Turczaninowia 24, 1: 74-82 (2021) ISSN 1560-7259 (print edition)
DOI: 10.14258/turczaninowia.24.1.9 TURCZANINOWIA

http://turczaninowia.asu.ru ISSN 1560-7267 (online edition)

VIK 582.632.1:581.48(55)

Evaluation of seed morphology characteristics of Alnus taxa in Iran

T. Gholami-Terojeni'-3, F. Sharifnia* ¢*, T. Nejadsattari":’, M. Assadi* 8, S. M. M. Hamdi*°’

! Department of Biology, Science and Research Branch, Islamic Azad University, Tehran, Iran
2 Department of Biology, North Tehran Branch, Islamic Azad University, Tehran, Iran

3 Research Institute of Forests and Rangelands, Agricultural Research Education
and Extension Organization (AREEQO), Tehran, Iran

* Department of Biology, Central Tehran Branch, Islamic Azad University, Tehran, Iran
SORCID iD: https://orcid.org/0000-0003-4139-2146
¢ E-mail: faribasharifnia2234@gmail.com; ORCID iD: https://orcid.org/0000-0002-8984-3316
"ORCID iD: https://orcid.org/0000-0003-0822-2284
8ORCID iD: https://orcid.org/0000-0001-9014-585X
?ORCID iD: https://orcid.org/0000-0001-7167-1352

* Corresponding author

Keywords: Betulaceae, Hyrcanian forests, infraspecific variation, micromorphology, taxonomy.

Summary. Alnus Mill. is a problematic genus of Betulaceae, and there are several intrageneric classifications
for the genus. A/nus species are widely distributed in the Hyrcanian forest of Iran, and different species with some
intraspecific taxonomic ranks including subspecies and varieties have been reported from this country. We evaluate seed
micromorphology characteristics of ten taxa using scanning electron microscopy and light microscopy in the current
study. The data were analyzed using SPSS and MVSP software. Results revealed that qualitative characteristics such
as seed shape, surface sculpturing pattern, presence of indumentum, and its type vary among the studied taxa and have
diagnostic value. However, seed color was nearly stable among the taxa. Besides, quantitative variables highly differed
among the taxa. In the UPGMA tree, A/nus taxa were clustered into three groups, and these groups were supported by
PCA and PCO plots. According to the PCA bi-plot, some taxa were characterized by the particular characteristic(s)
that was useful for their identification. In some cases taxa clustering was similar to those of previous phylogenetic and
morphological studies. Our findings revealed that seed morphology characteristics are a valuable taxonomical tool
in identifying most A/nus taxa, except for A. glutinosa subspecies, which have similar seed morphology features in
common.
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Knrouesvie cnosa: rupkanckue yeca, uHppacneruduyueckas U3MEHUYHBOCTb, MUKPOMOPGOJIOTHs, TaKCOHOMHS,
Betulaceae.

Annomauusn. Pon Alnus Mill. (Betulaceae) — opxa — sSIBISI€TCSI TAKCOHOMUYECKH CIOKHBIM, U B HACTOSIIIEE Bpe-
Ml JUIsl HETO MPEAJIOKEHO HECKONIbKO Kilaccubukaiuii. MccienoBanus UpaHCKUX BUJIOB OJIbXH, BCTPEUYAIOLIUXCS B
THPKAHCKUX JIecaX, TOKa3aJd HAIWYIHe Ha 3TOW TEPPUTOPUHN Pa3INYHBIX BHYTPUBHUIOBBIX TAKCOHOMUYECKHUX €IHUII,
BKJIFOYAsl MOJIBU/BI M PA3HOBHIHOCTH. B HacTOsIEM MCCIIEIOBAaHMM Mbl OLIEHMBAEM MHUKPOMOP(OIOTHUECKHE Xa-
PAKTEPUCTUKU CEMSIH JICCSITH TAaKCOHOB, UCTIONIB3YS METO/IbI CKAHUPYIOICH IEKTPOHHON M CBETOBOM MUKPOCKOIINH.
JlanHbIe OBUTH TIPOAHATM3UPOBAHBI C HCIOIB30BAaHUEM MporpaMMHOro obecriedenust SPSS u MVSP. Pesynprars! no-
Ka3aJiv, 4YTO TaKWe Ka4eCTBEHHbIC XapaKTEPUCTUKH, Kak (popMa CeMsiH, CTPYyKTypa MOBEPXHOCTH, HAJTMYHE BOJIOCKOB
U X THII, HO HE [[BET CEMSH, pa3IHyaroTCs y UCCICJOBAaHHBIX TAKCOHOB M MMEIOT THArHOCTUYECKOE 3HAYCHHE; KO-
JMYECTBEHHBIC TIOKA3aTeNN TaK)Ke MOKa3alu cymiecTBeHHbIe pasnuuus. Ha rpadgukax UPGMA, mocTpoeHHbBIX pH
MIOMOIITM METOJ[a HEB3BEIICHHOTO MOMAPHOTO CPEIHETO, TAKCOHBI A/nus CrpyIIHPOBAIICH B TPH KJIacTepa, KOTOPhIC
COOTBETCTBOBAJIU TPYIIIaM, MOJTYYSHHBIM HPU TIOMOIIM METO/IOB INIaBHbIX KOMIOHEHT (PCA) 1 raBHBIX KOOpIUHAT
(PCO). CormacHo nBymepHbiM rpadukam PCA, onpeaenéHHbpie IPU3HAKH HEKOTOPHIX TAKCOHOB MMEIOT TAKCOHOMHU-
YEeCKYI0 3HAYMMOCTb. B psjie ciyyaeB pe3yabTaThl KIaCTEPHOTO aHATN3a OKA3aJINCh CX0KH C TAKOBBIMHU MPEIBITYIITNX
(unoreHeTn4ecKuX 1 MOp(HOIOTUUECKUX UCCIeJoBaHni. Harm pe3yabrarsl oKkas3aiu, 4To, 38 HCKJIFOYEHUEM MTOBH-
IoB A. glutinosa, MOPPOJIOTHIECKUE XAPAKTEPUCTUKH CEMSH SIBIISIOTCS IIEHHBIM TAKCOHOMHUYECKUM MHCTPYMEHTOM

UIeHTU(UKAIUHA U3YYCHHBIX TAKCOHOB A/nus.

Introduction

Alnus Mill. is a genus of Betulaceae which grows
around the Northern Hemisphere and in the Andes
mountains of the Southern Hemisphere. There are
29-35 species of the genus in the world, that about
18-23 species are found naturally in Asia, 9 of
them in the New World and 4-5 species in Europe
(Ashburner, 1986; Chen, 1994; Govaerts, Frodin,
1998).

According to some evaluations (Miki, 1997),
fossil pollen grains of Alnus species have been
reported from the late Cretaceous of western North
America and Japan. However, no megafossils prior
to the Tertiary have been reliably assigned to the
genus.

In the Hyrcanian forests, the trees of this
genus have many critical roles especially in
forest rehabilitation. Like most of woody plants
in Hyrcanian forests, there are many taxonomic
problems concerning the recognition of Alnus
species in Iran. During the long-term investigation
in the most parts of Hyrcanian forests, several
samples of A/nus taxa were collected from different
locations. According to the previous investigations
(Browicz, 1972; Mobayen, 1985), the genus in
Iran comprises of two species: Alnus glutinosa
(L.) Gaertn. subsp. barbata (C. A. Mey.) Yalt. and
A. subcordata C. A. Mey. with two varieties that are
found in these forests. While, results of more recent
studies showed that there are some new species and
subspecies in Iran, including: A. djavanshirii H.
Zare, A. dolichocarpa H. Zare, Amini et Assadi and
A. orientalis Decne., A. glutinosa subsp. glutinosa

and A. glutinosa subsp. antitaurica Yalt. (Zare,
Amini, 2012).

According to  morphological characters,
geographic distribution and phylogenetic analyses
some subgenera and sections were definite for the
genus (Chen, Li, 2004).

In this regard, Alnus phylogenetic analyses
revealed that this genus is a monophyletic group
(Murai, 1964; Navarro et al., 2003; Gholamiterojeni
et al., 2019). Chen and Li (2004) applied sequences
of nuclear ribosomal DNA (ITS region) to detect
phylogenetic relationships of the genus and
recognized three major clades including subgenera
Alnus, Alnobetula  (Ehrhart.)) Peterman and
Clethropsis (Spach.) Murai. Moreover, the analysis
revealed that subgenus A/nobetula is sister to other
subgenera.

Kaya et al. (2011) believed that seed morphology
characters are an important trait in taxonomical
treatment of various families. These characteristics
are mostly used to resolve taxonomical problems
concerning closely related species, taxa delimitation
and establish their evolutionary relationships
(Sukhorukov et al., 2018).

There are several taxonomical treatments of the
genus in Iran. For example, Shayanmehr et al. (2014)
evaluated morphological characteristics of different
Alnus taxa in Iran. The molecular phylogeny of
the genus according to two DNA barcode markers
was not congruent with the last morphological
classifications (Hosseinzadeh-Colagar et al., 2016),
and Gholamiterojeni et al. (2019) performed a
revision of this genus in the country using molecular
ITS markers and morphological characters and



76

Gholami-Terojeni T. et al.

Evaluation of seed morphology characteristics of A/nus taxa in Iran

recognized some new taxa. But we could not find
any study related to seed micromorphology of Alnus
in Iran.

In the current study, we evaluate seed morphology
characteristics of 10 Iranian Alnus taxa. The main
aims for this study were: (1) to study and compare
the seed morphological and micromorphological
characteristics of the taxa for the first time; (2)
study the seed traits have taxonomic importance,
and whether are useful in identification of the
investigated taxa, and (3) study the classification of
taxa based on seed characters and compare with the
previous taxonomical treatments of the genus.

Material and methods

Plant samples

Plant samples of ten A/nus taxa were collected
from the northern slops of Albourz Mountains of
Hyrcanian forests from the north of Iran (Table
1). Three trees were studied for each taxon. Plant
samples of taxa were identified based on the

descriptions provided in different flora such as
“Flora Orientalis” (Boissier, 1867), “Flora of USSR”
(Kuzeneva, 1936), “Flora Iranica” (Browicz, 1972),
“Flora of Turkey” (Yaltrik, 1982), and “Flora of
Iran” (Zare, Aimini, 2012). Herbarium vouchers are
housed in the herbarium of Tehran North Branch,
Islamic Azad University (IAUNT).

Six seed samples were investigated for each
taxon. Different quantitative and qualitative seed
morphology characters such as color, shape, length,
width and length/width ratio, hilum and wings
length were evaluated using Olympus CH, light
microscope. Six repetition were made for each
studied traits.

For Scanning Electron Microscopy (SEM)
examination, the mature and intact seeds were
directly transferred to a stub with double-sided tape.
Seeds were gold-coated in a JFC-1600 Auto Fine
Coater and observed under a SU 3500 scanning
electron microscope. Some characteristics such as
indumentum and surface sculpturing types were
evaluated in SEM micrographs.

Table 1
Localities addresses and herbarium voucher number of the studied A/nus species
Taxon Locality Elevation Geographic Voucher no.
(m) coordinates

A. hyrcana Golestan, National park 471 37°23'N, 55°48'E | TAUNT 16720
A. subcordata var. subcordata | Golestan, Gorgan 477 36°46'N, 54°28'E | TAUNT 16727
A. subcordata var. villosa Mazandaran, Gelvard 753 36°35'N, 53°36'E | TAUNT 16732
A. longiflorescentia Golestan, Gorgan 640 36°07'N, 53°03'E | TAUNT 16719
A. djavanshirii Mazandaran, Behshahr 443 36°39'N, 53°30'E | IAUNT 16729
A. orientalis Mazandaran, Neka 478 36°34'N, 53°29'E | TAUNT 16731
A. glutinosa subsp. glutinosa Mazandaran, Chaboksar —45 37°03'N, 50°25'E | TAUNT 16743
A. glutinosa subsp. antitaurica i/i)a;zdandaran, Mahmood —20 36°36'N, 52°12F TIAUNT 16734
A. glutinosa subsp. barbata Guilan, Talesh —-13 37°41'N, 48°59'E | TAUNT 16751
A. dolichocarpa Guilan, Astara -10 38°12'N, 48°53'E | TAUNT 16749

Statistical analyses

The mean and standard deviation of each
examined quantitative  characteristics =~ were
calculated by SPSS ver. 15. In order to do cluster
analysis, data were standardized, mean of 0 and
standard deviation of 1. These analyses were carried
out with qualitative and quantitative characteristics
using Unweighted Paired Group Method with
Arithmetic Mean (UPGMA), Principal Coordinate
Ordination (PCO), Principal Component Analysis
(PCA) and PCA bi-plots clustering in Multivariate
Statistical Package (MVSP) program (Podani,
2000).

Results

Seed morphology characteristics are presented in
Table 2. Seed quantitative characters differ among
the studied taxa. Longest and shortest seeds are
observed in 4. dolichocarpa and A. glutinosa subsp.
glutinosa, respectively. In addition, the broadest and
narrowest seeds are reported from 4. orientalis and
A. glutinosa subsp. antitaurica, respectively. All
studied taxa have wings, except for 4. djavanshirii.
In this regard, the largest wings are registered in
A. orientalis, and the shortest ones are in
A. subcordata var. villosa and A. glutinosa subsp.
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antitaurica. The longest and shortest hilum are found
in A. hyrcana and A4. longiflorescentia, respectively.

Furthermore, the qualitative characters vary
among the taxa. The seed shape is: elliptic
(A. glutinosa subsp. glutinosa, A. glutinosa
subsp. antitaurica, A. glutinosa subsp. barbata,
A. orientalis, and A. dolichocarpa), cordate (4. sub-
cordata var. subcordata), elongate (A. subcordata
var. villosa), five-angled (4. djavanshirii, A. hyr-

cana and A. longiflorescentia). Surface sculpture
differs as foveolate (4. glutinosa subsp. glutinosa,
A. glutinosa subsp. antitaurica, A. glutinosa subsp.
barbata), rugose (A. djavanshirii, A. hyrcana and
A. orientalis), papilla (4. longiflorescentia),
reticulate striate (A. subcordata var. subcordata)
and reticulate tabular (4. subcordata var. villosa)
(Figs. 1, 2).

Table 2
Seed morphological and micromorphological characteristics of the studied taxa (all values in mm)
Taxa Length | Width | Length/ | Color Shape Epidermis | Indumentum | Wing | Hilum
width cell pattern
ratio
A'bgl”””"m 264+ [256= | 096 | Dark | oo | oo . 0.6+ | 0.8+
SUDSP- 077 | 056 | 011 | Green fpue | oveotate rose 0.08 | 0.1
glutinosa
f'bgsl”””““ 306+ | 249+ | 122+ | Dark | oo L0107
UoSp- 0.19 | 029 | 078 | Green P v 0.04 | 0.05
antitaurica
A. glutinosa 362+ | 286+ | 1.26+ | Dark _ . 0.7+ | 0.8+
subsp. barbata | 0.66 | .71 0.57 | Green | Clliptic | Foveolate Pilose 0.1 | 0.07
Aé:”bcord‘”“ 383+ | 322 | 119+ | Dark | . | Reticulate- ) 0.6= | 0.8+
var. 0.38 1.1 0.43 Green Striate 0.11 0.13
subcordata
A. subcordata | 4.07+ | 2.69+ | 151+ | Dark Eloncate Reticulate- tomentose 0.1+ | 0.5+
var. villosa 0.18 | 047 | 0.7 | Green & Tubular 0.05 | 0.12
. ... | 423+ {292+ | 144+ | Light Five- 0.6 +
A djavanshirii | o 39| 059 | 085 | Green | Angled | 1805 - O 1 .09
. . 3554+ | 337+ | 1.05+ | Light . 09+ | 09+
A. orientalis 017 032 0.56 Green Elliptic Regose - 0.08 0.1
A. dolicho- 432+ | 331+ | 1.03+ | Light . . 0.8+ 1+
carpa 078 | 041 | 028 | Green | PPt | Reticulate - 0.07 | 0.11
A 3924+ | 335+ | 1.17+ | Dark Five- Regose B 0.7+ | 1.08
- yreand 044 | 0.6l 04 | Green | Angled & 0.06 | 022
A. longiflo- 294+ | 289+ | 099+ | Light Five- Panilla B 05+ | 03+
rescentia 0.35 0.74 0.83 Green | Angled P 0.01 0.1

The seed surface of some taxa is covered by
indumentum. It is pilose (4. glutinosa subsp.
antitaurica, A. glutinosa subsp. glutinosa and
A. glutinosa subsp. barbata) or tomentose
(A. subcordata var. villosa).

According to UPGMA tree of seed morphology
characteristics, the studied taxa are divided into
three distinct groups: all studied subspecies of
A. glutinosa with A. subcordata var. villosa
constituent the first group. The second group is
composed of A. dolichocarpa, A. orientalis and
A. subcordata var. subcordata. The rest species,
A. longiflorescentia, A. hyrcana and A. djavanshirii
are clustered as the third group (Fig. 3). Furthermore,
the PCA and PCO plots produce the similar outputs
(Figs. 4, 5).

PCA bi-plot revealed that taxa were characterized
by the special characteristic(s) that is useful in
identification of them. For example, indumentum
type and seed shape were the diagnostic features
for A. subcordata var. villosa and A. subcordata var.
subcordata, respectively. Besides, 4. hyrcana was
characterized by hilum length and 4. dolichocarpa
and A4. oreintalis by wing length (Fig. 6).

Discussion

In this research, we used seed morphology
characteristics of ten Iranian A/nus taxa for evalu-
ating their taxonomical importance and taxa
delimitation. Previous evaluations (Talebi et
al.,, 2012, 2019) revealed that seed morphology
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characteristics play a prominent role in infrageneric
classification and also identification of different
taxa.

We tested both qualitative and quantitative
seed morphological variables. Among qualitative
features, seed color was stable at intraspecific level,
either subspecies or variety. However, in some
cases, it had a diagnostic value at the specific level.
Against, seed shape and epidermis cell sculpturing
pattern were more variable traits than the seed color.
We found four types of seed shape and six types
of seed surface sculpturing pattern. Both characte-
ristics were stable at intraspecific level, while
they had the diagnostic value at the variety level.
Meanwhile, in several cases, these features were
useful in Alnus species identification. Koul et al.
(2000) suggested that seed surface patterns reflect
adaption and natural selection. Furthermore, this

SPLIASO0 - DR xS00 SE

feature has taxonomic significance at the generic
and specific levels (Brochmann, 1992).

We found two types of indumentum on the seed
surface of A/nustaxa. Itis more important toknow that
indumentum was only observed in three subspecies
of A. glutinosa (in the same shape) and 4. subcordata
var. villosa. Using this feature, we could distinguish
two varieties of A. subcordata. Therefore, the
existence and type of indumentum were the valuable
traits for identification of A/nus taxa. The results of
Shayanmehr et al. (2018) investigation revealed
the suitability of ultrastructure characteristics such
as a micro-morphological structure for solving the
taxonomical ambiguities in this genus. In more
recent morphological characteristics, both varieties
of A. subcordata placed far from each other in
different groups (Gholamiterojeni et al., 2019).

i :Il:l'.l.un': SLISS00 25, Ok w500 SE

Fig. 1. SEM micrograph of seed surfaces of the studied taxa. A — Alnus glutinosa subsp. glutinosa; B — A. glutinosa
subsp. antitaurica; C — A. glutinosa subsp. barbata; D, E — A. subcordata var. subcordata; F — A. dolichocarpa.
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Fig. 2. SEM micrograph of the seed surfaces of the studied taxa. A, B — A. subcordata var. villosa; C — A. djavanshirii;
D — A. orientalis; E — A. longiflorescentia; F — A. hyrcana.

UPGMA
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——A. glutinosa subsp. barbata
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Fig. 3. UPGMA tree of the studied 4/nus taxa, according to seed morphological features.
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06 09 12 15

L |
A5 12

-0.9+
.21
.55

Axs 1

PCA case scores

0.7

il ; 0.6+

. subcordata var. villosa
A 0AL
Induinentum A. subcordata var. subcordata

0.3+ A
<l A. longiflorescentia

— o S el SR

06 -04 -0.3 U}'i/ . 01 03 04 06 07

Wing um

A A orientalis
A A. dolichocarpa

A. hyrcana

0.3+ A

0.4+
-0.6—

Axls 1

Vector scalina: 0.77

Fig. 6. PCA Bi-plot of the studied A/nus taxa and their seed features.
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Quantitative seed morphological characteristics
varied among the taxa and could be used as the
diagnostic features in taxa identification, as shown
by PCA bi-plot. According to seed morphological
UPGMA tree, three subspecies of A. glutinosa were
close together. Similar results were reported by
Shayanmehr et al. (2014) and Gholamiterojeni et al.
(2019). They investigated morphological features
and phylogenetic relationship using molecular ITS
markers of some A/nus taxa and reported that these
sub-species had very similar features. Meanwhile,
Hosseinzadeh-Colagar et al. (2016) analyzed of
trnH-psbA sequence data of different A/nus taxa
and suggested that the recognized A. glutinosa
subspecies were distributed among the other species
of the genus.

According to previous morphological study,
A. dolichocarpa and A. djavanshirii were very
similar to that of A. subcordata var. subcordata
(Shayanmehr et al., 2014). In our study,
A. subcordata var. subcordata and A. dolichocarpa
placed in the same group close to each other, and
A. djavanshirii was clustered separately. However,
in nuclear ribosomal ITS and chloroplast trnH-
psbA intergenic spacer analyses A. dolichocarpa
and A. djavanshirii, did not reveal any diagnostic
sites and had a similar pattern with A. subcordata.

In addition, A. orientalis and A. subcordata var.
subcordata were clustered in the same group,
in similar with the previous phylogenetic study
(Hosseinzadeh-Colagar et al., 2016).

Conclusion

We investigated seed qualitative and quantitative
morphological characteristics of 10 A/nus taxa in
Iran to compare their morphological characteristics
and study of their taxonomic importance in
identification of taxa at species as well as
infraspecific levels. Our finding revealed that most
of seed morphological characteristics, especially
qualitative ones, could be considered as a valuable
taxonomic tool at the species level. By contrast, their
diagnostic value at infraspecific ranks, especially
subspecies, is questionable. But two varieties of
A. subcordata can be distinguished by those traits.
However, some characteristics including seed color
had not taxonomical importance. According to seed
features, the studied taxa were divided into three
groups and each of taxa was characterized by special
seed feature(s). In some cases, taxa clustering
were similar with the previous morphological and
phylogenetic studies.
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