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Ulva is most common green seaweed in Egypt coast, it used as a
source of food, feed, medicines and fertilizers in all the world. This
study is the first time to investigate the morphological, genetic
and biochemical variation within four Ulva species collected

from Eastern Harbor, Alexandria. The morphology description of
thallus showed highly variations according to species, but there is
not enough data to make differentiation between species in the
same genus since it is impacted with environmental factors and
development stage of seaweeds. Genetic variations between the
tested Ulva spp. were analyzed using random amplified polymor-
phic DNA (RAPD) analyses which shows that it would be possible
to establish a unique fingerprint for individual seaweeds based on
the combined results generated from a small collection of prim-
ers. The dendrogram showed that the most closely species are

U. lactuca and U. compressa, while, U. fasciata was far from both

U. lactuca and U. compressa. Meanwhile, U. linzea is showed to

be a unique species. The biochemical composition (e.g. protein,
carbohydrate, lipid and pigment composition) of the collected
Ulva spp. grouped the collected Ulva spp. into two groups

(U. fasciata and U. lactuca) and other (U. compressa and U. linzea).
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Pasnuuust MeXay HEKOTOPbIMI
BusmaMu poza Ulva, BbIIBJIEHHBIE
nmyTeM MOpP@dOJI0rn4eckoro,
reHeTUYEeCKOro 11 6MOXMMUYECKOTO
aHa/IM3a

M.M. Ucmanal @, C.0. MoxaMeA2

1 OTgen uccnenoBaHUin MOpPCKom cpefbl HauMoHanbHOro MHCTUTYTa
okeaHorpaduu n pbIbonoBcTBa, AnekcaHapus, Ervner

OTaen monekynapHon 6uonorun MiccnefoBaTtenbckoro UHCTUTYTa
reHHOW NHXeHepun 1 broTtexHonoruin, CafaTckuin yHUBEPCHTET,
Capart, Ervnetr

YnbBa — camas pacnpocTpaHeHHas 3efeHas BOLOPOCSb,
obuTatowan y nobepexba Ermnrta. Bo Bcem mupe oHa mc-
Nosb3yeTcs B KAUeCTBe NPOoAyKTa NUTaHWA, MPUMeHAeTCA
B MeZMLMHCKNX LeNiAX, a TakKe NAET Ha yaobpeHus n
dypax. B ctatbe NnpuBoasaTca pesynbTaThl NEPBOro Uccne-
[l0BaHMA MOPDONOrMYecKnx, reHeTUYecKnx n Groxmmm-
YeCKNX Pas3nnymin mexay YeTbipbmaA BrAamMu BOJOPOCEeNn
popaa Ulva, o6pa3ubl KoTopbix bl cobpaHbl B BocTouHol
6yxTe ropoga AnekcaHapuu (Eruner). Mpu nccnegosaHunu
Mopdonorum Tannyca 6o111 BbiiBEHbI 3HAUUTESbHbIE
Buaocneumdryeckme pasnmums, Ho JaHHbIX 4fiA TOro,
4TOObI OTAENUTDL OAVH BMA OT [PYroro B NpeAenax ogHoro
1 TOTO e PoAa, HeJOCTaTOYHO, MOCKOJbKY Ha YKa3aHHbIN
NPU3HaK BIVAIOT Kak 3Konornyeckne paktopbl, Tak U CTa-
LV pa3BUTUA pacTeHns. [eHETNYECKME Pa3nnuuua mexay
MNCCNefoBaHHbIMM BUAAMY YNbBbl aHANIM3UPOBAM C MOMO-
Lblo MeToAa ClyYaHO amnnnduLmMpyemon nonumMopedHo
[HK (RAPD). AHann3 geHaporpamMmmbl MoKasan, 4to Hanbo-
nee 6nu3km Apyr K Apyry sugabl U. lactuca n U. compressa,
Torga Kak U. fasciata anaeTca BULOM, OTAANEHHbBIM KaK OT
U. lactuca, Tak n ot U. compressa. B 10 e Bpems 6bl510 no-
KasaHo, uto U. linzea aBnaetca yHUKanbHbIM BUAOM. Pasnu-
unA, BbIABNIEHHbIE MeXay B1ugamm ynbebl Metogom RAPD,
roBOPAT O BO3MOXHOCTY NONyYeHUA «GUHrepnpuHTa» ana
VNHANBUAYaNbHBIX BOLOPOC/E NPU NCMOIb30BAHUN INLLb
He6osbLIOro Yrcna npanmepos. Ha ocHoBe cBoero 61oxm-
MUYECKOro cocTaBa (6efIKOBOro, yrneBogHOro, MMNUAHOro
1 MUTMEHTHOrO0) CO6paHHble BMAbI Oblv Pa3buTbl Ha ABe
rpynnbi: B ogHy Bownu U. fasciata v U. lactuca, a B gpyryto —
U. compressa n U. linzea.

KntoueBble cnoBa: Mopdonornieckunii NprnsHak; reHeTnye-
cKuin; broxmmndecknii; RAPD; ynbBa.



tuce, including species previously placed in the genus

Enteromorpha (monostromatic tubular thalli) (Hayden
etal., 2003), is well known for its wide distribution in marine,
freshwater and brackish environments on a global scale in the
intertidal and shallow subtidal zones of rocky shores all over
the world (Reed, Russell, 1979; van den Hoek et al., 1995;
Shimada et al., 2007, 2008; Ichihara et al., 2009). The genus
Ulva was first identified by Linnaeus in 1753 (Kong et al.,
2011). Since many taxonomists and phycologists have been
involved in the identification of Ulva species (Wolf et al.,
2012) which are notoriously difficult to classify due to the
morphological plasticity expressed by many members as well
as the few reliable characters available for differentiating taxa
(Heech etal., 2009; Wolfet al., 2012). It is morphology heav-
ily influenced by environmental conditions, age of the thallus,
and life style, making difficult the delineation of species by
morphological features alone (Wolf et al., 2012).

Until 2003, leafy forms and tubular forms were generally
attributed to two separate genera, Ulva and Enteromorpha,
respectively. However, intermediate forms between Ulva and
Enteromorpha had been observed in some circumstances and
there was evidence that under certain environmental condi-
tions some species could switch from a morphotype to the
other (Tan et al., 1999). Bliding (1968) recognized eight Ulva
species in Europe and used mainly microscopic characters:
cell size and shape in the blade and basal area (both in surface
view and in section), thallus thickness, cell arrangement,
chloroplast position and number of pyrenoids. Several authors
have questioned the validity of morphological characteristics
for identification purposes, because of the large variation
observed between individuals at different sites and between
individuals at the same site in different seasons (Mshigeni,
Kajamulo, 1979; Tanner, 1986). Seaweeds have an interesting
chemical composition that makes their commercial exploita-
tion attractive to produce functional or health promoting food.
Ulva is a good source for food, development of novel drugs
and functional foods, pharmaceutical and agricultural applica-
tions (Costa et al., 2010; Wijesekara et al., 2011).

Recent studies based on molecular data carried out in
different parts of the world invariably have shown a higher
species diversity than suggested by morphology, revealing
cryptic species and introduced taxa not previously detected
(Loughnane et al., 2008; O’Kelly et al., 2010). The molecular
data produced in the last 10 years have led to a much better
characterization of species concepts and circumscriptions
(Hayden et al., 2003). Recent improvements in DNA ex-
traction procedures have made it possible to obtain partial
sequences from type specimens, and in some cases this has
led to unexpected results. For example, it has been shown that
the molecular identity of the type specimen of U. lactuca does
not match that of specimens that have since been assigned to
this name, and corresponds to the entity named U. fasciata
(O’Kelly et al., 2010).

Genetic variation between Ulva species are assessed by
the presence or absence of each product. Random Ampli-
fied Polymorphic DNA (RAPD) technique based on the
Polymerase Chain Reaction (PCR) has been one of the most
commonly used molecular techniques to develop DNA mark-
ers (Bardakci, 2001). Polymorphisms can occur due to base

_|_he green algal genus Ulva commonly known as sea let-
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substitutions at the primer binding sites or to differences in the
regions between the sites. RAPD markers have been used for
species identification, analysis of population structure, analy-
sis of genetic impacts of environmental stress and analysis of
genetic diversity (Williams et al., 1993).

The aim of the present study was to provide information on
the morphology, genetic and biochemical characters of most
common Ulva spp. in Eastern Harbor of Alexandria.

Materials and methods
Collection and identification of Ulva species. Four species
of Ulva were handpicked collected in spring 2014 at depth of
0.2 m or less from rocky of Eastern Harbor water, Alexandria
(longitudes 29°53'-29°54" E and latitudes 31°12'-31°13' N)
which are excellent domains for seaweed attachment (Fig. 1).
All samples were brought to the laboratory in plastic bags
containing seawater to prevent evaporation. In laboratory,
seaweeds were cleaned from epiphytes and rock debris and
given a quick fresh water rinse to remove surface salts. On
the same of collection; some of fresh samples were processed
as herbarium specimens and deposited in the Taxonomy Mu-
seum Marine Environmental Division (National Institute of
Oceanography and Fisheries, Kayet Bay, Alexandria, 21556,
Egypt); other of them were preserved in 5 % formalin seawater
for morphology study and the other cleaned seaweeds were
then air dried in the shade at room temperature (25-30 °C)
on absorbent paper for estimation of moisture content. Then,
they were pulverized in a cereal grinder for 5 min and sieved,
using a 100 mesh sieve, to obtain a fine and homogeneous
powder that was stored in hermetic sealed plastic bags and
stored at —20 °C until for genetic and biochemical analysis. All
seaweeds were identified taxonomically following the meth-
ods of Taylor (1960), Abbott and Hollenberg (1976), Aleem
(1993), Jha et al. (2009). The names of the species were used
according to Guiry, Guiry (2011) and were confirmed using
algaebase website.

Morphological studies. Macroscopic observations on the
algae included the thallus colour, length, texture and, if at-
tached morphotypes were found, the holdfast was screened.
The following microscopic characteristics were recorded: cell
sizes of at least ten randomly chosen cells, thallus thickness,
shape and arrangement of the cells in surface view, shape
and arrangement of the chloroplast in surface view (cap-like
appearance or not) and number and distribution of pyrenoids.

Genetic studies. DNA extraction. About 500 mg of the
freeze algae (—20 °C) was ground in a pre-cooled mortar and
pestle by adding liquid nitrogen. DNA was isolated from
samples by CTAB method (Doyle, Doyle, 1987).

RAPD-PCR. Amplification of genomic DNA was per-
formed in 25 pl reaction mixture containing 9.5 ul water,
0.5 pl of RAPD primer, 12.5 ul PCR master mix and 2.5 pl
DNA. RAPD-PCR was performed by 14 different RAPD
primers (Tab. 1) after checking the DNAs by agarose gel
electrophoresis. PCR bands were checked again by agarose
gel electrophoresis after PCR analysis. Amplification done
with 5 cycles; denaturation at 94 °C for 1 minute, annealing
at 40 °C for 30 seconds and extension at 72 °C for 1 minute,
40 cycles; denaturation at 94 °C for 45 seconds, annealing
at 60 °C for 1 minute and extension at 72 °C for 45 seconds,
final extension at 72 °C for 11 minutes. The amplified prod-
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Mediterranean Sea

Fig. 1. Location of collected seaweeds.

uct kept in 4 °C until gel electrophoresis. 12 pl of each PCR
product was electrophoresed on 1.2 % agarose gel in TAE
buffer (40 mM Tris acetate, | mM EDTA, pH 8.0) at 80 V for
1 hour. The gel was stained with ethidium bromide and photo-
graphed.

Biochemical studies. Biochemical studies including ash
content which was estimated by ashing the ground dried
samples overnight in a muffle furnace at 525 °C, the protein
fraction (% of DW) was calculated from the elemental N deter-
mination using the nitrogen-protein conversion factor of 6.25
according to AOAC (1995), total carbohydrate was estimated
by following the phenol-sulphuric acid method of Dubois et
al. (1956), using glucose as standard, lipids were extracted
with a chloroform-methanol mixture (2:1 v/v) then were dried
over anhydrous sodium sulphate, after which the solvent was
removed by heating at 80 °C under vacuum (AOAC, 2000) and
the pigment contents e. g. chlorophyll a and b were extracted
in 90 % acetone, estimated spectrophotometrically according
to the method of Jeffrey, Humphrey (1975) and carotenoids
were estimated in the same extract of chlorophyll at 480 nm
by Ridley method (1977).

Statistical analysis. Results are expressed as mean + stan-
dard deviation (SD) from three replicates. Data obtained
were analyzed statistically using SAS (6.12) to determine
the degree of significance using one way analysis of vari-
ance (ANOVA) at probability level p <0.05, followed by the
Community Analysis Package (CAP) 4.0. The relationships
between the Ulva spp. were determined by cluster analysis
(Richard, Peter, 2007).

Results and discussion

Morphological and taxonomical

description of Ulva species

Algal collection were identified as presented in the literatures,
checked for synonyms and latest accepted names, referred to
its systematic groups and described. The collected species
were identified as Ulva compressa, U. fasciata, U. lactuca
and U. linzea (Phylum: Chlorophyta; Class: Chlorophyceae;
Order: Ulvales; Family: Ulvaceae). There was significant
variation in morphological characteristics of Ulva spp.
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Table1.The sequence of the RAPD primers used in the study

Primer number

Nucleotide sequence
(5-3)

Genus (1): Ulva compressa (Linnaeus) Grev

Synonyms: Enteromorpha compressa (Linnacus) Nees,
E. intestinalis (L.) Nees, subsp. compressa De Silva and
Burrows.

Morphological description: Thalli green color, up to
20 cm, 1-2.5 mm broad membranaceous, flat, narrow bladed
form, tapering upward, waving margin, branching at the base,
attached at first by a short cylindrical stipe (Fig. 2, a).

Surface view: Surface cells minute, polygonal, irregular
arrangement, cell contents chloroplast with pyrenoids 1-2 per
cell (Fig. 2, b).

Remarks: It is present in peaches and act as habitats for
different polycheates sp.

Genus (2): Ulva fasciata Delile

Synonyms: Ulva lactuca f. fasciata (Delile) Hering, Phy-
coseris fasciata (Delile) Montagne.

Morphological description: Thallus yellow to dark green
in colour, thin, up to 40 cm long, 8-12 cm wide at base,
tapering upward to less than 1.5 cm wide at tip and deeply
divided into a number of lobes, 1-3 ¢m broad lobes; sheet
like, blades irregularly linear with slightly irregular margins
with occasional coarse microscopic marginal teeth or spine
projections (Fig. 3, a).

Surface view: Cells in surface view polygonal, palisade like
with two cells thick and irregularly arranged. Cells uninucle-
ate, chloroplast plate-like filling outer part of cell and having
two pyrenoids (Fig. 3, b).

Remarks: It is the most common species in collected
season and place. It is good habitats for polycheats and zoo-
plankton spp.

Genus (3): U. lactuca Linnaeus

Synonyms: U. lactuca efolia Gray, U. fenestrate Postels
and Ruprecht, U. stipitata Areschoug, U. crassa Kjellman.

Morphological description: Thalli bright green, much
broader (15-20 c¢cm) than long (10—15), flat, rounded, foliose,
leafy, soft, broad, membranous with undulated margins and

Phylogenetics
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Fig. 3. (a) U. fasciata and (b) surface view of cells of blade.

normally wider at the top than at the base resembling a lettuce
leaf (Fig. 4, a).

Surface view: Under microscope examination; surface cells
have various shapes and sizes with no regular arrangement
with rounded angles, chloroplast usually fills the outer end
of the cell with one or more pyrenoids. Transverse section of
frond shows the two layers of cells (Fig. 4, b).

Remark: Thenatural blades of U. lactucaand U. fasciata were
more rigid than other tested Ulva spp. This characteristic was
attributed to the number of strata of cells intransversal section.

Genus (4): Ulva linzea Linnaeus

Synonyms: Enteromorpha linza (Linnaeus) J. Agardh,
U. procera (K. Ahlner) Hayden.

Morphological description: Thalli green in color, com-
pressed, linear lanceolate, unbranched, flattened, up to 30 cm
long and less than 1.0 cm broad in basal part which are tapered
from the base towards the apex to become spine like, with
wave margin (Fig. 5, a).

Surface view: Microscope examination showed that the
cells in surface view generally polygonal without regular ar-
rangement, interspace between cell is wide and no hollow parts
in blades. Cell is taller than broad, uninucleate, chloroplast
with the large number of pyrenoids (Fig. 5, b).

As shown from previously morphological examination,
there are significantly different in macroscopic description.

dunoreHeTnKa
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Fig. 5. (a) U. linzea and (b) surface view of cells of blade.

On the other hand, there are some similarity in microscopic
examination so these methods are not suitable for differen-
tiation between Ulva spp. There are little data related to our
study, the morphological and anatomical structure (thickness
of marginal, mid, and basal regions; cell height in transverse
section and cell size in surface section) of U. rigida signifi-
cantly affected by thallus age (Phillips, 1988), seasons and lo-
cations (Dural, Demir, 2001). Cell size is known to vary under
different environmental conditions such as salinity (Koeman,
van den Hoek, 1981), temperature and light availability (Is-
rael et al., 1995) and for these reasons does not seem to be a
good characteristic for identification. Pyrenoid number and
distribution useful for identification (Koeman, van den Hoek,
1981) but the pyrenoids can be very hard or even impossible
to observe if the cells contain many starch grains (Malta et al.,
1999). Pettett (2009) stated that the ability of Ulva to switch
morphological characteristics under different environmental
conditions makes Ulva taxonomy difficult so it should be used
more advanced methods like genetic information. Genetic
information reassigned the genus Enteromorpha to the genus
Ulva (Hayden et al., 2003).

Genetic variation
Data in Table 2 showed a total of amplified fragments 31,
38, 38 and 31 over all the 14 random primers using the ran-
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Table 2. Amplified, absent, polymorphic and common bands over all random primers Ulva species

Species No of amplified No of absent
bands bands
U. compressa 38 13
U. fasciata 31 20
U. lactuca 38 13
U. linzea 31 20
S S
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§ 5§ g § 5 £ ¥
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Fig. 6. RAPD polymorphism in four Ulva species.

Primer No. 11 (5'-CTGCTGGGAC), Primer No. 12 (5'-CCTTGACGCA),
Primer No. 13 (5'-GTCCCGACGA) and Primer No. 14 (5-GTCCGGAGTG).

dom amplified polymorphic DNA technique for U. fasciata,
U. lactuca, U. compressa and U. linzea, respectively. The
ratio of the common fragments was 32.25 % for each of
U. fasciata and U. linzea and 26.32 % for each of U. lactuca
and U. compressa.

It is worthy to mention that each of the genomic DNA of
U. lactuca and U. compressa had thirty-eight (38) amplified
fragments over all used primers of them twenty-eight (28)
polymorphic fragments with a ratio of 73.68 % for each of
the two species.

Meanwhile, each of the genomic DNA of U. fasciata and
U. linzea had thirty-one (31) amplified fragments as present
bands of them twenty-one (21) polymorphic fragments with
a ratio of 67.74 % for each of the two species.

Data in Table 3, revealed that the genetic similarity between
U. lactuca and U. compressa had the score of 0.79, meanwhile
it had the score of 0.55 between U. fasciata and U. linzea.
These results clearly indicated that the species U. lactuca is the
closest one to species U. compressa and the species U. linzea
was the most divergent from species U. fasciata. Moreover,
the phylogenetic relationship indicated by the dendrogram
in Fig. 6 and confirmed the aforementioned results obtained
from Table 3.

The dendrogram (Fig. 7) showed that the most closely spe-
cies are U. lactuca and U. compressa (Guidone et al., 2013).
However, U. fasciata (Pasad et al., 2009) is showed to be far
from both U. lactuca and U. compressa. Meanwhile, U. linzea
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No of polymorphic % of common % of polymorphic

bands bands bands
23 .................................... 2 63 2 ............................... 7 368 .............................
21 ..................................... 3 22 5 ................................ 6 774 .............................
28 .................................... 2 632 ............................... 7 368 .............................
21 ..................................... 3 225 ................................ 6 774 .............................

showed to be a unique species, suggesting that it is quite dif-
ferent than the other three species at the level of RAPD-PCR
primers used in this study. Moreover, these clustering dendro-
gram suggests that using more primers could be beneficial to
confirm these results.

Biochemical characteristics of Ulva spp.

The biochemical composition (moisture content, ash, protein,
carbohydrate and lipid) of Ulva spp. is illustrated in Table 4.
No significant differences were noticed in moisture content
in all tested Ulva spp. which ranged between 82.142 to
85.545 % DW. Our results are in agreement with Moustafa
and Saeed (2014) who stated that the moisture content of
macroalgae within the range 83.67-86.98 % DW.

Ash value was highest in U. fasciata (22.987 % DW) fol-
lowed by U. lactuca (21.345 % DW) then U. linzea (20.897 %
DW) and U. compressa (20.135 % DW). The present study
showed no significant differences in the ash content between
Ulva spp. and ranged between 20.135 to 22.987 % DW. Our
results are consistent with the observations reported by Wong
and Cheung (2001) who stated that the ash content of U. lactu-
ca range between 21.3-24.6 % DW and 25.4 % DW for
U. fasciata (McDermid, Stuercke, 2003). Khairy, El-Shafay
(2013) recorded that the ash content of U. lactuca which range
between 17.6-23.4 % DW in spring which the same season
of collected samples.

The protein content of Ulva spp. had significant difference
among Ulva species. The protein content of U. compressa
(22.056 % DW) was higher than other species while the
protein content of U. fasciata (13.091 % DW) was the lowest
one. This observation is similar to that observed Dhargalkar
et al. (1980) who detected that protein content varied among
different genera and also in different species of the same
genus, Fleurence (1999) reported that the protein content of
Ulva spp. range of 10-26 %, and Kokilam, Vasuki (2014)
stated that Ulva sp. had protein content within the range of
10-20 % (DW).

The level of carbohydrate was very high compared to pro-
tein and lipid. There are significant variations in carbohydrate
between Ulva species. The carbohydrate content of U. fas-
ciata was richer than other Ulva spp. (46.670 % DW), while
the lowest carbohydrate content was recorded in U. linzea
(33.221 % DW). These results were in conformity with Khairy
and El-Shafay (2013) who recorded that the carbohydrate con-
tent of U. lactuca ranged from 42.1 to 46.5 % DW and Mou-
stafa and Saeed (2014) detected that the carbohydrate content
in Ulva sp. ranged between 49.21 to 51.37 % DW in spring.

In comparison to protein and carbohydrate, lipid exhibited
no significant different and low proportion in Ulva spp. The

Phylogenetics
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Table 3. Genetic similarity matrix among four Ulva spp. based on polymorphic RAPD band

Species U. compressa U. fasciata
U Compressa .......................... 1 ............................................... o 64 ..............
U famam ............................... 0 6 4 ......................................... 1 ....................
U / ac tuca ................................ 0 79 ......................................... o 57 ..............
U / mzea .................................. 0 6 4 ......................................... o 55 ...............

U. lactuca U.linzea
079 ......................................... 0 64 .......................................
067 ......................................... 0 55 ........................................
........................... 1067
067 ......................................... 1 .............................................

U. linzea (4)

U. compressa (3)

U. lactuca (2)

U. fasciata (1)

[ L L L L L B L LB B R B

0.65 0.70 0.75 0.80

0.85 0.90 0.95 1.00 ]

Fig. 7. RAPD cluster analysis of four Ulva species depending upon simple matching coefficient and using

the UPGMA clustering method.

Table 4. The mean (£ SD) contents of moisture, ash, protein, carbohydrate and lipid (% dry weight) in the different Ulva spp.

% DW Moisture Ash Protein Carbohydrate Lipid
U. compressa 83.027+1.12 20.135+£0.21 22.056+1.01 29.572+2.22 2.646+0.66
U. fasciata 83.358+1.03 22.987+0.89 13.091+0.89 46.670+2.25 4.395+0.85
U. lactuca 85.545+0.87 21.345+£0.71 16.416+0.08 39.733£1.23 3.875+0.13
U. linzea 82.142+0.65 20.897+0.14 15.728+0.45 33.221+£0.34 3.476+0.03
F-value 128.774 131.252 803.971 48.981 10.168
P-value 0.0001 0.0001 0.0001 0.0001 0.0001
highest concentration of lipid was recorded in U. fasciata and 357 Chl.a
the lowest concentration was observed in U. compressa. These 0k H Chlb
results were in consistence with those of Dawes (1998) who ' I Total chlorophylls
stated that seaweeds exhibit low lipid contents. McDermid, £ 25t B Carotenoids
. ()]
Stuercke (2003) stated that the most macroalgae contained [
lipid less than 4 % DW. = 200
. . . . T
As shown in Figure 8, the pigment contents were sig- £ 15| T
nificantly different between Ulva spp. The highest chloro- T
phyll a was registered in U. linzea (1.662 mg g! FW) & 107
1 T
f(?llowed by U. compressa (1.522 mg g~! FW), then U. fas- o0s |
ciata (1.154 mg g' FW), and U. lactuca (0.667 mg g ! FW).
. . 0 . .
Chlorophyll b was observed to be the richest U. linzea U. compressa U. fasciata U. lactuca U linzea

(1.090 mg g!' FW), while the lowest chlorophyll b was noted
in U. lactuca (0.224 mg g~ FW). The greater total chlorophyll
value was observed in U. linzea (2.792 mg g-' FW) follow-
ed by U. compressa (2.578 mg g~! FW). The minimum value
was noted in U. lactuca (1.023 mg g! FW). On the other
hand, the maximum carotenoids was noted in U. compressa
(0.507 mg g~ ' FW) followed by U. linzea (0.321 mg g ! FW).
The lowest ratio was recorded in U. lactuca (0.24 mg g ! FW).
Similar findings and trends were also reported by Dere et
al. (2003) who detected that the pigment contents varied
significantly with respect to the algal taxa, stations and
depth. Moustafa, Saeed (2014) detected the total pigment of
Ulva spp. ranged between 2.52-5.22 mg/g DW.

dunoreHeTnKa

Algal species

Fig. 8. Variation in photosynthetic content of the collected Ulva spp.
(mg/g FW).

The reliable taxonomic identification of Ulva species is
unlikely to be obtained on the basis of morphology alone
(Malta et al., 1999). However, the traditional generic names
represent a useful morphological distinction between the
two-thallus types and, for the purposes of this research; the
genera will be referred to as separate for the sake of clarity
and continuity with previous authors.
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Differentiation between some Ulva spp.
by morphological, genetic and biochemical analyses

170 79.2 35 0

U. compressa

U. linzea

U. fasciata
I—‘ U. lactuca

Fig. 9. The relationships of four Ulva species based on variation in bio-
chemical composition expressed as Euclidean distance ward tree using
CAP software.

The CAP program was used to measure the relationships
between biochemical composition of Ulva spp. based on simi-
larity estimates using ward tree building methods that indicate
the species in this tree are divided into two major groups
(U. compressa and U. linzea) and (U. fasciata and U. lactuca)
which are closely related to each other (Fig. 9), respectively.
Biochemical analysis of the collected Ulva spp. confirmed
there are similarity between U. lactuca and U. fasciata and on
the other hand, between U. linzea and U. compressa.

The reliable taxonomic identification of Ulva species is
unlikely to be obtained on the basis of morphology alone
(Malta et al., 1999).

Conclusion

The present investigation represented initial steps in creating
areliable database on morphological, genetic and biochemical
variation between Ulva spp. collected from Eastern Harbor,
Alexandria, Egypt. Taxonomical study of seaweeds should
be not depend on morphological description and biochemical
composition only because were not enough for differentiation
between seaweeds especially Ulva species. These characters
more affected by age, seasonal changes so it should be used
genetic methods which are more specialization and accuracy,
while RAPD-PCR is useful in differentiation between Ulva
species. It may also be useful in detecting relationship be-
tween species within a genus. Future work in the seaweeds
differentiation and classification should be performed by
modern genetic technology to study the variation between
different species.

Conflict of interest
The authors declare no conflict of interest.

References

Abbott I.A., Hollenberg I.G. Marine algae of California. Stanford Uni-
versity Press, 1976.

Aleem A.A. The marine Algae of Alexandria, Egypt. Egypt: Univ. of
Alexandria, Faculty of Science, 1993.

AOAC. Official methods of analysis of AOAC International, 16th edn.,
AOAC Int., Washington, 1995.

AOAC. Official methods of analysis of AIAC International, 16th edn.,
AOAC Int., Washington, 2000.

Bardakci F. Random Amplified Polymorphic DNA (RAPD) Markers.
Turk. J. Biol. 2001;25:185-196.

Bliding C. A critical survey of European taxa in Ulvales. I1. Ulva, Ul-
varia, Monostroma, Kornmannia. Bot. Not. 1968;121:535-629.

Costa L.S., Fidelis G.P., Cordeiro S.L., Oliveira R.M., Sabry D.A.,
Camara R.B.G., Nobre L.T.D.B., Costa M.S.S.P., Almeida-Lima J.,
Farias E.H.C., Leite E.L. Biological activities of sulfated polysac-
charides from tropical macroalgaes. Biomed. Pharmacother. 2010;
64:21-28.

366 VavilovJournal of Genetics and Breeding - 2017 <213

M.M. Ismail
S.E. Mohamed

Dawes C.J. Marine Botany. New York: John Wiley and Sons, Inc., 1988.

Dere S., Dalkiran N., Karacaoglu D., Yildiz G., Dere E. The determina-
tion of total protein, total soluble carbohydrate and pigment contents
of some macroalgae collected from Gemlik-Karacaali (Bursa) and
Erdek-Ormanl (Balikesir) in the Sea of Marmara, Turkey. Oceanolo-
gia. 2003;45(3):453-471.

Dhargalkar V.K., Jagtap T.G., Untawale A.G. Biochemical constitu-
ents of seaweeds along the Maharashtra coast. Indian J. Marine Sci.
1980;9(4):297-299.

Doyle J.J., Doyle J.L. A rapid DNA isolation procedure for small quan-
tities of fresh leaf tissue. Phytochem. Bull. 1987;19:11-15.

Dubois M., Gillies K.A., Hamilton J.K., Robbers P.A., Smith F. Calo-
rimetric method for determination of sugar and related substances.
Anal. Chem. 1956;28:350-352.

Dural B., Demir N. Ecological, anatomical and morphological studies on
Ulva rigida C. Agardh (Ulvaceae, Chlorophyta) in the coast of Izmir
(Aegean Sea — Turkey). Tarim Bilimleri Dergisi. 2001;7(3):74-80.

Fleurence J. Seaweed proteins: biochemical nutritional aspects and po-
tential uses. Trends Food Sci. Technol. 1999;10:25-28.

Guidone M., Thornber A., Wysor B., O’Kelly C.J. Molecular and mor-
phological diversity of Narragansett Bay (RI, USA) Ulva (Ulvales,
Chlorophyta) populations. J. Phycol. 2013;49:979-995.

Guiry M.D., Guiry G.M. 2011 AlgaeBase. World-wide electronic pub-
lication, Nat. Univ. of Ireland, Galway. Available at http://www.
algaebase.org.

Hayden H.S., Blomster J., Maggs C.A., Silva P.C., Stanhope M.J., Waa-
land J.R. Linnaeus was right all along: Ulva and Enteromorpha are
not distinct genera. Eur. J. Phycol. 2003;38:277-294.

Heech S., Broom J.E.S., Neill K.F., Farr T.J., Dalen J.L., Nelson W.A.
Ulva, Umbraulva and Gemina: genetic survey of New Zealand taxa
reveals diversity and introduced species. Eur. J. Phycol. 2009;44:
143-154.

Ichihara K., Arai S., Uchimura M., Fay E.J., Ebata H., Hiraoka M., Shi-
mada S. New species of freshwater Ulva, Ulva limnetica (Ulvales,
Ulvophyceae) from the Ryukyu Islands, Japan. Phycol. Research.
2009;57:94-103.

Israel B.A., Cummings K.M., Dignan M.B., Heaney C.A., Perales D.P.,
Simons-Morton B.G., Zimmerman M.A. Evaluation of health edu-
cation programs: current assessment and future directions. Health
Education & Behavior. 1995;22(3):364-389.

Jeffrey S.W., Humphrey G.F. New spectrophotometric equations for
determining chlorophylls a, b, ¢, and ¢, in higher plants, algae and
natural phytoplankton. Biochemie Physiol. Pflanzen. 1975;167(2):
191-194.

Jha B., Reddy C.R.K., Thakur M.C., Rao M.U. Seaweeds of India: the
Diversity and Distribution of Seaweeds of the Gujarat Coast. Dor-
drecht; Heidelberg; London; New York: Springer, 2009.

Khairy H.M., El-Shafay S.M. Seasonal variations in the biochemical
composition of some common seaweed species from the coast of
Abu Qir Bay, Alexandria, Egypt. Oceanologia. 2013;55(2):435-452.

Koeman R.P.T., van den Hoek C. The taxonomy of Ulva (Chlorophy-
ceae) in the Netherlands. Br. Phycol. J. 1981;16:9-53.

Kokilam G., Vasuki S. Biochemical and phytochemical analysis on
Ulva fasciata and Caulerpa taxifolia. Int. J. Pharmaceut. Sci. Re-
search. 2014;4(1):7-11.

Kong F., Mao Y., Cui F., Zhang X., Gao Z. Morphology and molec-
ular identification of Ulva forming green tides in Qingdao China.
J. Ocean Univ. of China. 2011;10:73-79.

Loughnane C.J., Mclvor L.M., Rindi F., Stengel D.B., Guiry M.D.
Morphology, rbcL phylogeny and distribution of distromatic Ulva
(Ulvophyceae, Chlorophyta) in Ireland and southern Britain. Phycol.
2008;47:416-429.

Malta E., Stefano G., Draisma A., Kamermans P. Free-floating Ulva in
the southwest Netherlands: species or morphotypes? A morphologi-
cal, molecular and ecological comparison. Eur. J. Phycol. 1999;34:
443-454.

McDermid K.J., Stuercke B. Nutritional composition of edible Hawai-
ian macroalgaes. J. Appl. Phycol. 2003;15:513-524.

Phylogenetics


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwicnKjittLOAhUDNhoKHXbtBKMQFggaMAA&url=http%3A%2F%2Fpubs.acs.org%2Fjournal%2Fancham&usg=AFQjCNGwU1paFhClZcbIAVVWe1JpUebMaA&sig2=vcAiXTP1XPdZcN6wA9yGMg&bvm=bv.129759880,d.d2s
http://www.algaebase.org
http://www.algaebase.org
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwjjy83dudLOAhWDAxoKHc4FDFkQFggdMAA&url=http%3A%2F%2Fwww.sciencedirect.com%2Fscience%2Fjournal%2F00153796&usg=AFQjCNGARnixrhVNb_DNF05hodR5gVusug&sig2=OqzyisH1MpJ-Y8zlYqkyBw&bvm=bv.129759880,d.d2s

Paznnumna mexpay HekoTopbimMM Bugamm popa Ulva, BbiiBNeHHble nyTem
MOPdONOrMyeckoro, reHeTUYeCKoro 1 GMOXMMUYECKOro aHanm3a

Moustafa Y.T.A., Saced M.S. Nutritional evaluation of green macroal-
gae, Ulva sp. and related water nutrients in the Southern Mediter-
ranean Sea coast, Alexandria shore, Egypt. Egypt. Acad. J. Biol. Sci.
2014;5(1):1-19.

Mshigeni K.E., Kajamulo A.A. Effects of the environment on polymor-
phism in Ulva fasciata Delile (Chlorophyta, Ulvaceae). Botanica
Marina. 1979;22:145-148.

O’Kelly C.J., Kurihara A., Shipley T.C., Sherwood A.R. Molecular as-
sessment of Ulva spp. (Ulvophyceae, Chlorophyta) in the Hawaiian
Islands. J. Phycol. 2010;46:728-735.

Pasad U., Deshmukhe G., Dwivedi A., Singh S.D. Detection of genetic
variation in four Ulva species based on RAPD technique. Indian J.
Marine Sci. 2009;38(1):52-56.

Pettett P. Preliminary investigation into the induction of reproduction
in Ulva spp. in Southeast Queensland for mass cultivation purposes:
Masters in environmental change management. Univ. of the Sun-
shine Coast, Faculty of Science, 2009.

Phillips J.A. Field, anatomical and development studies on southern
Australia species of Ulva (Ulvaceae, Chlorophyta). Australian Syst.
Botany. 1988;1(4):411-456.

Reed R.H., Russell G. Adaptation to salinity stress in populations of
Enteromorpha intestinalis (L.) Link. Estuarine. Coastal Marine Sci.
1979;8:251-258.

Richard S., Peter H. Community Analysis Package 4.0. Searching for
structure in community data. UK: Lymington, 2007.

Ridley S.M. Interaction of chloroplasts with inhibitors. Induction of
chlorosis by diuron during prolonged illumination in vitro. Plant
Physiol. 1977;59:724-732.

Shimada S., Tadano T., Tanaka J. A new species Codium tenuifolium
(Codiales, Chlorophyta) from Japan. Jpn J. Botany. 2007;82:117-
125.

dunoreHeTnKa

M.M. Vicmamn
C.2. Moxamep,

2017
213

Shimada S., Yokoyama N., Arai S., Hiraoka M. Phylogeography of
genus Ulva (Ulvophyceae, Chlorophyta), with special reference to
the Japanese freshwater and brackish taxa. J. Appl. Phycol. 2008;20:
979-989.

Tan I.H., Blomster J., Hansen G., Leskinen E., Maggs C.A., Mann D.G.,
Sluiman H.J., Stanhope M.J. Molecular phylogenetic evidence for a
reversible morphogenetic switch controlling the gross morphology
of two common genera of green seaweeds, Ulva and Enteromorpha.
Mol. Biol. Evol. 1999;16:1011-1018.

Tanner C.E. Investigations of the taxonomy and morphological varia-
tion of Ulva (Chlorophyta): Ulva californica. Phycologia. 1986;
25(4):510-520.

Taylor W.R. Marine Algae of the Eastern Tropical and Subtropical
Coasts of the Americas. Univ. of Michigan Press, Ann Arbor, 1960;
870-880.

van den Hoek C., Mann D.G., Jahns H.M. Algae. An Introduction to
Phycology. Cambridge: Cambridge Univ. Press, 1995.

Wijesekara 1., Pangestuti R., Kim S.K. Biological activities and poten-
tial health benefits of sulfated polysaccharides derived from marine
algae. Carbohydrate Polymers. 2011;84:14-21.

Williams J.G.K., Hanafey M.K., Rafalski J.A., Tingey S.V. Genetic
analysis using random amplified polymorphic DNA markers.
Methods Enzymol. 1993;218:704-740.

Wolf M.A., Sciuto K., Andreoli C., Moro 1. Ulva (Chlorophyta, Ul-
vales) biodiversity in the North Adriatic Sea (Mediterranean Italy):
Cryptic species and new introductions. J. Phycol. 2012;48:1510-
1521.

Wong K.H., Cheung P.C.K. Nutritional evaluation of some subtropi-
cal red and green seaweeds. Part I. Proximate composition, amino
acid profile and some physico-chemical properties. Food Chemistry.
2001;71:475-482.

BaBuWNOBCKMI XKYpHan reHeTUKN n cenekuymm « 2017 <27+ 3

367


https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwivs8KxvtLOAhWB7hoKHQkZB_EQFggaMAA&url=http%3A%2F%2Fwww.degruyter.com%2Fview%2Fj%2Fbotm&usg=AFQjCNHgL9St2NgpVKxIDADolB5T2Imp9A&sig2=2PT5UBhFz-j4fzhqAuTA5Q&bvm=bv.129759880,d.d2s
https://www.google.com.eg/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwivs8KxvtLOAhWB7hoKHQkZB_EQFggaMAA&url=http%3A%2F%2Fwww.degruyter.com%2Fview%2Fj%2Fbotm&usg=AFQjCNHgL9St2NgpVKxIDADolB5T2Imp9A&sig2=2PT5UBhFz-j4fzhqAuTA5Q&bvm=bv.129759880,d.d2s

