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Abstract

Seed micromorphology of 16 taxa from Ochradenus and Reseda (Resedaceae) was examined using
stereomicroscope and scanning electron microscope. In the present study, three quantitative (length, width, and ratio of
seed length/seed width) and 10 qualitative micromorphological characteristics (color, brightness, the situation of
surface, the state of hilum, shape, coat pattern sculpture, outer epidermal cell shape, the characteristics of anticlinal and
periclinal walls, and the presence or absence of carunculoid tissue) of seed were examined. Results showed that, seed
quantitative characteristics varied among studied taxa. In addition, significant diversity was found in all qualitative
characteristics (especially seed color with 11 states and its coat pattern sculpture with nine states). Dendrogram of seed
micromorphological characteristics constructed four seed types and two subtypes as follows: type 1 or Ochradenus-
Reseda type with two subtypes, type 2 or core section Reseda type, type 3 or Reseda-luteola type, and type 4 or derived
Reseda type. Seed micromorphology characteristics evidence partly verified the taxonomical and phylogenetical
situation of the taxa from the above-mentioned family in Iran.
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Introduction

The Resedaceae contains about six genera
(Caylusea A.St.-Hil., Ochradenus, Oligomeris Cambess.,
Randonia Coss., Reseda, and Sesamoides Ortega) that
are widely distributed in the Old World, with a major
center of species diversity in the Mediterranean basin
(Nowroozi 1993, Martin-Bravo et al. 2007, Martin-Bravo
& Amini Rad 2010, APG IV 2016, Ranjbar & Asgari
Nematian 2021). Many species of the family grow on
basic soils of arid habitats, others are ruderal weeds, and
a few confined to high mountains (Martin-Bravo et al.
2007, Cilden et al. 2018). Some taxonomical attempts
have been made to classify Resedaceae taxa based on
morphological characters (Abdallah & de Wit 1978,
Miller 1984). Traditional taxonomy divided the genus
Reseda into three subgenera: Reseda, Glaucoreseda, and
Neoreseda. Reseda subg. Reseda was divided into three
sections as follows Reseda, Leucoreseda, and Phyteuma.
In addition, phylogenetic relationships of this family
based on molecular markers (ITS, trnL-F) were identified
2007).

morphological data (pollen and seed) had valuable

(Martin-Bravo et al. Recently,  micro-
taxonomical understanding of the taxa from this family
(De Leonardis et al. 1997, Al-Nowaihi et al. 2002,
Asgari Nematian & Ranjbar 2021, Cilden & Yildirimli
2021). While seed micromorphology has been a valuable
tool in systematic studies of various plant families (Arabi
et al. 2017, Hoseini et al. 2017, Nejad Falatoury et al.
2021). Seed data for the Resedaceae family have not
been previously examined in Iran. This study was
conducted to investigate

the potential utility of

seed micromorphological characteristics for better
understanding taxonomic relationships among members
of this family, including sectional and infrageneric

classification.

Materials and Methods

Seeds of 16 taxa belong to three genera of the
Resedaceae (especially focused on genus Reseda)
were provided by the Bu-Ali

Herbarium (BASU), Hamedan (Iran). The information

Sina University

for voucher specimens used in the present study,
including herbarium deposition and some notes on the
location of the plants was given in table 1. The mature
seeds used in this study were removed from herbarium
specimens. Qualitative and quantitative seed micro-
morphological characteristics were detected and
listed in tables 2 & 3. Seed micromorphological
characteristics were also examined by stereo-
microscope (Olympus CX 41) and Scanning Electron
Microscope (SEM) (JEOL JSM-840). Before the SEM
observation, seeds were mounted directly on
aluminium stubs using double-sided adhesive tape and
were coated with a thin layer of gold. For recording
the seed and size parameters, at least 10 seeds were
measured. The descriptive terminology applied here is
comparable to that used by Barthlott (1981), Stearn
(1992), and Bojnansky & Fargasova (2007). Eight
seed characteristics were determined (five qualitative
characteristics and three quantitative characteristics).
Color of seed had a high variation in the species (Figs
1 & 2) that were listed in table 2. MVSP software
(Multi-Variate Statistical Package) along with the
UPGMA method (Un Weighted Pair-Group Analysis)
based on Euclidean distances was applied for
micro-

constructing of dendrogram from the

morphological seed characteristics. In addition,
Component Analysis (PCA) by MVSP

software was used for the studied species (as PCA

Principal

case scores) and seed characteristics (as PCA variable
loadings) (Kovach 1999).
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Table 1. List of the studied taxa used in this study from Iran along with related data
Taxon Locality & voucher No. (BASU)*

Ochradenus baccatus Delile. Kish Island: Asgari 38429

O. ochradeni (Boiss.) Abdallah Khorasan Prov.: Neyshabur, Asgari 35145

Reseda alba subsp. alba L. Khuzestan Prov.: Omidieh, Asgari 53491

R. arabica Boiss. Khuzestan Prov.: Omidieh, Ranjbar 3208

R. aucheri subsp. afghanica Rech.f. Khorasan Prov., Ranjbar 3209

R. aucheri subsp. aucheri Boiss. Kerman Prov.: Bam to Iranshahr, Ranjbar 3207

R. aucheri subsp. bracteata (Boiss.) Rech.f. Bushehr Prov.: Delvar to Tangestan, Joharchi 2430

R. aucheri subsp. rechingeri (Abdallah & de Wit) Kerman Prov.: Bam, Ranjbar & Asgari 31358

Rech.f.

R. aucheri subsp. rotundifolia (Kotschy ex. Mull. Kermanshah Prov.: Sumar-Tange Bijar, Ranjbar & Asgari 37594

Arg.) Rech.f.

R. aucheri subsp. transitoria Rech.f. Fars Prov.: Shiraz, Kazeron, Ranjbar 14289

R. buhseana var. buhseana Mill. Arg. Yazd Prov.: Taft to Dehbala, Ranjbar 803

R. buhseana var. dshebeli (Czerniak.) Abdallah & E. Azarbaijan Prov.: Mianeh, Joharchi & Zangooie 11371

de Wit

R. hemithamnodes Czernjak. Semnan Prov.: Damghan, Hossein-Zadeh & Joharchi 30931

R. lutea L. Lorestan Prov.: Noorabad to Kenar Takhteh, Ranjbar & Asgari 41706

R. luteola L. Khorasan Prov.: Bojnurd, Joharchi & Aydani 35718

R. microcarpa Mill. Arg. W. Azarbaijan Prov.: Siahroad to Jolfa, Ranjbar 45833
* BASU: Bu-Ali Sina University Herbarium (Hamedan, Iran)
Results
- Stereomicroscopic observations subsp. afghanica (Fig. 1E) and the others

Based on the results derived from the present had subcentral (Table 2 & Figs 1 & 2). The

study, seed brightness was dull for R. arabica (Fig. measurements of seed length and width
1D), R. aucheri subsp. afghanica (Fig. 1E), (quantitative characteristics) were varied in the
R. aucheri subsp. rechingeri (Fig. 1H), R. buhseana studied species (Table 2). In addition, this

var. dshebeli (Fig. 2D), and R. microcarpa (Fig. 2H)
and the other studied species had glossy state (Table
2 & Figs 1 & 2). Four surface states were found in
the studied species (Ochradenus baccatus and
R. microcarpa with warty state (Figs 1A, 2H),
O. ochradeni and R. alba subsp. alba with slightly
warty state (Figs 1B, 1C), R. arabica with rugose
state (Fig. 1D), and the other species (Figs 1 & 2)
with smooth state) (Table 2). In the present study,
subcentral and central hilum was seen in R. aucheri

differentiation was seen in length and width ratio
(L/W) as the other quantitative characteristic (Table
2). Reseda luteola had a minimum L/W ratio (1.06)
among the studied species (Table 2). Maximum L/W
ratio was measured for R. arabica (1.64) (Table 2).
Three seed shapes were detected during the present
study as follows: Reseda lutea with reniform-ovate
(Fig. 2F), R. luteola with reniform-globose (Fig.
2G), and the others (Figs 1 & 2) had reniform seed
shapes (Table 2).
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Table 2. Seed micromorphology characters of studied species by stereomicroscope

Taxon Color briz(;li:ess Surface Hilum Ing:SSh See(?lnvr\T/:)d th L/W  Shape
(mm)

Ogg::ig?g:s I?)r%\;t\j/js(;o Glossy Warty  Subcentral 113)58()11%?6’3 il%%()llﬁ 1.19 Reniform
O. ochradeni er :)ngtn Glossy S\:\i/g:wtt)lly Subcentral 122101()22%?% 1104381529 1.46  Reniform
Reszebdsz.a;tl)ga ié?\rll\ilih Glossy ngp,;y Subcentral il?(’)?é()lliflg 1100881130 1.24  Reniform
R. arabica er 'C?VC:] Dull Rugose  Subcentral i25059()22%% i104i3816? 4 1.64  Reniform
nghS i ol maan Sl 08408 0TOD 12 Rentom
R'siggzégucheri ngg\%:h Glossy Smooth  Subcentral 2%22()%%‘; ¢0078S)07§1 1.20 Reniform
Rlazégg::a ngg\%:h Glossy Smooth  Subcentral 2%28%7820 iOOSOZS)OSES 1.30 Reniform
R. aucheri Greenish

?gct:);?r.]geri blrig\r/]vtn Dull Smooth  Subcentral iogi()%%i 100655))07?3 1.22  Reniform
R.sigscgéri _ Grde::LiSh Glossy Smooth  Subcentral Egé()%%% +O(')6§A(3(')7g2 1.16  Reniform

rotundifolia brown - ' - '
R.siggg.e ri- Grl?(gamSh Glossy Smooth  Subcentral 2%73()%77% +065(:)L§())6521 1.29 Reniform

transitoria brown - ' - '
o 2 sy s s 1202 OO0 120 o
e RS ou smeon s 10001 BEGD 15 R
R. hemithamnodes kl)_r:?vr\}; Glossy Smooth  Subcentral i)%%()ol%Zl 100784{;)0732 1.24  Reniform
R. lutea blzr)g\:\I/(n Glossy Smooth  Subcentral J_}%%()ll;% 1101381220 1.36 Reg\i/i;;m-
R. luteola B;;g\rlj\lli:h Glossy Smooth  Subcentral E%%()Ola% 100984(,;)19(:)31 1.06 Rgelnoi ;%;T
R. microcarpa Brk())l\;v Q;Sh Dull Warty  Subcentral J_}Zlil()lli% 1102381221 1.27  Reniform
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Fig. 1. Stereomicroscopic photos of seeds of the Resedaceae species in Iran: A. Ochradenus baccatus, B. O. ochradeni,
C. Reseda alba, D. R. arabica, E. R. aucheri subsp. afghanica, F. R. aucheri subsp. aucheri, G. R. aucheri subsp.
bracteata, H. R. aucheri subsp. rechingeri (Bar = 2 mm).
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Fig. 2. Stereomicroscopic photos of seeds of the Resedaceae species in Iran: A. Reseda aucheri subsp. rotundifolia,
B. R. aucheri subsp. transitoria, C. R. buhseana var. buhseana, D. R. buhseana var. dshebeli, E. R. hemithamnodes,
F.R. lutea, G. R. luteola, H. R. microcarpa (Bar = 2 mm).
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- Scanning electron microscopic observations

In the present study, nine qualitative seed
micromorphological characteristics were investigated
through scanning electron microscope (Table 3 & Figs
3-6). As a result, seed sculpture had high differentiation
among these characteristics with nine patterns
(O. baccatus and R. microcarpa with tuberculate pattern
(Figs 3A2, 6D2), O. ochradeni and Reseda alba subsp.
alba with colliculate pattern (Figs 3B2, 3C2), R. arabica
and R. buhseana var. dshebeli with rugose pattern (Figs
3D2, 5D2), R. aucheri subsp. afghanica and R. aucheri
subsp. aucheri with granulate pattern (Figs 4A2, 4B2),
R. aucheri subsp. bracteata and R. aucheri subsp.
rotundifolia with rugulose pattern (Figs 4C2, 5A2),
R. aucheri subsp. rechingeri and R. aucheri subsp
transitoria with undulate pattern (Figs 4D2, 5B2), R. lutea
and R. luteola with smooth pattern (Figs 6B2, 6C2),
R. buhseana var. buhseana with areolate-reticulate pattern
(Fig. 5C2, and R. hemithamnodes (Fig. 6A2) with
reticulate pattern) (Table 3). There were isodiametric
polygonal and irregular polygonal cell shapes in the outer
epidermal cells of O. ochradeni and R. alba subsp. alba
(Table 3 & Figs 3-6), while, O. baccatus, R. arabica,
R. aucheri subsp. rotundifolia, R. aucheri subsp
transitoria, R. buhseana var. buhseana, R. lutea, and
R. microcarpa had polygonal to elongated cell shapes
(Table 3 & Figs 3A2, 3D2, 5A2, 5B2, 5C2, 6B2, 6D2).
About this micromorphological characteristic, the rest
species studied had polygonal cell shapes (Table 3 & Figs
3-6). In the anticlinal seed wall, four micromorphological
characteristics were detected as follows: shape with five
states (R. aucheri subsp. bracteata with sinuous shape
(Fig. 4C2); R. luteola with straight to undulate shape (Fig.
6C2), R. aucheri subsp. rotundifolia, R. lutea and
R. microcarpa with straight to slightly undulate shape
(Figs. 5A2, 6B2, 6D2); R. arabica, R. aucheri subsp.
afghanica, and R. aucheri subsp. aucheri, R. aucheri

subsp. rechingeri, R. aucheri subsp transitoria, and

R. buhseana var. dshebeli with undulate shape (Figs 3D2,
4A2, 4B2, 4D2, 5B2, 5D2) and the rest (Figs 3-6) with
straight to slightly sinuous); texture with five states
(O. baccatus and R. luteola with a smooth texture (Figs
3A2, 6C2); R. alba subsp. alba with smooth to folded
texture (Fig. 3C2); R. arabica, R. aucheri subsp. aucheri,
R. buhseana var. dshebeli, and R. microcarpa with striate
texture (Figs 3D2, 4B2, 5D2, 6D2); R. lutea with smooth
to slightly striate state (Fig. 6B2) and the other studied
species (Figs 3-6) with smooth to striate texture) (Table
3); thickness and level (R. arabica, R. hemithamnodes,
R. lutea with thickness and raised wall (Figs 3D2, 6A2,
6B2), O. ochradeni with thickness and grooved wall (Fig.
3A2) and the rest (Figs 3-6) with thinness and grooved
wall) (Table 3). In this way, two micromorphological
characteristics were examined such as texture and level of
periclinal wall (Table 3). There were six kinds of textures
in O. ochradeni and R. luteola with smooth texture (Figs
3B2, 6C2); R. alba subsp. alba with microreticulate-folded
texture (Fig. 3C2); R. aucheri subsp. rechingeri with
striate to fine folded texture (Fig. 4D2); R. buhseana var.
dshebeli with linear striate texture (Fig. 5D2); R. lutea
with smooth to fine striate texture (Fig. 6B2), and the other
studied species (Figs 3-6) with striate texture) (Table 3).
Level of the periclinal wall is categorized into 6 states as
follows: convex with conical elevations (O. baccatus and
R. microcarpa) (Figs 3A2, 6D2), convex (O. ochradeni,
R. alba subsp. alba, and R. aucheri subsp. afghanica)
(Figs 3B2, 3C2, 4A2), flat (R. arabica, R. lutea and
R. luteola) (Figs 3D2, 6B2, 6C2), convex to flat
(R. aucheri subsp. bracteata) (Fig. 4C2), flat to slightly
convex (R. buhseana var. buhseana) (Fig. 5C2), and flat to
convex (the other studied species) (Table 3 & Figs 3-6).
Carunculoid tissue was absent in the seed of O. baccatus,
R. alba subsp. alba, R. lutea, and R. microcarpa (Table 3
& Figs 3A3, 3C3, 6B3, 6D3). In the other studied species,
this tissue was seen (Table 3 & Figs 3B3, 3D3, 4A3, 4B3,
4C3, 4D3, 5A3,5B3, 5C3, 5D3, 6A3, 6C3).
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Table 3. Seed micromorphology characters of studied species by scanning electron microscope with reference to their

qualitative characteristics

Seed coat (_)uter Anticlinal wall Periclinal wall Carunculoid
Taxon pattern epidermal tissue
sculpture  cell shape Shape Texture  Thickness Level Texture Level
Straight
Polygonal to .
Ochradenus Tuberculate elongated o Smooth Thin Grooved Striate Conlf:al Absent
baccatus cells slightly elevations
sinuous
Isodiametric Str?(')ght Smooth
O. ochradeni Colliculate polygonal . - Thick Grooved Smooth Convex Present
cells s_llghtly to striate
sinuous
Straight
Irregular Smooth . .
R. alba Colliculate polygonal .to to Thin Grooved Microreticulate- Convex Absent
subsp. alba slightly folded
cells ] folded
sinuous
Polygonal to
R. arabica Rugose elongated Undulate  Striate Thick Raised Striate Flat Present
cells
R. aucheri
subsp. Granulate Polygonal Undulate Smopth Thin Grooved Striate Convex Present
. cells to striate
afghanica
R. aucheri
subsp. Granulate Polygonal Undulate  Striate Thin Grooved Striate Flat to Present
. cells convex
aucheri
R. aucheri
subsp. Rugulose Polygonal Sinuous Smopth Thin Grooved Striate Convex Present
cells to striate to flat
bracteata
R. aucheri Polygonal Smooth Striate to fine Flat to
subsp. Undulate Y9 Undulate - Thin Grooved Present
' . cells to striate folded convex
rechingeri
R. aucheri Polygonal to Straight
to Smooth . . Flat to
subsp. Rugulose elongated . - Thin Grooved Striate Present
- slightly  to striate convex
rotundifolia cells
undulate
R. aucheri Polygonal to
subsp Undulate elongated Undulate tin;t?' ?;?e Thin Grooved Striate é:c:zt,g:( Present
transitoria cells
Straight
R\./Z;J hecana Areolate- Pgllggogtaeldto to Smooth Thin Grooved Striate s'iila;ttlo Present
: reticulate 4 slightly  to striate gntly
buhseana cells - convex
sinuous
R. buhseana Polygonal . . . . Flat to
var. dshebeli Rugose Cells Undulate Striate Thin Grooved Linear striate convex Present
R Straight
N - Polygonal to Smooth . . . Flat to
zimthamno- Reticulate cells slightly o striate Thick Raised Striate convex Present
sinuous
Straight Smooth
Polygonal to .
R. lutea Smooth elongated 'to 'to Thick Raised SmOOth to fine Flat Absent
slightly slightly striate
cells a
undulate striate
Straight
R. luteola Smooth Polc);glglc;nal to Smooth Thin Grooved Smooth Flat Present
undulate
Polygonal to Str?cl)ght Conical
R. microcarpa  Tuberculate elongated . Striate Thin Grooved Striate - Absent
cells slightly elevations

undulate
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Fig. 3. Scanning electron microscope micrographs of seeds of the Resedaceae species in lran: Al. General view of
Ochradenus baccatus, A2. Seed coat pattern sculpture, A3, Hilum, B1l. General view of O. ochradeni,
B2. Seed coat pattern sculpture, B3, Hilum, C1. General view of Reseda alba, C2. Seed coat pattern sculpture,
C3. Hilum, D1. General view of R. arabica, D2. Seed coat pattern sculpture, D3, Hilum (Bars: A1-D1 = 100 um,
A2-D2 =10 pm, A3-D3 = 10 um).
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Fig. 4. Scanning electron microscope micrographs of seeds of the Resedaceae species in Iran: Al. General view of
Reseda aucheri subsp. afghanica, A2. Seed coat pattern sculpture, A3. Hilum, B1. General view of R. aucheri subsp.
aucheri, B2. Seed coat pattern sculpture, B3. Hilum, C1. General view of R. aucheri subsp. bracteata, C2. Seed coat
pattern sculpture, C3. Hilum, D1. General view of R. aucheri subsp. rechingeri, D2. Seed coat pattern sculpture,
D3. Hilum (Bars: A1-D1 = 100 pm, A2-D2 = 10 pm, A3-D3 = 10 pm).
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Fig. 5. Scanning electron microscope micrographs of seeds of the Resedaceae species in Iran:
Al. General view of Reseda aucheri subsp. rotundifolia, A2. Seed coat pattern sculpture, A3. Hilum, B1. General view
of R. aucheri subsp. transitoria, B2. Seed coat pattern sculpture, B3. Hilum, C1. General view of R. buhseana var.
buhseana, C2. Seed coat pattern sculpture, C3. Hilum, D1. General view of R. buhseana var. dshebeli, D2. Seed coat
pattern sculpture, D3. Hilum (Bars: A1-D1 = 100 um, A2-D2 = 10 pm, A3-D3 = 10 um).
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Fig. 6. Scanning electron microscope micrographs of seeds of the Resedaceae species in Iran: Al. General view of
Reseda hemithamnodes, A2. Seed coat pattern sculpture, A3. Hilum, B1. General view of R. lutea, B2. Seed coat
pattern sculpture, B3. Hilum, C1. General view of R. luteola, C2. Seed coat pattern sculpture, C3. Hilum, D1.
General view of R. microcarpa, D2. Seed coat pattern sculpture, D3. Hilum (Bars: A1-D1 = 100 um, A2-D2 = 10 um,

A3-D3 = 10 um).

- Statistical analyses: Un-weighted Pair-Group Analysis
(UPGMA) and Principal Components Analysis (PCA)
According to the UPGMA method based on
Euclidean distances from the seed micromorphological
characteristics under stereomicroscopic and scanning
electron microscopic observation, four seed types and
two subtypes were obtained which are given as follows:
Type 1 (Ochradenus-Reseda type) including two
subtypes: subtype 1 (genus Ochradenus and R. alba

subsp. alba) and subtype 2 (R. arabica); Type 2 or core

section Reseda type (R. aucheri, R. buhseana, and
R. hemithamnodes); Type 3 (Reseda-luteola type:
R. lutea and R. luteola); and Type 4 or derived Reseda
type (R. microcarpa) (Fig. 7).
The results of PCA including eigenvalues,
percentages, and cumulative percentages for both axes,
PCA case scores (as the studied species), and PCA
variable loadings (as the seed micromorphological
characteristics) which were obtained from the present

study, are shown in table 4 and figure 8. According to
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this, four types of case scores in both axes were present:
type 1 includes two subtypes, subtype 1: genus
Ochradenus and R. alba subsp. alba (negative in both
axes) and subtype 2: R. arabica (positive in axis 2 and
negative in axis 1) (Table 4 & Fig. 8). Type 2 includes
R. aucheri, R. buhseana, and R. hemithamnodes (positive
and negative in both axes) (Table 4 & Fig. 8). Type 3
includes R. lutea and R. luteola (positive in both axes),
and type 4 includes R. microcarpa (positive in axis 1 and
negative in axis 2) (Table 4 & Fig. 8).

The results of PCA analysis based on the studied
species and their seed micromorphological characteristics

overlapping showed that, seed color (characteristic A)

and seed coat pattern sculpture (characteristic O) had a
major role in the situation of types 3 and 4 in the seed
micromorphological biplot (Fig. 8A). Shape of the
anticlinal wall (characteristic Q), the texture of anticlinal
wall (characteristic R), the texture of periclinal wall
(characteristic U), seed surface (characteristic C), outer
epidermal cell shape (characteristic P), and the level of
periclinal wall (characteristic V) had major roles in the
situation of type 2 (Fig. 8A). The rest studied seed
characters in the central part of the biplot (characteristics
group A) were important for the situation of all studied
species (Table 4 & Fig. 8).

Table 4. The seed micromorphological characteristics analyzed by principal components analysis (PCA)

Principal component analysis (analyzing 23 variables x 16 cases)

Axis 1 Axis 2
Eigenvalues 13.775 6.983
Percentage 45.282 22.954
Cum. percentage 45.282 68.237
PCA variable loading
Axis 1 Axis 2
Color 0.725 -0.558
Surface 0.192 0.267
Seed coat pattern sculpture 0.526 0.624
Outer epidermal cell shape 0.054 0.204
Shape of anticlinal wall 0.244 -0.159
Texture of anticlinal wall 0.048 -0.189
Texture of periclinal wall 0.165 -0.08
Level of periclinal wall 0.183 0.284
PCA case scores

Axis 1 Axis 2
Ochradenus baccatus 1 -1.798 -0.247
O. ochradeni 2 -1.349 -0.096
Reseda alba subsp. alba 3 -1.014 -0.231
R. arabica 4 -1.109 0.015
R. aucheri subsp. afghanica 5 -0.437 0.224
R. aucheri subsp. aucheri 6 -0.124 0.149
R. aucheri subsp. bracteata 7 0.12 0.46
R. aucheri subsp. rechingeri 8 0.446 0.351
R. aucheri subsp. rotundifolia 9 0.451 -0.117
R. aucheri subsp transitoria 10 0.291 0.287
R. buhseana var. buhseana 11 0.781 0.304
R. buhseana var. dshebeli 12 0.638 -0.709
R. hemithamnodes 13 -0.233 1.393
R. lutea 14 1.319 0.006
R. luteola 15 1.683 0.159
R. microcarpa 16 0.336 -1.948
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Fig. 7. Dendrogram of the studied species of Reseda and Ochradenus which was analyzed by MVSP software based on
the UPGMA method (Euclidean distances) from seed micromorphological data and their taxonomic relationships. Four
seed types and two seed subtypes (red and green color) were illustrated.
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Fig. 8. Principal components analysis scatterplot obtained from overlapping of Ochradenus and Reseda species with
seed characteristics (case scores and variable loadings) and the seed characteristics (variable loadings). Case scores
(as species): O. baccatus (1), O. ochradeni (2), R. alba subsp. alba (3), R. arabica (4), R. aucheri subsp. afghanica (5),
R. aucheri subsp. aucheri (6), R. aucheri subsp. bracteata (7), R. aucheri subsp. rechingeri (8), R. aucheri subsp.
rotundifolia (9), R. aucheri subsp transitoria (10), R. buhseana var. buhseana (11), R. buhseana var. dshebeli (12),
R. hemithamnodes (13), R. lutea (14), R. luteola (15) and R. microcarpa (16). Variable loading (as pollen grain
characteristics): seed color (A), shape of anticlinal wall (Q), texture of anticlinal wall (R), texture of periclinal wall (U),
seed surface (C), seed coat pattern sculpture (O), outer epidermal cell shape (P), level of periclinal wall (V), and
characteristics group A (the other seed micromorphological characteristics).
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Discussion

Recent studies have reported new records of
Resedaceae in the Flora of Iran (Martin-Bravo & Amini
Rad 2010, & Asgari Nematian 2021).

Micromorphological characteristics, in conjunction with

Ranjbar

morphological features such as leaf size and shape,
pedicel length, leaf, stem, and fruit indumentum, and
petal shape and size, have been found to be valuable in
species and subspecies delimitation within Reseda
(Martin-Bravo et al. 2007, Cilden et al. 2018, Ranjbar
& Asgari Nematian 2021). Additionally,

morphological characteristics have recently demonstrated

micro-

their effectiveness in distinguishing taxa within the
Resedaceae family (Cilden & Yildirimli 2021).
- Seed micromorphological issues

Results of the present study showed that, the seed
micromorphology was variable in the genus Reseda.
Micromorphological characteristics had also minor
contrast with the taxonomical and phylogenetical
relations of this family in Iran. Previously, some studies
had been done on this genus by De Leonardis et al.
(1997), Al-Nowaihi et al. (2002), and Cilden &
Yildirimli (2021) with valuable taxonomical data.

Based on De Leonardis et al. (1997), three studied
species of Reseda were different in seed coat sculptures
(R. alba with tuberculate sculpture, R. luteola with
reticulate-foveolate sculpture, and R. lutea with reticulate
sculpture). Moreover, there was a distinction in the
presence or absence of aril between R. luteola and
R. lutea (De Leonardis et al. 1997). Results of Al-
Nowaihi et al. (2002) distinguished variable seed
micromorphology such as four kind of seed shape
(reniform, ovoid, ovoid-pear, and spherical), combination
of seed testa color for each taxon (except Randonia
africana and Reseda phyteuma with brown color), varied
measurement on seed dimension especially in the taxa of
Reseda, presence or absence of seed aril (presence in the

genus of Reseda), three states of seed sinus (closed,

narrow opened or slightly opened, and fairly wide slit),
six kinds of sculpture of seed surface in the studied
species of Reseda (tuberculate, areolate-scalariform,
areolate-globulate, favulariate- rugose to ruminate with
different striations, reticulate-smooth to finely granulate,
and colliculate-rugose), and spermoderm anatomy
included characteristics of seed exotesta region (shape of
the cell in this region, thickness and shape of outer with
inner and anticlinal periclinal wall); mesotesta region
(presence in Caylusea hexagyna); endotesta region (with
one to multi layers), exotegmen region (with one layer in
all studied taxa); mesotegmen region (with different cell
shapes in one layer in all studied taxa); and endotegmen
region (one layer in all studied taxa except Oligomeris
linifolia with two or three) (Al-Nowaihi et al. 2002).

According to recent seed micromorphology
research, the studied species of Reseda varied in Turkey
(Cilden & Yildirimli 2021). Based on their study, seed
color, seed brightness, seed shape, presence of
carunculoid tissue (in R. armena, R. coodei, R. balansae,
R. orientalis, R. minoica, and R. anatolica), testa surface,
and quantitative characteristics measurements such as
length and width of seed, and sinus width had higher
variation (with four states) (Cilden & Yildirimli 2021).

In the present investigation, eight kinds of seed
color and two kinds of seed brightness were determined
in the taxa of Ochradenus and Reseda which accepted
the variation of these characteristics with the previous
research by Cilden & Yildirimli (2021). In addition, three
seed shapes were seen in the studied taxa during the
present survey. This result partly agreed with the
previous seed studies (Al-Nowaihi et al. 2002, Cilden &
Yildirimli 2021). In the present study, for a better
understanding of the differentiation of studied species,
five qualitative characteristics were examined (surface
and hilum state, outer epidermal cell shape, situation of
anticlinal, and periclinal wall). In this way, the seed

surface had the best variation among those confirmed by
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the result of Al-Nowaihi et al. (2002). In addition,
anticlinal and periclinal walls had valuable seed
information and there was a differentiation in seed length
and width measurement in the results derived from the
present study similar to the previous studies (Al-Nowaihi
et al. 2002, Cilden & Yildirimli 2021). Moreover, the
L/W ratio was measured for the first during this research.
As a whole, the results of Al-Nowaihi et al. (2002)
showed that, high variation in seed micromorphology in
the Resedaceae. The results of the present study on the
sculpture issues differ from previous researches (Al-
Nowaihi et al. 2002, Cilden & Yildirimli 2021, De
Leonardis et al. 1997). It seems that, this characteristic
varied in this family based on ecological conditions. By
comparison of both previous seed studies about the
presence or absence of aril, there was variety in the taxa
of Reseda (De Leonardis et al. 1997, Al-Nowaihi et al.
2002). However, the presence or absence of carunculoid
tissue of the two taxa (R. alba and R. lutea) differs from
previous researches (Cilden & Yildirimli 2021). The
Absence of this tissue was similar to the results of Cilden
& Yildirimli (2021) in R. aucheri subsp. rotundifolia and
R. luteola. The other species studied in the present
research, were reported for the first time about this tissue.
Therefore, the results of this study and previous
researches showed variation in the presence or absence of
carunculoid tissue.
- Taxonomical issues

In Iran, the Resedaceae is represented by 14
species to three genera including Ochradenus (three
species), Oligomeris (one species), and Reseda (10
species, eight subspecies and two varieties) (Abdallah &
de Wit 1978, Nowroozi 1993). The genus Reseda
includes 12 species, eight subspecies, and four varieties
in the Flora Iranica areas (Abdallah et al. 1982). Reseda
species belong to two subgenera (Luteola, Reseda).
While, subgenus luteola incudes one taxon (R. luteola)
(Abdallah & de Wit 1978). Subgenus Reseda has been
divided into three sections (Reseda, Leucoreseda with
R. alba, and Phyteuma with R. arabica) (Abdallah & de

Wit 1978). Section Reseda is categorized into two series

(Reseda and Asperula). In Aperula series, there is
R. microcarpa and R. buhseana var. asperula (Abdallah
& de Wit 1978). Series Reseda segregated into subseries
(Reseda with R. lutea and Multilaciniata series with taxa
included R. aucheri (with six subspecies), R. bungei,
R. hemithamnodes, R. macrobotrys, and R. buhseana
(with two varieties) (Abdallah & de Wit 1978).
Taxonomical issues of Ochradenus are considered by
Miller (1984).

Recently, molecular data supported taxonomical
issues based on morphological characteristics (Martin-
Bravo et al. 2007). Based on this study, the monophyly
of the Resedaceae and the situation of three tribes in this
family were accepted (Martin-Bravo et al. 2007). In
addition, the monophyly situation of genera Caylusea
and Sesamoides was determined in the cladogram based
on nuclear and plastid markers (Martin-Bravo et al.
2007).

Ochradenus, Oligomeris, Randonia, and Reseda gathered

The other genera of this family include
in the cladogram as a paraphyletic core group (Martin-
Bravo et al. 2007). In addition, phylogenetic properties
obtained the monophyly placement from six sections of
the genus Reseda (Martin-Bravo et al. 2007).

In the present study, the taxa of genus
Ochradenus partly distinguished from taxa of Reseda.
This result corroborated with the core group situation
obtained from the cladogram (Martin-Bravo et al. 2007).
In this way, the studied subspecies belongs to R. aucheri
and the studied varieties of R. buhseana partly followed
the taxonomical properties of Abdallah & de Wit (1978).
Although the seed dendrogram situation of section
Phyteuma accepted the monophyly of this section. The
studied taxon of section Leucoreseda did not support this
situation of phylogram by Martin-Bravo et al. (2007). In
the present study, R. lutea (section Reseda and from
subgenus Reseda) and R. luteola (subgenus luteola) were
placed in one seed micromorphological type. Although,
phylogenetical and taxonomical issues do not support
this result (Abdallah & de Wit 1978, Martin-Bravo et al.
2007). Both mentioned taxa were found to be closely

related in the previous micromorphological studies
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(De Leonardis et al. 1997, Cilden & Yildirimli 2021).
Subgenus luteola had close relations with section Reseda
of subgenus Reseda (Cilden & Yildirimli 2021). Reseda
luteola and R. lutea were placed in one seed cluster here
and the seed micromorphological placement was similar
to the results derived from the present study. Reseda
microcarpa from Asperula series segregated from the
other studied taxa of section Reseda based on
taxonomical research (Abdallah & de Wit 1978). There
was a similar result about Asperula series in the
dendrogram drawn in the present article. The
paraphyletic placement of this section was strongly
supported by seed micromorphological data (Martin-
Bravo et al. 2007). Based on the results derived from the
present study, seed micromorphological data overlapped
with  morphological  variety  characteristics.  In
comparison, between the present study in Iran and the
recent seed micromorphological study in Turkey (Cilden
& Yildirimli 2021), all Reseda taxa are grouped with
clarified sectional

high-resolution subgeneric and

taxonomical ranks. However, seed micromorphology in

References

Abdallah, M.S. 1967. The Resedaceae, a taxonomical
revision of the family. Meded. Landbouwhoge
School, Wageningen University & Research
Press, Netherlands.

Abdallah, M.S. & de Wit,
Resedaceae,

1978. The

revision of the

H.C.D.

a taxonomical
family (final instalment). Mededeelingen vande
Landbouwhoogeschool  te
(14): 416.

Abdallah, M.S., de Wit, H.C.D. & Rechinger, K.H. 1982.
Resedaceae. P. 23. In: Rechinger, K.H. (ed.),

Wageningen 78

Flora Iranica 149. Akademische Druck-und
Verlagsanstalt, Graz.
Al-Nowaihi, A.E.S., Karakish, E.A K., Ishak, I.F. &

El-Magly, U.LLA. 2002. Morpho-anatomical

the flora of Egypt had distinct data to clear the generic
and specific levels of the Resedaceae based on each
micromorphological characteristic (Al-Nowaihi et al.
2002). All characteristics in this research were not
evaluated together for the interpretation of seed
taxonomical relations. Only, R. alba and R. decursiva
were introduced as separate species (Al-Nowaihi et al.
2002). The similarity between R. lutea, R. luteola, and
the dissimilarity between R. alba and R. lutea was found
by the use of micromorphological characteristics in the
Sicily region (De Leonardis et al. 1997). The seed
dendrogram drawn here confirmed the results of De

Leonardis et al. (1997).

Acknowledgements

Authors are thankful to Mr. Joharchi, curators of
the Herbarium of the University of Mashhad, Mashhad
and Ms. Khaninour, technical assistant at the Central
Laboratory of Bu-Ali Sina University, Hamedan (Iran)

for preparing SEM photographs.

characters of spermoderm of certain species of

Resedaceae and their contribution to the
taxonomy of the family. Taeckholmia 22(2):
155-176. DOI: 10.21608/TAEC.2002.12438.

APG [The Angiosperm Phylogeny Group]. 2016 An
update of the Angiosperm Phylogeny Group
classification for the orders and families of
flowering plants: APG V. Botanical Journal of
the Linnean Society 181: 1-20.

Arabi, Z., Ghahremaninejad. F., Rabeler, R. K. Heubl, G.
& Zarre, S. 2017. Seed micromorphology and its
systematic  significance in tribe  Alsineae
(Caryophyllaceae). Flora 234: 41-59. DOI:
10.1016/j.flora.2017.07.004.

Asgari Nematian, M. & Ranjbar, M. 2021. Comparative

pollen morphology and its systematic implications



156 Asgari Nematian & Heidarian / Seed micromorphological characteristics in Ochradenus ... / Rostaniha 25(2), 2024

in Resedaceae in Iran. Nordic Journal of Botany
2:1-16. DOI: 10.1111/njb.03394.
Barthlott, W. 1981.

characters of plants: systematic applicability and

Epidermal and seed surface
some evolutionary aspects. Nordic Journal of
Botany 1: 345-355. DOI: 10.1111/j.1756-
1051.1981.th00704.x.

Bojnansky, V. & Fargasova, A. 2007. Atlas of Seeds and
Fruits of Central and East-European Flora, the

Carpathian Mountains Region. Netherlands Press.

Springer.

Cilden, E., Yildirimli, S., Zare, G. & Martin-Bravo, S.
2018. Rediscovery of  the restricted
endemic Reseda balansae (Resedaceae) in
Turkey.  Phytotaxa 362: 87-96. DOI:

10.11646/PHYTOTAXA.362.1.7.

Cilden, E. & Yildirimli, S. 2021. The impact of seed
micromorphology in the subgeneric classification
of the genus Reseda L. (Resedaceae) in Turkey.
Microscopy Research and Technique 84(9):
1992-2003. DOI: 10.1002/jemt.23755.

De Leonardis, W., Fichera, G., Longhitano, N. & Zizza,
A. 1997. Pollen and seed morphology of

three species of Reseda L. in Sicily and
relationship  with their systematic position.
Plant Biosystems  131(1): 43-49. DOI:

10.1080/11263504.1997.10654165.
Hoseini, E. Ghahremaninejad, F., Assadi, M. &
M.N. 2017. Seed

implication in

Edalatiyan,
micromorphology and its
classification of Silene
(Caryophyllaceae, Flora 228:

31-38. DOI: 10.1016/j.flora.2017.01.006.

subgeneric

Sileneae).

Kovach, W. 1999. MVSP-A multivariate statistical
package for Windows, ver. 3.1. Kovach
Computing Services, Great Britain.

Martin-Bravo, S., Meimberg, H., Lucefio, M., Markl, W.,
Valcércel, V., Brauchler, C., Vargas, P. &
Heubl, G. 2007. Molecular systematics and
biogeography of Resedaceae based on ITS
and trnL-F sequences. Molecular Phylogenetics
and Evolution  44: 1105-1120. DOl:
10.1016/j.ympev.2006.12.016.

Martin-Bravo, S. & Amini Rad, M. 2010. Ochradenus
arabicus (Resedaceae), a new record for the flora
of Iran. Iranian Journal of Botany 16(1): 84-86.
DOI: 20.1001.1.1029788.1389.16.1.12.1.

Miller, A.G. 1984. A revision of Ochradenus. Notes
Royal Botanic Garden. Edinburgh 41: 491-594.

Nejad Falatoury, A. Hatami, S. Torabi, H. Ghezeli, F.
Sarani, M. 2021. Taxonomic significance of
inflorescence and seed characteristics in the genus
Amaranthus in Iran. Rostaniha 22(1): 43-55.
DOI: 10.22092/BOTANY.2021.354494.1244.

Nowroozi, M. 1993. Resedaceae, Flora Iranica. Research
Institute of Forests and Rangelands, Tehran.

M. & Asgari

A new subspecies

Rostaniha 22(2): 310-324. DOI:
10.22092/BOTANY.2022.356551.1279.

Shehata, A. & Ibrahim, M. 2005. SEM studies in the fruit
morphology of some species of Resedaceae
from Egypt. Taeckholmia 25(1): 111-122.
DOI: 10.21608/taec.2005.12310.

Stearn, W.T. 1992. Botanical Latin (edn 4.). David &
Charles, Newton Abbot, 546 pp.

2021.

of Reseda microcarpa

Ranjbar, Nematian, M.

from Iran.


https://doi.org/10.1080/11263504.1997.10654165
https://doi.org/10.1080/11263504.1997.10654165
https://doi.org/10.22092/BOTANY.2022.356551.1279
https://doi.org/10.22092/BOTANY.2022.356551.1279

