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ABSTRACT

The current study was conducted to evaluate the effect of basal culture media and plant growth regulators on
establishment and growth of Whortleberry explants and production of secondary metabolites in in vitro conditions.
Accordingly, single node explants and apical buds of Whortleberry were collected from forestry areas (Soha, Ardabil,
Iran), surface sterilized by benomyl (3 g/l), H,0, (5%), Ethanol (70%) and sodium hypochlorite (2.5%, pH=10) for
12 min, respectively. The explants were cultured on MS, AN, and WPM media supplemented with 0.1 mg/l NAA or
IBA, and different levels of BAP, Zeatin and TDZ. Results showed that growth of explants (%) and number of leaves
per explant were affected significantly by type of basal culture medium, plant growth regulators combination and
their interaction. Number of leaves per explant and explant’s growth in MS medium was significantly higher than in
AN, and WPM media. The highest shoots (%) and number of leaves were obtained in MS basal medium
supplemented with 0.1 mg/l IBA plus 0.5 and 1 mg/l Zeatin or 0.5 mg/l BAP. Moreover, there were significant
differences among the treatments for secondary metabolite contents. The highest amount of anthocyanin and
flavonoid were obtained in MS medium supplemented with 2 mg/l BAP+ 0.1 mg/l IBA and MS medium plus 2 mg/I
TDZ and 0.1 mg/l NAA.

Keywords: Basal MS medium, Caucasian whortleberry, In vitro micro-propagation, flavonoids, medicinal plant.
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Table 1. Different culture media and plant growth regulators used for in vitro propagation of Whortleberry nodal explants
Cytokinin Auxin Cytokinin Auxin Culture
TDZ (mg/L) BAP (mg/L) Zeatin(mg/L) 0.1 (mg/L) | TDZ (mg/L) BAP (mg/L) Zeatin(mg/L) 0.1 (mg/L) media
. . . . . . . . MS
05 NAA 05 IBA MS
1 NAA 1 IBA MS
. 2 NAA . 2 IBA MS
05 . NAA 05 . IBA MS
1 NAA 1 . IBA MS
. 2 NAA . 2 . IBA MS
05 NAA 05 . IBA MS
1 NAA 1 IBA MS
2 NAA 2 IBA MS
. . . . . AN
0.5 NAA 0.5 IBA AN
1 NAA 1 IBA AN
. 2 NAA . 2 IBA AN
05 NAA 05 IBA AN
1 NAA 1 . IBA AN
. 2 NAA . 2 . IBA AN
05 NAA 05 IBA AN
1 NAA 1 IBA AN
2 NAA 2 IBA AN
. . . . WPM
05 NAA 05 IBA WPM
1 NAA 1 IBA WPM
. 2 NAA . 2 IBA WPM
05 NAA 05 . IBA WPM
1 NAA 1 . IBA WPM
. 2 NAA . 2 . IBA WPM
05 NAA 05 IBA WPM
1 NAA 1 IBA WPM
2 NAA 2 IBA WPM
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Table 2. Culture media and plant growth regulators
used for evaluation of secondary metabolites of
Whortleberry in in vitro cultures

Culture NAA IBA TDZ BAP

media (mg/L) (mg/L) (mg/L) (mg/L)
MS . . . .
MS 0.1 . 1
MS 0.1 . 2
MS 0.1 1
MS . 0.1 2
MS 0.1 1
MS 0.1 2
WPM . . . .
WPM 0.1 . 1
WPM . 0.1 . 2
WPM 0.1 . . 2
WPM 0.1 1
WPM . 0.1 2
WPM 0.1 . 2
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Table 3. Variance analysis of the effects of basal culture media, auxin and cytokinin on in vitro growth of
Whortleberry nodal exaplants

Source of variation df - MS ——
Number of leaves Leafing percentage Percentage of viability
Basal medium (a) 2 19.157 2719.94 ™ 2414.86
Plant growth regulators (b) 19 237™ 1855.86 2961.22
axb 38 1.64" 2524.85™ 1023.81"
Error 120 1.58 288.21 395.00
C.V (%) - 63.70 71.24 37.53
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ns, **: Non-significant and significant at 1% level of probability, respectively.
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Figure 1. Effect of basal medium on (A) leaf number; (B) leafing and viability percentages of Whortleberry explants.
Different letters indicate a significant difference at the 5% probability level.
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Table 4. The effect of different basal medium and auxin type on number of leaves per explant, leafing percentages and
viability of Whortleberry explants at in vitro cultures

Basal Medium IBA (mg/L) (r’:g/ﬁ) |e21\fer32i;gn t pﬁggjgit:gisglfrifs Percentage of viability
MS 0.1 . 2.86° 26.80°¢ 48.04°¢
AN 0.1 . 1.71° 59.39 ® 76.24"
WPM 0.1 . 217%® 50.46° 81%®
MS . 0.1 2.692 72342 92.62°
AN . 0.1 1.63° 29.47°¢ 75.82°

WPM . 0.1 1.81° 22.47°¢ 84.99
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Figure 2. Effect of different culture media and plant growth regulators on (A) percentage of leaf producing explants
and (B) percentage of explant viability of Whortleberry at in vitro cultures



e glaigd s il il slroniiS pelats 5 ctS glalae L3l o) Kan 5 5059,88 AR

Al ;o J5aze JSus (B g A) wilizee Ggny90 DlaS 5 g S Jae 10 blBo B 0,3 (sladiged s (aldindig,e o, ¥ S
595 03,5 &y sladigainy, (C) dBA e S oo o/ ol o 51 sl e S e V 5 10 (551> MS Lama (55, 00,5 0
BAP ;e 5 o +/0 (g5l AN Laee (D) BA i) o 5 oo /) ol oy 045T5 sid o 5 Lo + /0 (g5l MS S Laymo

Logone (F) NAA 1205 s +1) ol 0 5y 2 e 5 oo #1053l MS Laone (E) 9BA 5l 5 s +1) ol e,
Lg)‘od.ip (H) 9 (J.bLM:) u}n)}m ujd.: CiS .]a;..?bo“ (G) ¢ NAA ).».J)Jf)fGL\A ’/\ o‘)a.hd.a BAP J:.JJJIB;GL:.A Y 69l> WPM
oS Ve YD 5,9 Al b ad, SELI o edigas
Figure 3. In vitro growth of Whortleberry nodal explants on different culture media and plant growth regulators; (A
and B) formation of flower buds on MS medium containing 0.5 and 1 mg/l zeatin with 0.5 mg/l IBA,; (C) explant
growth on MS medium containing 0.5 mg /I of zatin with 0.1 mg/ | IBA; (D) AN medium containing 0.5 mg/l BAP
with 0.1 mg/l IBA; (E) MS medium containing 0.5 mg/l of zeatin with 0.1 mg/l of NAA,; (F) WPM medium

containing 2 mg/l BAP with 0.1 mg/l of NAA, (G) medium without plant growth regulator, and (H) In vitro cultures
of Whortleberry nodal explants in a growth chamber with a light intensity of 3000-3500 lux
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Table 5. Effect of different culture media and plant growth regulators on in vitro stem growth of Whortleberry nodal

explants

Culture media

NAA (0.1 mg/l)

MS +0.5ZT
MS+1ZT

MS +2ZT

MS + 0.5 BAP

MS + 1 BAP

MS + 2 BAP

MS +0.5 TDZ

MS +1TDZ

MS +2TDz

(Without hormone) MS
AN +0.5ZT

AN +1ZT

AN +2ZT

AN + 0.5 BAP

AN + 1 BAP

AN + 2 BAP

AN + 0.5 TDZ

AN +1TDZ

AN +2 TDZ

(Without hormone) AN
WPM +0.5ZT

WPM +1ZT

WPM + 2 ZT

WPM + 0.5 BAP
WPM + 1 BAP

WPM + 2 BAP

WPM + 0.5 TDZ
WPM + 1 TDZ

WPM + 2 TDZ
(Without hormone) WPM

*k*k

*k*k

*k*k

*

*

IBA (0.1 mg/l)
**k

*kk

*kk

*kk
**

**

a8l wly e i e gle < /0= Jobo b sleadlu s o 5l V=T Jobo b (slovadles e ¢ e Lo Y=Y Jobo b (sloadl s
***: Shoots with length of 3-4 cm, **: Shoots with length of 2-3 cm, *: Shoots with length of 0.5-1 cm, -: Without stem growth
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Table 6. Amount of anthocyanins, flavonoids and total phenol of Whortleberry leaves grown at in vitro condition

Treatment Anthocyanins Flavonoid Total phenol
(umol/ g fresh sample) (mg Quercetin/g fresh sample) (ug Gallic acid/ g fresh sample)
Control (In vivo) 16.23° 12.82 ™ 82.49 ™
Free (MS) 16.24° 8.61"™ 81.61%
MS + 1 BAP + 0.1 IBA 13.15° 9.45 ¢ 88.30
MS +2 BAP + 0. 1IBA 24.22° 12.89 @ 111.12°
MS + 1 TDZ + 0.1 NAA 15.19° 9.24 3¢ 87.55
MS +2 TDZ + 0.1 NAA 20.31%® 14.192 99.07 ®
MS +1TDZ + 0.1 IBA 14.33" 7.64°¢ 90.50 ®
MS +2 TDZ + 0.1 IBA 17.76 ® 10.14 @ 83.51 %
Free (WPM) 17.19%® 10.30 ¢ 85.01 %
WPM + 2 BAP + 0.1 NAA 17.49® 13.25%® 111112
WPM + 1 BAP + 0.1 IBA 16.68 * 9.55 ¢ 73.67°
WPM + 2 BAP + 0.1 IBA 19.96 * 12.61%° 86.68
WPM +1TDZ + 0.1 IBA 16.04° 8.50 ™ 81.29 ®
WPM + 2 TDZ + 0.1 IBA 17.85%® 11.87 @ 89.90 ®
WPM + 2 TDZ + 0.1 NAA 18.69 ® 11.84 ¢ 98.16
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