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The Optimization of Hairy Root Induction in Broccoli Plant
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Abstract

Broccoli (Brassica oleracea var. Italica) is a well-known plant, suitable for cold and
cool climates, belonging to the Brassicaceae family. This plant is a good source of
nutrition. Broccoli cultivation involves many vital secondary metabolites, particularly
those containing glucosinolates and their breakdown products. The most important
medicinal metabolite in broccoli is glucosinolate, which is responsible for its pungent
odor and anti-cancer properties. Within the plant, glucosinolate-glucoraphanin is
converted into sulforaphane and 1-butene, 4-isothiocyanate. Given the importance and
application of secondary metabolites, the cultivation of hairy roots is a suitable strategy
for enhanced production of these compounds. To optimize hairy root induction, the
tissue culture method was employed. This project was conducted as a factorial
experiment based on a completely randomized block design with three replicates (under
Petri dish culture conditions). The studied factors included two bacterial strains
(ATCC-15834, A4), four plant genotypes (Heraklion, Castle Dome, Sakura, and
Sentora), and two types of explants (Hypocotyl and Cotyledon). The best treatment for
hairy root induction in broccoli was the combination of genotype SENT, strain A4, and
cotyledon explant, which achieved 100% induction and the highest number of roots.
For producing the highest biomass (fresh and dry weight), the combination of genotype
HER, strain A4, and cotyledon explant showed the best result. The transgenic nature of
the hairy roots was confirmed by trackinga part of the ro/B gene using PCR, while the
corresponding product was not amplified for natural and non-transgenic roots. In
general, the results of this study indicated that the induction of transgenic roots in
broccoli is influenced by the explant and bacterial strain, and these findings serve as a
key prerequisite for experiments related to hairy root culture aimed at producing
secondary metabolites.
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Fig 1. Establishment and expansion of hairy root cultures: (a) Hypocotyls and cotyledon explants of Broccoli, (b) The solution of bacteria,
(c) Absence of hair root formation in the control, (d) Primary hair roots, (¢) Development of hairy roots in the MS liquid mediu
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Chart 1. Mean comparison of hairy root induction frequency (%) in different explants of Broccoli using two different strains of A.

rhizogenes for hairy root induction based on the LSD test. Values in each column followed by the same letters are not significantly different
at the 5% level.
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Chart 2. Comparison of mean hairy root formation on days to root induction: Left — genotype x bacterial strain, Right —genotype x plant
explant. Shared letters in columns indicate no significant difference (Duncan’s test, 5%).
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Chart 3. Comparison of the average combination of treatments obtained from the effect of the double number* of the plant based on the
number of days to induce hairy root. The presence of at least one common letter in each column indicates that there is no significant
difference with Duncan's test at the 5 percent level.
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Chart 4. Comparison of the average combination of treatments obtained from the effect of double number* soy bacteria on the percentage of
the hairy root. The presence of at least one common letter in each column indicates that there is no significant difference with Duncan's test
at the 5 percent level.
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Chart 5. Comparison of the average combination of treatment results obtained from the effect of the double number* of bacteria on the

number of hairy root. The presence of at least one common letter in each column indicates that there is no significant difference with
Duncan's test at the 5 percent level.
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Chart 6. Comparison of the average treatment combinations resulting from the triple effect of cultivar*bacterial strain*plant explant on hairy

root fresh weight after six weeks. The presence of at least one common letter in each column indicates the absence of significant difference
with Duncan's test at the 5% level.

Chn g ) e g Al ) S 05

Szt O3 Cdr S 2 (Lgfquyeiedﬁﬁ)eﬁvj)) wor o Jlse s§ 4w blize Sl as sl 0L uboly a5 51 Jeol> @l.:.l
>|>QL:~JL5.\NJJJ D)}ﬁ JA\}P QKMJ;\ J‘ L}aﬁl;- 6)LA-;:QL%SJ;U;‘<JL:’° QL‘M{‘L&A g;.w‘n.)\.:/‘)bdﬁxﬁ ‘m&;«)\ w.:w:f LSLAA“‘:"i)
(7 ,15343) 35 Her*ATCC15834*Cotyledon s Her*Ad*Cotyledon (s les LS 54y bg o g0 ady a5 039 0 ftdn &S

o g Saads) 82 PCR 56T 4nbs

Glopuzmiy S2S15 a3 A PCR Sl 6508 & L rolB 05 5l end obs,y 51 eslinal b (gl 5 i g slaain, (u)l 5 coale
3503 ol s 003 (BPY++) 35k b b ilalsd 55 4y e o Sl 5 e sls s 31 0 5l DNA L S edy
D5 6L deandy (sl POR ¥ pmms cpizmas (5 JS0) A2 sl olS oyl b 5 nnb wo; 5l oel s & DNA
s S olS e gbaaia; o565 0o 1) oL L sladanSl T-DNA |y 45 58 sl o511 5 e Sles o b 1, Sl
e glag g bawg IS5 il gaaisadn,y 5o e adyy Wl gl aS sl Ol adlas ol LS s Al
g Al 4l Gacdpbie A5 sk 4 e slaadey CiS 5 05 JUS) Sllas s Ll 5 e pdSISel gy St ST

@ US2) 5,5 5 eslicd

- VFoF Glawsli g sl /) 0 ko /o0 jlo 0590 [ ooumns § (oos] § Sl (oo


http://dx.doi.org/10.61882/gebsj.14.1.4
http://gebsj.ir/article-1-525-fa.html

[ Downloaded from gebs.ir on 2026-07-24 ]

[ DOI: 10.61882/gebsj.14.1.4 ]

eSS sy b olS 55 ise sbaady; W (gileag Ien 5 JuK

o
=
8 6
; i
w 5 -
@ ab
'E__ 4 f— = =
£ . i{ bed o =
wl 3 _ Ed
E 1 =
= 2 E E B S .
= = = E E B = = = =
S &8 B ;L E E E = o E B y =
=] = = = = = = B = = = =
= 0 —= = 3 .
£ 2 - 2 @ . @ o2 wB oD W 2 s T @ &
g i =) S‘i‘ = s ey ..\& s P .b*.“.' &V N9 =) _.b"’\ ,o'd' o)

=y & e 3F 3 g aF & ¥ Qd" b L - S
i o o ! S y - ¥ L% & o~ =
2 (SR S GO L o Gl Reu b_wzﬂ W 2 GO ?_,k}‘

Aol L . S . g S P L Gl SR R P
) .Q_{f‘ R WD f?".:" :;(.':_: w3 o =) ) o n2 Q,Qﬂ' ((-_,Q'“ NN

F & (O L = s S < A < ol SRS ~ N S S« e >

) RS R R e

ESE S NepNe &N &L &L
‘:DQ" L= = e o oa & &

Treatment combination

G S Bl sy amia (S 3l ey Odpe Ay S O35 S5 obS 4 pel s s SL Lo S8 S el oles LS 5 Sl dslia =Vl ged
Al s Ao ys S cla..,a 23 UKl RIS rpre SslE sy pde adins OLLS (O s pp 53 S dee
Chart 7. Comparison of the mean of treatment combinations resulting from the triple effect of cultivar*bacterial strain*plant microsample on

hairy root dry weight after six weeks. The presence of at least one common letter in each column indicates the absence of significant
difference with Duncan's test at the 5% level.
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Figure 2. PCR analysis of 680 bp fragment of 70lB gene of hairy roots of broccoli. Bands (1 and 2) correspond to two samples of hairy roots,
band 3 to normal root (negative control), band 4 to water, band 5 to plasmid (positive control), and band L to ladder
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