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A morphological, anatomical and molecular study of two varieties of
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Abstract. Tamarix is the largest genus in the family Tamaricaceae with about 73 species. T. tetragyna var. meyeri and T.
tetragyna var. deserti were previously reported from Iran. Due to the presence of overlapping features in the previously designed
identification keys for the separation of these two varieties, it could be helpful to use other characters and character states derived
from other sources, such as anatomical and molecular studies, in addition to find more effective morphological features for the
separation of the two varieties. Therefore, the present study aimed to differentiate these two presumed varieties by multiple
approaches using morphological, anatomical and molecular data. For morphological study, 6 quantitative and qualitative
characters were examined in 12 samples of the two varieties. ANOVA analysis showed a significant difference between the
studied characters. For anatomical study, 10 traits were examined in 4 samples of the two varieties, which also showed a
significant difference. AMOVA analysis based on molecular studies using Scot marker showed a significant difference between
the two varieties. The PCA biplot show the most variable traits in morphological and anatomical studies. For varieties
delimitation, different clustering methods were drawn in all three studies. The results of this study showed that the use of
appropriate diagnostic traits in morphological and anatomical studies as well as the use of molecular markers can be effective in
showing the separated boundaries of the two varieties studied.
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Table 1. Morphological characters studied in 7. tetragyna.

Character State (code)
Number of petals 4(1),5(2)
Number of sepals 4(1),5(2)

Number of stamen rows

One row (1),two rows(2)

Outer sepal

Triangular(1),concave(2)

Inner sepal

Triangular(1),concave(2)

|| w|o]—=]Z

Number of stamen

4(1),5(2),more than5(3)

T. tetragyna «s5 ol 31 5 5 5 abls axlllas 550 2 525 Slas - Jgao

Table 2. Stem and leaf anatomical traits studied in 7. tetragyna.

N | Character State (code)

1 Length of stem epidermis to the entire stem 0.01-0.03(1),0.04-0.06(2)

2 | Cortex to cross section of stem 0.05-0.14(1),0.15-0.26(2)

3 | Stem sclerenchyma to stem cross section 0.02-0.08(1)

4 | Number of stem vascular bundles 4.9-6.7(1),6.5-8.5(2),8.6-9.9(3),11-12(4)
5 | Type xylem Discontinuous(1),Continuous(2)

6 | Type phloem Continuous(2),Discontinuous(1)

7 | How much does the leaf surround the stem 3/4(1),2/4(2),1/4(3)

8 | Length of palisade parenchyma to the entire Leaf | 0.15-0.25(1),0.26-0.32(2),0.34-0.45(3)
9 | Number of leaf vascular bundles 5-10(1),11-15(2),16-20(3),20-25-26(4)
10 | Length of leaf epidermis to the entire Leaf 0.07-0.12(1),0.12-0.19(2)

SCOT ,SLis L PCR [2i5Ty 4o solicel 5 150 (sbp yoglys Bl 5 oL =¥ Jgazr
Table 3. Primers used in PCR reaction with SCoT marker.

N | Primer Sequence

1 | SCoTl 5’- CAACAATGGCTACCACCA -3’
2 | SCoT2 5’- CAACAATGGCTACCACCC-3’
3| SCoT41 | 5- CAATGGCTACCACTGACA-3’
4| SCoT36 | 5'- GCAACAATGGCTACCACC-3’

anlllae 5550 o1 50 solitw! SCOT Kilis Hleo asliy —F Jgus
Table 4. SCoT marker temperature program used in the study of cultivars.

Phase Time and temperature Number of cycles
First denaturation 4minutes at 94 ° C 1
Denaturation Iminutes at 94 ° C 40
Annealing Iminutes at 51 ° C 40
Extension Iminutes at 72 ° C 40
Final extension Sminutes at 72 ° C 1

236/YY#



Nova Biologica Reperta 8(3): 233-241 (2021)

OF ) TFFYEY ¥ o lod A als i psle o g5 sloasily

lie 09,5 g0 4 ol,3l UPGMA Jogei 3JUT b .ol
sl ol e aslie gl ol g wind S
Slas a5 0l jatie odd ew, PCA biplot jlsgei ,o
il ahaie 4 Cawgy ojlsl @Bl S a4y w8l g0l Job
SNg) Sltiws slass sl ahaie 4y adlu il Sl o3lal
ly a8l lye dx Sy o o9 Ayl g9 iSOT Gigl g4 (Bl
gl Slotiws slasws « S IS 4 Sboy Job S o abl>
s Slho (uipite Sp US4 S pal Jsb oS
slaiss aile (oldl i awg (uiSly L obbaies el
e yloi b sl Jdo 4 il (S Tamarix oo s
Cely o pl ST aS aiil g owlidcsy, g9 glls
o090 slecarer Gl (Siglediee 9 Sy (25T
s 51 5ol solitenl)l slop b ool & prie g 4355
«(Sheidai et al., 2014) 54 0 4555
Gl 53 el adls waly 695 G Ggy0 1) plaaisS ny L s
9 L;.\JLM M?!.i) LngobL) uJLoJ‘JJ o0du D) b)b ‘é.m
T. tetragyna «s8 ;o ai )l coled a5 ols lis oo is
Ol &S ats Ime K00l (i g (S5, Sleogas )
Jdo ]y 5 oo, sla agS 0 Vb (S5 5 5 (5SS
adly oo Jolse 4 s oy ] YL Jeso
(Winkel & Brotherson, 1986) s ,ls Jls3e

minimum spherical cluster ) (conade: g,
Gyl Dgr Jb Voo 5l e (gamsey S (sl Ward (method
o5 oslitul NT glatiss () 5l (sameg S cwz wd plxl
5eolatwl Lo leesls L= g a3 .(Podani, 2000)
(Hammer et al., 2012) o ploil PAST ver. 2.17 1381s 3
O 90 Ll sre Dglas 092 g yolo ylis cy> AMOVA cus
Gene Alex 6.4 ,f5dls 5 51 oolazwl b axlllas 5)50 boazs )l
(Peakall & Smouse, 2006) =& 3 alxil

wbebesy ;) ol

T asS o asdlas 0)50 o3l culiicoy, cldlae gbs
sl ANOVA U1 el oo al)l & Jga o fetragyna
P= 1V )b gxe OB 0l plnil iy, (o5 Slaw
I PCA biplot s g 4555 ols las addllas 8,90 o381 1o 4o
a5 o3l oz laws Slas a5 ol i swliiscsy, gbows
S lS S L 5lS K 5 alS &
Slao (i piie S l8 olasd (5 llS slasd ez s, ol
RN PP ER AT

oy by, Sldlas 5 Jol> Ward sonasls Joges
DA (s 520 09,5 90 &y ol B S IGT pl bl () JS) al
P Oladlae

axdllas 590 ol 3l ;0 5y g Al jo  ou s Sl gl
odd all Vo ¥V slo IS 9 7 Jgam jo T. fetragyna «isS

T. tetragyna <55 ;s asdllas 5,50 ol 8l _wliscsy ) Slio mls -8 g

Table 5. Results of morphological traits in T. tetragyna.

Sample Number | Number Number of | Outer sepal | Inner sepal | Number of
of petals | of sepals | stamen rows shape shape stamen
T. tetragyna 5 5 1 Concave Triangular 5
T. tetragyna 5 5 1 Concave Triangular 5
T. tetragyna 5 5 1 Concave Triangular 5
T. tetragyna 5 5 1 Triangular | Triangular 5
T. tetragyna 5 5 1 Concave Triangular 5
T. tetragyna 5 5 1 Concave Triangular 5
T. tetragyna 4 4 3 Triangular Concave 4
T. tetragyna 4 4 3 Triangular | Concave 4
T. tetragyna 4 4 3 Triangular Concave 4
T. tetragyna 4 4 3 Triangular | Concave 4
T. tetragyna 4 4 3 Triangular Concave 4
T. tetragyna 4 4 3 Triangular | Concave 4
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Figure 1. Ward dendrogram from morphological traits studied in 7. fetragyna 1: var. meyeri 2: var. deserti.
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Figure 2. UPGMA dendogram of Anatomical features studied in 7. tetragyna 1: var. meyeri 2: var. deserti.
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Table 6. Stem and leaf anatomical features studied in 7. tetragyna.
Sample length of | cortex Stem Number
stem to sclerenchyma | of stem
epidermis | cross | to stem cross | vascular
to the section section bundles
entire of
stem stem
T. tetragyna 0.03 0.18 0.08 7
T. tetragyna 0.04 0.17 0.05 6
T. tetragyna 0.009 0.06 0.01 11
T. tetragyna 0.02 0.09 0.03 9

T. tetragyna «s3 o\ 3| 55 5 a8l s aalllas )90 v 25 Sl gl — (aslsl) # Jgu
Table 6 (Continues). Stem and leaf anatomical features studied in 7. fetragyna.

Sample Type xylem Type phloem How length of | Number | length of
much palisade of leaf leaf

does the | parenchyma | vascular | epidermis
leaf to the bundles to the
surround | entire Leaf entire
the stem Leaf
T. tetragyna Continuous | Discontinuous Ya 0.34 18 0.12
T. tetragyna | Continuous Continuous 2/4 0.22 12 0.12
T. tetragyna | Continuous Continuous Va 0.21 10 0.10
T. tetragyna | Discontinuous | Continuous Va 0.27 26 0.14

P o000 Jso :E var. deserti D 4 C var. meyeri B 3 A T. tetragyna 445 s aslllas o,90 ol 3l 5y g adle o5 abolio -V IS

.‘5&35] Slxws VB‘G:? &51 XL‘U.S;T ..»'51 PH o p_.....J)L\
Figure 3. Transverse sections of the stem and leaf of T. tetragyna A and B. var. meyer. C and D. var. deserti. E:
epidermal cell, P: pith parenchyma, PH: phloem, XL: xylem, VB: vascular bundle.
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Figure 4. NJ Dendogram derived from molecular-based features of 7. tetragyna 1: var. meyeri 2: var. deserti.
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