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Abstract

The present study involved seven species of four genera within the family Rosaceae that
are available in Kurdistan Region—Iraq: Ag. eupatoria L., Al. kurdica Rothm., Al. persica
Rothm., G. urbanum L., P. lasiocarpum Boiss. et Hausskn. ex Boiss., P. sanguisorba L.
(involved two subspecies: P. sanguisorba subsp. sanguisorba and P. sanguisorba subsp.
muricatum (Spach) Rouy et Fouc.) and P. verrucosum Ehrenb. The objective of this study
was to investigate phylogenetic relationships among the studied genera, as well as in detail
pollen grains study of the species. Molecular phylogenetic of the genera were studied using
nrDNA ITS and 28SrRNA regions, phylogenetic analysis was performed using maximum
parsimony approach as implemented in PAUP*, Bayesian method using MrBayes program
for both regions. Palynological study were studied by using Light Microscope (LM) and
Scanning Electron Microscope (SEM). The results from molecular study showed that three
clades of both regions with the minimum differences in the locations of the species.
Furthermore, pollen grains were tri-colporate, monads with different shapes. It is concluded
that the genera are divided on three tribes Agrimonieae, Potentllaea and Coluriea.
keywords: palynological, phylogenetic, ITS, 28SrRNA, Agrimonia, Alchemilla, Geum,
Poterium

1. Introduction Rosaceae family involves 3200 species throughout the world which
distributed on 115 genera (Core, 1955); 2800 species on 95 genera (Sipson, 2006) and in Iraq,
involves 53 species distributed on 19 genera (Al-Rawi, 1964). In Iraq, the genera Agrimonia,
Alchemilla, Geum and Poterium have not been dealt with extensive studies as the other Iraqi
plant genera which they also in need to phylogenetic and palynological studies, where the
Flora of Iraq is still in need to this type of study.

The first practical use of molecular data in Rosaceae was done by Takhtadzhian et al.,
(1997). Integrating some of the possible results of the first molecular phylogenetic study of
proper relationships across Rosaceae, traditionally recognized twelve subfamilies (Morgan et
al., 1994). However, several reliable sources of molecular data adequately support the
monophyly of Rosaceae (Potter et al., 2007, Evans et al., 2000, Morgan et al., 1994, Faghir et
al., 2014).

Potter et al., (2002), showed the phylogenetic relationships within 37 genera of
Rosaceae, which are traditionally divided into 4 subfamilies and 3 related genera based on
two specific regions of chloroplast DNA, the matK and the trnL-F genes. In addition, Potter et
al. (2007), accurately classified 88 distinct genera of Rosaceae constructed on phylogenetic
relationships based on nucleotide sequence data of six nuclear (18S, gbssil, gbssi2, ITS, pgip,
and ppo) and four chloroplasts (matK, ndhF, rbcL, and trnL-F) regions. Faghir et al., (2018),
revealed that phylogenetic relationship of the 5 species of Geum were strongly under the
influence of hybridization and polyploidy (allopolyploidy).

The genus Alchemilla L., known for its medicinal and ornamental value, is widely
distributed in the Holarctic regions with a few species found in Asia and Africa. Delimitation
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of species within Alchemilla is difficult due to hybridization, autonomous apomixes, and
polyploidy, necessitating efficient molecular-based characterization. The availability of
complete chloroplast genome in the genus Alchemilla will contribute to species delineation
and further phylogenetic and evolutionary studies in the family Rosaceae (Rono et al., 2020).

The genus Agrimonia L. typifies the tribe Sanguisorbeae of the sub-family Rosoideae in
Rosaceae. The genus is herbaceous and composed of 15 species distributed in Northern and
Southern temperate regions of the world (Santapau and Henry, 1973). In India, the genus is
represented by 2 species as A. eupatoria and A. pilosa. A. eupatoria L. is popularly known as
“Agrimony” (Kumar et al., 2011).

Phylogeny and biogeography of subtribe Agrimoniinae (Rosoideae) composed of four
monotypic endemics (Aremonia, Hagenia, Leucosidea, and Spenceria) and a worldwide
genus (Agrimonia) are constructed from nuclear and plastid sequences (GBSSI-1, trnL-trnF,
trnS-trnG-trnG). All nucleotide data support the monophyly of subtribe Agrimoniinae with a
basal group of the Asian monotypic Spenceria, the sister relationship of the African genera
Hagenia and Leucosidea, and the monophyly of Agrimonia and Aremonia, a European
monotypic genus (Chung, 2008).

Sanguisorba, commonly known as burnet, is widespread in the Northern Hemisphere
and consists of ten to 30 herbaceous species (Mabberley, 1997, Li, 2007), depending on the
circumscription of the genus. Sanguisorba is traditionally known for its various medical
applications (Cheng and Cao, 1992, Shin et al., 2002, Park et al., 2004, Cai et al., 2012).
There has been much taxonomic confusion concerning the genus since its description by
Linnaeus in 1753, with the recognition of several taxa as independent genera or as species
of Sanguisorba. Recent phylogenetic and biogeographic analyses show that Sanguisorba in its
traditional sense is paraphyletic and should be divided into three genera
(Poteridium Spach, Poterium L. and Sanguisorba). Phylogenetic studies based on molecular
data indicated that Sanguisorba and Poterium form the earliest branching taxa of
Sanguisorbinae (Wang et al., 2020).

Pollen grains are important character for taxonomic purposes. In addition to the
taxonomic value of the pore structure the variations in the pollen grain sculptures are
important features for species classification (Reitsma, 1966). Comparative studies of pollen
morphology have provided useful characters for demarcating genera and species and
determining relationships in several ancestries of Rosaceae (Reitsma, 1966, Eide, 1981,
Hebda et al., 1991, Hebda and Chinnappa, 1994, Donmez, 2008, Wronska-Pilarek, 2011).

Faghir et al., (2015) by using both light microscope (LM) and scanning electron
microscope (SEM), showed that the pollen grains of genus Alchemilla are monad, radially
symmetrical, isopolar, or subisopolar; small to medium in size; tri- and tetracolporate;
rectangular to cylindrical (from equatorial view) and triangular to circular (from polar view)
in outline; and prolate-spheroidal to subprolate and prolate in shape. The exine ornamentation
is psilate and microechinate.

Perveen and Qaiser, (2014) showed that the pollen grains of the genus Geum are usually
free, radially symmetrical, isopolar, prolate-spheroidal to subprolate or oblate-spheroidal
rarely perprolate, tricolporate rarely tricolpate. Tectum mostly coarsely-finely striate, rarely
striate-rugulate, scabrate or spinulose often reticulate. Saffari et al., (2021) exposed that the
pollen grains of Ag. eupatoria are monad, radially symmetrical and tricolporate with striate
exine.

Chung et al., (2010) revealed that the pollen grains of sanguisorbeae are generally
subprolate to spheroidal in shape, had operculate or pontoperculate apertures, and had three
apertures. Exine sculpturing within Sanguisorbinae represented variations of striate, verrucate,
rugulate, and perforate patterns often with microechinate sculpturing.
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The aim of the present study is to investigate the relativeness among the genera
Agrimonia, Alchemilla, Geum and Poterium based on the phylogenetic relationships and
comparing with the nearest genus. For this purpose, two regions were selected, the first region
is nuclear ribosomal DNA ITS and the second is 28SrRNA. Furthermore, to investigate the
morphology of the pollen grains of the genera under study

2. Materials and Methods
2.1. Phylogenetic Study
2.1.1. Taxon Sampling

The plant taxa used in the present study were collected from the different districts of
Kurdistan Region-Irag, as well as the preserved specimens in the Herbaria of College of
Education and College of Science/Salahaddin University. Nine distinct taxa consist of eight
ingroup taxa and one out group Rhamnus cathartica were used in the analysis. The outgroup
sequence was obtained from gene bank (Voucher IRAN: 36839, Accession numbers
MT735328 and KX167927 for ITS region and 28SrRNA region respectively) (Table 1).
2.1.2. DNA Extraction

Total DNA was extracted from the collected specimens. The extraction method was
based on the CTAB protocol of Doyle and Doyle (1990) with some modification (1X CTAB:
10 mL of 1.0 M Tris-HCI, PH 8; 4 mL of 0.5 M EDTA, PH 8; 28 mL of 5 M NaCl; 2%
CTAB; 2 g PVP; and 158 ddH-0), the washing process of the DNA pellet has been conducted
twice with 0.5 mL of 80% ethanol, then DNA was dissolved in 25 pl TE-buffer.

2.1.3. PCR and DNA sequencing

The two noncoding regions of nrDNA and 28SrRNA were amplified by using the
primers as shown in (Table 2). The primers were ordered from Macrogen Company, Seoul,
Korea. The total volume of amplification reactions was 25 puL and Master Mix made up of
12.5 pL, 3 pL genomic DNA extract, 2 puL of each primer, 5.5 pL free nuclease water. The
PCR-Thermal cycler for 28SrRNA gene started with 5 min for initial denaturation at 94 C°
followed by 35 cycles: denaturation at 94 C° for 30 sec.; annealing at 54 C° for 60 sec.;
extension at 72 C° for 60 sec. and the final extension at 72 C° for 5 min. While, the PCR
program for ITS gene started with 5 min for initial denaturation at 94 C° followed by 35
cycles: denaturation at 94 C° for 30 sec.; annealing at 56 C° for 20 sec.; extension at 72 C° for
20 sec. and the final extension at 72 C° for 5 min. The resultant PCR products were checked
on 1.5% agarose gel run in TAE buffer. The gel was stained with Safe red dye and
photographed under UV transilluminator. PCR products were purified by using Kits (Promega
Company-Madison-USA). The purified PCR products were sent to the National Science and
Technology Development Agency (NSTDA) in Thailand for sequencing.

Table 1: Specimen numbers of Agrimonia, Alchemilla, Geum and Poterium species which
their DNA and pollen grains have been studied, and their preserved locations in the
Herbarium of College of Education/ Salahaddin University with collection date

Species Specimen number & Specimen Date of
Herbarium symbol location collection
Ag. eupatoria 8021 ESUH Kory valley 7.11.2021
Al. kurdica 8028 ESUH Halgurd M. 7.7.2011
Al. persica 8035 ESUH Sakran M. 13.7.2018
G. urbanum 8042 ESUH Rowanduz 1.5.2005
P. lasiocarpum 8049 ESUH Hasarost M. 14.9.2021
P. sanguisorba 80568 ESUH Halgurd M. 26.7.2018
P. verrucosum 00064 ESUH Haji Omran 20.7.2007
ey
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Table 2: list of primers and their sequences that have been used in the study.

Primer Product | Sequence 5'---- 3' References
name size Foreword Reverse
285 IRNA | %‘Tr gég ﬁgﬁ GAT TcG aca | (Chenetal, 2010)
P A GGT GAG TTG TT
ATG CGA TAC Taberlet et al., 1991
ITS 400bp | TTG GTG TGA |J¢C_TCC GCT ( )
AT TAT TGA TAT GC

2.1.4. Sequence Alignment and Phylogenetic Analysis

All the DNA sequences were edited and aligned with ClastalW option available in
BioEdit, Version 7.0.4.1 (Hall, 2001) and manual adjustment, there are 9 accessions for each
ITS, 28SrRNA, including the out group species. Bayesian inference (BI) and Maximum
parsimony (MP) analyses were conducted for each dataset separately built from the two
markers that included 9 terminal taxa with all sequences available. For MP, PAUP_ 4.0a164
(Swofford, 2000) was also used. Using heuristic search with 100 replicates of random taxon
additions, Tree-Bisection-Reconnection (TBR) branch swapping, MulTrees on, and steepest
decent off was performed. The maximum numbers of saved trees were 100 for each replicate.
The bootstrap values were calculated from 100 replicates, the consistency index (CI),
retention index (RI), rescaled consistency (RC), and homoplasy index (HI) were measured
(Felsenstein, 1985).

Before running BI, the optimal substitution models were estimated using the Akaike
information criterion (AIC) in MrModeltest2 version 2.3 (Nylander et al., 2004). The general
time reversible model of nucleotide substitution with gamma-shaped rate variation and a
proportion of invariable sites (GTR+I+G) was the estimated best-fit model for ITS region and
(GTR+G) was the estimated best-fit model for 28SrRNA. For Bl analyses we used MrBayes
v.3.2 (Ronquist and Huelsenbeck, 2003). The priors on state frequencies and rates and
variation across sites were estimated automatically by the program. Four Markov chains
starting with a random tree were run simultaneously, two independent analyses were run with
2 million generations set for ITS and 5 million generations for 28SrRNA datasets with four
chains (one cold and three heated) for each generation and the temperature parameter set to
0.1. Trees were sampled every 100th generations. After that (25% of initial tree sampled)
were removed by burn-in period samples, a tree with maximum 50% (majority rule consensus
tree) was plotted. The value of posterior probability (PP) was calculated and the final tree was
plotted by using FigTree software version 1.4.3 (Rambaut, 2016).

2.2. Palynological Study
a. Light Microscope (LM)

For light microscope, a mature anther has been taken from a fresh specimen and has put
in a clean hour glass, a drop of safranin-glycerine stain has added to it (Al-Mayah, 1983). The
anther has been opened by two dissected needles, then the pollens have pull with the stain by
using a special dropper for each species, and have put on a clean slide, then covered by the
cover slip slightly, at this stage the slide was ready for examine.

In the present study, the data have been taken from (10-15) specimens for each species.
The slides have examined under Olympus-compound microscope, and photographed by using
A mobile camera (Sumsung-Ab5) in Education College/Salahaddin University.
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b. Scanning electron microscope (SEM)

For scanning electron microscope, the anthers were washed with sterilized distil water
in eppendorf tubes and then dehydrated with alcohol series 50%, 70%, 80%, 85%, 90%, 95%
and three times 100%, followed by three times of 100% acetone for 30 min each time, then
left to dry in the room temperature to eliminate the large amount of impurities that might
hinder vision of the structural characteristic of the wall. Finally, the grains were mounted on
metal stup with double-side cellophane tape and then coated with a film of gold palladium by
the aid of sputtering chamber, after that the coated samples were viewed under scanning
electron microscope (INSPECT S50) in (College of Science / Kufa University). The pollen
terminology used in according of (Erdtman, 1952) and (Ueda and Tomita, 1989).

3. RESULT
3.1. Sequence alignment

The ITS length of all sequences was 364 bp. While, the 28SrRNA sequences was 593
bp. The sequence lengths were different in the numbers of characters included because of
ambiguity at the beginning and end of sequences (Table 2).
3.2. ITS Region

The ITS data set consisted of eight ingroups and one outgroup taxa with 364 aligned
DNA characters (including gaps) were used, from them 90 were parsimony informative. The
maximum parsimony analysis showed 100 trees from which a single most parsimonious tree
was retained with a tree length of 435 steps. The CI, RI, RC and HI were 0. 920, 0.739, 0.679
and 0.080, respectively, with topology identical between MP and Bl analyses. The summary
of the analysis showed in (Table 3).

Table 3: A summary of alignment and tree statistics of 28SrRNA and nrDNA ITS region
analyses.

Parameters/Regions ITS 28srRNA
Aligned length 364 593
Number of parsimony informative characters 90 95
Number of variable parsimony uninformative characters 221 416
Number of constant characters 53 82

Tree length (steps) 435 698

ClI (Consistency Index) 0.920 0.974
RI (Retention Index) 0.739 0.833
RC (Rescaled Index) 0.679 0.812
HI (Homoplasy index) 0.080 0.026
Model GTR+G+l | GTR+G

3.2.1. Maximum Parsimony (MP)

The strict consensus tree generated by summarizing the entire most parsimonious tree
displays three clades divided on three tribes described by color Figure (1): Tribe Agrimonieae
consists of P. lasiocarpum, P. verrucosum, P. sanguisorba subsp. Sanguisorba, P.
sanguisorba subsp. Muricatum and Ag. eupatoria. with bootstrap support (bs=97%) which is
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strongly supported; the tribe Potentilleae consists of Al. kurdica and Al. persica with highly
supported (bs=93%); while the tribe Coluriea consists of only G. urbanum and is highly
supported (bs=90%).

3.2.2. Bayesian Inference (BI) Analysis

Bayesian AIC majority rule consensus tree Figure (1) resulting from the analysis
showed the same results as the MP tree. With different the posterior probability (pp) value
ranges were between (0.84-1.00).

3.3. 28SrRNA Gene

The 28SrRNA gene consisted of eight ingroups and one outgroup taxa with 593 aligned
DNA characters (including gaps) were used, from them 95 were parsimony informative. The
maximum parsimony analysis showed 100 trees from which a single most parsimonious tree
was retained with a tree length of 698 steps. The ClI, RI, RC and HI were 0. 974, 0.833, 0.812
and 0.026, respectively, with topology identical between MP and BI analyses. The summary
of the analysis showed in (Table 3).

3.3.1. Maximum Parsimony (MP)

The strict consensus tree generated by summarizing the entire most parsimonious tree
displays three clades divided on three tribes described by color Figure (2): Tribe Agrimonieae
consists of P. lasiocarpum; P. verrucosum; P. sanguisorba subsp. Sanguisorba; P.
sanguisorba subsp. Muricatum and Ag. eupatoria. with bootstrap support (bs=97%) which is
strongly supported; the tribe Potentilleae consists of Al. kurdica and Al. persica with highly
supported (bs=93%); while the tribe Coluriea consists of only G. urbanum and is highly
supported (bs=90%).

3.3.2. Bayesian Inference (BI) Analysis

Bayesian AIC majority rule consensus tree Figure (2) resulting from the analysis
showed the same results as the MP tree. With different the posterior probability (pp) value
ranges were between (0.84-1.00).
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Figure 1. Strict consensus tree of most parsimonious tree resulting from phylogenetic analysis of the
nrDNA ITS sequences with heuristic search using maximum parsimony analysis. (Tree length of 364
steps, Cl =0.920, Rl =0.739, RC = 0.679 and HI =0.080). Numbers on the branches which in red color
indicate bootstrap support and numbers in black color are Bayesian posterior probability values and

tribes are identified by colors. ?"“"%(
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e A lchemilla persica

91/0.82

Alchemilla kurdica

) Tribe Agrimonieae
Tribe Potentilleae
. Tribe Coluriea
Out Group
Figure 2. Strict consensus tree of most parsimonious tree resulting from phylogenetic analysis of the
28SrRNA sequences with heuristic search using maximum parsimony analysis. (Tree length of 698
steps, Cl = 0.974, Rl = 0.833, RC = 0.812 and HI =0.026). Numbers on the branches which in red color

indicate bootstrap support and numbers in black color are Bayesian posterior probability values and
tribes are identified by colors.

3.4 Palynological Study

The main pollen morphological features of the studied species are summarized in (Table
4). pollen grains of all genera are 3-colporate, radially symmetrical, monads. The shape
classes of pollen grains are based on P/E ratio are studied, various shapes found in polar and
equatorial view from oblate (0.681 um) as in Ag. euparoria (Plate 1 E&F from LM, Plate 3
C&D from SEM), prolate-spheroidal (1.007,1.091 and 1.021 pum) as in Al. kurdica, Al.
persica and G. urbanum (Plate 1 A&B, C&D and G&H from LM and plate 3 from SEM)
Respectively, and subprolate (1.200 and 1.236 um) as in P. verrocosum and P. lasciocarpum
(Plate 2 E&F, A&B from LM and Plate 4 D&E , A from SEM) and finally prolate (1.336 um)
as in P. sanguisorba (Plate 2 C&D from LM and plate 4 B&C from SEM). The aperture
includes three ectocolpi and three endopores. The size of the pollen grains ranged from small
to medium. The exine sculpturing type includes striate pattern and consists of shallow,
fingerprint-like ridges and predominately parallel arranged in all genera except A. persica
which was reticulum.

(D 82 O
_ URL: http://www.uokufa.edu.ig/joumnals/index.php/ajo/index _
http://iasj.net/iasj?”func =issues&jld=129&uiLanguage=en

Email: biomgzn.sci@uokufa.edu.iq
———> —— >



Al-Kufa University Journal for ='Q'Qm / VOL.14 / NO.3/ Year: 2022
Online ISSN: 2311-6544 & Print ISSN: 2073-8854

Table 4: Pollen grain features of the studied species

Taxon Polar Equatorial P/E Pollen size Sculpture Number  Aperture
Axis AXxis (um) Shape
(um) mean (PS)
mean
(12.50- (22.50- 0.681 Oblate small- striate numerous  3-colporate
Ag. eupatoria 25.00) 32.50) medium
' 1875  2750%5
+6.25
(18.75-  (20.00- 1.007 Prolate small striate very few  3-colporate
. 25.00) 22.50) spheroidal microechinate
Al. kurdica 21.05 2105 4
+312 125
(20.00- (20.00- 1.091 Prolate small- reticulate very few  3-colporate
Al persica 32.50) 30.00) spheroidal  medium
' 26.25  25.00%5
+6.25
(10.00- (12.50- 1.021 Prolate small striate numerous  3-colporate
20.00) 17.50) spheroidal
G. urbanum 1500 150025
+5
(17.50- (15.00- 1.236 Subprolate medium striate few 3-colporate
P. lasiocarpum 25.00) 20.00) 17.5 microechinate
' 2125 +£25
+3.75
(17.50- (12.50- 1.336 prolate medium  striate few 3-colporate
P. sanguisorba 22.50) 17.50) microechinate
' 2046  15.00+25
+25
(15.00- (12.50- 1.200 Subprolate medium striate few 3-colporate
P Verrucosum 22.50) 18.75) microechinate
' 1875 1562 +
+3.75 3.125
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Plate 1: Pollen grains of the studied species (LM) x100: A&B. Al.
kurdica; C&D. Al. persica; E&F. Ag. eupatoria; G&H. G. urbanum A,
C, E & G =polar view; B, D, F & H = equatorial view
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Plate 2: Pollen grains of the studied species (LM) x100: A&B. P. lasiocarpum; C&D
sanguisorba; E&F. P. verrucosum; A, C & I%;r"&cliz;lr view; B, D & F = equatorial view
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Plate 3: Pollen grains of the studied species (SEM): A. Al. kurdica; B. Al. persica;
C&D. Ag. eupatoria; E&F. G. urbanum; A, B, C & E = polar view; D & F =
equatorial view
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Plate 4: Pollen grains of the studied species (SEM): A. P. lasiocarpum; B&C.

P. sanguisorba; D&E. P. verrucosum; A, B & D = polar view; C & E = equatorial
view
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4. Discussion
4.1.Phylogenetic analysis

The tree depending on nrDNA ITS gene sequences data in (Figure 1) showing
three clades or tribes with high supports (bs=100%, pp=0.99): The tribe Agrimonieae
in which pink in color consists of Ag. eupatoria with supports (bs=97%, pp=1.00)
near to P. sanguisorba subsp. muricatum with high supports (bs=100%, pp=0.99), due
to the special occurrence and similar habitat and P. sanguisorba subsp. sanguisorba
with supports (bs=92%, pp=0.96) with sister species of P. lasiocarpum and P.
verrocosum with supports (bs=87%, pp=0.94), due to their pollen grain shapes,
similarity in morphology and their habitat also. while the tribe Potentilleae in which
orange in color consists of sister species Al. kurdica and Al. persica with supports
(bs=93%, pp=0.89), because they are similar in their pollen grain shapes and having
small teeth at tip of their leaves and covered with soft hairs; And tribe Coluriea in
which blue color consists of only G. urbanum with supports (bs=90%, pp=0.84),
because its flower has a hypanthium, inflorescence is one-sided (the flowers are
arrayed in a spiral around the inflorescence axis or branches, or occur singly, or in
several ranks), both sepals and petals are separated and not fuse.

While phylogenetic tree of 28SrRNA gene sequence data in (Figure 2) showing
also three tribes, with high supports (bs=100%, pp=0.100), and the results are slightly
differing from ITS gene in which in Agrimonieae tribe the subspecies P. sanguisorba
subsp. sanguisorba become a sister with P. lasiocarpum, due to their morphological
similarity and habitat; And Ag. eupatoria become nearly to P. verrocosum due to their
pinnate leaves, inflorescence is lax and branched and leaves are serrate.

The phylogenetic analysis based on 28SribosomalRNA and nuclear ribosomal
DNA ITS regions are showed to be monophyletic (Faghir et al., 2018).

4.2. Pollen grains study

It is noticeable that the pollen grains of the four genera are generally tricolporate
in aperture and oblate, prolate-spheroidal, subprolate and prolate in shapes. The size
of the grains according to (Erdtman, 1952) are small to medium, the largest pollen
grain seen in P. sanguisorba, while the smallest one seen in Ag. eupatoria. The
outlines of species are varied from circular to ellipsoid.

Tricolporate pollen grains are founded in previous works of authors (Reitsma,
1966, Eide, 1981, Agudo et al., 1998, Faghir et al., 2012).

The aperture includes three ectocolpi and three endospores. Exine sculpture
types are important characters for identification among the members of family
Rosaceae (Ueda and Tomita, 1989). The exine sculpturing type includes striate
pattern and consists of shallow, fingerprint-like ridges and predominately parallel
arranged in all genera except A. persica which was reticulum (Plate 3B).

Any pores on the surface of exine sculpture have not seen due to the low
resolution of the images of SEM. Finally, the study results shows that there is no deep
difference among these four genera in pollen morphology.

4. Conclusions

In the current study three main tribes within the genera Agrimonia, Alchemilla,
Geum and Poterium were identified. In the ITS tree the species P. lasiocarpum, P.
verrucosum, P. sanguisorba subsp. sanguisorba and P. sanguisorba subsp. muricatum
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placed in the same tribe, while in the 28SrRNA tree the species P. verrucosum
replaced by the subspecies P. sanguisorba subsp. sanguisorba.

The pollen grains study by using both light and scanning electron microscope
showed that palynological data of the four genera not represented the more variation
among the genera, may be due to that they are morphologically similar.

References

AGUDO, J. S., RICO, E. & SANCHEZ, J. S. 1998. Palynological study of Potentilla
subg. Potentilla (Rosaceae) in the western Mediterranean.

AL-MAYAH, A. A. 1983. Taxonomy of Terminalia (Combertaceae). Ph.D. Thesis,
Univ. Of Leicester, U.K. (Unpublished)

AL-RAWI, A. 1964. Wild plants of Iraq with their distribution, Baghdad, Ministry of
Agriculture & Irrigation, State board for agricultural & water resources
research, National Herbarium of Iraq.

CAl, Z., LI, W., WANG, H., YAN, W., ZHOU, Y., WANG, G., CUI, J. & WANG, F.
2012. Anti-tumor and immunomodulating activities of a polysaccharide from
the root of Sanguisorba officinalis L. International journal of biological
macromolecules, 51, 484-488.

CHEN, S., YAO, H., HAN, J., LIU, C., SONG, J., SHI, L., ZHU, Y., MA, X., GAO,
T. & PANG, X. 2010. Validation of the ITS2 region as a novel DNA barcode
for identifying medicinal plant species. PloS one, 5, e8613.

CHENG, D.-L. & CAO, X.-P. 1992. Pomolic acid derivatives from the root of
Sanguisorba officinalis. Phytochemistry, 31, 1317-1320.

CHUNG, K.-S. 2008. A systematic study of genus Agrimonia (Rosaceae), The
University of Oklahoma.

CHUNG, K.-S., ELISENS, W. J. & SKVARLA, J. J. 2010. Pollen morphology and its
phylogenetic significance in tribe Sanguisorbeae (Rosaceae). Plant
Systematics and Evolution, 285, 139-148.

CORE, E. L. 1955. Plant Taxonomy, Englewood Cliffs, NJ, Prentice-Hall.

DONMEZ, E. O. 2008. Pollen morphology in Turkish Crataegus (Rosaceae).
Botanica Helvetica, 118, 59-70.

EIDE, F. Y. 1981. Key for northwest European Rosaceae pollen. Grana, 20, 101-118.

ERDTMAN, G. 1952. Plant morphology and plant Taxonomy of Angiosperm—An
Introduction to Palynology. Stockholm & Waltharm, mass. USA, 539.

EVANS, R. C., ALICE, L. A, CAMPBELL, C. S.,, KELLOGG, E. A. &
DICKINSON, T. A. 2000. The granule-bound starch synthase (GBSSI) gene
in the Rosaceae: multiple loci and phylogenetic utility. Molecular
phylogenetics and evolution, 17, 388-400.

FAGHIR, M., ATTAR, F., ERTTER, B. & ERIKSEN, B. 2012. Pollen morphology
of the genus Potentilla (Rosaceae) in Iran. Acta Botanica Hungarica, 54, 1-16.

FAGHIR, M. B., ATTAR, F., FARAZMAND, A. & OSALOO, S. K. 2014.
Phylogeny of the genus Potentilla (Rosaceae) in Iran based on nfDNA ITS and
CpPDNA trnL-F sequences with a focus on leaf and style characters’ evolution.
Turkish Journal of Botany, 38, 417-429.

FAGHIR, M. B., ATTAR, F., SHAVVON, R. S. & MEHRMANESH, A. 2015.
Pollen morphology of the genus Alchemilla L.(Rosaceae) in lIran. turkish
Journal of Botany, 39, 267-279.

(P
-,

URL: hﬁp://www.uokufoAeduﬁ‘/?jﬁoumols/index.php/ojb/index
http://iasj.net/iasj?func =issues&jld=129&uilanguage=en
Email: biomgzn.sci@uokufa.edu.iq
o > | —

i
aS$n

N

7 |
3



Al-Kufa University Journal for :g gy/ VOL.14 / NO.3/ Year: 2022 (/f .‘\\\
Print ISSN: 2073-8854 Online ISSN: 2311-6544 \ B

FAGHIR, M. B., POURMOJIB, R. & SHAHVAN, R. S. 2018. Phylogeny and
Character Evolution of the Genus Geum L.(Family Rosaceae) from Iran:
Evidence from Analyses of Plastid and Nuclear DNA Sequences. Taxonomy
and Biosystematics, 10, 1-22.

FELSENSTEIN, J. 1985. Confidence limits on phylogenies: an approach using the
bootstrap. evolution, 39, 783-791.

HALL, R. E. 2001. The stock market and capital accumulation. American Economic
Review, 91, 1185-1202.

HEBDA, R., CHINNAPPA, C. & SMITH, B. 1991. Pollen morphology of the
Rosaceae of western Canada. 1V. Luetkea, Oemleria, Physocarpus, Prunus.
Canadian journal of botany, 69, 2583-2596.

HEBDA, R. J. & CHINNAPPA, C. 1994. Studies on pollen morphology of Rosaceae.
Acta Botanica Gallica, 141, 183-193.

KUMAR, S., JEELANI, S. M., RANI, S., KUMARI, S. & GUPTA, R. C. 2011.
Exploration of intraspecific cytomorphological diversity in Agrimonia
eupatoria L.(Rosaceae) from Western Himalayas, India. Cytologia, 76, 81-88.

LI, J. 2007. Flora of China. Harvard Papers in Botany, 13, 301-302.

MABBERLEY, D. J. 1997. The plant-book: a portable dictionary of the vascular
plants, Cambridge university press.

MORGAN, D. R., SOLTIS, D. E. & ROBERTSON, K. R. 1994. Systematic and
evolutionary implications of rbcL sequence variation in Rosaceae. American
Journal of Botany, 81, 890-903.

NYLANDER, J. A.,, RONQUIST, F., HUELSENBECK, J. P. & NIEVES-ALDREY,
J. 2004. Bayesian phylogenetic analysis of combined data. Systematic biology,
53, 47-67.

PARK, K. H., KOH, D., KIM, K., PARK, J. & LIM, Y. 2004. Antiallergic activity of
a disaccharide isolated from Sanguisorba officinalis. Phytotherapy Research:
An International Journal Devoted to Pharmacological and Toxicological
Evaluation of Natural Product Derivatives, 18, 658-662.

PERVEEN, A. & QAISER, M. 2014. Pollen flora of Pakistan—LXXI. Rosaceae.
Pakistan Journal of Botany, 46, 1027-1037.

POTTER, D., ERIKSSON, T., EVANS, R. C., OH, S., SMEDMARK, J., MORGAN,
D. R, KERR, M., ROBERTSON, K. R., ARSENAULT, M. & DICKINSON,
T. A. 2007. Phylogeny and classification of Rosaceae. Plant systematics and
evolution, 266, 5-43.

POTTER, D., GAO, F., BORTIRI, P. E.,, OH, S.-H. & BAGGETT, S. 2002.
Phylogenetic relationships in Rosaceae inferred from chloroplast matK and
trnL-trnF nucleotide sequence data. Plant Systematics and Evolution, 231, 77-
89.

RAMBAUT, A. 2016. FigTree version 1.4. 0 Available at http://tree. bio. ed. ac.
uk/software/figtree. Accessed October.

REITSMA, T. 1966. Pollen morphology of some European Rosaceae. Acta Botanica
Neerlandica, 15, 290-307.

RONO, P. C., DONG, X., YANG, J.-X., MUTIE, F. M., OULO, M. A., MALOMBE,
I, KIRIKA, P. M., HU, G.-W. & WANG, Q.-F. 2020. Initial complete
chloroplast genomes of Alchemilla (Rosaceae): comparative analysis and
phylogenetic relationships. Frontiers in genetics, 11, 560368.

O
Sy,
URL: hﬁp://www.uokufoAeduﬁ‘/?jﬁoumols/index.php/ojb/index
http://iasj.net/iasj?func =issues&jld=129&uilanguage=en

Email: biomgzn.sci@uokufa.edu.iq
[ co— —



http://tree/

Al-Kufa University Journal for y/VOL.14/ NO.3/ Year: 2022 rfg§‘.
Print ISSN: 2073-8854 Online ISSN: 2311-6544 \&B 4}

RONQUIST, F. & HUELSENBECK, J. P. 2003. MrBayes 3: Bayesian phylogenetic
inference under mixed models. Bioinformatics, 19, 1572-1574.

SAFFARI, P., MAJD, A., JONOUBI, P. & NAJAFI, F. 2021. Study on the
reproductive organs development and embryological features of Agrimonia
eupatoria L.(Rosaceae). Botany Letters, 168, 270-282.

SANTAPAU, H. & HENRY, A. N. 1973. Dictionary of the flowering plants in India.

SHIN, T.-Y., LEE, K.-B. & KIM, S.-H. 2002. Anti-allergic effects of Sanguisorba
officinalis on animal models of allergic reactions. Immunopharmacology and
immunotoxicology, 24, 455-468.

SIPSON, M. G. 2006. Plant Systematics, Canada, Elsevier Inc.

SWOFFORD, D. 2000. PAUP (Phylogenetic Analysis Using Parsimony).
Documentation for Version 4.0 bda Sinauer Associates. Inc. Publishers,
Sunderland, Massachusetts.

TABERLET, P., GIELLY, L., PAUTOU, G. & BOUVET, J. 1991. Universal primers
for amplification of three non-coding regions of chloroplast DNA. Plant
molecular biology, 17, 1105-1109.

TAKHTADZHIAN, A. L., TAKHTAJAN, L. A. & TAKHTAJAN, A. 1997.
Diversity and classification of flowering plants, Columbia University Press.

UEDA, Y. & TOMITA, H. 1989. Morphometric analysis of pollen exine patterns in
roses. Journal of the Japanese Society for Horticultural Science, 58, 211-220.

WANG, J.-R., WANG, X., SU, N., LI, Q.-J., ZHANG, X.-H., MA, Y.-P., ZHAO, L.,
GINEFRA TONI, J. F. & DE CRAENE, L. R. 2020. Floral morphology and
morphogenesis in Sanguisorba (Rosaceae): flower diversification despite petal
reduction and spatial constraints. Botanical Journal of the Linnean Society,
193, 47-63.

WRONSKA-PILAREK, D. 2011. Pollen morphology of Polish native species of the
Rosa genus (Rosaceae) and its relation to systematics. Acta Societatis
Botanicorum Poloniae, 80, 221.

( )f41 x )
-,
URL: hﬁp://www.uokufo.eduﬁgﬁournols/index.php/ojb/index

http://iasj.net/iasj?func =issues&jld=129&uilanguage=en

Email: biomgzn.sci@uokufa.edu.iq
 —— | —




