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Abstract

Background

Gentiana scabra Bunge commonly known as ‘Long dan cao’ in China ba&en used i
traditional Chinese medicines for more than 200&ryeDry roots and rhizome of the hy
have been used for the treatment of inflammatiomprexia, indigestion and gast
infections. Iridoids and secoiridoids are the maimactive compounds which attribute to
pharmacological properties of this plant. The specs difficult to mass propagate by s
due to the low percentage of germination and lichdermancy period. Wild populations
some locations are considered to be in the endedgategory due to over exploitation.

Results

In the present study, we report an efficient micopagation system. Shoot apices of

weeks oldn vitro grownG. scabra plants were used as explants for itheitro propagation|

Induction of multiple shoots (9.1/explant) was &eeid on the culture of shoot apices on
strength Murashige and Skoog’s basal medium (MSBddptaining 2.0 mg/r* 6-
benzylaminopurine (BA), 3% sucrose and 0.9% Difgaraln vitro shoots induced profus
rooting on half strength of MSBM supplemented with mg/L"* 1-naphthaleneacetic ag
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(NAA), 3% sucrose and 0.3% gelrite. A two-stagetiation closure procedure during the
vitro culture, and transparent sachet technique enhatieedurvival rate ofG. scabra
plantlets to 96% in the greenhouse. Tissue cujtlaets flowered after 5 months of trangfer
to pots.

Conclusions

A simple and an efficientn vitro propagation protocol ofsentiana scabra Bunge by
optimizing the medium composition and ventilatidastire treatments has been developed.
The protocol can be very useful in germplasm corsgem and commercial cultivation .
scabra plants.
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Background

For centuries, plants have been used as a prinngah&burce of alternative medicines all
over the world. This old tradition of medicinal ptaapplication has turned into a highly
profitable business in the global market, resulimghe release of a large number of herbal
products. There has been an ever expanding mafkeerbs and herbal based medicinal
preparations all over the worl@entiana is one of the highly important groups of medicinal
plants. The genuGentiana belonging to the family Gentianaceae contains &@€r species
widely distributed in alpine habitats in temperaggions of Asia, Europe, and America
(Shimada et a009).Gentiana scabra Bunge, a perennial herb grows in meadows, hiltside
forest edges and shrubs in North, East and Nortl@&@asa (Han and Wang 1993}entiana
spp. have extensive medicinal values includingirffdmmatory, analgesic, antirheumatic,
antipyretic, diuretic and hypoglycemic properti€hén et al. 2008; Sezik et al. 2005; Wani
et al. 2011). Dried roots ddentiana scabra Bunge commonly known as ‘Long dan cao’ in
traditional Chinese herbal medicines have been usethe treatment of inflammation,
anorexia, indigestion and gastric infections foer2000 years (Tang and Eisenbrand 1992).
Also, dried roots and rootstcoks have been usetimonate damp-heat and quench the fire of
the liver and gall bladder (Annonymous 20l1@entiana spp. contain major active
compounds like gentiopicroside, swertiamarin anghitoc acid. Chemical investigation of
root extract ofGentiana spp. resulted in isolation of a series of iridgidgcoiridoids,
xanthones and xanthone glycosides (Aberham e0all)2Gentiana spp. contain some of the
most bitter compounds known and is used as a #aebasis for measuring bitterness. In
addition to its anti-microbial and anti-inflammagceffects, gentiopicroside i@. scabra has
been shown to inhibit liver dysfunction, and prom@astric acid secretion, making it a
popular ingredient in Chinese herbal medicine (linal. 2009).

Due to the extensive medicinal use, wBdScabra plants are in huge demand resulting in its
over-exploitation and decline in wild populatioirs.Liaoning Province of China, the species
has been listed in the protected plants and corexide be under the endangered category (Li
1992). Commercial propagation @f scabra through seed has constraints due to shorter seed
dormancy period and lower rates of seed germingi8®ong et al. 1995; Son et al. 1999;
Wen and Yang 2010). The low survival rate (20% 3&6% of in vitro plantlets ofG. scabra

in greenhouse poses a serious challenge to growersimercialization process (Personal



communications with several growers in Taiwan).réf@re, the main objective of the study
was to develop a simple and an efficisntitro propagation method @. scabra with a high
survival rate of plantlets.

Methods

Plant material

In vitro plants ofG. scabra were obtained from the Taiwan Sugar Corporatiaiwa@n, and
were used as the source material for the preseay.sbhoot apices (1.0 cm) excised from the
six weeks oldn vitro plants were used as explants.

Induction of multiple shoots

For induction of multiple shoots, explants weretudd on Murashige and Skoog’s
(Murashige and Skoog 1962) salts and vitamins,ih&fter referred as MS basal medium
(MSBM). A range of 6-benzylaminopurine (BA) (0.1501.0 and 2 mg/l}) and Kinetin
(Kin) concentrations (0.1, 0.5 and 1.0 mgjl. 3% sucrose, 0.9% Difco Bacto agar (Sigma-
Aldrich, St. Louis, MO) were supplemented to the BA& The pH of all the media was
adjusted to 5.7 £ 0.1, prior addition of agar amdoke autoclaving for 15 min under 1.05
kg/cm at 121°C.

Culture vessel and culture conditions

Orchid culture flask, a modified Erlenmeyer-stylansparent glass flask with a 3.5 cm
opening on a nearly neckless brim, a base of 9 iameter, a height of 12 cm, and 650 ml
capacity (Figure 1a) was used as the culture veEseh flask contained 100 ml of culture
medium. All the cultures were incubated at 25 + &Vith a 16/8 h (day/night) cycle under a
light intensity of 3&umol/m?/s provided by while fluorescent tubes.

Figure 1In vitro propagation of Gentiana scabra&Bunge. a:Orchid culture flaskh: Two
layers of aluminium foil (2AF)¢: Four layers of dispense papeats;Two layers of
aluminium foils with four holes (diameter 0.5 cmynehed in the center of foil and covered
by 2 layers of air permeable 3 M Nexcare tape (4H2A: Multiple shootsf: Source culture
obtained from Taiwan Sugar Corporation, TaiwginRooted shoots (medium with 0.1
mg/L"> NAA), h: A potted plant covered with plastic sactiePotted plants (acclimatized),
J: Plant in the flowering stage in the Universitylegnhouse. Scale bar = 2 cm

Induction of rooting in in vitro shoots

The shoots induced from shoot apexes were cultaredMSBM supplemented with two
auxins, NAA (0.1, 0.5 and 1.0 mgA) or IBA (0.1, 0.5 and 1.0 mg7t), 3% sucrose and
0.3% gelrite. After 8 weeks of incubation, rootdtbats were carefully taken out of the
culture vessels. Their fresh weights, number ots@nd shoots, length of roots and shoots
were recorded.



Optimization of ventilation closures

Different ventilation closure treatments were tddbg enclosing the flask openings with the
following materials: &) 2 layers of aluminium foil (AF) (Figure 1b) (9:69.5 cm, 0.046 mm
thick; Reynolds Consumer Products, Alcoa Inc., Riohd, Virginia, USA; ) 2—4 layers of
dispense papers (DP) (Figure 1c) (9.5 x 9.5 crd®@m thick; gas flow 0.5 ml/s; made
from soft and hardwood fiber at 50:50; Cheng LorgpOration, Taiwan;d) 2 layers of
aluminum foil with four holes (diameter 0.5 cm) phed in the center of foil covered by 2
layers of air permeable 3 M Nexcare tape (Figune(3dM Corp., St. Paul, MN, USA). There
were total 9 ventilation closure treatments grouipéa two sets: (1) One-stage, where culture
vessels were closed with 2 layers of aluminum doiR,3,4 layers of dispense paper and the
total incubation period of 8 weeks; (2) Two-stagbere each culture vessel was first closed
with two layers of AF for 1, 2, 3 and 4 weeks falled by replacement of the AF with 4DP in
a laminar flow cabinet and continuation of incubatfor further 7, 6, 5 and 4 weeks, i.e. total
8 weeks. According to the duration of incubationigets and the container closure materials,
the treatment codes were designated as listedbteTa(1) 2 layers of aluminum foil (AF)
and incubation for 8 weeks (2AF8wk)) 2 layers of dispense paper (DP) for 8 weeks
(2DP8wK), B) 3 layers of DP for 8 weeks (3DP8wk}) 4 layers of DP for 8 weeks
(4DP8wK), (5) 2 layers of AF with four holes punched in the eentf foil covered by 2
layers of air permeable tape and incubation foregks (4H2AF8wK) &) 2 layers of AF for
one week then AF replaced by 4 DP for the next @ks€2AF1wk/4DP7wk),q) 2 layers of
AF for 2 weeks then AF replaced by 4 DP for thetréxveeks (2AF2wk/4DP6wk)8) 2
layers of AF for 3 weeks then AF replaced by 4 DPtlhe next 5 weeks (2AF3wk/4DP5wk),
(9 2 layers of AF for 4 weeks then AF replaced byD® for the next 4 weeks
(2AF4wk/ADP4wk). Thus, for all the cultures thealoincubation period was kept constant,
i.e. 8 weeks. Medium composition for each ventlatclosure treatment consisted of half
strength MSBM supplemented with 0.1 mg/NAA, 3% sucrose and 0.3% gelrite.



Table 1Influence of ventilation closure types on root/shdogrowth parameters andex vitroplant survival in G. scabraBunge®

Ventilation closure Code treatment No. of roots Root lengthf Shoot lengttf Fresh weight' Plant survival rate”
(cm) (cm) )] (%)

One-stage 2AF8wk 20.2+9.0a 458+1.16a 2.0%9 a 1.09+£0.46 a 9444 +4.30 a
2DP8wk 12.4+93b 3.03+1.18c 1.28+£0.32¢ 7&0.42 ¢ 79.13+13.93b
3DP8wk 13.0£7.7b 3.02+£0.89c 1.43+0.31bc 78 0.47 c 89.92 +8.36 ab
4DP8wk 18.0+10.2a 3.78+1.01b 1.51+040b 94@& 0.33 b 91.67 +6.01 ab
4AH2AF8wk 159+498 a 425+0.92b 1.93+0.88a 0.93x0.45a 91.11+8.31ab

Two-stage 2AF1wk/4DP7wk 23.0+9.7b  4.44+112¢ 1.89+0.42b 1.14+0.32b 91.67+2.89%
2AF2wk/4DP6wk 29.6+120a 578+ 1.13 a 2.3159(0 1.29+0.40 ab 90.00+3.33 a
2AF3wk/4DP5wk 28.6+135a 5.15+1.20b 2.48 #0a 1.23+0.46b 93.33+4.67 a
2AFAwk/4DP4wk 33.7+x125a 5.80+0.92a 2.3551(a 141+£045a 96.25 + 3.60 a

* Medium: Half strength MSBM, 0.1 mg7t NAA, 3% sucrose and 0.3% gelrite, incubation p#068 weeks.
" Fresh weight of rooted shoot (plantlet).

“ Means followed by the same letter of a columnraresignificantly different at 5% probabilitp € 0.05) level by least significant difference (LSD) test.



Acclimatization of plantlets

After 8 weeks of incubation under the ventilatidnsoire conditions described above, the
plantlets were carefully taken out of culture véssad rinsed gently with running tap water
to remove traces of agar. The plantlets were thetteld dry on paper towel and their fresh
weights, number of shoots and roots, length ofs@std shoots were recorded. Thereafter,
plantlets were briefly treated with 0.1% Benlatesfstemic fungicide) solution (DuPont,
Wilmington, DE) and transplanted into plastic potontaining a mixture of
peatmoss:perlite:vermiculite (2:1:1 v/v). For asdtization, each potted plant was covered
with a transparent polyethylene sachet (Figure Afigr one week, a small hole was made in
a corner of each sachet, and another hole was madbe opposite corner after 2 weeks. The
top corners on both sides of each sachet were pen after 3 weeks, and sachets were
completely removed after 4 weeks. Thereafter, thesee shifted to the University’'s
greenhouse. The plants were irrigated every daly tap water. The plant survival against
each ventilation closure treatment was recordest aftnonths.

Statistical analysis

Data were analyzed statistically by using Sta@éti&nalysis System SAS 9.1 for ANOVA
and the least significant difference (LSD) testeédb% probability level § > 0.05). All
experiments were repeated minimum three times.elt@re minimum 30 replicates under
each treatment.

Results and discussion

Multiple shoot induction

In our initial experiments on different strengtiis<( 1/2X and 1/4X) of MSBM medium, it
was observed that 1/2X MSBM medium resulted in thedter shoot/root growth in
comparison to 1X or 1/4X strengths (data not showehce, 1/2X MSBM medium was used
for all the experiments. Between the two cytokniB8, was more effective and induced a
higher number of shoots per explant compared to(Kable 2) (Figure 1e). The maximum
average number of multiple shoots (9.1 shoots/etplzould be induced in shoot apices on
half strength MSBM supplemented with 2.0 myBA, 3% sucrose and 0.9% agar, followed
by 8.8 shoots/explant on medium with 1.0 mgBA. There was an inverse correlation
between concentrations of both BA and Kin and lesgif induced shoots. Average shoot
elongation was higher (2.82 and 3.56 cm) at loweeicentrations of BA (0.1 mgt) and Kin
(0.1 mgL-h), respectively (Table 2). Similar to the presemidy, BAP was found to be the
most effective cytokinin in several plant species,Gossypium (Agrawal et al. 1997)Galix
(Agrawal and Gebhardt 19949jsum (Jackson and Hobbs 199®haseolus (McClean and
Grafton 1989) anlycine (Cheng et al. 1980), indicating a particular cywak preference of
certain tissues for the induction of multiple skoln an earlier report ofs. scabra,
induction of multiple shoots in axillary buds of svachieved on MS medium supplemented
with gibberlliin As (GAs) and BA (1 mg/C* each) (Yamada et al. 1991). In another study,
adventitious buds were induced in stem callusCGofscabra cultured on MS medium
supplemented with 1.2 mgAgNO; + 0.6 mgl BA + 0.1 mgl* NAA (Wen and Yang 2010).



Table 2Induction of multiple shoots in shoot apices oGentiana scabrdBunge

Cytokinin* (mg/L™) No. of shoots’ Shoot length’ (cm) Fresh weight of rooted shoot (g)
BA 0 56+08¢c 482+0.49a 0.50+0.15d

0.1 71+10b 2.82+0.27d 0.55 +0.08 bcd

0.5 74+14b 243 +0.24 e 0.55+0.17 bcd

1.0 88+28a 223+043e 0.53+0.10cd

2.0 9.1+18a 1.92+042f 0.53+0.17 cd
Kin 0.1 55+09c 356+031b 0.59 + 0.07 abc

0.5 6.0+£0.8¢c 3.31+0.17c 0.60 £ 0.09 ab

1.0 57+x11c 3.13+£0.26 ¢ 0.60+0.15a

— Influence of BA and Kin.

X Medium — half strength MSBM, 3% sucrose, 0.9% aigaubation period 6 weeks.
¥ Means followed by the same letter of a columnranesignificantly different.

at 5% probability | = 0.05) level by least significant difference (LSD) test.



Induction of rooting in in vitro shoots

On culture ofin vitro derived shoots on 1/2 strength MSBM medium supplaed with a
range of concentrations of two auxins (NAA and IBA) 8 weeks, it was observed that the
lower concentrations of NAA or IBA resulted in agher number as well as better root/shoot
growth. NAA at 0.1 mg/L* induced the greater number of roots (37.2) anshfieeight (1.55

g) in comparison to IBA at 0.1 mg/t which induced a lesser number of roots (25.8) and
lesser fresh weight (1.20 g) (Table 3). Higher @miations of IBA and NAA (1.0 mg/t)
reduced the number and length of roots as compar@d. mg/L* concentration. In contrast
to culture (Figure 1f) obtained from Taiwan Sugargdration, roots induced in the MSBM
medium supplemented with NAA 0.1 mg/Lwere multifold and robust (Figure 1g). A
supplement of 1.0 mg/ENAA in the MSBM stimulated callus induction, a traindesirable
for health of roots / shoots aedvitro survival of plantlets.

Table 3Induction of rooting in in vitro shoots ofG. scabraBunge - Influence of auxins
on root/shoot growth parameters

Auxin No. of roots’ Root length” Shoot length’ Fresh weight'*

(mg/L™) (cm) (cm) (9)

NAA 0 265+73b 5.07+1.24b 3.89+1.39a t9®.34 e
0.1 37.2+121a 583+1.03a 3.06+0.68b 35338 a
0.5 33.2%175hb 451+1.14c 265+1.17c kD44 cb
1.0 25.3+x22.1b 2.96+1.33d 1.58+0.96d ®E352 ab

IBA 0.1 25.8%+6.3b 5.44+0.82 ab 3.33+091b .201+ 0.29 cd
05 16.2+x75¢c 455+147c 2.37+0.80c 1.1739 de
1.0 12.1+59c 415+1.30c 2.04+0.68c 1.1p36 d

* Medium: half strength MSBM, 3% sucrose and 0.34itge Incubation period of 8 weeks.

" Means followed by the same letter of a columnraresignificantly different at the 5% probabilitg € 0.05)
level by least significant difference (LSD) test.

% Fresh weight of rooted shoot.

Auxins are known to affect both root and shoot gloparameters and play an important role
particularly in root development. Different plamesies respond differently to auxins for the
induction of rooting. The promotory effect of a lemsalt concentration of MS dn vitro
rooting of shoots has been reported Gmssypium (Agrawal et al. 1997)Philodendron spp.
(Maene and Debergh 1985). Some plant species,v@ot require any auxin supplemental
in the medium for rooting (Agrawal and Gebhardt4Q%ence it is desirable to optimize the
type and concentration of an auxin in a micropr@pag protocol of a particular plant
species. In contrast to our results, induction amfting in shoots ofSentiana scabra was
achieved on hormone free MS medium (Yamada et @1), or on 1/2 MS medium
supplemented with 0.3 mgINAA + 0.1 mgl' IAA (Wen and Yang 2010). Akin to the
present study, higher concentrations of NAA induceatlus inG. davidii var. formosana
(Chueh et al2001).

Optimization of ventilation closures

Between the two sets of ventilation closure treatisiei.e. one-stage and two-stage with a
total incubation period of 8 weeks, overall, ak floot/shoot growth parameters including the
plant survival percentage were higher with two-stagntilation closure treatments (Table 1).
There were significant differences in root/shoobvgth parameters among the treatments
within the one-stage, and two-stage ventilationrsates itself (Figure 2 al-4 and b1l-4).



Among the one-stage ventilation closure treatmeahtsmaximum number of roots (20.20),
root length (4.58 cm), shoot length (2.23 cm), Hregeight (1.09 g) and plant survival

percentage (94.44) was achieved with 2AF8wk, ileenwculture vessels were closed with 2
layers of aluminum foil and incubation for 8 weeks.contrast to aluminum foil, there was

an overall decrease in root/shoot growth parametbe culture vessels were closed with 2,
3 and 4 dispense papers. Among the three DP tratgntee maximum number of roots (18),
root length (3.78 cm), shoot length (1.51 cm), Hregeight (0.94 g) and plant survival

percentage (91.67) was achieved with 4DP8wk, iteenculture vessels were closed with 4
layers of dispense paper and incubation for 8 we€kgre was no drastic difference in
root/shoot growth parameters and plant survivalcgmiage in the ventilation closure
treatment 4H2AF8wk, i.e. 2AF with 4 holes punchadthe center and covered with air
permeable tape. Among the 4 two-stage ventilatiosure treatments, the maximum number
of roots (33.7), root length (5.89 cm), fresh weigh41 g) and plant survival (96%) were
obtained with treatment 2AF4wk/4DP4wk, i.e. whelltune vessels were closed with 2 AF
for 4 weeks and then AF replaced by 4DP for the dexeeks (Table 1).

Figure. 2 Influence of ventilation closures on root/shoot grarth in G. scabra Bunge(a)
One-stage ventilation closurd) QAF8wk-2 layers of aluminum foil (AF) and inculat for
8 weeks, 2) 2DP8wk-2 layers of dispense papers (DP) for 8kae@) 3DP8wk-3 layers of
DP for 8 weeks,4) 4DP8wk-4 layers of DP for 8 weekb,) Two-stage ventilation closure:
(1) 2AF1wk/ADP7wk-2 layers of AF for one week then Agplaced by 4 DP for the next 7
weeks, R) 2AF2wk/4DP6wk-2 layers of AF for 2 weeks then Adplaced by 4 DP for the
next 6 weeks,3) 2AF3wk/4DP5wk-2 layers of AF for 3 weeks then Adplaced by 4 DP for
the next 5 weeks, and)(2AF4wk/4DP4-2 layers of AF for 4 weeks then Aplezed by 4
DP for the next 4 weeks. Scale bar =2 cm

It is essential to close a culture container witime closure material to maintain sterility of
the cultures. Different types of container closuomaterials like micropore, parafilm, and
polyvinyl chloride for eggplants (Ribeiro et al.G4), plastic films for neem (Rodrigues et al.
2012) have been used. In our laboratory, aluminoinahd dispense paper have been used
successfully to improve ventilation for cultures Sdrophularia (Chen et al. 2006a), and
Bupleurum (Chen et al. 2006b). It has been reported thatyipe of closure affects gaseous
exchange, availability of water, micronutrients,dabalance of hormones in the culture
container (Kataeva et al. 1991; Lai et al. 2005¢1Chkt al. 2006a; Tsay et al. 2006). The head
space of culture vessels with low ventilation, amalates various gaseous compounds like
ethylene and carbon dioxide (Akhter Zobayed e2@01; Lai et al. 2005). These undesirable
compounds can alter biochemical responses andié&aflopment ofn vitro cultured plants
(Pierik et al. 2007) and also affect enzymes ingdhn oxidative activities (Synkova and
PospiSilova 2002). Some closures cause restriabibrgaseous exchange between the
container atmosphere and the outside environmentd@dorf-Joosten and Woltering
1994), which can result in poor aeration and hyydrikb condition of cultures. Also, growth
rate and other physiological and morphological abtaristics of plants developed undler
vitro conditions can be influenced by the physical ahdntcal micro-environments of
culture containers (Walker et al. 1988). Differepiecies show different requirement with
respect to container closures. Hence, it is import® optimize a closure type in a
micropropagation protocol of a particular plant@ps. In the present study, a new approach
of combining the foil and dispense paper was usetheG. scabra cultures It was observed
that aluminum foil, a less air permeable materaal first 4 weeks, followed by more air
permeable dispense papers for next 4 weeks wasdequate ventilation treatment for
optimum root/shoot growth and subsequent survit/&.scabra plantlets.



Influence of ventilation closures on survival of pntlets, and acclimatization
procedure

Between the one-stage and two-stage ventilatiosuobo treatments, the overall survival
percentages were higher (90-96) in the two-stagatrtrents (Table 1). The maximum
survival percentage (96) was recorded with the stage treatment 2AF4wk/4DP4wk, i.e.
culture vessel closed with 2 layers of aluminun for first 4 weeks and then AF replaced
with 4 layers of disense paper. Covering of plamts transparent polyethylene sachets for
the first 4 weeks and its gradual exposure to tdi@nt conditions was supportive of
acclimatization process and gave rise to highemtjgasurvival percentages. Tissue culture
plants flowered (Figure 1)) in the greenhouse &taronths of their transfer to pots.

Conclusions
In the present study, we have developed a simpte aam efficientin vitro propagation
protocol of Gentiana scabra Bunge by optimizing the medium composition andtNaton

closure treatments. The developed protocol may éey wseful in micropropagation,
germplasm conservation and commercial cultivatio@.cscabra plants.
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