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ABSTRACT

In our previous study, we reported the successadiiding hairy roots from the P. tunicoides leavgsrfection of

Agrobacterium rhizogenes ACCC10060. In this papwerfurther reported the induction of callus frone timduced

hairy roots of P. tunicoides. Results showed th@&26and 2,4-D improved the dedifferentiation ofrpabots by

inhibition of its growth, while NAA and KT both had detectable effect on this aspect. Rational ¢oation of

6-BA and 2,4-D therefore led to successful dedifféation of the induced hairy roots into callugrépine analyses
demonstrated that hairy root-derived callus stilhrained the ability of agropine biosynthesis, wiiohgested that
the callus didnt lose its transformed Ri genegraftedifferentiation. More important, the conteftatal saponins
within hairy root-derived callus appeared indistiighable from that of the parental hairy roots, afwdir times

higher than that of normal callus (induced from mai explants, such as leaves, root tips, flowees),eindicating

the strong ability of synthesizing secondary meitdso within hairy root-derived callus. Taken tolget these
results suggested that the large scale cultureadrfytroot-derived callus would be an efficient aftative to the field

cultivation or wildlife resources of P. tunicoidfes the production of useful natural compounds.
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INTRODUCTION

Psammosilene tunicoid&y. C. Wu et C. Y. Wu is of thBsammosilengenus ofCaryophyllaceaelt mainly grows
in the South-Western regions of China, and is priigndistributed at an elevation of 1600-3200 nthe crevices of
sunny rocks or weak acid sandy soil (1). It hasnbelaimed that its tuberous root exhibits variobsrapeutic
effects, including eliminating rheumatism, easen@aid expelling stasis (2). Although triterpenagaenins, organic
acids, cyclic peptide, lactam and some amino atél® been identified as the active componen® adinicoides
the total saponins of this plant appear the maitivacingredients with activity of pain-relieving @n
anti-inflammatory (3). In recent years, destructiohhabitat, lasting and illegal collection havel leo supply
shortage ofP. tunicoidesin China and other Asian countries. Moreover, stially takes 3-4 years for wilg.
tunicoidesplants from seed germination to final harvestidgnce, it's urgent and necessary to seek altemabiv
the wild resources d®. tunicoidedor production of natural compounds, such as comialeculture of plant cells,
tissues and orgams vitro.

However, many reports have described that yieldsledired products were very low or even undeteetabl
dedifferentiated cells such as callus tissues @pesosion cultured cells (4). In order to obtainduds in
concentrations high enough for commercial manufaau it's necessary to take some measures to Eimwr
restore biosynthetic activities of cultured ceB3. (In this case, hairy roots, the result of genatnsformation by
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Agrobacterium rhizogeneshave attractive properties for secondary mettbgiroduction.A. rhizogenesis a
gram-negative soil-born bacterium causing hairyt inamany plants (6). The hairy roots inducedAyrhizogenes
have a number of advantages, including fast gramthormone free media, strong root branching, deresd
biosynthetic stability, plagiogeotropism, and biathetic capacity comparable to native plant ro@s Now, it's
becoming a promising technique in the field of noédil plant cell engineering. The hairy rootsRotunicoideshas
been reported to display identical saponines rdfil wild type roots, and often accumulate phytoabals at the
same or higher levels than undifferentiated call$uces, and non-transgenic root cultures (8). Hexeit is not
known if these induced hairy roots could be furtineiuced into callus, and little was known abowt #tcumulation
of secondary metabolites in the hairy root-derieatlus. It is of significance to know whether theluced callus
still retains the properties of hairy roots, such stable biosynthesis of secondary metabolites, gemwth in
phytohormones-free media. If so, this kind of specallus withRi gene would be cultured in large scale for
production of desired products, on the other handld be a potential alternative source of suspensilture cells.
In this study, we focused on establishing an effitiprotocol and procedure for callus induction analiferation
from hairy roots, and a comparison of biomass gnoard saponines accumulation capability among haioys,
hairy root-derived callus and normal callus. Theutes here would be helpful to evaluate the feligitof secondary
metabolites production & tunicoidedy hairy root-derived callus on a large scale.

EXPERIMENTAL SECTION

P. tunicoidedhairy roots were used as explants for callus itidocLeaves of sterilized seedlings were infectéith
Agrobacterium rhizogene#&CCC10060 for initiation of hairy roots, and theity roots were cultured and
maintained on solid MS supplemented with 2% sucto8e45% agar, the detailed were according to tbheqaure
described by Li et al. (9).

Induction of hairy roots-derived callus

L6 (4%, four factors and four levels, was introduce@xamine the effects of various plant growth requa{PGRS)

on the induction and multiplication of callus frdrairy roots by the orthogonal design. Four PGRRiding 2,4-D
(A) ,NAA (B) ,6-BA (C) and KT (D) were selected and added into the MS, and therfaeiud levels of

experiments were listed in Table 1.

Tab. 1. Factorsand levels of PGRsfor induction and multiplication of hairy root-derived callus

A B C D
levels 2o/ (mg-1D) NAA/ (mg-LH) 6-BA/ (mg-LD KT/ (mg-LH
T 0 0 0 0
2 05 05 05 01
3 1.0 1.0 1.0 0.2
4 2.0 2.0 2.0 05

Tips of freshP. tunicoideshairy roots were cut into segments of 2~3 cm, thieth placed on the MS supplemented
with various concentrations of PGRs. All samplesendivided into five groups, and each containeg@®ments of

root tips. After culture of 28 d under 25€kand darkness, explants with formation of callusengsunted and thus
the induction rate of callus was calculated as tdanfl).

The callus with properties of yellow appearancest-tgrowing, loose and fragile texture was chosenb¢o

sub-cultured on MS supplemented with various PGRdiéted in table 1) ; samples were divided imnte Groups,

and the inoculums of each flask was about 0.5-1(BW) . After 28d of culture under 25%1 and darkness, the
relative growth of callus was calculated as form@a

Callus induction rate (%) =number of explants va#tius /total explants *100% Q)
Relative growth rate2*In (W./W,) 2)
W;: initial weight of callus (FWg)

W,: harvested weight of callus (F\g)

t: culture time (d)

I dentification of opinesby TLC technique

Samples of hairy roots, hairy root-derived callodgginal plant, and original plant-derived callugne dried to a
constant weight at 60, and then ground into fine powder, respectivektr&ction and identification of opines was
conducted according to ket al(9).
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Extraction and deter mination of total saponins

Collections of different cultures were dried at 8Gd a constant weight in an electric oven and tirennd into fine
powder. Total saponins were extracted with 80% amath and ultrasonicated for 1 h at 40 °C. The extreas
centrifuged at 1000 rpm for 10 min and evaporateddtyness. The dried pellet was re-extracted with
water-saturated n-BuOH. After evaporating the n-Biyghase to dryness, a weighed pellet was dissahvedter.

Total saponins content was determined accordintheoprocedure previously published with subtle rficalion
(10,11). 5ulL of extraction solution was mixed with 0.5 mL viini solution (8%, dissolved with ethanol) and 5 mL
H,S0O, (72%) and then the mixture was incubated at 6Q%@euwater bath for 10 min, after rapid cooling@om
temperature, the absorbance was measured at 54€alibration curve were established with ginseneskd as
reference saponin.

RESULTS

Effects of PGRs on the dedifferentiation of hairy roots

To determine whether there was a preference tokieyto or auxin for callus induction from hairy reobf P.
tunicodes hairy roots were inoculated in MS media with eifint hormone combinations and concentrations. It's
demonstrated that the hairy roots grew fast on RPfedesculture media, and no visible callus was tbam the
surface of hairy roots (Fig.1-A). In the presené®,d-D or NAA but in absence of 6-BA (a kind oftoiinins), a
number of callus could be induced successfully fthenhairy roots (Figs.1.-F,K,P) . On other medippdemented
with 6-BA, in contrast, few or no hairy roots exitda visible callus (Figs.1-D,G,J,M).These resitdicated that
6-BA exhibited inhibitory effects on the growth diairy roots during dedifferentiation of hairy rootand
subsequentlypromoted the initiation and growth aifus from the hairy roots. It was worth to be mbtbat the
callus induced by high level of 6-BA possesseddraf dense and hard texture (figs.1.D,G,J,M) .

On the media without 2,4-D, the rate of dediffeiaitn of hairy roots was lower than other mediataming 2,4-D
( Figs.1.-B,C,D), which demonstrated that 2,4-D miglay active roles in the dedifferentiation ofirjaroots.
Relationship between callus induction rate and[2,4encentration presented a “bell” curve, with tlage of
induction ascended with the increase of 2,4-D coma&on in the low range and then declined, satigg the
induction could be inhibited by high concentratafi®,4-D.

As to other PGRs, NAA had certain facilitation ke tdedifferentiation of hairy roots, just weakearttthat of 2,4-D
in this respect. Although KT, a kind of cytokinirtsad no obvious effect on the dedifferentiatiorhairy roots, it
could function during its subsequent growth callus.

Fig.1 Typical photographs of hairy root-derived callusinduced by PGRs

The combinations of PGRs in figs.1 were shown inldd
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The results of orthogonal design of PGRs affectimg callus induction from hairy roots were showntable 2.
Based on the reference index of both induction eatd relative growth rate of callus, the extremffedince
analysis displayed the difference in the effectst@ninduction and proliferation & tunicoidescallus by different
PGRs (fig.1). In terms of callus induction rateyf@®GRs showed the impact on the dedifferentiatiohairy roots
with sequences as 2,4-D, 6-BA,NAA and KT, and tkstltombination of PGRs was 2,4-D 1.0 mg/L + 6-BA 1
mg/L+ NAA 2.0 mg/L; On relative growth rate, the R&were listed as 2,4-D6-BA. NAA. KT, and the formula
of 2,4-D 0.5 mg/L+ 6-BA 1.0 mg/L + NAAO.5 mg/L + KU.2 mg/L was tested to be the best.

Tab. 2 The orthogonal design based on L 35 (4% and theresults of callusinduction rate and relative growth rate

No. 24-D NAA 6-BA KT Induction rate %  Relative gwth rate
1 0 0 0 0 0 0.03346
2 0 0.5 0.5 0.1 25.6 0.03770
3 0 1.0 1.0 0.2 26.8 0.03806
4 0 2.0 2.0 0.5 15.2 0.01416
5 0.5 0 0.5 0.2 78.5 0.05761
6 0.5 0.5 0 0.5 46.5 0.05960
7 0.5 1.0 2.0 0 70.5 0.03578
8 0.5 2.0 1.0 0.1 87.6 0.06190
9 1.0 0 1.0 0.5 90.1 0.06276
10 1.0 0.5 2.0 0.2 62.3 0.03612
11 1.0 1.0 0 0.1 60.5 0.04841
12 1.0 2.0 0.5 0 90.1 0.02478
13 2.0 0 2.0 0.1 30.1 0.01311
14 2.0 0.5 1.0 0 68.3 0.03623
15 2.0 1.0 0.5 0.5 65.1 0.02355
16 2.0 1.0 0 0.2 30.6 0.03206

Ki 67.6 198.7 137.6 228.9
K, 2831 202.7 259.3 203.8
Ks 303.0 2229 2728 198.2
Ks 1941 2235 1781 216.9
R 2354 248 1352 30.7

K; 0123 0.167 0.174 0.130
K, 0215 0.170 0.144 0.161
Ky 0172 0.146 0.199 0.164
K; 0105 0.133 0.099 0.160
R 0.110 0.037 0.100 0.034

To further explore the effects of PGRs concentratin the above reference index, variance analyassperformed
and the results were shown in table 3 and 4. Itfaaed that 6-BA exerted significant effect on aallinduction,
and 2,4-D showed remarkable significance. Howedwaih NAA and KT had not any significant effectstbe above
index. According to the above analysis data, thet bembination was #,C3D; for callus induction, and the best
wasA,B,CsDsfor relative growth rate.

s

I ¢
Fig.2 TLC analysisof opinein hairy root callus. Original plant 2.Callus of original plant 3.Hairy roots4.Hairy root-derived calluss.
Bacterialiquid

I dentification of opinesin hairy root-derived callus
To determine whether the callus still remain theemted sequence i or not, the opines was examined by TLC
technique. Results showed a positive reactiondmrast, the samples of bacteria liqudtunicoideseedlings and
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normal callus had no detectable reaction spotsic@tion of opines)(fig.2). These results suggest tthe
transformed callus still carried the Ri sequencé&tvhas been inserted into the parental hairy roots

Tab.3 Analysisof variance (inducing rate)

Source of variance  Sum of deviations square Degfrfleedom F value significance

A 8626.99 3 71.22 **
B 128.61 3 1.06
C 3154.62 3 26.04 *
D 141.82 3 117
e 121.13 3

*F0_05 (3, 3) =9.28 *’F0_01(37 3) =295

Tab.4 Analysisof variance (relative growth rate)

Source of variance Sum of deviations squarex10°) Degree of freedom F value  Significance

A 1.844 3 13.37 *
B 0.2312 3 1.68
C 1.3789 3 9.99 *
D 0.1871 3 1.36
e 0.1379 3

*Fo_o5 @3, 3) =9.28 **Fo_01(3; 3) =295

Evaluation of accumulation of total saponinesin hairy root-derived callus

To evaluate the feasibility of saponines producbgrhairy root-derived callus culture on a largalsdn the future,
the comparison of total saponines content betwe@y hoot-derived callus and other tissues wasedmwut (tab.5).
Both the accumulation of saponines and the relajiaavth rate of hairy root-derived callus, two kesference
indexes, were similar to that of hairy roots at 288 day of culture, which indicates, at least in ptrat the former
still possesses the merits of fast growth and fagbumulation of secondary metabolites of hairy soddore

importantly, compared with the normal callus, trery root -derived callus displayed a higher growdte and
contained a higher amount of saponins.

Tab.5 Total saponins content of P. tunicoidesin different tissuesor cultures

Tissue types Relative growth rate  Saponin conféfy (
Callus 0.04 0.37
Hairy roots 0.07 0.84
Hairy root-derived callus 0.07 0.84
DISCUSSION

According to the theory of cell totipotency, anytpaf mother plant could be taken as explants &dlus induction,
such as root, leaf, stem, flower and fruit. HoweWairy roots, as special explants, are charaeteiz high growth
rate, genetic stability and growth in hormone freedia, and more importantly, levels of secondaryabaites
comparable to that of intact plants (12). Hence,réasonable to hypothesize that there exist icedifferences in
capacity of callus induction between hairy rootsl ai$ counterpart explants of mother plant. Thelyemes of
orthogonal test indicate that four PGRs affectdbdifferentiation of. tunicoideshairy roots with various abilities
ranking as 2,4-D-6-BA>NAA>KT, and variance analyses show that both 6-BA adl® have significant
effects on the induction of callus. The combinat@n6-BA and 2,4-D could induce callus from therkaioots
maximally confirmed by these results. The medigpsupented with 2,4-D resulted in the formation afius from
hairy roots easily; however, the induction ratecallus might decline due to the continuous growftthairy roots
during the callus induction. By contrast, 6-BA abliring about high callus induction rate becausisofhibition
on the growth of hairy roots. It's also observedttthe hairy root-derived callus would re-diffeiate into hairy
roots autonomously on the phytohormone-free mediind subculture of callus; accordingly, it's nes@y to use
certain phytohormones for sustainable growth ofusalFrom the orthogonal data, 2,4-D was the mifgient in
terms of callus proliferation followed by 6-BA, NA#&nd KT in sequence, which was in consistent withanalysis
of induction rate by PGRs tested. Exogenous agmitaf cytokinin and auxin with a specific raticagnhelp to
maintain the required ratio which favored the calproduction, as documented for other plant spgdi@s The
variance analyses further confirmed that both 2,4dd 6-BA have significant effects on the hairytrderived
callus proliferation, displaying far fast growtheswnormal callus during subculture. The resultehadicated that
the requirement for PGRs were different for calilnduction between hairy roots and normal explasisce a

number of evidences have demonstrated that it cbelthduced easily from normal explants even on PG&
MS.
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