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Abstract

Eighteen species oRhamnaceaenere collected from different geographical regions of Pakistan to resolve its
controversial phylogenetic position using morphological and molecular andlgsighylogenetic tree based on 71 different
micro and macranor phol ogi cal characters wusing Paleontological and
showed an overall genetic diversity of 32%. Further, in each spdmestpb gene promoter as amplified, purified,
sequenced and the dendrogram was constructed using Molecular evolutionary genetic analysis (MEGA7) tool which divided
the sequences into two main clades showing a naues(®w genet.
100 %) . Pairwisebs distance ranged from 0.12 to O0.73 with
work done by earliephylogeneticistwith additional reports of some new speci@grchemia pakistanicaBerchemia
edgworthii Berchemia floribunda Helinus lanceolatusand Rhamnella gilgiticawhich are indigenous to Pakistan. The
analysis ofCis-regulatory elements and its mapping via Plistacting regulatory DNA element (PLACE) and Domain
graph (DOG) revealed numerous elementduding 50 common and 28 unique, showing variation in copy numbers and
locations. It was observed thBerchemia pakistanicand Berchemia edgworthihave the unique features possessing
diversecis-regulatory elements with diverse functions.
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Introduction al., 2000b) Ceanothus(Burge et al, 2011), Colletieae
(Aagesenet al, 2005), Pomaderreae(Kellermann &

The plant familyRhamnaceaduss.comprisesof 11  Udovicic, 2007),Cryptandra (Kellermann& Rye, 2008),
tribes, 60 genera and 900 species, cosmopolitan iand Paliurus (Islam and Simmons, 2006)’he above
distribution mostly found in warm temperate regions, withstudies have provided some new insights into its
an epicenter of its diversity in Southern hemisphere (Burgelassification, but due to the addition of new species and
et al, 2011 Jehangiet al, 2018). Thelargest number of ecotypes from different geographical regions of the world
species (250 out of 950), represented~b@1l different need further studies
genera are found in Australia. Pakistan is hosting six genera The discovery of new and advanmarkers provided
and 21 species, mostly found in Azad Jammu Kashmiran opportunity to study plant phylogeny at a whole new
Balakot, Gilgit, Galyat, Abbottabad, Peshawar, Swatlevel which includes morphological, biochemical and
Upper Dir, Wakistan, Kurram Agency, Rawalpindi and molecular analysiéZahraet al.,2016 Channeet al.,2018
Salt range having most of the species still unexplore@&hahet al, 2018;Sohailet al, 2018;Akbar et al., 2019.
(Qaiser& Nazimuddin, 1981)The family is famous for its Howevermolecular markers are more reliable due to their
significant importance in pharmaceutical industry acting astability, adaptability and less susceptibility to
a source of various biological compounds like environmental changes, while others are potentially prone
carbohydrates, vitamins, starch¢@edary metabolites with to environmental and developmental plasticity. Chloroplast
strong therapeutic potentials against cancer, hepatiti©ONA provides an excellent opportunityorf studying
(HBV, HCV), diabetes, asthma, stomach ulcer andphylogeny at intraand interspecies level due to its high
leishmaniasigParmaret al, 2012 Igbal et al, 2017 Igbal  genetic potential and conserved nature as compared to
et al, 2018 Abbasiet al, 201§ . The vyr st npclear beogne (Rashedettal, 2012). There are several
relationship ofRhamnacea@singtrnL-F andrbcL plastid  studies wherein the cpDNA markers have been employed
DNA sequences demonstrated th@hamnaceaeis a to resolve the phylgenetic and taxonom issues
monophyletic family closely related @irachmaceaeand  (Shinwarj 1998; Shinwati 2000; Shinwati 2002;
BarbeyaceaéRichardsoret al, 2000a). Recent taxonomic Mahmoodet al, 2010; Zebet al, 2011; Shinwariet al,
revisions cosidered thatRhamnaceaés a monophyletic 2014;Zahraet al, 2016) Theatpb gene positioned on the
family and divided it into three major groups: rhamnoidc hl or opl ast DNA codes t he be
(300 species), ziziphoid (600 species) and ampelozizyphoslynthase enzyme and was used to elucidate phylogenetic
(10 species) (Hauenschilett al, 2016). Previously, relationship among different taxa due to its relatively slow
different studies have significantly emphasiz the rate of nucleotide substitution as compared to other genes
systematics and taxonomy &hamnaceaeby reporting in chloroplast genome (Magest al, 2010). According to
some new insights about its classification (Niamiatl, our knowledge no earlier study has been reported by any
2012). In past, chloroplast genome was used to study thresearch group usingtph gene promoter on
phylogenetic relationship dfiziphus(Mill.), Helinus E.  molecular phylogenetic aspect for the members of
Mey. ex Endl. Sageret, Brongn. Rhamnella Mig. Rhamnaceae So keeping in view the importancef o
RhamnusL. andBerchemiaNeck. ex DC(Richardsoret =~ Rhamnaceaend its controversial phylogenetic position,
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the present study was designed to find the phylogeneti@dccession numbers mentioned in figure 2)
relationship among its six genera using morphological aéttp://blast.ncbi.nlm.nih.gov/Blast.cgi). Phylogenetic

well as molecular gtpb  gene pr omot e ranalysig avasacondueted using MEGATaura et al,
investigate functionally importartis-regulatory elements 20133 via neighbofjoining treemaking method with a

present in these promoters. bootstrap6s (BS) value of
test of selection was performed to find nucleotide diversity

Materials and Methods (") with the same software.
Morphological data analysis: Young fresh and herbarium Regulatory elements analysis: Cis-regulatory
specimens of eighteen speciesRifamnaceadfrom six  elements inatpb gene promoter of

different genera) were collected from different found on both strands (+ and) using PLACE
geographical regions of Pakistan and the vouchethttp://www.dna.affrc.go.jp/PLACE online server and
specimens were deposited in Plant Biochemistry angheir corresponding positions were mapped with the
Molecular Biology Laboratory, QuaidAzam University help of DOG2 (Domai Graph Ver. 2.0) software (van
Islamabad (Table 1). Morphological study ®fdifferent  Dijk and Bonvin, 2009)searched for the mosbmmon
Ziziphus and 3 Berchemia species was conducted by and unique elements along with their putative roles in
studying its different micre and macremorphological gene regulation.

characters along with information taken from Flora of

Pakistan and previous research papers. Detailefesults

information about these charactererg with their key is

given in (Table 2). The data was arranged in Microsofiorphological analysis: Phylogenetic analysis based on 71
Excel Sheet by giving proper code to each character anglferent micre and macremorphological characters given
similarity-based dendrogram was constructed with PAST, taple2 divided the species into two main clades (Fig. 1).
(Ver. 3.11)(Hammeretal, 200) usi ng Di ce g1} sS8ek feleh&d' af Bverall homology of 68% with
which divided the species into various clades and clusters. morphological diversity of 32%Clade 1 contained a single
species oHelinus lanceolatusevealing a tgh divergence
pattern while clade 2 contained the rest of 17 species
showing an overall homology of 72%. Clade 2 was again
givided into cluster 1 comprised of 15 species and cluster 2

Molecular data analysis:For molecular analysis, DNA was
extracted from 6 different species diziphus and 2
Berchemiaspecies using Cetyltrimethylammonium bromide
(CTAB) method (Richard, 1997) and PCR was carried ou

. . hiclp nsisted .of 2. spe ieSe@g ti tlﬂg nd erega5
usingatph gene promoter primer Gpnsiy .0 f 9ug, e L
containing 16.2 eL of nanoﬁge v%r.rbrgndrgl{}ga?ge%?clusteﬁR mn %Eg%iﬁ?maﬁox P C
buffer, 1.5 L of 2

mM , d NTIBSe. an puoigub Wi (Ber fesh f speges. My ggnus
eL of each prqg npeorl,y nfe r3a seelL ((%Bf‘m” Rhampys puppureaps made an out grotp with

of template DNA using PCR MultiGene Thermal Cycler he remaining species, indicating pOSS|_bIe ancestral rqle of
(Labnet). Annealing temperature was optimized for eacif€ genusthamnusGenerally, all thepecies falls into their
primer ranging from 56 to 8C. The PCR cycling respective genera. S|m|la(ly, the genBerchemia (3
conditions were as follow: 5 min at 9, 35 cycles of 30 s SPecies) andiziphus(5 species) revealed the same pattern
at 94°C, 1 min at 60C, 1 min at 72 C and final extension of Py showing 77% and 84% similarity at morphological level.
20 min at 72C. The products were purified (GeneJET PCROVerall, greater similarity was observed amdrigamnus
Purification kit, Thermoscientific), sequenced (Macrogen@ndBerchemi®d s speci es which form
South Korea) and the sequences were deposited to GenBa#kgiPhus species. However, the distant relationship was
National Center for Biotechnologynformation (NCBI)  observed for genuselinusandSageretigFig. 1).

Table 1. List of selected species along with their voucher numbers, geographic coordinates and area of collection

100

S.No. Speciesname Vouchernumber  Location Geographiccoordinates

1. Ziziphus spinghristi (L.) Desf HPBMBL-16-064 Islamabad 33°42' 0" North;73° 10' 0" East

2. Ziziphusjujuba Mill . HPBMBL-16-065 Mardan 34°11'54" North, 72° 2' 45" East

3. Ziziphus nummularigBurm.f.) Wight & Arn. HPBMBL-16-066 Islamabad 33°42' 0" North, 73° 10' 0" East

4.  Ziziphus rugosaLam. HPBMBL-16-067 Hyderabad 25°26' 0" North, 68° 32' 0 East

5. Ziziphus mauritianaLam. HPBMBL-16-068 Peshawar 34° 0' 28" North, 71° 34' 24" East

6. Ziziphus mauritiane_lvar. spon'ganea(Edgew.) HPBMBL-16-069 Peshawar 34° 0' 28" North, 71° 34' 24" East
R.R. Stewart ex Qaiser & Nazim

7.  Berchemia edgworthliawson HPBMBL-16-070 Malakand 34° 37' 0" North, 71° 58' 17" East

8.  Berchemia pakistanica&rowicz HPBMBL-16-071 Waziristan 32°59' 12" North, 70° 16' 24" East

9.  Rhamnus triquetr§Wall.) Brandis HPBMBL-16-072 Upper Dir 35° 12'21" North, 71° 52' 32" East

10. Rhamnus purpured&dgew HPBMBL-16-073  Kashmir  33° 8' 35" North, 73° 44' 51" East.

11 Rhamnuwirgata Roxh. HPBMBL-16-074  Kashmir  33° 8' 35" North, 73° 44' 51" East.

12. Rhamnus pentapomicR. Parker HPBMBL-16-075  Balakot 34° 33' 0" North, 73° 21' 0" East

13.  RhamnuprostrateJacq HPBMBL-16-076  Kashmir  33° 8' 35" North, 73° 44' 51" East.

14.  Rhamnus persic#. Lawson HPBMBL-16-077 Quetta  30° 12' 0" North, 67° 0' 0" East

15. Sageretia theg§Osbeck) M.C. Johnst. HPBMBL-16-078 Chitral 35° 50" 32" North, 71° 46' 55" East

16. Sageretia thegar.brandrethiana(Aitch.) HPBMBL-16-079 Islamabad 33.7444° North, 73.0417° East
Qaiser & Nazim

17.  Helinus lanceolatu8randis HPBMBL-16-080 Lehtar ~ 33°36' 0" North, 73° £" East

18. Rhamnella gilgiticaMansf. & Melch. HPBMBL-16-081 Gilgit 35° 55' 0" North, 74° 18' 0" East
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Table 2. List of different micro- and macromor phol ogi cal
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characters used in mo

key. SIN: serial number, Char. Studied: character studied. Different numbers represent the arbitrary scale

used for data scoring indendrogram construction

S. No. Char. studied

Key

=
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11
12.
13.
14.
15.
16.

17.

18.

10.
20.

21
22.
23.
24.
25.

26.

27.
28.
29.
30.
31
32
33.
34.
35.
36.

Plant habit

Plant nature

Stem Succulence
Stem nature

Stem indumentums
Xerophytic nature
Spines

Type of leaf

Leaf orientation

Leafwith lateral nerves

Leaf arrangement
Leaf disc

Leaf disc nature

Leaf disc appearance
Leaf Petiole

Petiole length

Leaf shape

Leaf margin shape

Leaf stipules

Stipule size

Stipules shape
Stipules nature
Flower sex
Flower symmetry

Pedicel length

Flower diameter

Flower color

Flower axis

Floral Bracts

Sepals

Number of sepals
Aestivation of sepals
Calyx keel

Petals

Number of petals

arrangement of floral parts

Tree (0), Shrub (1), Climber (2), Herb (3)
Evergreen (0), Deciduous (1)

Succulent (0), Non succulent (1)

Herbaceous (0), Woody (Ihlerbaceous + woody (2)
Present (0), Absent (1)

Absent (0), Present (1)

Present (0), Absent (1)

Simple (0), Compound (1)

Palmate (0), Pinnately nerved (1),

3-4 pairs (0), & pairs (1), 68 pairs (2), 78 pairs (3), 8.1 pairs (4), 610 pairs (5), %6 Pairs
(6), 2-5; Pairs (7)

Alternate (0) ,Opposite to Stdpposite (1), Opposite (2)
Present (0)Absent (1)

Fleshy (0), Nectariferous (1) Disc remnants (2)
Glabrous (0), Velutinous (1)

Petiolate (0), Sessile (1)

1-1.5cm (0), 22 mm (1), 23 mm (2), 24 mm (3), 23 mm (4), 35 mm (5), 510 mm (6), 8
15 mm (7), 56 mm (8), 48 mm (9), 312 mm (10), 0.8L.5 cm (11) &0 mm (12), 122 cm
(13), 0.52 cm (14), 34 mm (15), 35 mm (16),

Cuneate (0), Narrow oblong (1), Ovate (3), Elliptic lanceolate (4ijpti€l(5), Oblongovate
(6), Oblanceote (7), Obvate oblong (8) Subicular (9)

Ovate (0), Ovaterbicular (1), Ovatelliptic (2), Oblongovate (3), Ovatéanceolate (4,
Elliptic (5), Obovate (6), Elliptidanceolatg7), Subovate (8)

Stipulate (0), Exstipulate (1)

1.52 mm (0), 32 mm (1), 23 cm (2), 2 cm (3), 3 cm (4);mm (5), 1 cm (6), & mm (7).
5 mm (8), 23 mm (9)

Traingular (0), Awl shaped (1), Bmgular (2), Lanceolate (3), Long and straight (4)
Caduceus (0), persistent (1),

Unisexual (0), Bisexual (1)

4-merous (0), Bnerous (1), énerous (2), % (3)

1-1.5 mm (0),2-3 mm (1), 24 (2), 35 (3), 22 mm (4), 45 (5), 67 (6), 36 (7), 58 mm (8).
3-6 mm (9)

2-3 mm (0), 34 mm (1), 46 mm (2), 24 mm (3), 45 mm (4), 2 mm (5), 5 mm (6), 3 r
(7), 1215 cm (8), 2.5 3 mm (9), 2.5 mm (10)

Greenish yellow (0), Yellowish (1), Rarely brightly colored (2)
Sessile (0), Sukessile (1), Pedunculate (2) Pedicellate (3)
Bracteates (0), Ebracteate (1) , Bracteoles (2)

Present (0), Absent (1),

5 (0), 56 (1)

Valvate (0), Imbricate (1)

Present (0), Absent (1)

Present (0), Absent (1

5(0),6(1),0(2),4(3)

Obhaplostemonous (0), Not obhaplostemonous (1)
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Table 2. (Contdd.)

S. Na Char. studied

Key

37.
38.
30.
40.
41

42.

43.
44
45,
46.
47.
48.

49,
50.
51
52.
53
54.

55
56.

57.

58.

50.
60.
61
62.
63.
64.
65.
66.
67.

68.

69.

70.

71

Ovary position

Number of locules per ovary 1 (0), 2 (1), 3 (2), 2 (3), 24 (4), 23 (5)
Number of ovule per locule 1 (0), 2 (1), 3 (2), 2 (3), 23 (4)

Ovary shape

Fruit shape

Fruit type
Mesocarp
Endocarp
Endosperm
Fruit splitting
Seed

Seed shape
Seed color

Seed albumin
Inflorescence
Inflorescence Position
Perianth

Involucre

Petiole size

Leaf blade
Leaf blade shape

Leaf blade length

Leaf blade width

Tendrils

calyx keel

Arrangements of floral parts

Ovary position
Pollen

Pollen shape
Pollen class
Aperture

Tectum

P/E ratio

Ornamentation

Exine

Exine thickness (um)

Globose (0), Glabrous (1), Completely immersed in disk (2)

Globose (0), Globoseblong (1), Obovoid (2), Obovate to oblong (3), Ovoid (4), Ovoi
globose (5), Ovate to globose (6)

Drupaceous (0), Capsule (1), fleshy (2), Samaroid (3)

Fleshy (0), Withoufleshy (1)

Cartilaginous (0), Woody (stony) or (Corky) (1), Fragitastaceous (2), Thickly leathery (3)
Copious (0), Scanty (1), FleskB), Absent (3)

dehiscent (0), Indehiscent (1)

Present (0), Absent (1)

Planaconvex (0), Globose (1), Ovoid (2), Obovoid (3), Heart shape (4) Oblong (5)

Red brown (0), Reddish brown (1), Orange black (2), Dark brown (3), Yellow brow
Light brown (5) purple red (6), Purple black (7)

Thin albumin (0), Oily albumin (1), Exalbuminous (2), Stoney albumen (3)
Cymes (0),Panicle (1), Racemes (2), SpiK&3, Tomentose (4), Fasciculd®
Axillary (0), Terminal (1)

Present (0), Absent (1)

Present (0), Absent (1)

8-20 mm (0), 513 mm (1), 312 mm(2), 510 mm (3), 23 mm (4), 11.5 cm (5), 24 mm
(6), 35 mm (7), 16 mm (8),12 cm (9), 0.52 mm (10), 56 mm (11), 48 mm (12)

Present (0), Absent (1)

Ovate (0) Elliptic (1) Rarely subroundé¢®), Ovate or ovatelliptic (3), Obovatdanceolats
(4), Obovateoblong (5), Elliptic to oblong (6), Lanceolate (7)

2.56 cm (0), 32 cm (1) 26 cm (2), 811(3), 512 cm(4),37 cm (5), 1680 mm (6),715 cm (7), 2
10 cm (8), 1.8 cm (9),520 mm (10), ¥4 cm (11), 1.8.5 cm (12), 2.% cm (13), 515 cm (14)

1.54.5cm (0), 0.2 cm (1), ¥4 cm (3, 4.59.5 cm (3), 2.5t cm (4), 25 mm (5), 220 mm (6), 2
8 cm (7), 16 cm (8), 14 cm(9), 48 cm (10), 52 cm (11), 812 (12)

Present (0), Absent (1)

Present (0), Absent (1)

Obhaplostemonous (0), Not obhaplostemonous (1)
Superior (0), (1), Inferior (2)

Presence (0), Absence (1)

Subprolate (0), Oblatspheroidal (1), Prolate (2)
Tricolporate (0), NofTricolporate (1)

Long elliptic (0), Acute ends (1),

Striate (0), Finally striate (1), Reticulate (2), Finally reticulate (3), Striate reticulate (4},
Rugulate (5), Regulatstriate(6), Regulate7

Semi erectto subtransverse (0), Semi erect (1), Sménsverse to semerect (2), Erect t
semt erect (3)

Tectum medium to finely reticulate (0), Tectum psilate (1), Tectum striategulate (2
Tectum rugulate to rugulatgriate (3), Tectunstriate (4)

Sexine thicker than nexine (0), Sexine thinner than nexine (1), Sexine thicker than n
as thick as nexine (2)

1.25 pm (0), 3.94 pm (1), 2.8.68 pm (2), 8.36 um (3), 1.25 um (4), 2.25 um (5), 475
(6), 1.79 um (7), 2.5 um (8), 2.63 pm (9)

| B AA L
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Helinus lanceolatus

Cladc l Gl'oup |

Rhamnella gilgittica
Subcluster 2

Ziziphus rugosa

(‘] o . . .
Chuster | Ziziphus nummularia

Subgroup 1

Group 2 Ziziphus jujuba

Ziziphus spina-christi

Subgroup 2

Ziziphus mauritiana

Subgroup 2

Group 2 Berchemia floribunda

Berchemia pakistanica
Subgroup 1 - -
Berchemia edgworthii

Subcluster | Subgroup 2

Rhamnus triquetra

Group |
Subgroup | pee——— R hamnus virgata

-

Rhamnus prostrata

Rhamnus persica

~ D .
Clade 2 Rhamnus pentapomica

Rhamnus purpurea

Cluster 2

Sageretia thea

Sageretia thea var. brandrethiana

Fig. 1. Phylogenetic analysis of selected speciefRbmnaceaaising 71 morphological characters. Tree was constructed using
Pal eontol ogi cal and Statistical Software (PAST) (ve@eEach3. 11)
node is labeled which divide the species into variousalsissubclusters and groups etc.

Molecular data analysis: Molecular analysis based on (284), photosynthesis controlling elements (249) and Dof
atpb gene promoter divided prbten (230)eQthereetemdants tvith highesa copy nimbéra v i
11 species and clade 2 containing 7 species with wellere involved in guardell specific expression (136),
supported BS values of 990% and 99100%  pollen development and maturation (98), circadian rhythm
respectively, showing an overall genetic diversity of 0.05%(70) and elements related to various environmental stresses
Clade 1 and 2 were again divided into spebiesed (30). However, elements with low copy numbers and
clusters showing similarity among members of the samémportant functions include auxin, gibberellin, abscisic acid
genus. Overall, greater similarity was observed amongABA), cold and woundnducible elements. Overall,
member of Ziziphus Seageretia and Berchemiagenera, highest number of elements was ridu in Helinus
while  Rhamnus form a separate group. However, lanceolatus(283) and Rhamnella gilgitica(272) while
Rhamnellaform a sister group with cluster 1 and two lowest were found inZiziphus jujubaand Berchemia
species andHelinus form an ouigroup with Berchemia  edgworthii(219). The name of each sequence, factor name
species. Similarly, two species Akiphus(Ziziphus jujuba  (Fig. 3) copy number, different functions and associated
Mill. Ziziphus nummulariBurm.f.) form close relationship reference are given ifable 3. Beside, 28 unique elements
with Rhamnuspecies instead diziphus(Fig. 2). were also found which play significant role in various plant
processes. Largest number of unique elements were found
Regulatory elements analysis:Cis-regulatory elements  in Berchemia pakistanicél4), Berchemia edgworthi{13),
analysis revealed large number of elements with diversBhamnus triquetrg12) Helinus lanceolatug12), Ziziphus
functions among which 50 were common a2@l were mauritiana (11), Rhamnus pentapomicgll), Ziziphus
unigue. Functionally, most of the reported elements in almauritiana(10) Rhamnusirgata (10) Ziziphus rugosg9),
species belong to flavonoid biosynthesis, lightSageretia theaar. brandrethiana9) Ziziphus spinahristi
responsiveness and seed storage. The first five elemer{® Ziziphus jujuba(8) Rhamnus persicg8) Ziziphus
with highest copy numbers belong to flavonols biosynthesisummularia (6) and Rhamnus purpureg5). Detailed
(422), bacterial responseegulator (356), seed storage information about these elements is given in Table 4.
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100 Zizipus mauritaiana

100 Ziziphus mauvritiana var. spontaned

Ziziphus spina-christi

100 Ziziphus rugosa

99 Sageretia thea var. brandrethiana

Sageretia filiformis

95 Sageretia thea

Helinus lanceolatus

100 92 Berchemia pakistanica

100 I Berchemia edgworthii

Rhamnella gilgittica

100 I Ziziphus jujuba

| Ziziphus nummularia

100 Rhamnus purpurea

Rhamnus triguetra

99
Rhamnus pentapomica

Rhamnus virgata

k 4 100
0.05

Rhamnus persica

Fig. 2. Phylogenetic analysis of selected species of faRfigmnaceaesingatph gene promoter . The tree
Mol ecul ar and evolutionary genetic analysis (MEGAT7) softwarl
bootstrapbs value (in percentage) Rhamnasgpyputed (K@12144&)pBercheraid e . Ac
pakistanica(KP121456),Rhamnus pentapomicKP121448),Ziziphus mauritianavar. spontanea(KP121446), Ziziphus jujuba
(KP121449),Rhamnella gilgitica(KP121457),Ziziphus mauritiana(KP121450),Sageretia theavar. brandrethiana(KP121458),

Rhamnus virgatgdKP121451),Sageretia filiformis(KP009593),Ziziphus spinachristi (KP121452),Sageretia thea (KP009594),

Berchemia edgworth{iKP121453) Rhamnus triquetrgdkP009595) Helinus lanceolatugkP121454) Rhamnus persicéKP0095%),

Ziziphus nummularigKP121455), Ziziphus rugosa(KP009597) and showing a narrow genetic background of 0.5% with well
supported bootstrap values.

Discussion information by employing 20 and 15 morphological
characters respectively. Similarly, Thuébal.,(1998) used
Morphological data analysis: Phylogenetic analysis based 22 morphological characters (also including anatomy)
on morphological characters can be used as a usefwhich divided the species into two main clades along with
strategy to find and analyze the relationship of selected taxaolecular study employingpcL andtrnL-F genes primers.
(Kellermann & Barker, 2012; Onsteiet al, 2015). However, in the present studyelinus showed a very
Previously, Islam & Guralnick (2015) studied 30 distant relationship with other genera which may be due to
morphological characters oRhamnaceaespecis by  variation in its morphology and genetic makeup through
examining the evolution of vegetative and reproductivahe course of evolution (Richardsoet al, 2000,
characters. Presently, greater similarity was observeRichardsonet al, 2004).Sageretiais the most primitive
among studied genera using 71 characters which are duedpecies serve as an ancestor Ritamnus Berchemia
similarity in their morphology largely governed by the ZiziphusandRhamnella(Onsteinet al, 2015; Hauenschild
same geographical and envimental conditions. The et al, 2016). The greater similarity diziphus Berchemia
present study is similar to the phylogenetic reconstructionand Rhamnusmay be contributed to the fact that mo$
of Rhamnaceady Richardson, (2000) and Onstaihal., these species have drupaceous fruits, and belong to the
(2015), which was based on molecular data includinggame geographical region, resulting similarities at their
additional morphological, anatomical and geographicamorphological level but the distant relationship of
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Rhamnellamay be due to its remote geographical positiorregardingatpb gene pr omot er . The p
in the upper northern regior(Gilgit) of Pakistan. accordance to the work done by Richardst al.,(2000b),
Morphological characters are strongly affected bywho studied 42 genera 8&hamnaceasith a BS score of
geographical and environmental gradient therefore, most00 for genusZiziphus 96 for genusRhamnus 89 for
species of the same region form close relationship witlgenusHelinus 64 for Sageretia 65 for Berchemiaand 57
each other. In contraryRhamnus persicand Ziziphus for Rhamnella usingrbcL andtrnL-F markers. In another
rugosa occupied heir respective position in dendrogram study, Islam ad Simmons (2006) reported a BS score of 65
despite their remote location from the rest of the speciefr Ziziphus jujuba 52 for Ziziphus rugosaand 58 for
which may be due to the fact that both of these species hai&ziphus mauritianavith overall BS score of 88% for the
recently migrated to these areas (Quetta and Hyderabad)hole genus using 26S rDNA as a molecular marker.
The morphological differences &hamnuspurpureaand  Hauenschildet al., (2016) examined genetic diity
Sageretiawith the rest of species can again be explained b{0.05%) and polyphyletic origin dfiziphusbased on the
their distant position in a completely different environment.combined and separate studyo® (nuclear) andrnL-trnF

(plastid) marker. These results agree with previous studies
Molecular data analysis: Phylogenetic analysis of 18 in Rhamnacegewhen both markers were combined and
species oRhamnaceaeevealed a narrow genetic diversity compared while usingnaximum likelihood and Bayesian
(0.05%), suggesting higher similarity which is in inference (Kellermann & Udovicic, 2008). However,
accordance to the earlier revision by various phylogenetistewest genetic diversity was found betwegriphus jujuba
who studied it with different molecular markers along withand Ziziphus rugosgWith a BS score 52) which may be
morphological, anatomical and geographical infation.  attributed to the use of different number of species and
Previously,Rhamnaceaevas studied usingbcL, trnL-F,  markers for analysis. This may also support tAaiphus
ITS 26S rDNA, Random amplified polymorphic DNA jujuba and Ziziphus rugosawvere the initial progenitor of
(RAPD), Amplified fragment length polymorphism genusZiziphus(Islam & Simmons, 2006; Onstekt al,
(AFLPs), Sequeneeelated amplified polymorphism 2015). Overall, greater similarity was observed among
(SRAPs) and Simple sequence repeat (S&Edéardset  members of the same genus which rhaydue to similarity
al., 2011 Wang et al, 2019 but no study was found in their morphology and genetic structure.
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