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ABSTRACT

Phylogeny investigation relying on chloroplast genome sequence is an established approach in

differentiation between plants derived from related ancestors. In this study, we compared the phylogenetic tree
resulted from chloroplast genome sequences to phylogenetic tree generated from pollen grains features of ten taxa
belonging to the Caesalpinioideae sub-family, grown in Egypt. Chloroplast genome sequences of taxa under
investigation, retrieved from the National Center for Biotechnology Information (NCBI), were used to generate a
phylogenetic tree using RStudio® software. Pollen grain features were investigated using the Scanning Electron
Microscope (SEM) and data were combined in a numerical cluster to compose a phylogenetic tree. Both phylogenetic
trees, originating from chloroplast genome sequences and pollen grains features in our study indicated high similarity
in relatedness between taxa. Our results suggest the utilization of both pollen grains features and molecular
characteristics in discrimination between plants stemming from common ancestors. The novelty of this work lies in
comparing similarities and differences of the investigated species through combining their pollen and molecular

characteristics altogether. The identification key of the investigated species, reported in this manuscript, is hoped to
be a reliable approach and can be utilized by taxonomists for taxa identification in the future.
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INTRODUCTION

Taxonomic  significance of the  sub-family
Caesalpinioideae has long been recognized (Hubbard and
Hutchinson, 1948; Klitard, 2010). The name of this sub-family
is derived from its genus Caesalpinia. The study of pollen
grains’ features is one of the most important techniques in
plant taxonomy, especially in the continuous development in
electron microscope applications. Pollen grains’ features was,
and still, a reliable source in the field of taxonomy (Erdtman,
1954). In addition, genetic approaches have been utilized by
modern systematic community (Wen et al., 2017).

Botanical features of Mimosaceae were compared to
those of Caesalpinioideae using pollen grains characteristics
(Kattab et al., 2007). Ullah et al. (2021) concluded that pollen
traits are a powerful tool in determining boundaries between
related species at various taxonomic levels; therefore,
strengthening the taxonomy of the Caesalpinioideae sub-
family. Similarly, EIKholy et al. (2023) differentiated between
members of Mimosoideae and Caesalpinioideae on the basis
of pollen features. Abdalla and ElI Ghazali (2016)
demonstrated that pollen characteristics diagnose and
characterize plants of the genus Cassia.

Numerous molecular markers obtained from
intragenic and intergenic regions of chloroplast genes have
been used as plant DNA barcodes (Kress et al., 2005; Awad et
al.,, 2017). MatK chloroplast gene has also been used for plant
identification and classification (Hollingsworth et al., 2009). In
this manuscript, we used chloroplast genome sequences and
pollen characteristics to distinguish between ten species from
Caesalpinioideae subfamily grown in Egypt.
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MATERIALS AND METHODS

Taxa collection and identification:

Ten specimens, representing subfamily
Caesalpinioideae and belonging to five genera (Bauhinia,
Cassia, Ceratonia, Delonix and Parkinsonia), namely
Bauhinia madagascariensis, Bauhinia monandra, Bauhinia
tomentosa, Bauhinia veriegata, Cassia bicapsularis, Cassia
fistula, Cassia nodosa, Ceratonia siliqua, Delonix regia and
Parkinsonia aculeate were collected from the herbarium of the
Department of Agricultural-botany, Faculty of Agriculture,
Al-Azhar university. Collected specimens were identified
through comparing morphological, flowering, and fruiting
characteristics with previously identified samples. Specimen
were also compared to references, such as Tackholm, 1974;
and Boulos, 2002. The source of descriptive terminology used
in this manuscript is from Erdtman (1952 and 1954); Faergri
etal., 1989; Punt, 2007; Stephen, 2014.

Pollen samples preparation for scanning electron
microscopy (SEM):

To ensure dryness of all samples prior to starting this
investigation, mature anthers from each sample were separated
and kept overnight in drying oven at 70 °C. Specimens were
prepared for SEM examination by mashing three anthers on a
slide to separate pollen from the anthers. Pollen grains were
further mounted on clean SEM stubs, covered with double-
sided sellotape, and coated with gold-palladium. SEM , model
JEOL JSM-6510LV (operated by the Electron Microscope
Unit, Mansoura University, Egypt), was used to observe the
samples at 30 KV.

Bioinformatics and data analysis

Data retrieved from pollen grains’ characters were

analyzed utilizing Multi-Variate Statistical Package Program
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(MVSP; version 3.1), (Sneath, 1973). A total of ten chloroplast
genome sequences, representing taxa under investigation,
were retrieved from the National Center for Biotechnology
Information (NCBI) nucleotide database, and used for
phylogeny investigation. RStudio (R Core Team, 2022)
software (version 4.2.0) was used to generate the phylogenetic
tree, utilizing the required packages for alignment and
visualization.

RESULTS AND DISCUSSION

Pollen grains in all examined samples of this study
were monads. Pollen samples were classified in three distinct
groups; according to their sizes. The first group contained
genus Bauhinia preserved large-sized pollen grains, compared
to the other groups investigated. The second group, genus
Delonix, Ceratonia and Cassia, preserved medium-sized
pollen grains. The third group, genus Parkinsonia, preserved
the smallest pollen grains. It is worth mentioning that pollen
grains from Cassia bicapsularis, which belongs to genus
Cassia in the second group, preserved smaller pollen grains;
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similar to taxa grouped in the third group. These results are in
line with those reported by Aftab and Perveen (2006) and Abo-
Elnaga et.al. (2022).

Two types of aperture were found in pollen samples of
this study. The majority of taxa preserved colporate aperture,
such as Bauhinia veriegata (Fig. 1-D). These results agree with
finding reported by Taia etal. (2022) and Abdalla and El
Ghazali (2014). In contrast, colpate aperture was only found in
four taxa; Bauhinia madagascariensis, Bauhinia monandra,
Bauhinia tomentosa, and Cassia bicapsularis (Fig. 1- E);
similar to findings mentioned by Arogundade et al. (2019) and
Banks et al. (2013).

We noticed a difference in the number of aperture. In
most taxa, Tricolporate, such as Delonix regia was observed
(Fig. 1-1), while Tetracolporate was observed only in
Ceratonia siliqgua and pentacolpate was only observed in
Bauhinia tomentosa (Fig 1- H and 1-C, respectively). Such
observations are in accordance with findings mentioned by
Abdalla and El Ghazali, 2014; Graham et.al., 1980; and Banks
etal., 2014, respectively.
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Fig. 1. Scanning electron micrographs of pollen grains collected from 10 taxa of the sub-family Caesalpinioideae; A)
Bauhinia madagascariensis; B) Bauhinia monandra; C) Bauhinia tomentosa; D) Bauhinia veriegata; E) Cassia
bicapsularis; F) Cassia fistula; G) Cassia hodosa; H) Ceratonia siliqua; 1) Delonix regia; J) Parkinsonia aculeate.
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Exine sculpture patterns of the taxa investigated have
shown unique distinction. Seven distinguished patterns were
observed; 1) Reticulate in three taxa Bauhinia monandra,
Delonix regia and Parkinsonia aculeate (Fig. 2-B, | and J), in
agreement with Ullah et al. (2022) and Banks and Rudall,
2016; 2) Psilate in two taxa, Cassia fistula and Ceratonia
siliqua (Fig. 2-F and H), inagreement with Santos etal., 2012;
3) Microreticulate in Bauhinia madagascariensis (Fig 2-A), in
agreement with Santos et al., 2012 and Sarwar et al., 2015; 4)
Clavate in Bauhinia tomentosa (Fig. 2-C), in agreement with
Banks et al., 2014; 5) Striate in Bauhinia veriegata (Fig. 2-D),
in line with the findings reported by Ullah etal., 2022 and Taia
et al, 2022; 6) Perforate in Cassia bicapsularis (Fig. 2-E), in
agreement with Sarwar et al., 2015; 7) Coarsely regulate in
Cassia nodosa (Fig. 2-G), in conformity with the findings of
Banks et al., 2013 and Sarwar et al., 2015.

In the current study, shape of pollen grains, as
determined by the ratio between polar axis and equatorial axis

SEI JOAV  WD17

]
; \

Fig. 2. Exine sculpture patterns of pbllen grains collected from the 10 taxa of the sub-family Caesalpiniocideae; A)
Bauhinia madagascariensis; B) Bauhinia monandra; C) Bauhinia tomentosa; D) Bauhinia veriegata; E) Cassia
bicapsularis; F) Cassia fistula; G) Cassia nodosa; H) Ceratonia siliqua; I) Delonix regia; J) Parkinsonia aculeate.

247

was also recorded and used as a diagnostic feature to
distinguish between studied taxa (Tab. 1 and Fig. 3). The
majority of the examined taxa exhibited prolate or spherical
shapes, such as Bauhinia tomentosa (Fig. 1-C); while
Bauhinia madagascariensis and Cassia fistula showed prolate
shapes (Fig. 1-A and F). Oblate-spheroidal shape was
observed in Bauhinia monandra and Bauhinia veriegata (Fig.
1, B and D). Polar axis varied from 23.48 pm to 70.15 um and
equatorial axis ranged from 20.80 um to 61.90 pum; while
diameter in polar view varied from 17.99 um to 78.99 pm
(Tab. 1). Colpus length ranges from 17.99 umto 52.41 pmand
width was 3.93 um to 13.47 um; while the ratio between
colpus length and colpus width varied from 3.15 ym to 7.28
um (Tab. 1and Fig. 4). Itis worth mentioning that apocolpium
index ranged from 3.01 (in P. aculeate) to 6.67 (in B.
madagascariensis) (Tab.1 and Fig. 5). These results agree with
Aftab and Perveen (2006) and Gharnit et al. (2004).
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Table 1: Data matrix of the observed characters of taxa
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Fig. 3: The ration of polar axis to equatorial axis.
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Fig. 4: The ratio of colpus length to colpus width.

B. monandra
B. tomentosa
B. veriegata
C. bicapsularis
C. fistula

C. nodosa

C. silique

D. regia

P. aculeate

B. madagascariensis

Fig. 5: Apocolpium index.

Cluster analysis

Numerical analysis of the pollen characteristics of ten
taxa in this study (data matrix; Tab. 1) resulted in a
phylogenetic tree (Fig. 6) that divided the taxa into two groups;
the 1 group included genus Bauhinia as well as two sub-
groups; Bauhinia veriegata and the rest of Bauhinia (due to its
difference a number of characteristics such as exine sculpture
striate and aperture type colporate); the 2™ group was also
divided into two sub-groups; the 1% sub-group contained genus
Cassia (it was also noted that Cassia bicapsularis differed
from the rest of the genus within this group due to its unique
characteristics such as exine sculpture, which was perforate);
the 2 sub-group contained three genera (Ceratonia, Delonix

and Parkinsonia) and the last two were closer to each other,
compared to Ceratonia. Our numerical cluster analysis results
is in harmony with EI Kholy et al. (2023).

UPGMA
Parkinsonia aculeate

[: Delonix regia

Ceratonia siligua
Cassia nodosa
E Cassia fistula

Cassia bicapsularis
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Fig. 6. Phylogenetic tree resulting from pollen
characteristics of investigated taxa.

Phylogeny analysis

The history of descent of taxa under investigation,
from their common ancestors, revealed that taxa are grouped
in three clusters (Fig. 7). The 1% cluster contained D. regia and
P. aculeata. The 2 cluster included C. fistula, C. nodosa and
C. Bicapsularis. However, C. fistula and C. nodosa are more
closely related to each other than C. bicapsularis. The third
cluster included B. monandra, B. madagascariensis, B.
tomentosa, B. variegata and C. siliqua, with B. monandra and
B. madagascariensis were more closely related (sharing the
most recent common ancestor) than other taxa in this group. C.
siliqgua was the least related taxon in this cluster though it
shares the same ancestor with the remaining four taxa.
Considering the aforementioned relationships as revealed
from cluster and phylogeny analyses, it is evident that
chloroplast genome sequences phylogeny results (Fig. 7) agree
with numerical pollen characteristics results (Fig. 6).
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Fig. 7. Phylogenetic tree resulted from chloroplast genome
sequences. RStudio® software was used to
visualize the tree.

Identification key of ten taxa belonging to sub-family
Caesalpinioideae, based on observed pollen grains’
features:

1- Pollen grains, Colpate:

A- Pollen grains, Pentacolpate. ........ Bauhinia tomentosa
B- Pollen grains, Tricolpate

B1- Prolate, Microreticulate............ Bauhinia madagascariensis
B2- Oblate spheroidal, Reticulate.......... Bauhinia monandra
B3- Prolate spheroidal, Perforate.......... Cassia bicapsularis
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2- Pollen grains, Colporate:

a- Pollen grains, Tricolporate

al- Large spores (50 to 100 um): Striate oblate
spheroidal......... Bauhinia veriegata

a2- Medium spores (25 to 50 pm):

a2a- Psilate, Prolate. ........ Cassia fistula L.

a2b- Coarsely regulate Prolate spheroidal......... Cassia nodosa

a2c- Reticulate Prolate spheroidal......... Delonix regia

a3- Small spores (10 to 15 pm): Reticulate Prolat
spheroidal......... Parkinsonia aculeate .

b- Pollen grains, Tetracolporate......... Ceratonia siliqua

CONCLUSION

In this manuscript, we compared related ten taxa from
Caesalpinioideae using molecular and pollen characteristics.
Sequences from the NCBI were used to generate phylogenetic
tree of the investigated taxa using RStudio software. Pollen
grains’ features of the investigated taxa have also been
recorded using SEM imaging, and data have been used to
generate an identification key as well as a phylogenetic tree.
Phylogenetic tree from molecular and pollen characteristics
were compared to each other and they were similar. Reliable
taxonomic approaches should be based on numerous
characteristics (such as pollen, morphological and molecular
characteristics, etc.) to weed out superficial affinity and/or
differences between investigated taxa.

REFERENCES

Abdalla, W.E., El Ghazali G.E.B. (2014). Pollen
Morphological Study on the Genus Cassia L. sensu
stricto from Sudan. Aust. j. basic appl. sci. 8(6),
436-443.

Abo-Elnaga, A.Z.,, Ali, A, Rabei, S. (2022). Pollen Grain
Variation among Some Trees of Fabaceae in New
Damietta, Egypt. Egypt. J. Aquat. Biol. Fish. 12(1),
174-182.

Aftab, R., Perveen, A. (2006). A palynological study of some
cultivated trees from Karachi. Pak. J. Bot. 38(1),
15-28.

Arogundade, O.0., Fatunmise, AJ., Bernard, T.T. (2019).
Taxonomic importance of the palynological features
of some members of family Leguminse -
Caesalpinioideae. Ife J. Sci. 21(3), 27-36.

Awad, M., Fahmy, R.M., Mosa, K.A., Helmy, M., ElFeky,
F.A. (2017). Identification of effective DNA barcodes
for Triticum plants through chloroplast genome-wide
analysis. Comput. Biol. Chem. 71.

Banks, H., Forest, F., Lewis, G. (2013). Palynological
contribution to the systematics and taxonomy of
Bauhinia s.I. (Leguminosae: Cercideae). S. Afr. J. Bot.
89, 219-226.

Banks, H., Forest, F., Lewis, G. (2014). Evolution and
diversity of pollen morphology in tribe Cercideae
(Leguminosae). Taxon. 63(2), 299-314.

Banks, H., Rudall, P.J. (2016). Pollen structure and function in
caesalpinioid legumes. Am. J. Bot. 103(3), 423-436.

Boulos, L. (2002). Flora of Egypt. Vol. 3. Al hadara
publishing, Cairo —Egypt.

250

El Kholy, D.M., Mohamed, A.H., Khafagi, A.A.F. (2023).
The Taxonomic Significance of Pollen and Seed
Morphology in  The  Mimosoideae  and
Caesalpinoideae (Leguminosae). Egypt. J. Bot. 63(1),
1-13.

Erdtman, G. (1952). Pollen Morphology and Plant
Taxonomy-Angiosperms.  Almqusit and Wiksell,
Stockholm. Sweden.

Erdtman, G. (1954). An introdution to the pollen analysis. A
new series of plant science book. Vol. 7. Watham,
Massachusetts, U.S.A.

Faegri, K., Kaland P.E., Krzywinski, K. (1989). Textbook of
Pollen Analysis, fourth ed. John Wiley and Sons,
Chichester, UK.

Gharnit, N., El Mtili, N., Ennabili, A., Sayah, F. (2004). Floral
characterization of carob tree (Ceratonia siliqua L.)
from the province of chefchaouen (NW of Morocco).
Moroccan J. Biol. 1, 41-51.

Graham, A., Barker, G., da Silva, M.F. (1980). Unique Pollen
Types in the Caesalpinioideae (Leguminosae). Grana.
19(2), 79-84.

Hollingsworth, P.M., Forrest, L.L., Spouge, J.L., Hajibabaei,
M., Ratnasingham, S., van der Bank, M., Chase,
M.W., Cowan, R.S., Erickson, D.L., Fazekas, AJ.,
Graham, S.W., James, K.E., Kim, K.J., Kress, W.J.,
Schneider, H., van AlphenStahl, J., Barrett, S.C.H.,
van den Berg, C., Bogarin, D, ... Little, D.P. (2009).
A DNA barcode for Land Plants. Proc. Natl. Acad. Sci.
U.S.A. 106(3), 12794-12797.

Hubbard, C.E., Hutchinson, J. (1948). British flowering
plants. P. R. Gawthorn Ltd, London.

Khattab, O.S., E-Kobisy, K.H.S.E. (2007). Botanical studies
on some genera of Mimosaceae and Caesalpiniaceae.
I1-Seed features. J. Agric. Sci. Mansoura Univ.
Vol. 32.

Klitard, B.B., Lewis, G.P. (2010). Neotropical Leguminosae
Caesalpinioideae). Royal Botanic Gardens, Kew:
Reino Unido.

Kress, W.J., Wurdack, K.J., Zimmer, E.A., Weigt, L.A,,
Janzen, D.H. (2005). Use of DNA barcodes to identify
flowering plants. Proc. Natl. Acad. Sci. U.S.A. 102,
8369-8374.

National Center for Biotechnology Information (1988).
National Library of Medicine, National Center for

Biotechnology Information US.A.
https:/mmw.ncbi.nim.nih.gov/  (accessed 5 May
2023).

Punt, W., Hoen, P.P., Blackmore, S., Nilsson, S., Le Thomas,
A. (2007). Glossary of pollen and spore terminology.
Rev. Palaeobot. Palynol. 143, 1-81.

R Core Team (2022). R: A language and environment for
statistical computing. R Foundation for Statistical
Computing (R) (Version 4.2.0). Vienna, Austria.
https:/Ammww.R-project.org/

Santos, F.A.R., Novaes, D.M., Queiroz, L.P. (2012). Pollen of
Bauhinia L. and Phanera Lour. (Leguminosae-
Caesalpinioideae) from the Brazilian Caatinga. Am. J.
Bot. 3, 909-920.


https://www.ncbi.nlm.nih.gov/

J. of Plant Production, Mansoura Univ., Vol. 14 (5), May, 2023

Sarwar, A.M., Hoshino, Y., Araki, H. (2015). Pollen  Ullah, F., Ahmad, M., Zafar, M., Parveen, B., Ashfag, S.,

morphology and its taxonomic significance in the Bahadur, S., Safdar, Q., Safdar, L., Alam, F., Lugman
genus Bomarea Mirb. (Alstroemeriaceae) — . M. (2022). Pollen morphology and its taxonomic
Subgenera Baccata, Sphaerine, and Wichuraea. Acta potential in some selected taxa of Caesalpiniaceae
Bot. Bras. 29(3), 425-432. observed under light microscopy and scanning
Stephen, A. (2014). Pollen — A microscopic wonder of plant electron microscopy. Microsc. Res. Tech. 85,1410-
kingdom. Int. J. Biol. Sci. 1(9), 45-62. 1420.
Tackholm, V. (1974). Students’ flora of Egypt, second ed.  Wen, J., Harris, A., Ickert-Bond, S.M., Dikow, R., Wurdack,
Cairo University Bookshop, Cairo. K., Zimmer, E.A. (2017). Developing integrative
Taia, W.K., Mahdy, R.A., Bassiouni, E.M. (2022). Pollen systematics in the informatics and genomic era and
morphological study in some Bauhinia L. species and calling for a global Biodiversity Cyberbank. J. Syst.
their phylogenetic indications. Int. J. Bot. Stud. 7(2), Evol. 55, 308-321.
515-526.

"Apall) Alyadl) a8 g any G A8 (B AL g el e (S el AL
2pa8 sigdas saal Gaajllae g 15l wad) jadlae ad)

paa—b A jaidine— g W dada Aol ) I AKalall ) Gacadi el ) el a8l
aa—b A - aidine p VAada Aol )M AK - el )3 el ol

udldl)

ey Ui sl ) o3 8 Al 5B 3 Gl (g Al il (g el 8 VA5 g 6 el Sl o g Judus e ading (53 () shall ol yiny
Caesalpinioideae lua e (N oaii ical 5 pdad Zl) g (alliad ary (go Aadll 4l 5 o ps o juzadl) B o st Jsdasi (g Ratil) 3051 5 s
5y LY ((NCBI) Ay sl b 51 5S301 e gheal a8 gl (e abitin) 5 31 5 el ol i CHliadl o) puiadll lafiudlll o st oo ol 8 jems e ) 5l
Ao gana (3 Aadill Ll zeed 35 (SEM) geball (35 5811 o sSs 5 Sl ity ~all) o allads (yimmy (o cJHSal 8 RSHUAIO® gl s platindy elly 5
o (b (Al g pabad (yany IS NCBI (30 4basiadl o) juadll Casiedl o s Judosi cpo cpinill) A 5 s (e SIS i el 3 55 pad ad gl doe
A e Sl 33 el Galiadl) ae Grin (i 28 g alad plasind Fpaa) ) il i Rl jd) Jae Rl s g a3 15 i A )
dayg B Ayl Gabadl) s 2l o ailnds o panll JOIA (g gm0 55 gy CDIRN g ALl s 5 A5 e 8 anll 138 Bm (4S5 AS jidia LD Wl I
Al Al ol 01 8 4eaiind (K B g0 ) yhme lpand a3 U g 50 Al 038 (g0 03] o5 (631 g yull Uik

251



