subsp. iranica -1 Mazandaran, Royan 18.09 202 2145 0.72  1.18  Smallpox and irregular
R. pallasii subsp. iranica -2 Golestan, Gonbad Kavous 10.48 0.5 14.31 011 1.36 Smallpox and prominent
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Figure 10. The micromorphological features of fruit in subspecies of R. pallasii.

A, B, C: R. pallasii subsp. pallasii -1,
D, E, F: R. pallasii subsp. pallasii -2,
G, H, I: R. pallasii subsp. sintenisii-1,
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J, K, L: R. pallasii subsp. sintenisii -2
M, N, O: R. pallasii subsp. iranica -1
P, Q, R: R. pallasii subsp. iranica -2
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Figure 11. Dendrogram of cluster analysis (UPGMA method) on populations populations of Rhamnus pallasii based
on ISSR data
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Figure 12. The Biplot studied populations according to PCOA in Rhamnus pallasii based on ISSR data
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Table 6. Absorption against the concentration of
gallic acid at a wavelength of 720 nm

Gallic acid Absorption
0 0
20 0.255
40 0.513
60 0.737
80 0.981
100 1.129
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Figure 13. Linear graph of absorbance versus concentration

(ng/mg) of standard gallic acid at wavelength 720 nm
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Table 7. Absorbance against quercetin concentration at 415
nm wavelength

Quercetin (ug /mg) Absorption
0 0
2 0.121
4 0.235
6 0.33
8 0.451
10 0.586
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Figure 14 Linear graph of absorbance according to

concentration (ng/mg) of quercetin standard at 215 nm
wavelength
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Table 8. Information about the amount of total phenol, total flavonoid and inhibitory percentage of different samples

Species Phenol (mg/g plant) Flavonoids (mg/g plant) Inhibition %
R. pallasii subsp. pallasii-1 8.62+2.17 2.07+£0.02 89.4 + 0.37
R. pallasii subsp. pallasii-2 2.12+0.08 0.48 £ 0.00 63.4 £ 60
R. pallasii subsp. sintenisii -1 13.97 £ 0.56 1.78+0.14 93.04+25
R. pallasii subsp.sintenisii -2 7.19 +0.64 1.39+£0.12 77.2+22
R. pallasii subsp. iranica-1 8.96 £ 0.68 1.93+0.04 829+0.7
R. pallasii subsp. iranica-2 8.59 + 0.68 2.05+£0.03 76.9+15
R. pallasii subsp.pallasii-3 478 £1.53 1.00£0.01 64.0+2.7
R. pallasii subsp.pallasii-4 8.93 +0.98 2.76 £ 0.09 745+14
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