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ABSTRACT

In the present study, hairy root induction from leaf and stem explants in two Hyssopus species (H. officinalis and H.
angustifilius) was assessed using four Agrobacterium rhizogenes strains including A4, ATCC15834, LB9404 and
2656 on three culture media (MS, ¥2 MS, B5) as a factorial experimental based on a completely randomized design
with three replicates. Almost all leaf and stem explants produced hairy roots. A fragment of transferred rol B was
amplified through PCR from the genomic DNA extracted from transformed roots. Different A. rhizogenes strains and
culture media and Hyssopus species had significant effects on hairy root percentage and root length. The highest
rooting percentage (%71) and root length (4.7 cm) were resulted from stem explants of H. angustifolius co-cultivated
with the strain ATCC15834 on MS culture medium. While, the leaf explants of H. officinalis co-cultivated with the
strain A4 on MS culture medium showed the rooting percentage of 55% and the root length of 1.6 cm at most. The
MS medium was the best culture medium for both species. These results can be useful in genetic manipulation of
hyssop and its hairy root culture to produce high-value secondary metabolites.
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Figure 1. PCR detection of rol B gene, A-B: plasmid
of different Agrobacterium rhizogenes strains
including: A4 and ATCC15834, M: DNA molecular
weight (1 Kb), C-D: DNA of two hairy roots
including: Hyssopus officinalis and H. angustifolius
and E: non-transformed roots of Hyssopus officinalis
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Figure 2. PCR detection of rol B gene, M: DNA
molecular weight (1 Kb), A-B: plasmid of different
Agrobacterium rhizogenes strains including: LB9404
and 2656, C-D: DNA of two hairy roots including:
Hyssopus officinalis and H. angustifolius and E: non-
transformed roots of Hyssopus officinalis.
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Table 1. The analysis of variance effect of medium culture, species, strain and explant on rooting percentage and
root size in two hyssop species

Source of Variance

Degree of Freedom

Mean of Squares Mean of Squares

(rooting percentage) (root size)

Medium (A) 2 1552.778** 2.738**
Species (B) 1 1056.250** 5.921**
Strain (C) 3 1958.333** 1.528%*
Explant (D) 1 1600.000** 7.200%*
AxB 2 952.083** 1.653**
AxC 6 311.111%* 1.365**
AxD 2 325.000** 3.765**
BxC 3 274.769** 1.888**
B xD 1 1284.028** 0.303*
CxD 3 1304.630** 7.845**
AxBxC 6 73.380** 1.357**
AxBxD 2 146.528** 0.748**
BxCxD 3 406.250** 0.320**
AxBxCxD 12 211.690** 2.635**
Error 96 19.444%* 0.060**
Coefficient of Variation (%) 19.35

**: Significant at 1% probability level.
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Table 2. Mean comparison interaction effect of medium culture (A), species (B), strain (C) and explant (D) for studied traits
in two hyssop species

Medium culture Species Strain Explant Rooting percentage Root length after two weeks (cm)
Stem 18.333+1.667™ 1.733+0.133%"
LB9404 Leaf 10.000 + 0.000% 0.700 +0.000™"
Stem 35.000 + 2.887° 2.100 +0.208°*
H. officinalis ATCC15834 Leaf 18.333 + 1.667 :E 0.867 + 0.067 "_“k'
2656 Stem 18.333 + 1.667 . 1.467 +0.067 ¢
Leaf 0.000 + 0.000 0.000 + 0.000°
A Stem 26.667 +3.333"" 1.167 £0.167 Jf”
MS Leaf 55.000 + 2.887:h 1.600 + 0.100[1':1
L B9404 Stem 26.667 +3.333" 1.767 +0.233 %
Leaf 13.333 + 3.333K 0.567 +0.067""
Stem 71.667 +4.410° 4,733 +0.406°
H. angustifolius ATCC15834 Leaf 13.333 + 3.3331; 1.167 + 0.1671"b”
2656 Stem 33.333+ 3.333h 7 3.100 +0.208
Leaf 20.000 + 0.000 ™ 0.500 + 0.000%"
A4 Stem 43.333 +3.333¢ 0.733 £0.033™"
Leaf 63.333 +3.333" 3.067 +0.233"
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There is no statically difference at p<0.05 between means with the same letters.
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Continued table 2. Mean comparison interaction effect of medium culture (A), species (B), strain (C) and explant (D)

on studied traits in two hyssop species

Medium culture Species Strain Explant  Rooting percentage Root length after two weeks (cm)
LB9404 Stem 13.333 + 3.333’:, 1.733+0.133 ';':h
Leaf 20.000 + o.ooof; 1.000 + 0.000 d:
Stem 26.667 +3.333" 1.767 +0.145%
L. Officinalis ATCCLS834 | oaf 23333+ 3.333% 1533+0,033")
2856 Stem 16.667 + 3.333 1.300 +0.153
Leaf 30.000 + 0.000%% 0.600 + 0.000°"
A Stem 23.333 + 3.333f'h' 0.567 + 0.1203-;
1/2MS Leaf 26.667 + 3.333 'k 1.767 +0.219%
LB9404 Stem 16.667 + 3.333'k 2.333+0.240°
Leaf 10.000 + 0.000 0.500 + 0.000%
Stem 53.333 +3.333° 0.433 +0.088%
H. angustiflius ATCCL5834 | oot 10,000 £ 0000 2,000 0.000°"
2656 Stem 23.333 + 3.333¢ 3.333+0.133°
Leaf 13.333 + 3.333* 1.000 + 0.200 %P
A Stem 36.667 +3.333% 2.100 +0.379°¢
Leaf 36.667 + 3.333% 2.200+0.115%
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There is no statically difference at p<0.05 between means with the same letters.
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Continued table 2. Mean comparison interaction effect of medium culture (A), species (B), strain (C) and explant (D)

for studied traits in two hyssop species

Medium culture Species Strain Explant Rooting percentage Root length after two weeks (cm)
Lb9404 Stem 10.000 % 0.000% 1.600 +0.100™
Leaf 20.000 +0.000 ™ 1.200  0.000"™
Stem 23.333 +3.333¢%" 1.667 £0.167°
onats B Leaf 200000000 Y 1,000 +0.000"”
2656 Stem 20.000 +0.000 ™ 1.000 +0.000 %P
Leaf 13.333 + 3.333* 0.467 0.067%
A Stem 13.333£3.333% 0.500 + 0.000%
BS Leaf 20.000 + 0.000 ™ 1.600 +0.000 1
Lb9404 Stem 20.000 + 0.000 “: 1.400 +0.000 *I"k
Leaf 10.000 +0.000% 0.867 +0.067 "
Stem 23.333 +3.333¢" 0.333 £0.033"°
H. angustiflius ALCCISB34 | ot 10,000 0.000* 1000 £ 0.000"?
2656 Stem 10.000 + 0.000 ) 0.400 + o.oook
Leaf 10.000 + 0.000¢ 1.067 +£0.067%°
A Stem 23.333+£3.3339" 1.900 +0.153°9
Leaf 20.000 + 0.000 ™ 2.167 £0.167°
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There is no statically difference at p<0.05 between means with the same letters.
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