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Assessment of Verbenaceae family circumscription in Iran according

to Flora Iranica using morphological and anatomical traits
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Abstract. The Verbenaceae family, as currently recognized in Iran, particularly in the northern provinces, comprises the genera
Verbena and Phyla. This framework has seen considerable alterations from earlier classifications, where Vitex and Clerodendrum
were also included within the family. This study assesses the interrelationships between these four genera by examining
morphological and leaf anatomical characteristics across 20 samples. A total of 67 morpho-anatomical features, both qualitative and
quantitative, were analyzed using R software version 4.3.1. The Factor Analysis of Mixed Data (FAMD) approach was employed for
the integrated assessment of the data. Findings highlight the significance of certain quantitative traits—main vein xylem length, seed
width, style length, and blade width—and qualitative traits—shape of blade epidermal cells, stomatal positioning, relative orientation
of blade arms, type of indumentum, shape of main vein epidermal cells, petal color, number of blade vascular bundles, indumentum
density, leaf margin contour, and length of stem branches—in differentiating the genera. The data analysis facilitated the distinct
segregation of these genera, revealing a closer affinity between Vitex and Clerodendrum, thus distinguishing them from the native
Verbenaceae members in Iran, namely Verbena and Phyla.
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Table 1. Voucher data of the studied taxa in the current survey

Species Symbol in Voucher data Species Symbol in Voucher data
paper paper

Verbena Verbenal Guilan: Lahijan; Nejad Ghabar, 9005- | Phyla Phyla 1 Guilan: Boojagh; Tamjidi; 9027-
officinalis Guilan University Herbarium nodiflora Guilan University Herbarium
Verbena Verbena3 Guilan: Lasht- Nesha; Sherafat; 9007- Phyla Phyla 2 Khuzestan: Abadan; 11200-TUH
officinalis Guilan University Herbarium nodiflora
Verbena Verbena5 Guilan: Rasht; Rangrazian; 9009- Phyla Phyla 3 Guilan: Fuman; Attar & Zamani;
officinalis Guilan University Herbarium nodiflora 42910-TUH
Verbena Verbena? Guilan: Rasht; Bozorgchenani; 9011- Phyla Phyla 5 Kermanshah: Pole Dokhtar;
officinalis Guilan University Herbarium nodiflora Shafeian; 27088- TUH
Verbena Verbenal0 Guilan: Talesh; Bozorgchenani; 9014- Phyla Phyla 6 Guilan: Bandar Anzali;
officinalis Guilan University Herbarium nodiflora Mozaffarian; 6948- TUH
Verbena Verbenald Guilan: Boojagh; Saeidi & Naghinejad; Clerodendrum | Clerodendrum Mazandaran: Javaher Dasht;
officinalis 272- Guilan University Herbarium A Shahi, 9028- TUH
Verbena Verbena24 Mazanderan: Ghahreman; 2047- Guilan | Clerodendrum | Clerodendrum Guilan: Sangar; Omid Pour; 9031-
officinalis University Herbarium D Guilan University Herbarium
Verbena Verbena 25 | Khorram Abad: Veiskarami; 24116- Clerodendrum | Clerodendrum Mazandaran: Tonekabon;
officinalis TUH E Ghahreman; 14603- TUH
Verbena Verbena26 Mazandaran: Kheyrood Kenar; Vitex negundo | Vitex 1 Kermanshah: Kermanshah;
officinalis Ghahreman; 11206-TUH Ghahreman; 11210- TUH
Verbena Verbena31 Ilam: Ghahreman & Mirtajadini; 20240- | Vitex negundo | Vitex 3 Ilam: llam; Attar & Mirtajadini;
officinalis TUH 19815-TUH
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Table 2. Information of quantitative morphological and anatomical traits used in the current study

Quantitative
anatomical and
morphological

Abbreviation

Quantitative
anatomical and
morphological

Abbreviation

Quantitative
anatomical and
morphological

Abbreviation

Quantitative
anatomical and
morphological

Abbreviation

character character character character
Lower Aa Midrib upper Ka Leaf length A Petiole length K
epidermis epidermis (mm) (mm)
cells’ length cells’ width
Lower Ba Palisade La Leaf width B Stem width L
epidermis parenchyma (mm) (mm)
cells’ width diameter
Upper Ca Spongy Ma Calyx length C Stem length M
epidermis parenchyma (mm) (mm)
cells’ length diameter
Lower Da Midrib Na Calyx width D Anther length N
epidermis parenchyma (mm) (mm)
cells’ width diameter
Lower cuticle Ea Midrib xylem Oa Petal length E Leaf width 0
diameter width (mm) (mm)
Upper cuticle Fa Midrib xylem Pa Petal width F Filament R
diameter length (mm) length (mm)
Blade diameter Ga Midrib phloem Qa Seed length G Style length S
width (mm) (mm)
Midrib lower Ha Midrib phloem Ra Seed width H Ovary length T
epidermis length (mm) (mm)
cells’ length
Midrib lower la Hair length Sa Pedicel | Ovary width U
epidermis length (mm) (mm)
cells’ width
Midrib upper Ja Hair width Ta Peduncle J Length to W
epidermis length (mm) width ratio of
cells’ length leaf
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Figure 1. Fresh and anatomical photos of the studied taxa. 1, 2: Verbena; 3, 4: Phyla; 5, 6: Clerodendrum; 7, 8: Vitex
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Table 3. Information of qualitative morphological and anatomical traits used in the current study

Qualitative anatomical
and morphological

Abbreviation

Character state observed in taxa

character Verbena Phyla Clerodendrum Vitex
Variable characters in all four genera
. 5 Elliptic- oblong
Blade eps‘ﬁ;;{:a' cells Ua Ovate (Uad) (Ual) Oblong (Ua2) Elliptic (Ua3)
Stomata p03|t!0n to pther Xa Sunken (Xa4) Raised (Xal) Same level (Xa2) Semi-raised (Xa3)
cells of epidermis
Position of two arms of - Semi-curved and crescent - -
blade to each other Za Curved (Za4) Straight (Zal) (za2) Straight- upright (Za3)
. . Appressed . .
Indumentum type Aha Bristle like (Aha4) (Ahat) Strigose (Aha2) Hirsute (Aha3)
Midrib els);(;%remal cells’ Aea Elliptic- ovate (Aead) Ovate (Aeal) Circular- elliptic (Aea2) Circular (Aea3)
Petal color AT Pale pink (AT2) White (AT1) Purple (AT4) Bluish (AT3)
Number %Eﬁ?lii vascular Va 26-29 (Va2) 20-25 (Val) Less than 20 (Va4) 30 and more (Va3)
Indumentum density on : :
lower surface of leaf Wa High (Wa2) Medium (Wal) Very lax (Wa4) Very dense (Wa3)
Leaf margin shape AE Lobed (AE1) Serrate (AE2) Dentate (AE4) Dentate- entire (AE3)
Stem branches number z High (Z1) Little (Z2) Very little (Z4) Medium (Z3)
Central rﬁyr:]agg’rb“”d'es Afa 19 (Afa2) 12 (Afad) 14 (Afal) 24 (Afa3)
Shared characters of Verbena and Phyla
Approximate height of
plant X 30-70 cm (X1) 30-70 cm (X1) More than 2 m (X3) 1-2m (X2)
Indumentum position on Surface and on midribs Surface and on
lower side of leaf Al (AIL) midribs (Al1) Only on midribs (Al2) All surface (Al3)
Shared characters of Vitex and Clerodendrum
Leaf apex shape AD Acute (AD1) Rounded (AD2) Acuminate (AD3) Acuminate (AD3)
Fruit type CcC Schizocarp (CC1) Capsule (CC2) Drupe (CC3) Drupe (CC3)
Shared characters of Verbena, Phyla and Clerodendrum
Number of palisade Aba One (Abal) One (Abal) One (Abal) Two (Aba2)
parenchyma layers
Indumentum density on
upper surface of leaf AH Lax (AH1) Lax (AH1) Lax (AH1) Dense (AH2)
Leaf type AK Simple (AK1) Simple (AK1) Simple (AK1) Compound (AK2)
Petal apex shape AW Irregular (AW2) Irregular (AW2) Irregular (AW2) Irregular (AW1)

Shared characters of Verbena and Clerodendrum and shared characters of Vitex and Phyla

Calyx apex shape

AR

| Acute (AR1)

| Rounded (AR2) | Acute (AR1) | Rounded (AR2)

Shared characters of Verbena and Phyla and

shared characters of Vitex and Clerodendrum

Total surface of leaf AF Little (AF1) Little (AF1) High (AF2) High (AF2)
Indumentum position on On midribs (AG1) On midribs All surface (AG2) All surface (AG2)
upper side of leaf AG (AG1)
Inflorescence type CA Raceme (CA1) Raceme (CA1) Cyme (CA2) Cyme (CA2)
Plant habit \ Herb (V1) Herb (V1) Shrubby (V2) Shrubby (V2)
Shared characters of Phyla and Clerodendrum
Calyx Indumentum | AS | Lanate (AS1) | Absent (AS3) | Absent (AS3) | Hirsute (AS2)
Shared characters of Vitex, Clerodendrum and Verbena
Gynoecium locules
number CB 4 (CBY) 2 (CB2) 4 (CB1) 4 (CB1)
Shared characters of Vitex, Phyla and Verbena
Pedicel presence [ AN | Absent (AN2) | Absent (AN2) | Present (AN1) | Absent (AN2)
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Table 4. Information of Eigenvalues of five first dimensions of FAMD analysis using both quantitative and qualitative

morphological and anatomical traits

Dim.1 Dim.2 Dim.3 Dim.4 Dim.5
Variance 34.76 26.41 23.04 2.80 1.71
% of var. 36.98 28.09 24,51 2.98 1.82
Cumulative % of var. 36.98 65.07 89.58 92.56 94.38
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Table 5. Coordination (Coord.), quality of projection (cos?) and coordination (Ctr.) quantitative traits on two first
dimensions of FAMD

Dim.1 Dim.2 Dim.1+Dim.2

Coord. cos? Ctr. Coord. cos? Ctr. Ctr.
Pa 0.40 0.16 0.47 0.90 0.81 3.07 3.54

0.41 0.17 0.49 -0.88 0.78 2.96 3.45
S 0.37 0.13 0.39 0.88 0.78 2.95 3.34
Ga -0.44 0.20 0.57 0.85 0.73 2.75 3.32
N 0.62 0.38 1.09 0.72 0.52 1.98 3.08
L 0.54 0.29 0.83 0.73 0.53 2.01 2.84

0.69 0.48 1.37 0.62 0.38 1.43 2.81
F 0.92 0.85 2.44 -0.29 0.09 0.33 2.77
Ba -0.67 0.45 1.28 0.60 0.36 1.38 2.66
M -0.77 0.60 1.72 0.49 0.24 0.92 2.65
Da -0.94 0.89 2.56 0.05 0.00 0.01 2.57
E 0.85 0.72 2.07 0.36 0.13 0.48 2.55
Oa 0.18 0.03 0.10 0.80 0.65 2.44 2.54
D 0.76 0.58 1.67 0.47 0.22 0.85 2.52
Ra -0.62 0.39 1.11 0.61 0.37 1.40 251
la -0.92 0.85 2.45 -0.03 0.00 0.00 2.45
Aa -0.89 0.80 2.29 0.17 0.03 0.11 2.40
Sa -0.59 0.35 1.02 0.56 0.32 1.20 2.22
Ca -0.86 0.74 2.12 0.15 0.02 0.08 2.20
| 0.34 0.12 0.34 0.68 0.46 1.73 2.07
Ha -0.81 0.66 1.89 0.19 0.04 0.14 2.03
Ta -0.44 0.20 0.56 0.60 0.36 1.37 1.94
Ka -0.64 0.40 1.16 -0.44 0.19 0.72 1.88
R -0.22 0.05 0.15 0.65 0.42 1.58 1.73
Ja -0.64 0.41 1.19 -0.33 0.11 0.42 1.61
K 0.25 0.06 0.19 0.61 0.37 1.42 1.60
W -0.71 0.51 1.47 0.13 0.02 0.06 1.53
B 0.51 0.26 0.76 0.41 0.17 0.64 1.39
Qa -0.45 0.20 0.58 -0.44 0.20 0.74 1.32
Ea -0.59 0.35 1.01 0.25 0.06 0.23 1.24
Fa -0.47 0.22 0.64 0.40 0.16 0.59 1.23
C 0.48 0.23 0.66 0.31 0.10 0.37 1.03
Na -0.56 0.32 0.92 -0.13 0.02 0.06 0.98
G 0.18 0.03 0.09 -0.44 0.19 0.74 0.83
A -0.02 0.00 0.00 0.45 0.21 0.78 0.78
Ma 0.19 0.04 0.11 0.24 0.06 0.22 0.32
T -0.21 0.05 0.13 -0.22 0.05 0.19 0.32
U -0.16 0.03 0.07 -0.20 0.04 0.16 0.23
J 0.09 0.01 0.02 -0.18 0.03 0.12 0.14
La -0.10 0.01 0.03 -0.13 0.02 0.06 0.09
Sum 38.01 38.69
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Table 6. Importance level of categorical variables as the squared correlation ratio (p value) between the dimensions and
variables (R?) per separated and mixed two first dimensions of FAMD

Dim.1 Dim.2 Dim.1+Dim.2
R? p value R? p value R?
Ua, Xa, Za, Aha, Aea, AT, Va, Wa, AE, Z, Afa 0.99 1.26x10°Y7 1.00 9.98x10°1° 1.99
Al, X 0.95 1.02x10 0.63 2.07x10* 1.58
AD, CC 0.82 4.15x107 0.41 1.13x107 1.23
AW, AH, AK, Aba 0.72 2.49x10° 0.25 2.45%107 0.97
AR 0.80 9.13x108 0.80
AF, AG,CA V 0.78 2.69x107 0.78
AS 0.72 1.97x10°% 0.72
CB 0.24 2.74x107? 0.41 2.36x10° 0.65
AN 0.46 9.47x10* 0.46

[ Downloaded from c¢4i2016.khu.ac.ir on 2024-07-03 ]
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Table 7. Coordination (Coord.), quality of projection (cos?), Contribution (Ctr.) of categories of qualitative variables
per separated and mixed two first dimensions of FAMD plus their influence pattern in separating genera

Dim.1 Dim.2 Dim 1+Dim.2 Character stated shared by
Coord. | Cos? | Ctr. Coord. | Cos? | Ctr. Ctr.
AE3, X2, AS2, AW1, AT3, Z3, Vitex
Ua3, Va3, Wa3, Xa3, Za3,
Aha3, Aea3, Afa3, Al3, AH2,
AK2, Aba2 1498 | 078 | 186 | -7.72 | 021 | 085 | 271
AR2 069 |001 |001 |-628 |08 | 198 | 199 Vitex+ Phyla
AD3, AF2, CC3, AG2, CA2, V2 | 9.01 0.84 | 1.68 | 1.91 0.04 | 013 | 181 Vitex+ Clerodendrum
AE4, X3, AN1, AT4, Clerodendrum
Z4, Ua2, Va4, Wa4, Xa2,
Za2, Aha2, Aea2, Afal, Al2 9.01 0.84 | 1.68 | 1.01 004 | 013 | 181
AE2, AD2, CB2, AT1, Z2, Ual, Phyla
Val, Wal, Xal, Zal, Ahal, Aeal,
Afad, CC2 503 | 031 | 052 |-570 | 040 | 1.16 | 1.69
ARL 037 |00t |00l |33 |o082 |106 | 107 Verbena+ Clerodendrum
X1, AF1, AlL, AGL, CAL, V1 300 | 084 | 056 |-064 | 004|004 | 060 Verbena+ Phyla
Verbena+ Clerodendrum+
CB1 1.68 0.31 | 0.17 | 1.90 0.40 | 039 | 056 Vitex
AE1, AD1, AS1, AT2, Verbena
Z1, Ua4d, Va2, Wa2,Xa4,
Za4, Ahad, Aead, Afa2, CC1 -1.99 | 016 | 016 | 1.89 014 | 026 | 0.42
AN2 089 | 017 | 006 | -1.47 | 047 | 026 | 0.32 Verbena+ Phyla+ Vitex
Verbena+ Phyla+
AW2, AH1, AK1, Abal 166 | 078 | 021 | 086 021 | 009 | 030 Clerodendrum
AS3 126 | 005 | 005 | 044 | o001 [001 | 006 Phyla+ Clerodendrum
Sum 61.99 61.31
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Figure 2. Value level of qualitative and quantitative traits on two first dimensions of FAMD (qualitative traits are
shown in star symbols and quantitative traits are shown in squre symbols).
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Figure 3. Hierarchical clustering of the studied taxa based on the results of FAMD analysis.
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