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ABSTRACT

The present study aimed to induce useful mutations and increase
variability in marjoram population, as well as trial to
- micropropagation of marjoram. Seeds of Marjoram (Marjorana
hortensis Moench) were irradiated at three y-ray doses (50, 100 and
150 Gy). The effect of gamma ray dose for induction of genetic
changes was decreasing with the increasing in the dose at M;
generation. The 100 Gy of gamma ray consider as a favorable dose
for induction of changes in marjoram. Four morphological mutants
were isolated at M, generation; that possessed hairless, dark-green
leaves and large leaves. The mutant line No.3 consider as a promising
mutant for its high oil content and shoot dry weight followed by
mutant No.4. The 50 Gy dose of gamma rays was the most effective
dose in inducing of useful mutations for oil content (h*> = 0.80). Leaf
explant was more suitable than stem explant for callus induction and
the hormone balance (3.0 mg/L BAP + 0.5 mg/ L. NAA) followed by
(1.0 mg/L: BAP + 0.5 mg/L. NAA) consider as more suitable for callus
induction. In the second trial, stem explant was more suitable than
leaf explant for callus induction No relationship between explants
and hormone concentration for callus induction was found (chi-
square was non-significant). The medium 3.0 mg/L. BAP + 0.5 mg/L
NAA only, which gave plant regeneration (shoot formation) in the
same medium.
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INTRODUCTION

Majorana hortensis Moench,
commonly known as ‘sweet
marjoram’ is a member of the
family Lamiaceae. It is a perennial
herb native to Cyprus and eastern
Mediterranean counfries
(Letswaart, 1980). The plant is
propagated by seeds and tender
stem cuttings. This plant is
characterized by a strong, sweet,
spicy pleasant odour. The leaves
are used fresh or dried and are
highly esteemed as a condiment
for seasoning food products. The
aerial parts of the plants are used
for the isolation of oil, which has
many uses in the flavour,
perfumery and pharmaceutical
industries. In the food industry, it
is mainly used as a spice in
sausages but its use in backed
goods, processed  vegetables,
condiments, soups, snack foods
and gravies has also been reported
(Burdock, 1995). In addition to
this, marjoram is well known for
its medicinal value (Chevallier,
1996). The plant is also reported to
possess  anticancer {Hartwell,
1969), antioxidant- and antifungal
properties (Pruthi, 1980).

Mutation breeding is one of the
conventional breeding methods in
plant breeding. It is relevant with
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various fields like morphology,
cytogenetics, biotechnology and
molecular biclogy etc. Mutation
breeding has become increasingly
popular in recent as an effective

tool for crop improvement
(Acharya, et al., 2007) and an
efficient means supplementing

existing gemplasm for cultivar
improvement in breeding programs
(Dubinin, 1961).

A change in composition of the
oil may be induced through
mutations that would favourably
alter the quantity of terpenes and
minor constituents (Srivastava and
Tyagi, 1986). The generation of
new variability is necessary and
new technigues are needed to
circumvent the present barriers for
improvement. Mutation breeding is
most promising for the induction
of hereditary metabolic blocks
suppressing the conversion or
degradation  of  econommcally
important active principle
(Srivastava and Tyagi, 1986).
Numerous investigations have
pointed to the usefulness of
induced genetic variation in the
biosynthesis of alkaloids and other
secondary metabolites (Hegnauer,
1975; Levy, 1982; Borssman and
Wilcox, 1984 and Srivastava,
1984).
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Endemic plants greatly
contribute to the richnes and
diversity of the flora of Turkey.
Bajaj e al. (1988) have been
pointed out the growing interest
worldwide in medicinal and
aromatic plants. Conservation of
endemic, endangered, medicinal
and aromatic plants is beyond
regional scope and becomes of
global significance (lucn, 2001).
They should be protected by
different methods including in
vitro culture, In vitro propagation
1s a suitable method for plant
regeneration, micro propagation
and long-term storage of plant
material.

There is a few information about
in vitro culture of Origanum
species in the current literature
(Kumari and Saradhi, 1992; Crutis
. and Shetty, 1996; Iyer and Pai,
2000; Tisserat and Vaughn, 2004;
Minnas; 2001). Plants belonging to
genus Origanum 1. (LLamiaceae)
are represented by 25 taxon in
Twkey and 16 of them are
endemic (Davis et al, 1982
Kitiki, 1996 and Duman et af.,
2000). Some species of these
plants are well known in Anatolian
folk medicine and widely used as
spices and herbal tea (Baytop,
1983). They are great economic
importance which is not only
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elated to their use as in fact, as
recent studies have pointed out,
oregano is used traditionally in
many other ways as their essential

oils have antimicrobial,
antifungicidal cytotoxic, antiviral
maticidal and antioxidant

properties (Lagouri et al., 1993;
Sivropoulou ef al., 1996).

Therefore, the present study
aimed to induction of useful
mutations and  increase of
variability nto marjoram
population, as well as trial to
micropropagation of marjoram.

MATERIALS AND
METHODS

~ This investigation was carried

out during seasons 2007, 2008 and
2009 at green house of Faculty of
Agriculture, Zagazig University.

Materials
Plant variety

French variety of marjoram
(Marjorana hortensis Moench)
was used in the present study.

Mutagen
Gamma rays as physical

mutagens were used by (50,100
and 150) Gray (Gy).
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Methods complete sterility, the
Mutation induction in remaining M plants ~ were
) harvested separately in each
marjoram

Procedures of mutagens
treatment

A sample of dry well filled seeds
from  marjoram  (Marjorana
hortensis Moench) variety was
arranged in  monolayer in
polyethylene bags and subjected to
actual doses 50 Gy, 100 Gy and
150 Gy. The exposure time was
exactly adjusted to allow the seeds
to receive the predetermined dose.

Post- treatment handling of

the material

The irradiated seeds of each
treatment along 200 untreated
control seeds were planted into
small plot. After three months, the
M, seedlings were transplanted
into the field at the rate of one
plant per hill with a close spacing
of "15 x 25" c¢cm in the season of
2007. Fertilization; trrigation and
other ordinary field practices were
done.

Harvesting M; plants and
raising M; families

After discarding all most
plants exhibiting drastic
morphological  changes or

treatrnent from the respective

control material only 50
randomly chosen plants were
individually harvested.

In M, generation, the seeds of
each M, plant constituting M
families were sown in small plot
in a nursery in the field in the
season of 2008. After three
months the survived seedlings
were ftransplanted into family
rows. The control of each variety
was represented by 50 plant
families.

Screening of mutation for M,

generation

The M; plants were individually
screened in the season of 2008 for
any  apparent  morphological
change. Screening was done
periodically the entire growing
scason up to maturity. The
morphological changes observed
were those affecting plant height,
change in colour of plant and any
morphological  changes  were
assessed after harvesting the seed
for each mutant were collected in
the laboratory.

Generally, the following critenia
were studied for each induced
morphological mutants at M;
generation: Plant height, fresh
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weight, dry weight, No. of
branches/plant and oil content.

Raising the progenies in M;

generation

Seeds of mutant lines (four
mutant lines) and 10 plants from
each treatment were grown and
transplanted in the field in the
season of 2009, after three
months the seedling for all lines
were transplant at two replicates
as one row in each line. Field
practices were similar to those
observed in growing of M; and
M; generations,

Studies on mutant progenies

The mutant progenies were
carefully  and continuously
observed in the field in order to
confirm their breeding behavior.

These mutants were studied for
following  characters:  Plant
height, fresh weight, dry Weight,
oil content and change in the leaf
colour.

Marjoram micropropagation

Tissue culture was carried out at
plant Biotechnology laboratory,
Department of Genetics, Faculty of

Agriculture, Zagazig University.
In vitro propagation (Tissue
culture) procedure

I~ Stem and leaves were collected
from adult plants grown in the

field segments 3-4 mm long
were sampled from each node
(axillary bud).

2- Stem and leaf samples were
sterilized by immersion in 70 %
ethanol for 10 sec. followed by
three washes using sterile
distilted water then immersed in
10% of commercial Clorox
solutton for 15 min, these stem
and leaves were sub sepuently
rinsed several times with
distilled sterile water. Three
segments of air draining stem
and leaves were cultured
aseptically on modified MS-
medium. The PH of these media
was adjusted to 5.8 by addition
of 0.1 HCL or NaOH. All
cultures were solidified by 0.7
agar added prior autoclaving at
1.2 Kg/Cm? for 15 min.

Epnhancement of different
morphological responses

The following content ratios of
2.4-D (dichloro phenoxy acetic
acid) and kinetin (N-6-furfuyl
adenine) or NAA (nephthalene
acetic acid) and BA (6-
benzyamino purine) were added to
culture medium at the following
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concentrations for enhancement of
different morphological responses

1- MS medium free hormones.
2-MS +0.5mg/l. 24 D + 1 mg/L
kin _

3- MS+ 0.5mg/L 2.4 D + 2 mg/L
kin
4- MS+ 0.5mg/LL NAA + 1 mg/L
BA
5- MS+ 0.5mg/L NAA + 3 mg /L
BA
6- MS+ 0.5mg/L. NAA + 5 mg/L
BA
Cultures were incubated under
light condition 16h/day
photoperiod at intensity of 3000
lux from cool light fluorescent
[amb for 30 days and maintained at
26 £ 1 " C. Five replicates from
cach treatment were set up, the
percentage  of  morphological
responses for calli and calli
differentiation were recorded.

Rooting medium:
MS Medium + 0.2 mg/L IBA

All branches resulting from
directly or from callus
differentiation were transplanted
into rooting medium under more
intensity of light.

Statistical analysis

Analysis of variance
(hierarchical design) (Tablel) was
used for estimation of genotypic
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and phenotypic variation,
estimation of heritability (h?) and
selection genetic gain (Gs) at M,
generation.

Chi-square test was applied for
micropropagation study for
estimation of differences between
media and explants as callus
induction response.

RESULTS AND
DISCUSSION

The Use of Gamma Rays for
Induction of Mutation

The average mean of M;
generation for plant height, No. of
branches per plant, shoot fresh
weight per plant, shoot dry weight
per plant and oil content under
control and three y-ray doses (50,
100 and 150 Gy) were showed in
Fig. 1. As general, 100 Gy does
(10 kr) wvy-ray consider as an
optimum dose for increasing plant
height, shoot dry weight and oil
content. In contrast, 150 Gy from
y-ray were decreasing plant
height, No. of branches per plant,
shoot dry weight and oil content.
Therefore, the 100 Gy from
gamma ray consider as favorable
dose, for induction of changes in
marjoram.



Table 1. Analysis of variance and expected mean sum of squares

Replication of variance d.f S. S. M.S. Expected M.S. F.value
Replication r-1 Zxy/ ng-X*../nqr=8"
Between lines n-1 ZX;/ rq—Xz../nqr=Szz Vi 0%, + qu2 :il

2
Within lines m(g-1) S%-(S% + 52 Vy O
Total rng-1 ZXZ;gk- X*../ nqr= S;*
Where:

r = number of replicates

n = number of lines.

q = number of plants in each line within replicate.

Xg = total of gy, replicate.

X, = total of iy line

Xipx = observation of Ky, plant in iy, line of g, replicate.
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The effect of gamma ray dose
for induction of genetic changes
was decreased with increasing the
dose at M; generation (Fig. 1).
These results confirmed with the
findings of Girija and Dhanavel
(2009) who studied the mutagenic
effectiveness and efficiency of
gamma rays in cowpea, they
confirmed that rutagenic
effectiveness and  efficiency
increased with the decreased in
dose or concentration. In the other
investigation, Srivastave and Tyagi
(1986) studied the effects of seed
irradiation on yield and quality of
essential o0il m palm arose
(Cymbopogon martimii stapf), they
reported that the yield and quality
of oil at 10 kr and 15 kr doses
were enhanced significantly and
the results on high vield and
quality of oil as induced by gamma
irradiation were discussed form the
point of view that a gene may have
been altered by mutagen treatment
to produce a metabolic block
between geraniol and geranyl
acetate on the biosynthetic
pathway or that modifier genes
controlling the expression of key
precursor molecule may have been
father modified to give rise to a
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geraniol  rich

palmarose.

chemotype in

Very important morphological
mutants were isolated at M;
generation (Fig. 2). These mutants
possessed  hairless, dark-green
leaves and large leaves. Four
mutants were isolated at M
generation and grow as family for
each mutant at M, generation. The
behavior of these mutants at M;
and M; generation were recorded
in Table 2, From Table 2, the
mutant hne No.3 consider as a
promising mutant whereas, it
possess high oil content and shoot
dry weight, followed by mutant
No.4. These mutants require to
more studies and conservation of
them until new promising lines and
cultivars.

Analysis of variance, heritability
(h?) and expected genetic advance
(Gs) for four studied characters in
M; families of marjoram (Table 3)

confirmed that sigmficant
difference between lines for all
studied characters, 1le., plant

height, shoot fresh weight, shoot
dry weight and oil content at three
different doses of gamma-rays,
while, the control was
insignificance. ~ These  results
confirmed that the gamma rays
succeed in induction more
variation in the studied important
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criteria, which permit to selection
at following generations for
genetic  improvement of yield
characters, especially oil content.
Moreover, heritability in brood-

~sense and expected genetic
advance supported the above
conclusion, whereas the high

heritability estimates were
recorded for all studied characters
and confirmed that the importance
of 50 Gy of gamma rays dose for
induction of wvariation in o1l
content (h” = 0.80), as well as high
expected genetic advance for all
studied traits, especially oil
content. These results confirmed
the importance of physical
mutagens as gamma rays for
induction of new variation in
marjoram as medicinal plants, for
acceleration of genetic
improvement of these important
plants as local consumption and
export.

The average mean for different
families at My generation to
different treatments for oil content
were showed in the Table 4. These
results confirmed that same lines
consider as promising lines for
improvement of oil content as line
No.8, and No. 6 in the doses of
gamma rays, i, e, 50, 100 and 150
Gy, respectively. As well as the
general mean for lines from three
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treatments was higher than the
average mean of oil content of
control.
Marjoram micropropagation
Micropropagation of
marjoram as medicinal plant
consider as main objective in these
plants, for solving of mass
production of medicinal plants,
which suffering from nature
propagation by seeds or cutting
especially, fo trial of chemotype
marjoram  production as a
demanded pharmaceuticals at
present and future Callus
formation from different explants
(stem and leaf) was recorded by
using MS medium and different
concentrations of benzyl amino
purine (BAP) and naphthalene
acetic acid (NAA) (Table 5 and
Fig. 3). Leaf explants consider as
more suitable for callus formation
than stem explant, whereas, highly
significant  difference  between
them. In the same way, hormone
concentration appeared  highly
significant difference. Also, the
hormone balance (3.0 mg/L BAP +
0.5 mg/L. NAA) followed by (1.0
mg/l. BAP + 0.5 mg/L NAA)
consider as more suitable for callus
induction (table 5 and fig. 3).
Highest value from BAP consider
as unsuitable dose for callus
formation. The medium 3.0 mg/L
BAP + 0.5 mg/I. NAA only, which
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gave plant regeneration (shoot
formation). = No  relationship
between explants and hormone
concentration for callus induction
(chi-square was insignificant) was
found. These results confirmed
with findings of Dudu Ozkum,
(2007) who studied /n vitro shoot
regeneration of oregano (Origum.
minutiflorum O. Schwarz & Davis)
and used different explants and
different concentrations of BAP
and NAA. MS medium
supplemented with 2.0 mg/L. BAP
+ 0.1 mg/lL NAA was the most
effective  medium for shoot
formation. As well as, the single
nodel segments were the most
successful explant in all used
hormone concentrations. Multiple
shoots were obtained from sweet
marjoram ( Marjorana hortensis
Moench) nodel stem explants
where cultured on Murashiga and
Skoog {MS) medium
supplemented with 6-
benzylaminopurine at 2.0 mg/L
only (Iyer and Pai, 1998).

Other trial for callus induction
by using other hormone balance
(table 6) reflect behavior on first
trial stem explant under different
concentration of hormones. Stem
explant was more suitable than leaf
explant for callus induction (Table
6 and Fig. 4), but two
concentrations of hormone [(0.5
mg/L 2,4-D + 1.0 mg/L kin} and
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(0.5 mg/L 2, 4-D + 2.0 mg/L kin)]
were insignificant between them
for  callus  formation. No
interaction between explants and
hormone balances {chi- square for
independence was not significant)
also.

The formed callus in all media
were transferred to MS medium
supplemented by 3.0 mg/L BAP +
0.5 mg/L NAA and obtaining of
shoot formation (Fig. 5). The
formed shoots were transferred
mnto rooting medium (0.2 mg/L
IBA) and formation of roots (Fig.
6).

In the same way, it recorded in
the study of Iyer and Pai (2000)
where, callus was induced in stem
explants in medium containing 0.4
mg/L 2,4-D. This callus showed
organogenesis i MS medium
containing 3.0 mg/L. BAP and 0.2
mg/L IBA. Other study (Arafeh er.
al, 2003) where, micropropagation
of wild Syrian marjoram highest
shoot proliferation was obtained
when kinetin {0.4 mg/L) and BAP
(0.8 or 1.2 mg/L) were used. TDZ
failed to promote shoot
proliferation and induced callus. In
the same way, Borovec, 1988
found that the explants of lateral
buds were successfully cultured on
MS medium with 4.0mg/l. BAP
and 0.1 mg/. NAA and
regenerated shoots formed a well-
developed root system.



- Table 2. The behaviors of selected mutants at M; and M; generations for studied characters

No. of Length (cm) Fresh weight Dry Weight (gm) No. of Oil content

mutants (gm) Branches (ml)
M2 M3 M2 M3 M2 M3 M2 M3

control 44 34 20.11 19.9 5.44 7.18 15.0 0.8
1 46 35 21.18 2348  4.59 9.18 12.0 ' 1.04
2 48 30 69.40 2747 2684 11.54 36.0 0.66

3 42 37 65.36  35.75 23.63 16.59 27.0 1.26

4 32 41 67.33 50.03 24.34 19.74 30.0 1.20
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Table 3. Analysis of variance, heritability and expected genetic advance for plant height, shoot fresh weight, shoot
dry weight and oil content in M; families for marjoram (Majorana hortensis Moneach)

Mutant source of

Allam, ef al.

lines variation d.f plant height shoot fresh weight shoot dry weight oil content
M.S h2 Gs M.S h2 Gs M.S h2 Gs M.S h2 Gs
18
Between Lines 55.144 _ 198.147 o 56.033 . _ 0.502 . _
control -
Within Lines 4,
‘ 39433 194.289 32,467 0.205
i8
5GY Between Lines 38.996** 067 4.69 569218** 087 213 8755667 0.7 72 062253** 08 0.67
Within Lines 40 '
55 26.464 11.1455 0.079
10GY Between Lines 18 48.46** 0.67 529 261.582%** 087 124 26.74889** (0.7 443 032128** (062 (.42
Within Lines 40
6.566 32.988 1.98475 0.074
15 GY Between Lines 18 57.04** 071 589 465.652** 085 188 49.16833* 078 586 03{301** 050 0.35
Within Lines 4,
6.9 26.812 4.13325 0.104
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** Highly significant at 0.01



different treatments over replication

Table 4, The oil content (mean + SD) for different families (random selected) at M; generation to

No. of family Control Treatment 50  Treatmenl00 Treatment 150
1

1.3454+0.083 1.313+0.0847 123540226  1.193+0.085
2 1.265+0.209 1.281+£0.521 0.496+0.141 0.738+0.552
3 0.865+0.270 1.006+0.698 0.680+0.234 1.056+0.0357
4 0.796+0.289 1.548+0.687 0.584+0.037 0.684+0.315
5 0.352+0.126 1.398+0.360 0.904+0,341 0.545+0.355
6 1.101+£0.265 1.979+0.503 1.055+£0.425 1.445+0.215
7 1.484+0.068 1.143£0.340 0.830+0.304 0.812+0.130
8 1.266+0.331 1.565+0.337 1.351£0.120 1.084+0.005
9 0.171+0.254 1.539+0.290 1.471+0,220 1.290+0.360
10 0.0079+0.004 1.195+0.325 0.848+£0.0920  0.511+0.314
General mean + SD 0.865+0.190 1.397 £ 0.415 0.945+£0.214 0936+ 0.237
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Table 5. Callus induction frequencies of different explants and
different hormone concentrations of marjoram (Majorana

hortensis Moneach) at first trial

Growth regulator (mg/L) Callus induction frequencies total

from

Stem Leaf
0.5 NAA+ 1.0 BAP 3.0 25.0 28.0
0.5NAA +3.0 BAP 1.0 31.0 32.0
0.5 NAA+5.0 BAP 1.0 5.0 6.0
total 5.0 61.0

Computed  Tabled

»* explants: 47.5 3.84
y* media: 17.8 5.99
i’ independence  1.97 5.99

Table 6. Callus induction frequencies of different explants and
different hormone concentrations of marjoram (Majorana
hortensis Moneach) at second trial

Growth regulator (mg-L) Callus induction frequencies total
from
Stem Leaf
0.5 2,4-D +1.0 kin 19.0 6.0 25.0
0.5 2,4-D+ 2.0 kin 20.0 15.0 35.0
total 39.0 21.0
Computed Tabled
* explants: 7.4 3.84
+* media: 1.66 3.84

»* independence 2.27 3.84



i_l_iﬂtn:ﬂ_l Treatment 50 Gy 0 Treatmen100 Gy [ Treatment150 Gﬂ

plant height ([cm)  MNo.Branches  shoot fresh weight shoot dry weight  Qil content {10x
(gm) {gm) milf 100m)

Fig. 1. The average mean of M; generation for plant height, No. of branches per plant, shoot fresh
weight per plant, shoot dry weight per plant and oil content under control and three y- ray
doses (50, 100, 150) Gy
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Fig. 2. Morphological mutants; hairless, dark-green leaves and large leaves comparison with

normal type
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Fig. 3. Callus formation from leaf explant by using M.S medium and
hormone balance (3.0 mg/L BAP + 0.5 mg/ L. NAA)

Fig. 4. Callus formation from stem explant by using M.S medium
and hormone balance (0.5 mg/L 2, 4-D + 2.0 mg/ L Kin)
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Fig. 5. Shoot formation by using M.S medium and hormone balance
(3.0 mg/L BAP + 0.5 mg/ L NAA)

Fig. 6. Root formation into rooting medium (0.2 mg/L IBA)
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Ghadall UKV g Bauda <l il faalal Lala Ao aladdiul
oA g8a dl
Obasles daa dta — Cheagy Cpusn JSa 040 dana — WMo cibile dabild
BN daala — Aot 30 A0S — ) gl aud

b DY p sl BaL3 5 Saka il e Jaaald) B Al a 038 Ciys
OBl ok Allaa o3 Aauad) A0d 5 pladiudy A1 58A0 JUSY) NI 5 Gl gha
sl Aol ca e o A& Marjorana hortensis Moench (i i ciiall)
¢ =il Jad) 3 g My Jo s dkd Gl e Ulaa g (50, 100 and 150 Gy)
Aol Baly s Jhy 40,00 <l gl 8 s Aadl A0 of piai i M, 0
byl g LAN cles ) e 100 Gy ds ol of 5 dadi o Aaadia
5 A8 gl s @) sh el Laslgdse b Al o Jpeall o3 tdapl
(N0.3) 5 s 5ila 1o Jgusadl o3 IS 5 hairless il (o A0A 5 diay o
s (No.4) Bl Logly ciladl (o uadd) sl g cull o e (s giaa il
e Wl ga Bada < jib o Jpaad! e el qudl Ly 20df 50 50 Gy 4o el
o @i o A Agaad A Aaud) el A B 208 @l el ca
a5 callus w8z A Gl ¢35l co explant A4S Juaiie Jui
3 4l (3.0 mg/L BAP + 0.5 mg/ L NAA) s—a il Joan ol 5
#1 =l cls 4000 Dglaadl A 9 (1.0 mg/L BAP + 0.5 mg/L NAA) 540
plasi iy el Jladilyg Gu glSh ZUN @8 e Jeall A Jualiag (bl
3 @R ) o asalieall il Jadial) ¢ ADIS g2 pte Bagl 1S e
(B0 sl O o Ay giadd Alalt L Z U M ga g S A
e s ol g S ckel 0 ua gl & mg/L BAP + 0.5 mg/ L NAA)
AL e





