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Abstract

Background and Objective: Iranian borage (Echium amoenum) is a medicinal plant of the
Boraginaceae family that has long been used in traditional medicine to treat anxiety and
cardiovascular disorders. This plant contains valuable secondary metabolites such as
anthocyanins and phenolic compounds with strong antioxidant properties. Due to the limitations
of conventional propagation and the increasing demand for medicinal compounds, plant tissue
culture can be an efficient tool for studying physiological responses, callus production, and
providing a platform for advanced research, such as secondary metabolite production and gene
engineering studies. Therefore, callus induction and the study of factors affecting it are the
objectives of this study.

Materials and Methods: To investigate the effect of hormonal compounds on callus induction
in Iranian borage, seeds of three ecotypes from Zanjan, Qazvin, and Gilan were used. The seeds
were first stored at 4°C, and then they were soaked in sterile distilled water at 5°C for 7 days to
break dormancy. Then the seeds were sown on a substrate consisting of sand, compost and perlite
that had been previously autoclaved. After approximately 10 to 14 days of germination, the
seedlings were grown under controlled conditions at 25°C in a greenhouse. After approximately
60 days of seedling growth, approximately 3 mm leaf explants and approximately 2 mm root
explants were isolated. The explants were surface-sterilized with 70% ethanol for 30 seconds and
5% sodium hypochlorite solution for 10 minutes, and then rinsed three times with sterile distilled
water. The sterilized explants were cultured on MS basal medium, which was adjusted to pH 5.8
before autoclaving, containing 30 g/L sucrose and 8 g/L agar. A factorial experiment was
conducted based on a completely randomized design with three replications. The hormones, of
naphthalene acetic acid (NAA) and benzylaminopurine (BAP) at three concentrations (0, 0.5, and
1 mg/L), with the explants in two levels (leaf and stem) of three ecotypes. The explants were
maintained at 25°C in a dark environment, and after eight weeks, traits such as fresh callus weight
and callus color were evaluated. Data analysis was performed using SPSS version 26 software,
and means were compared using Tukey's honestly significant difference (HSD) test at the 5%
probability level.
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Results: the result of ANOVA revealed the significant effects of the main factor of NAA, BAP,
and explant type on callus fresh weight, whereas the main effect of ecotype was not significant.
There were significant interaction effects of ecotypes by hormones and explant type by hormones,
indicating the different responses of explant type across hormonal combinations. The highest
callus fresh weight (2.73 g) was obtained from leaf explants of the Zanjan ecotype grown on MS
medium supplemented with 1 mg/L NAA and 0.5 mg/L BAP. This value represented more than
a 21-fold increase compared with the hormone-free control. In general, leaf explants showed a
greater potential for callus production than root explants. In the absence of NAA, callus fresh
weight was very low, and in some treatments, no callus formation was observed. The
concentration of 1 mg/L NAA promoted the highest callus growth, whereas increasing NAA to
1.5 mg/L and BAP to 1 mg/L reduced callus fresh weight in some treatments. Callus color varied
from green in hormone-free or low-hormone media to white, creamy, and brown in media
containing higher concentrations of growth regulators. According to Tukey’s HSD test, the
superior treatment was grouped among the highest-performing treatments, and its interpretation
was made based on the revised mean comparison results.

Conclusion: The combination of 1 mg/L NAA and 0.5 mg/L BAP in leaf explants of the Zanjan
ecotype was identified as the optimal protocol for callus induction in E. amoenum. NAA played
a key role in callus formation, and leaf explants showed higher potential than roots. Ecotype
responses varied significantly, and significant interactions indicate the necessity of protocol
optimization for each ecotype.

Keywords: Benzylaminopurine (BAP), Callus induction, Tissue culture, Iranian borage, Naphthalene
acetic acid (NAA)
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Figure 1. Ecotypes used as mother plants: A: Zanjan ecotype — B: Qazvin ecotype — C: Gilan ecotype
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Table 1. Culture media prepared for explant

cultivation
Treatment  Medium NAA BAP
No. (mg/L) (mg/L)
1 MS 0 0
2 MS 0 0.5
3 MS 0 1.0
4 MS 1.0 0
5 MS 1.0 0.5
6 MS 1.0 1.0
7 MS 15 0
8 MS 15 0.5
9 MS 15 1.0

S5 s (Y Jy) bl 40 s
Sl glas gl Q\.u‘)\f Jf)) L oS 5 ose p caliss
s BAP NAA ol 1Ll oss Hls gme cs Sl Jol 5
Lb"ué\.v CJ‘" ../\5-3}-1 J\Jggi.'.a Lo o g;.l CL.N BL) AJjAJ}) t}J
adgl col g5y s, L;mmmzu Sl il cuSs
P NAA oy 50 Jlie 515500 2500 IS a0l 5 50
b Sl imed oy )\JL;’.:A N CLM 4> BAP
53 X ) 0O NAA e, 98 5 50 ) 5 i sS) il
BL BAPQ}A)}A J.:\.o...a J"\ ..,\J)ﬁ )\36:&& Loy & c£~
i 581 05 Agai 55 LI NAA (a8 blite 515 &5 500 5
6?)‘*’“ bMJQL::J 45).3.)_9.3 J\.su.::u Aoy C”’ CE.. 0O
o o.i\)'uujl\S c.ﬂb o 5y calie fulge n Joles

Yy

Aolidl bk pai 5 258 Bl JalS ) sbas oaisS S e ns
Gl was Jane cnS b 4 (5l l 51
23 8 oS P il paaSias 5l sl Slees

MS Lime co S Gl sl oolizad 3,50 4L Lo
)KTJQ‘J)°(J§A3})\SL~)‘E‘J)J b SY ol 4 &8ss
a8 w35 O/A (55,5 M55 51 g Janma PH s 655 331
ool o 3w 5 W5l s e el 51
Syl bdsle ol F sl ams 00 ss0e
5w BAP , NAA ke alS as, slaenssS s
B 035 le 4 jrey Se o /YY i L pas Jo gzl
C b X5 Sileosle] 5 550 s sbsles b
VO 5\ o Jole NAA (5,5 ol ealimal 55
Vo /0 Jols BAP psasn sl s 1) 00 p S e
ol oSae OS5 el Sl elinad b sg 1) 5o 0 S L
s () Joan) s ap il Gsesn sles 4 sk
s oS S Gy b s s bl Bl cow bl
Splis Jlail 5 s Jalye 516 2502 55 5l
ey Pl Gy b e

oAb wb 2 elesler Joosst b LI ol
U586 .t ol LS5 4w L (CRD) sl SLiS
33 OAS) o a3 (ALS 581 a5 3550
VO 5\ ) i aw 53 NAA (5050 clile (ol 5
) CL'“ 4w 53 BAP (5e)n cle () )0 r;ulvﬂ
S ) g 55 55 Wsaizs g5 (ad 5o p S ) 5 4/0
5 il amly K olsiea Gssp p king (4t
Bamisn) du 3G 2 5o 5 b a8l 55 ) S5 S
OSea GRS A A e ol Al esls 3
s 8 oslamad bl aes 5o iyl asly ol esls
sasd 28 elS Lyl e s, Gl s s Gy b el
oS S Tl ol S sl s YO el slos ol
wils by Bl ) e Jalse b a5
AP

5w oml S Ojpon W8 Ul sl
JREER FIRNCHE oy wle adyl K55 58,5 50 Ol s



Yo

Voslad P alr ol ) S 5 e oS POhol 5 K3 Dlikos ale

LY Jods) o g0 )\:a';u

oIS 5005 A, s oS geaiS Wb il glackle Bl (w450 Y Jose

Table 2. Analysis of variance (ANOVA) of the effects of different concentrations of growth regulators, ecotype,
and explant on callus fresh weight

Source of Variation DF Mean Square
Ecotype 2 0.24
NAA 2 13.05**
BAP 2 2.79**
Ecotype x NAA 4 0.37
Ecotype x BAP 4 0.13
NAA x BAP 4 0.5*
Ecotype x NAA x BAP 8 0.26
Explant 1 9.25**
Ecotype x Explant 2 2.5%*
NAA x Explant 2 1.36**
BAP x Explant 2 0.7*
BAP x Explant x Ecotype 4 0.26
NAA x Explant x Ecotype 4 0.49*
NAA x BAP x Explant 4 0.32
NAA x BAP x Explant x Ecotype 8 0.14
Error 108 0.17

*k ok
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*and **: significant at 5% and 1% probability levels, respectively.
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Figure 2. Callus formation in root tissue (right) and callus formation in leaf tissue (left)
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Figure 3. Variation in callus color in Iranian borage: A: Green callus — B: White callus — C: Browning of callus
due to oxidation of phenolic compounds — D: Snowy callus
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Table 3. Mean comparison of the effects of growth regulators, ecotype, and explant on callus fresh weight

NAA BAP  Explant | Callus fresh  Dominant | Callus fresh ~ Dominant | Callus fresh  Dominant
(mg/L) (mg/L) weight (g)  callus color | weight (g)  callus color | weight (g)  callus color
Zanjan Qazvin Gilan
0 0 Leaf 0.13b Green 0.06 b Green 0.00b No callus
0 0 Root 0.01b White 0.02b White 0.00b No callus
0 0/5 Leaf 0.67b Green 0.26b Green 0.26 b White
0 0/5 Root 0.02 b White 0.16 b White 0.50b White
0 1 Leaf 0.17b Green 0.30b Green 0.36 b White
0 1 Root 0.03b White 0.20b Snowy 0.26 b White
1 0 Leaf 0.69 b Green 0.30b Snowy 0.76 b White
1 0 Root 0.07b White 0.14b White 0.70b Snowy
1 0/5 Leaf 2.73a Snowy 1.20b White 150 a White
1 0/5 Root 0.26 b White 0.83b White 0.83b White
1 1 Leaf 1.94a White 153a Brown 0.76 b White
1 1 Root 0.20b White 1.16b White 0.93b Brown
1/5 0 Leaf 1.63a White 1.60a Brown 0.83b White
1/5 0 Root 0.56 b White 0.80b White 0.56 b Brown
1/5 0/5 Leaf 2.16a Snowy 1.86a Brown 1.10b Brown
1/5 0/5 Root 0.66 b White 1.03b Brown 0.76 b White
1/5 1 Leaf 143a White 1.23b Brown 1.10b White
1/5 1 Root 1.06 b White 1.03b Brown 0.86 b White
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Means followed by different letters differ significantly according to Tukey's HSD test at P<0.05.
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