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Study of morphological, anatomical characteristics and metabolic
assay of some Ulva species (sea lettuce) in the coastal waters of the
Persian Gulf, Iran
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Department of Plant Sciences and Biotechnology, Faculty of Life Sciences and Biotechnology, Shahid Beheshti
University, Tehran, Iran.
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Abstract. The genus Ulva L. (Sea lettuce), one of the most valuable marine macroalgae, is found in shallow coastal areas and
in brackish and fresh water around the world. Ulva species have nutritional and medicinal values in addition to other
applications, and contain various compounds such as lipids, proteins and carotenoids. These species have high phenotypic
plasticity and varied in response to different environmental conditions. In this study, 38 populations of 10 species of Ulva
from the coastal areas of the Persian Gulf and Oman Sea, from different areas of Bushehr, Hormozgan and Sistan and
Baluchestan provinces, were studied and identified on the basis of morphological and anatomical traits. Different populations
showed variations in characteristics such as height, shape and color of thallus, number of pyrenoids and cell dimensions.
Metabolites such as total protein, total oil, chlorophyll a, b and carotenoids contents were measured and compared among the
different populations. The results should that the percentage of protein was highest in U. prolifera of Shif Island from
Bushehr province as compared with the Ulva species studied, with about 26.5% of dry weight, and the percentage of total
oil was lowest in U. flexuosa of Hakhamanesh region from Hormozgan province as compared with the species studied,
with about 4.8% of dry weight. These results show that different environmental conditions affect the morphological and
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anatomical structure of species and the content of their metabolites. Due to the high-protein and low-calorie content of
the Ulva genus and the importance of finding new and sustainable resources for food and pharmaceutical industries, the

species of this genus have valuable potentials.

Key words. metabolic assay, anatomical traits, morphological traits, Ulva
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Table 1. Voucher specimens and related geographical and ecological data (HSBU= Shahid Beheshti University Herbarium).
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Voucher Collection data Longitude | Latitude | Type of Species
No. (E) N) substrate

(HSBU)

102 Bushehr: Bandar-e Dayyer, Farasat & 51°56'5" | 27°49'57" | Rocky-rock U. flexuosa,

118 Mombeini, 2019 Sandy-mud U. intestinalis,

124 U. compressa,

119 U. clathrata

103 Bushehr: Bandargah, Farasat & 50°54'44" | 28°49'25" | Sandy - Sandy U. flexuosa,

125 Mombeini, 2019 U. compressa

120 Bushehr: Bandar-¢ Siraf (Bandar-e 52°20'59" | 27°39'37" | Sandstone U. clathrata,

129 Taheri), Farasat & Mombeini, 2019 U. linza

121 Bushehr: Bandar-e Jofreh, Farasat & 50°49'1" 28°58'5" | Sandstone U. clathrata,

126 Mombeini, 2019 U. compressa

104 Bushehr: Bahmani, Farasat & 50°49'15" | 28°54'8" | Rocky - sandy U. flexuosa,

127 Mombeini, 2019 U. compressa

122 Bushehr: Bandar-e Rig: Halieh, 50°37'32" | 29°29'5" | Sandy - Sandy U. clathrata
Farasat & Mombeini, 2019

111 Bushehr: Bandare-Kangan: Chah 50°49723" | 28°58'17" | Sandstone U. prolifera
majnoon, Farasat & Mombeini, 2019

108 Bushehr.: Southern Ouli, Farasat & 5105347 | 270504 Sandstone U. prolifera
Mombeini, 2019

101 Bushehr: Northern Ouli, Farasat & 51°53'15" | 27°50'18" | Sandstone U. flexuosa,

117 Mombeini, 2019 U. intestinalis

110 Bushehr: Jazireh-ye Shif, Farasat & 50°52725" | 29°421" | Sandy U. prolifera
Mombeini, 2019

123 Hormozgan: Bandar-e Abbas: Velayat | 56°21'11" | 27°11'10" | Clay mud U. clathrata
park, Farasat & Mombeini, 2019

112 Hormozgan: Bandar-e Kangan: Parak, | 52°24'35" | 27°38'55" | Sandstone U. prolifera
Farasat & Mombeini, 2019

105 Hormozgan: Bandar-e Lengeh: Gashe, | 54°52'26" | 26°32'31" | Rocky-rock U. flexuosa,

130 Farasat & Mombeini, 2019 U. linza

106 Hormozgan: Bandar-e Lengeh: Park-e | 54°51'35" | 26°322" | Sandy - Sandy U. flexuosa,

113 Dowlat, Farasat & Mombeini, 2019 U. prolifera

114 Hormozgan: Bandar-e Lengeh: 54°5329" | 26°33'20" | Sandstone U. prolifera,

109 Kowsar Beach park, Farasat & U. tepida
Mombeini, 2019

115 Hormozgan: Bandar-e¢ Kong, Farasat 54°54'47" | 26°33'52" | Sandstone U. prolifera
& Mombeini, 2019

116 Hormozgan: Bandar-e Lengeh: 55°6'32" 26°42' Sandy- U. prolifera
Hameyran, Farasat & Mombeini, 2019 sandstone

107 Hormozgan: Bandar-e Abbas: 56°19'14" 27°11 Rocky-rock U. flexuosa
Hakhamaneh, Farasat & Mombeini,
2019

133 Hormozgan: Bandar-e Abbas:Ghadir 56°19'35" | 27°11'4" | Sandy - Sandy U. chaugulii
park, Farasat & Mombeini, 2019

100 Bushehr.: Bandar-e Kangan, Farasat & 520 41" | 2704912 1" Rocky-rock U. flexuosa
Mombeini, 2019

128 Hormozgan: Qeshm: Vali Asr Blvd, 56°16'29" | 26°56'3" | Rocky-pebble U. compressa
Farasat & Mombeini, 2019

136 Hormozgan: Qeshm: Hamoun park, 56°15'3" | 26°58'30" | Sandstone with | U. ohnoi,

131 Farasat & Mombeini, 2019 water ponds U. linza

135 Hormozgan: Qeshm: Botany park, 56°15728" | 26°58'19" | Rocky-sandy- U. ohnoi,

134 Farasat & Mombeini, 2019 sandy U. tepida,

132 U. linza

137 Sistan and Baluchestan: Chabahar: 60°49'56" | 25°15'3" | Stone-pebble- U. lactuca

Lipar Lake, Hoot, 2018

sand
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Table 2. Morphological characteristics of Ulva species.

Kavale et Kazi

loosely )
compressed in some parts

Species Thallus color Thallus shape Thallus Thallus Branching
height (cm) | width (mm)
U. linza grass green - lanceolate or linear (5-40) 10 Unbranched
dark green lanceolate
U. prolifera mostly light tubular with numerous 4-7 (1-2) with numerous small
green proliferations from basal branches on the main
axis, the upper branches
were flattened
U. intestinalis yellowish, tubular and twisted (5-135) (3-7) unbranched, sometimes
grass green intestine sometimes with 1 with few simple branches
or two knottes, with air
bubbles in the central
cavity
U. clathrata dark green, cylindrical, flattened up to 40 1 with numerous branches,
light green upwards or cylindrical, some branches with only
hair-like one cell row
U. compressa rass green - tubular, in the upper part (3-10) (0.5-2) with many short
1ght green with expanding Il?)ranches branches
U. flexuosa dark green - tubular with the little (3-12) (0.2-1) unbranched or with
light green twisted, often with one or | (7-21) filamentus branches in
two knottes the base
U. tepida dark green strap shaped to lanceolate, | (1-30) (0.1-3.0) unbranched or more than
compressed except for the 5 basal branches
basal part
U. ohnoi dark green - orbicular, lanceolate or (1-12) (20-350) Unbranched
irregularly expanded.
margin was ruffled, with
microscopic spines
U. lactuca L. rass green - sheet-like blade, with few | (4-10) (10-400) Unbranched
1ght green to many small holes.
margins smooth, undulate
and more or less
spinulous.
U. chaugulii light green strap shaped to oblong, (5-50) (5-37) up to four branches

mostly
around the base
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Table 3. Anatomical characteristics of Ulva species.

Species Cell shape Cells arrengment Cell Cell Chloroplast Chloroplast Number
length width shape position of
(um) (um) pyrenoid
U. linza angled disorderd (10-15) (12-25) cup shaped, sidelong
laminate
U. prolifera squared- longitudinal rows | (11-26) (9-22) cylindrical parietal 1 large
rectangular
U. intestinalis polygonal, irregularly (10-16) (10-16) hood shaped sidelong 1
slightly arranged
rounded
U. clathrata squared , in longitudinal (34-43) (20-27) small and in one part (3-12)
rectangular, series , latitudinal horseshoe- of the cell
sometimes and transverse shaped
polygonal rows only in
young thalli
U. compressa rectangular, in 3,4 categories (13-19) (13-19) hood shaped in one side 1
polygonal
U. flexuosa squared- longitudinal rows | (6-13) (5-12) amorphous mostly (1-3) or
rectangular, - latitudinal rows central 3-7)
angled
U. tepida rectangular to in transverse rows | 4-12) (4-10) horseshoe sidelong (2-4)
polygonal but
disordered in
wider blades
U. ohnoi polygonal - disorderd 3-7) (4-6) filled the cells | filled the (1-2)
slightly cells
rounded ,
ovoid
U. lactuca squared, disorderd 15 20 cap shaped sidelong (1-3)
rectangular,
slightly
rounded
U. chaugulii polygonal with | disordered (4-7) (5-11) cap shaped sidelong but | >5
rounded covered the
corners main part of
the cell

AY g) US5) 000,5 caslice S Y-V el g V-0 olass 4
sl YIV-VOIY el )l 4y 0,5 s Ul chaugulii 45 o
VIV slal 4y ook . a6al o0 o e O-VY 5 e 500
Szo arl Jsb laciys, yo B ey Koo $VT-0/8xF/S
Vel 9 V-0 (V) olaws 4y beadgi o ol odalivne Jove
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ol 53 GBS B 938l Sla LS s
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Ele g Cuz )0 wae slagssld Sl sl gl 3 o
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BB (o8 Sl (27 S35y dep T 290> (29
i3 035 00T B XYL e as Vo b 5 S oslo oo
olS 4 cad Gl Sl a4 S as Tl
Sl 6yere 2 sleassl 5l i Cond (S
03y diibe ob,yo jew slaSl> (Kandale et al., 2011)
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Figure 2. Tallus morphological structure in Ulva species. A. U. linza (132). B. U. prolifera (110). C. U. intestinalis
(118). D. U. clathrata (120). E. U. compressa (126). F. U. flexuosa (105). G. U. tepida (134). H. U. ohnoi (135). L. U.
lactuca (137). 3. U. chaugulii (133).
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Table 4. Total oil, total Protein, chlorophyll a, chlorophyll b and carotenoids in some Ulva populations.

Car (mgg™') | Chl. b (mgg") | Chl. a(mgg™) EE% Pro% Voucher Species
(ngl(;U)

- - - 6.8+0.31 15.82+8.89 137 U. lactuca
0.02+0.02 0.28+0.20 0.32+0.20 5.87+0.26 8.21+1.44 100 U. flexousa
0.31+0.50 4.33+1.60 6.32+0.60 4.79+£0.10 13.03+1.13 107 U. flexousa
0.45+0.40 3.80+3.00 4.61+£3.70 5.17+£0.50 16.31+0.99 132 U. linza
0.32+0.30 1.49+0.40 2.97+0.80 13.87+0.45 8.05+0.79 130 U. linza
0.31+0.10 4.47+0.30 6.62+0.3 - 2.12+0.57 123 U. clathrata
0.16+0.10 0.20+0.01 0.43+0.02 - 1.2440.05 128 U. compressa
0.47+0.20 1.98+1.40 5.60+0.50 11.92+0.25 23.05+8.99 133 U. chaugulii
0.03+0.02 0.31+0.060 0.67+0.10 6.01+0.10 13.06+2.79 115 U. prolifera
0.48+0.50 0.65+0.10 1.43+0.20 - 15.11£3.28 111 U. prolifera
0.66+0.07 5.57+0.60 0.63+1.10 7.2340.11 15.00+£4.05 112 U. prolifera

- - - - 26.46+1.44 110 U. prolifera
0.34+0.07 1.97+0.30 4.80+0.50 11.74+0.59 20.54+2.07 134 U. tepida
0.41+0.20 2.79+0.40 5.50+0.60 5.75+0.45 23.44+2.10 109 U. tepida
0.32+0.20 3.63£1.50 6.51+£0.30 5.81+£0.06 24.51+2.80 135 U. ohnoi
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Figure 4. Comparison of the percentages of total protein and total oil in some Ulva populations studied.
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