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Table 1- Hormone treatments in hypocotyl and cotyledon leaf in MS medium to

produce somatic embryos.

Slos A8 (MQ/1) ise550 s
Treatment Hormones
Code
A 1mg/l NAA +0.5mg/l Kin
B 1mg/I NAA
C 2mg/l NAA
D 0.5mg/I Kin +0.5mg/1 2,4 -D
E 1mg/1 2,4 -D
F 2mg/1 2,4 -D
G 0.2mg/l BA
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Treatment Hormones
Code
H 4amg/l 2,4 -D

\Al

I 2mg/l Kin +2mg/1 2,4 -D
J 2mg/l Kin + 2mg/l NAA
K 1mg/l Kin + 2mg/l NAA
L 1mg/l Kin +2mg/1 2,4 -D
M 0.5mg/I 2ip + Img/l IBA
N 0.05mg/l TDZ +0.5mg/I IBA
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Table 2- Different hormone treatments to make an optimized medium for regeneration
plantlets from embryos.

Ses XS (MY/l) 5 ses5m o
Treatment Hormones

Code

Bl MS

B2 MS1/2

B3 MS1/2 +0.01mg/l IBA

B4 MS1/2 +0.01mg/l IBA +0.2 mg/l BA

B5 MS1/2 +0.01 mg/l IBA + 0.2 mg/l 2ip

B6 MS1/2 +0.01mg/l IBA + 0.1mg/l BA +0.1 mg/l 2ip

B7 MS1/2 +0.01 mg/l IBA +0.5 mg/l 2ip

B8 MS1/2 +0.01mg/l IBA + 0.1mg/l BA +0.1 mg/l Kin

B9 MS1/3

B10 MS1/3 +0.01 mg/l IBA

B11  MS1/3 +0.01mg/l IBA + 50ppm Asparagin + 50ppm Glutamine + 50ppm Arjenin

B12 MS1/3 +0.01 mg/l NAA

B13 MS1/3+ 0.01 mg/l NAA + 50ppm Asparagin + 50ppm Glutamine + 50ppm
Arjenin

B14 MS1/3+ 0.1 mg/l NAA + 50ppm Asparagin + 50ppm Glutamine + 50ppm
Arjenin

B15 MS1/3 (0.5 Nitrate) +0.01 mg/l NAA

B16 MS1/3 (0.5 Nitrate) +0.01 mg/l NAA + 50ppm Asparagin + 50ppm Glutamine
+ 50ppm Arjenin
B17 MS1/4
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Table 3- Traits coding of plantlets produced from embryos in optimized medium.
B Spes XS Ak, oS XS S, IS KBl &K, xS SL &
Code Leaftype Code Rootquality = Code Leaf shape Code Stem color = Code Leaf color
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Figure 1- Comparison of different hormone treatments and explant type on volume
(A,D), fresh weight (B,E) and tissue density (C,F) of callus.

A\




(1392 C}L‘L.ﬁu ‘2 OJM ‘5 OJJQ) ‘SJ.JJL:'S 63}}&”4’\’9‘

100
90
N &0
5‘ 3 70
: v 60 R
A = so
-3 LY an -B-B-R
b P 30 ‘B-B-B
K Y20
"IN el e e e e e o 10 @~
o |
ABCKLNHMFEDG ) | ABCEKLNHMEEDG I |
s gl peag el e

ke Saasem sl 53 (@) s Aeys 5 (W) sl w8 s anlie -2 IS5
Figure 2 Comparison of callogenesis (A) and embryogenesis (B) percentage under

different hormone treatments
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Figure 3. Comparison of weight (A), volume (B), density (C) and secondary embryos (D)
produced from hypocotyl explant
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Figure 4- Evolutionary process of embryo from hypocotyl in black cumin. a,b-globular
stage, c-heart inititation, d-heart stage and e,f-torpedo stage
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Figure 5- Mean comparison of leaf color (A), normality of plantlets (B), stem color (C)
and root quality (D) rank of different treatments using Kruskal-Wallis test.
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Table 4- ANOVA results for callogenesis and embryogenesis percentage in two explants
-hypocotyl and cotyledon leaf.

Sl s aolie
R %CV. MS df G
Source of VariationS
0175 12/62 10607+* 1 2l S Ao
Callogenesis percentage
L;l')' B R
orre 11/01 19497064+ 1 Embryogenesis percentage

1 Jlost gdans 3 Sl (e M1 5% 5 UD Jlazl o 53 5l ime SN F Sl ine M pte "
ns,*, **: non-significant, significant and highly significant ( P<0.05 and P<0.01), respectively
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Figure 6- Normal plantlet produced from optimized embryo culture (A), acclimatization
and transfer of plantlets into the pots and discard cover after 10 days (B) and
development and adult leaf production, 35 days after transfer into pots (C).

vAa



1392 ‘O|JL§AA K) 6)}3 &:J‘.SL.U

jles sl b (B5) L MS 1/2+ 0/01mg/l IBA + 0/2mg/l 2ip) 5 5 e aslio cge 2l Olo 09051 =5 J g

Table 5- Mann-Whitney test to comparison of the best treatment (B5) with other treatments.

S &K, S IS 0 b sle K, Wiy y CuiS
Leaf color Leaf shape Stem color Root quality
Asymp. Mann- Asymp. Mann- Asymp. Mann- Asymp. Mann- o L aslie
sig. Whitney U sig. Whitney U sig. Whitney U sig. Whitney U >
122 72 0~ 0 07317 "™ 66 0" 0 B5.B1
0/002™ 30 0~ 6 0" 18 0~ 0 B5 B2
0/002™ 30 0/001™ 19/5 0/002™ 30 0/006™ 36 B5.B3
0/002™ 30 0~ 6 0/006™ 36 0~ 0 B5.B4
0/07" 48 0/105 ™ 48 0/002™ 30 0/002™ 30 B5.B6
0/006™ 54 0/105 ™ 48 0/002™ 30 0/032 48 B5 B7
0~ 36 0/66™ 66 0/001™ 24 0/006™ 36 B5 B8
0/015 6 0~ 18 0~ 0 0~ 0 B5.B9
0/006™ 42 0/185™ 52 0~ 12 0" 18 B5 B10
0~ 36 0/028 34/5 0/07" 54 O 12 B5 B11
0" 0 0/026 37/5 0~ 0 0~ 6 B5.B12
0~ 0 0/012° 33 0~ 0 0/001™ 24 B5 B13
0~ 18 0/038" 45/5 0~ 6 0~ 18 B5.B14
0~ 18 0/216 ™ 54 0/317 " 66 0" 18 B5 B15
0" 0 0~ 0 0~ 0 0" 0 B5.B16
0~ 0 0~ 415 0~ 0 0~ 0 B5.B17

L Jlozt o 53 5l ime N1 5 U5 Jlasml o 3 s e SNSET XI5 ten SV s
ns,*, **: non-significant, significant and highly significant ( P<0.05 and P<0.01), respectively
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Table 6- Mann-Whitney test to comparison of leaf types on embryo growth.

Leaf color Leaf shape Stem color Root quality
Asymp. Mann- Asymp. Mann- Asymp. Mann- Asymp. Mann- Sy s S, S, el
sig. Whitney U sig. Whitney U sig. Whitney U sig. Whitney U ' ' ' 4
PRI
S
0/919" 72 0/655" 4915/5 0/876" 5027 0/646" 4912 Comparison of leaf t‘;pe s

N3 re Il pas 1
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Abstract

Introduction: Black cumin (Bunium persicum Boiss.) belongs to Apiaceae family.
Despite the importance of this medicinal plant in pharmacognesis, due to problems of
germination and growth over long periods, yet in the country has not been domesticated and
grown in nature wildly. Techniques such as tissue culture can reduce the period of growth in
this plant effectively. The aim of the research: optimization of somatic embryogenesis toward
production and commercialization of this plant for the pharmaceutical usage and artificial
seed production were studied. Hypocotyl and cotyledon leaves of Esfahan ecotype were used
as explants. MS medium supplemented with 14 different hormonal treatments for the
production of callus and somatic embryogenesis were applied. To optimize the growth culture
for conversion of somatic embryos to seedlings MS medium supplemented with 17 different
hormonal treatments were used. Experiment was conducted in completely randomized design
factorial layout based on multi-observations and 4 replications. Hypocotyl identified as the
best explant for somatic embryogenesis. Hormonal treatment of 0.5 mg/l Kin + 1 mg/l NAA
and 1 mg/l NAA revealed the highest efficiency for callus formation while medium

containing 0.2 mg/l 2ip + 0.01 mg/l IBA + 1/2 MS showed the highest regeneration amount of

somatic embryos. Produced embryos in MS medium containing auxin IBA and Cytokinin 2ip
showed the normal growth. Due to problems in the caraway seed germination, production of
artificial seeds is very important. Considering the successful production of somatic embryos
in this research, synthetic seed production of black cumin can be followed in future.

Keywords: Caraway, Hypocotyl, Cotyledon leaf, Callus, Somatic embryogenesis.
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