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The present study is mainly divided into two paregeneration and secondary
metabolite studies. First objective was to optimike medium for shoot regeneration
utilizing leaf and nodal explants ¢demidesmus indicusThe second objective was to
carryout secondary metabolite studies using shieised from nodal explants. First they
were analyzed qualitatively by HPTLC fingerprintingfter that quantification of lupeol
and rutin from these shoot cultures was done falbwy elicitation studies for the same
using three different elicitors. These shoot cealsuwere treated with elicitors and gene

expression analysis for rutin biosynthetic pathweg studied.

4.1 REGENERATION STUDIES

Leaf and node are the two commonly used explamtedtablishing shoot cultures
which were selected for the present regeneratiadies and MS media fortified with
different combinations and concentrations of PGR=ewtried. Organogenesis means
formation of shoots or roots from the explants undevitro conditions (Thorpe, 1980).
Thein vitro organogenesis occurs via three steps: (i) theaekplacquire competence for
organogenesis, (ii) quiescent cells re-entersayalle and cell fate is determined to form
particular organ primordia and (iii) formation @h vitro organs (Christianson and
Warnick, 1983, 1984, 1985; Sugiyama, 1999; Zharhlaamaux, 2004). The results of the

regeneration studies are summarized below.

4.1.1 Shoot Regeneration from Leaf Explant

Basal MS medium fortified with sucrose (3%) wasntaned as a control for the
study and after leaf explant were placed on theimnedswelling was observed during
second week, and in the third week callus was ieddmm the cut end. After four weeks
the entire explant with callus was subcultured r@sh medium, it slightly proliferated but
it turned brown at the end of sixth week and fatedhow further growth till eight weeks.
Only 25% cultures induced off-white compact calionsmedium without PGRs (Fig. 7).
Thus MS basal medium was then fortified with difier combinations and concentrations

of PGRs to achieve organogenesis from leaf explant.

4.1.1.1 Individual cytokinins (BA and Kn)
Initially two commonly used cytokinins viz. BA ar¢h were tried individually at

different concentrations. When the explants wesegd on medium fortified with BA,
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swelling was observeduring first week and callus formation sed from the lower cL
ends within the seconveek. This callus slightly proliferated alorhe cut ends and durir
third and fourthweek i started to cover the lower surface. Afteinsfer to fresh mediui
growth slightly enhanced but ceased in sixth week. In presenciower concentration ¢
BA (5 uM) a small miss of green compact callus was differerzd in 33.33% culture
Maximum callus prolitration with 100% response was obserweden BA concentratio
increased to 10 uMA combination of greenish white compact as was observed at ¢
margins wherea®rown compact callus formed on the entirever lamina (Fig. 8a
Further ircrease in BAconcentration to 1 and 20 uM, the respse declined to 83.33
and in these combinions the proliferation of callus was coaratively less. Furthe
increasing the BA cocentration (25 and 30 pMailed to evokea better response and
66.67% and 33.33% sponse was observed in 25 and 30 uM entrations respective
(Fig. 7). Hence in all t=2concentration®f BA, compact callus waformed till eight week

and in the next experientKn was added into the medium ieat o BA.
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Figure 7: Effect of BA and Kn on callus induction from leaf explant of H.
indicus after eight weeks

When Kn was dded to the medium, the morphogenic rasewas comparatively
less as compared to E and at all concentrations only greesmpect callus differentiatec
Lower concentration f Kn (5 uM) only 25% cultures respord and it increased

66.67% when 10 uNKn was added in the medium. Further increin Kn concentration t
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15 uM enhanced the response to 75% and bettefguation of green compact callus was
observed (Fig. 8b). Kn at 20 UM concentration askigraffected the callus formation and
only 33.33% cultures induced callus which failed pimliferate. The response further
decreased to 16.67% with 25 and 30 uM Kn conceotra(Fig. 7).

Observations revealed that leaf explants showedtarb@sponse in presence of
individual BA in terms of callus formation as comga to Kn. However both the
cytokinins induced callus but failed to form shofstan leaf explant. Presence of different

auxins into the medium was also evaluated for catidsction.

4.1.1.2 Individual auxins (IAA, NAA and 2,4-D)

Auxins like IAA, NAA and 2,4-D were added individbainto the MS medium in
the range from 0.1-2 uM, and their effect on legblant was studied till eight weeks.
When the medium was supplemented with 1AA, curlamgl swelling of the explants was
observed within a week. Callus differentiated frtime upper and lower cut ends of the
explant during second week which proliferated talgathe periphery in third week. This
callus started to cover the lower lamina in fowiek which continued after subculturing
during fifth week. Growth of the callus was fastadit the IAA concentrations till eight
weeks in 100% cultures. However a variation in ¢altus type was observed and in 0.1
UM IAA concentration, green compact callus was ole whereas at 0.5 uM, green
compact along with brown friable callus was obsdrvéhe proliferation of callus was less
in both these concentrations which increased aid12g.M concentration, where a mixture
of green compact and brown friable callus was fatifieg. 9, 10a).

Another auxin NAA when used as a PGR in the mediymfuse callus
proliferation was observed as compared to IAA a®®% cultures formed off-white
friable callus in all the concentrations (Fig. Bpwever the proliferation of callus was less
in lower NAA concentrations (0.1 and 0.5 pM) whidkreased as NAA increased to 1 and
2 UM (Fig. 10b). Incorporation of 2,4-D in the madh induced maximum callusing with
100% response (Fig. 9, 10c). Off-white friable galivas formed in all the combinations
and the proliferation increased as the concentratf®,4-D increased.

Thus all the three auxins formed only callus fraaflexplants within eight weeks.
This callus varied in texture and colour but none tb&é concentrations induced
morphogenic callus which could differentiate shdmtds. Therefore in the next set

experiment, BA and Kn were combined and their ¢$feere recorded.
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Figure 9: Effect of IAA, NAA and 2,4-D on callus indiction from leaf
explant of H. indicus after eight weeks.

4.1.1.3 Synergism of d¢okinins (BA with Kn

The two cytokiins, BA and Kn when added together froirange of -30 uM, but
changes were only served in second we, as leaf started » swell. The explants
remained as it is durg third week and the callus induction wobserved at upper a
lower cut ends of the af lamina in fourth week. These explantsre subcultied on fresh
medium at the end of ur weeks but the callus failed to proliferaurther.The % response
for differentcombinatias varied Fig. 11)and in all the combinatih green compact calli
was observed. A aximum of 66.67% cultures responded in medi supplemented wit
BA (10 uM) and Kn(5 uM) in which green compact callus wabservecfrom cut ends
which progressed topper lamina (Fig10d). Medium fortified with BA (10 uM) with Kn
(20 uM) and BA (2QuM) with Kn (20 uM) were least responsiverd only 16.67%culture
responsedHigher conentrations of both BA and Kn (25 and 301) failed to induce an
response and the expts turned brown after three weeks withoulus formatior

It was concludd that both the cytinins individually evoied better response f
callus formation, but /hen the added together in the mediunadversely affected tr
callus formationand failed toinduce shoc. Theefore BA/Kn were combined wit

IAA/NAA and their effect on leaf explar was evaluated.
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Figure 8: Effect of individual cytokinins on leaf explait after eight
weeks- (a)greenish white and brown compact allus differentiated
from upper and lower surface in presence «( BA (10 uM) and (b)
formation of greencompact callus in Kn (15 pM).
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Figure 10: Effect of individual auxins and combinations of cytokinins
on leaf explart after eight weeks (a) a mixture of greencompact and
brown friable callus in IAA (2 uM), (b) off-white friable callus in
NAA (2 uM), (c¢) profuse offwhite friable callus in 2,4-D (2 uM)
fortified medium and (d) green compact callus in BA 10 uM) with
Kn (5 uM).
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Figure 11: Effect of EA and Kn on callus induction from leafexplant of H. indicus
after eight weeks.

4.1.1.4 Synergism of A with IAA/NAA

Leaf explant wen placed on medium fortified with BA: uM) and IAA (0.-2
puM) formed green copact callus. The proliferation of callus wless in medium havir
lower concentrations IAA (0.1-1 uM) and it increased at 2 plAA. Similar responsi
was obseved in medim with 10 uM BAwith lower concentratias of IAA (0.1 and 0.!
pHM) which induced less callus whereas the proliferation increlat 1 and 2 uM IAA.
Further increasing thevel of BA to 15 puM induced callus whicproliferated at a fastt
rate & all IAA concentations(0.1-2 uM)but they remained as it iill eight weeks withou
induction of shoots.

Increase in BAevel to 20 uM and comking it with all IAA concentrations (0-2
KuM) differentiated shotsindirectly. Amongst these combinatigmaedium fortified 1AA
(1 uM) evoked optimm regeneration in which the explants cd, swelled and forme
callus from cut ends ithin a week which proliferated, turned dular and covered tt
lower midrib of theleaf in the second week (Fig. a). In thenext week, shoot bt
differentiated from th¢lower surface of the explant which elored and formed oots
during fourth week (Fi. 1zb). This morphogenic callus when sultured after four week

further proliferated al simultaneously differentiated sl buds. These buds elongat:
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into shoots which brached during sixth week (Fig. ¢) and this catinued till eight week
and healthy shoots we observed at the end of eight weeks (F2d). At the end of eiglt
weeks, optimurmumbar of 19.67+£0.81 shootwith 100% respore was observed in tt
medium. Medium forfied with BA (20 uM) and IAA (0.1 pb induced 12.64+1.8
shoots with 83.33% rsponse which increased to 17.00+0.62 (b response) when IA,
concentration was incased to 0.5 uM. However higheAA concentration (2 uM) failet
to increase the shoot mber and 13.18+1.29 shoots (91.67% raise) were formed (Fit
13).
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Figure 13 Shoot regeneration from leaf explant of H. indicus in different
concentrations of BA 20 and 25 uM) with 1AA (0.1-2 uM) after eight weeks.

Each bar shows the 1ean values (n= 12), error bar as stanad error and the line
represents the % resionse. Bars having same letters are naignificantly different
according to Tukey’s HSD test (p< 0.05).



Chapter 4: Results and Discussion

b

i
I‘b
; Il

il.

[

E
k!

i

o

-
i

R

u

.

Figure 12: Indirect shoot regeneration from leaf explantn MS medium
fortified with swcrose (3%) BA (20 uM) and IAA (1 puM) - (a) induction
of greenish bravn nodular callus from lower surface ater two weeks,
(b) elongation of shoot buds in fourth week, c) further proliferation

and elongation of shoots during sixth wee and (d) healthy elongated
shoots at the ed of eight weeks
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Further increasing the BA concentration to 25 pMgoahduced greenish brown
nodular callus along with formation of shoot buBst these buds failed to elongate into
shoots upon subculturing on the same medium andceheist of the concentrations of BA
(25 pM) and IAA (0.1 puM) were transferred to medidmontified with BA (20 uM) and
IAA (1 uM) for shoot formation. When callus from chem BA (25 uM) and IAA (0.1
uM) was transferred to BA (20 uM) and IAA (1 uM)regenerated total 9.33+1.71 shoots
(75% response) at the end of eight weeks. The shmohber was decreased to 8.09+1.89
(66.67% response) when callus from medium contaiBAg25 uM) and IAA (0.5 uM)
was transferred. Further decrease in shoot numbes wbserved (5.60+1.36 and
4.80+1.86) when callus from media supplemented Wither IAA concentrations i.e. 1
and 2 uM were transferred (Fig. 13).

Increasing BA level to 30 puM formed callusing in0% cultures, but the
morphology of callus varied and it was green corhgaw brown nodular callus in
medium having 0.1-1 uM IAA concentrations, whergamedium with 1AA (2 uM) only
green compact callus was observed. These calluskfeated less as compared to earlier
BA concentrations (20 and 25 pM). In all combinatichoot buds were formed at the end
of four weeks but they failed to elongate into skagion subculturing and the explants as
well as callus turned brown at the end of eightksee

The effect of BA with another auxin NAA in the sag@ncentration range was also
evaluated for leaf explant. The explants swellegrafirst week and remained as it is
during second week in presence of 5 uM BA at allAN#oncentrations (0.1-2 uM). The
callus formation was observed in third week in corabons with lower levels of BA but
increasing BA concentrations to 10-20 uM formedusain second week. However in all
the combinations a green compact callus with 10@%¥ponse was observed, callus
proliferation increased as the concentration of NAAcreased. Whereas higher
concentrations of both BA (25 and 30 uM) failedinduce any response and maximum
callus proliferation was observed in medium ha#g(5 uM) and NAA (2 uM) in which
white compact callus was formed (Fig. 14a, 15).

All the combinations of BA and NAA induced compaetlus without formation of
nodular callus and shoot buds. Thus another cyitokm was combined with IAA and

NAA at same concentrations and their effect wasoiesl.
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4.1.1.5 Synergism Kn with IAA/NAA

Combining Kn (5-30 uM) and IAA (0.1-2 uM) inducedrbly response as compared
to combinations of BA with IAA and 100% response swabserved for all the
combinations (Fig. 16). Generally green and whibenpact callus was formed but at
higher concentration of Kn (15-30 uM) brown friallled nodular callus was also observed
in some combinations (Fig. 14b). Amongst all thenbmations, medium fortified with Kn
(20 uM) + IAA (1 uM), Kn (25 pM) + IAA (0.5-2 uM)rad Kn (30 uM) + IAA (1-2 uM)
induced shoot buds after six weeks; but they faite@longate further and callus turned
brown upon subcultured on same medium or on opéichimedium for shoot regeneration
i.e. BA (20 uM) and IAA (1 puM). The combinations &n with IAA could induced
nodular callus and shoot buds in but they failedltmgate into shoots.

Figure 14: Synergistic effect of cytokinins with ains on leaf explant
after eight weeks- (a) greenish white compact cakuin BA (5 puM)
with NAA (2 uM), (b) greenish compact and brown nodlar callus in
Kn (20 uM) with IAA (1 puM) and (c) greenish white @mpact callus
in Kn (5 uM) with NAA (2 uM) fortified medium.
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Figure 15: Effect of BA and NAA on callus induction from leaf explant
of H. indicus after eight weeks

After IAA, NAA was combined with Kn and observatiorevealed that it was le
responsive as compal to earlier combinations. The medium ified with Kn 10 pM
with differentiated grenish brown nodular callus but it also td to legenerate shoot
buds. In the combinans of Kn (5, 15 and 20 uM) with all NA concentrations, gree
and white compact cas was formed and maximum callus prolation (100% respons
was observed in Kn uM) with NAA (2 uM)in 100% culture (Fig. 14c). When Kn
concentration was furer increased to 25 and 30 uM, the callvorphology changed f
green compact whers higher Kn concentration (30 uM) witiAA (0.1 and 2 uM
adversely affected thexplants and it turned brown without callusmation (Fig.17).

Hence it can b concluded that the leaves when inoculeon medium containin
combination of Kn witt NAA induced only callus and failed to renerate shoot. Thus E
(20 and 25 pM) witl IAA (0.1-2 uM) only combinations of1rduced indirect shoc
regeneation from calis whereas other PGRs were formedly callus of differen
morphology. BA at hiner concentrations in combination with I, had synergistic effec
for indirect shoot regeeration and these healthy shoots were 'similar morphology t
wild shoots was obseed
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Figure 16: Effect of Kn and IAA on callus induction from leaf explant
of H. indicus after eight weeks
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Figure 17: Effect of Kn and NAA on callus induction from leaf explant of H. indicus
after eight weeks.

The square piee of leaf lamina containing midrib was 'd as an explant as t
efficient absorption ofiutrients and growth regulators is better tigh cut edges of leav
(Sarwar and Skirvin, 997). Only 25% cultures formed callus basal medium whic

failed to differentiate soots. Similarlyleaves ofPlumbago roseand P. zeylanicdailed to
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induce shoots from callus on basal MS medium (DasRout, 2002). Incorporating BA in
the medium formed green and brown compact callusight weeks, and similar results
are documented for the same plant by ShanmugaprigaShivakumar (2011). But they
have reported greenish friable callus which is @wgtto the present findings. In leaves of
Biophytum sensitivurand Stevia rebaudianalso, only green compact callus was induced
but it failed to induce shoots (Janarthanam et24Q9; Kala et al., 2014). Leaves of
Justicia gendarussalso formed only callus in BAP fortified medium (Agg@an et al.,
2006).

When leaf explants were inoculated on Kn (5-30 ddfdified medium, moderate
growth of compact callus was observed. This isime lwith report of Patel and Patel
(2013) for leaf explant of ecomella undulatan which Kn (1.5-3 mg/l) induced compact
callus with moderate proliferation. Observationsoalevealed that the callus forming
capacity of the explant varied as the concentratmKn changed in the medium without
differentiating shoots, which is also reported floe same plant by Purohit et al. (2015).
Similarly leaves oferonia limoniafailed to induce shoots in medium supplemented wit
Kn (Hiregoudar et al., 2003). It was also obsertleat the callus proliferation as well as
response of leaves in Kn fortified medium was lesscompared to BA containing
medium, and these findings are similar to earkgorts orGmelia arboreaandBiophytum
sensitivum(Ujjwala et al., 2013; Kala et al.,, 2014). Both Be#xd Kn failed to induce
shoots when tried individually, which is also regedr in Withania somnifergJoshi and
Padhya, 2010).

Inoculating leaves on IAA containing medium evokaallus formation in 100%
cultures. In this callus morphology varied and greempact callus was formed at lower
IAA concentration (0.1 uM), whereas brown friablalles was observed at 0.5-2 uM
concentration. Shanmugapriya and Shivakumar (2@1s9 reported friable callus with
70% response in IAA (1 mg/l) for the same planini&r to present findings, Ujjwala et al.
(2013) have reported formation of compact as welfreble callus from leaf explant of
Gmelina arborean medium supplemented with IAA. Whereas Patel azgl{2013) have
reported for leaf explant of. undulatathat low concentration of IAA (1 and 1.5 mg/l)
failed to differentiate callus and less prolifeoati was observed at increased I1AA
concentrations (2-3 mg/l).

Addition of NAA in the medium also formed callus 0% cultures at all the

concentrations. An off-white friable callus was ebh&d in all concentrations but the callus



Chapter 4: Results and Discussion

growth was less in lower concentrations of NAA (@rid 0.5 uM) as compared to higher
concentrations (1 and 2 pM). Whereas earlier stulyd. indicus reported dark green
compact callus in medium containing NAA (Shanmugaprand Shivakumar, 2011).
Whereas in accordance with the present result,| Raid Patel (2013) also observed
formation of friable callus from leaf explant ©f undulatain NAA fortified medium and
its proliferation increased as the concentratiacrdased. Lubaina and Murugan (2012)
observed that leaves Bfumbago zeylanicéormed only callus but it failed to differentiate
shoots in NAA fortified medium. Similarly leaves ddisticia gendarussand Ophiorrhiza
japonicaalso formed only callus in medium fortified withA (Agastian et al., 2006; Kai
et al., 2008). Both IAA and NAA failed to induceadgits, which is also observed in leaf
explant ofP. roseaandP. zeylanicgDas and Rout, 2002).

Fortifying MS medium with 2,4-D induced profuse -@fhite friable callus in all
the concentrations. Earlier report on the sametgnPurohit et al. (2015) documented
compact callus in medium having 2,4-D. Whereas Misf2015) reported whitish light
greeni compact callus irOcimum sanctum with 100% response and the result is
comparable to the present study. Similarly leaf axplf Tylophora indica(Faisal and
Anis, 2003), Spilanthes acmellgSingh and Chaturvedi, 2012}inospora cordifolia
(Bhalerao et al., 2013nd Achyranthes asperésen et al., 2014) also formed only callus
when inoculated on 2,4-D supplemented medium.

In present study when the effect of three differankins on leaf explant was
evaluated, 2,4-D fortified medium was better inrterof callus proliferation as compared
to IAA and NAA. Similarly in leaf explant oRhodiola sachalinensi2,4-D was more
efficient for callus induction than other PGRs (\tual., 2003). The present findings are
similar to earlier report by Shanmugapriya and Stuwaar (2011) forH. indicuswhich
suggested that 2,4-D is better for callus inducéisrtompared to IAA and NAA.

BA and Kn when used individually or in combinatiemoked a similar response
and only callus was formed. Similarly leaf explamts Enicostemma hyssopifolium
Embelia ribesand Stevia rebaudiandailed to induce organogenesis from leaf explant i
medium having BA and Kn (Seetharam et al., 200ghReet al., 2006; Anbazhagan et al.,
2010). This may be due to the antagonistic effeaytdkinins which inhibit the synthesis
of IAA oxidase isoenzyme and in turn stops the pobidn of endogenous IAA (Lee,
1971).
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In H. indicusthe leaf explants were unable to differentiateoshion presence of
individual cytokinins or auxins in the medium. Thascombination of cytokinins with
auxins was tried as this ratio is reported to ifices the type of organ differentiation as
well as the regenerative mode of development (Skaady Miller, 1957; Bhojwani and
Razdan, 1996). Earlier studies also suggest thamntie function of cytokinin inn vitro
organogenesis is to control the cell cycle and e the cell division and form
adventitious bud. Whereas auxins are known to infteehe initiation of cell division and
organize meristems which differentiate organs alamgh promotion of vascular
differentiation (Gaspar et al., 1996, 2003). Pi€ti®@97) states that cytokinins are known to
induce growth and development but if added withiraik facilitates the cell division.

Indirect organogenesis was observed when combiratd BA at 20 and 25M
with 1AA (0.1-2 uM) was used and rest of the combinations inducey callus. Similarly
Wadl et al. (2011) also reported that only BA & @M and 8.8 uM with 11.4 uM IAA
induced regeneration from leavesRifyopsis ruthii The correct ratio of cytokinin to auxin
is a prerequisite as their interaction is knownuiral shoot development under vitro
conditions (Kamat and Rao, 1978; Thorpe et al.,019& the present study optimum
shoots regenerated from medium supplemented with(EBAuM) and IAA (1 uM) i.e.
high cytokinin to auxin ratio which is generallypmated beneficial for differentiation of
shoots (Krikorian, 1995). Low auxin level is bew&dl for shoot regeneration is due to
high endogenous levels of auxins in tissue whidhbih the shoot formation (Christison
and Warnick, 1988). This is also reported for miedicplants likeCichorium intybusand
Streptocarpus rexiiVelayutham et al., 2006; North and Ndakidemi, 201Similarly
combination of BA and IAA has been reported optimionshoot regeneration in many
other medicinal plants likBrunfelsia calycina(Liberman et al., 2010)Arnica montana
(Petrova et al., 2011xpilanthes acmelléSingh and Chaturvedi, 2012)juga bracteosa
(Kaul et al., 2013),Tylophora indica(Haque and Ghosh, 2013) aB&copa monnieri
(Kumari et al., 2015).

Replacing IAA with NAA in combination with BA forntke only green compact
callus in all the combinations within eight weekihservations revealed that proliferation
of callus was less in lower concentrations of NAAL(0.5 uM), similarly Kala et al.
(2014) reported green compact callus in leaveBigphytum sensitivumiWhereas earlier
study onH. indicusby Sreekumar et al. (2000) is contrary to ourifigd in which the
combination of BA (2.22 uM) and NAA (1.07 uM) inceat 2.75 shoots. Mandal and
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Laxminarayana (2014) also reported only callus fgrom in Adhatoda vasicawhen
placed on medium fortified with combinations of Ba#nd NAA. Kabir et al. (2008)
observed callus of different morphology i.e. compaad friable, white and green callus
from leaf explant ofAbelmoschus esculentuMany studies on plants likArtemisia
vulgaris, Cichorium intybus Decalepis hamiltonand Piper longumreported only callus
formation in medium having BA and NAA (Soniya andd) 2002; Giridhar et al., 2004;
Velayutham et al., 2006; Borzabad et al., 2010).

Combinations of Kn with IAA when tried, induced gntallus with varying
morphology i.e. greenish white compact and browabfe-nodular callus. The variation in
callus type and colour was also reportedCeamnabis sativdSlusarkiewicz-Jarzina et al.,
2005). This variation in callus morphology may hesdo the varying endogenous auxin
concentrations which determine callus inductionligb{Lane, 1978). In line with the
present study, green compact callus was reportedPriegthi et al. (2011) foBtevia
rebaudiana Similarly leaf explant of. rebaudianand Withania coagulanslso induced
only callus which failed to differentiate shootsv@am and Mukundan, 2003; Jain et al.,
2011).

Similarly combinations of Kn and NAA also failed teduce shoots and till eight
weeks only callus with varying proliferation was eb&ed in which lower concentrations
of Kn (5-15 puM) are beneficial. The change in calliormation is may be due the
concentration of the PGR which affect negativelyhe explant (Mineo, 1990). Similarly
Tecomella undulateleaves also evoked moderate growth of callus indiome
supplemented with low concentrations of Kn (Patel Ratel, 2013). In plants likétevia
rebaudiana(Sivaram and Mukundan, 2003tuphorbia nivulia(Sunandakumari et al.,
2005) andPopulus ciliate(Thakur and Srivastava, 2008)so leaves formed only callus
when placed on medium fortified with Kn and NAA.

Amongst different PGR combinations tried, regenenatwvas observed only in
medium fortified with BA and IAA. This may due tbe fact that the tissues undergo
dedifferentiation and redifferentiation only wheatly exogenous as well as endogenous
PGRs in the medium interact and differentiate sh¢8thwarz and Beaty, 1996; Huang et
al., 2012; Lee and Huang, 2013). Earlier reportNwystrog (1970) has suggested that
endogenous levels of the hormones are also redperier the regeneration. Cytokinins,
derivatives of adenine, are the class of PGR whédulates the synthesis of proteins

involved in formation and functioning of mitotic isples, hence are required for
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stimulation of cell division and shoot formationh@vla, 2002; George et al., 2008). On
the other hand auxins make more methylation to DINAich helps in reprogramming of
cells and initiate the division of differentiateells (George et al., 2008). Therefore
synergism of both cytokinins and auxins are knowhelp in progression through the cell
cycle, which is prerequisite for cell proliferatidollowed by growth and development of
plants (Stals and Inzé, 2001). In the present stsityot regeneration was observed only in
medium fortified with BA, which may be due to theason that the cultures may easily
metabolize BA rather than Kn and also the formeeorted to control and/or synthesize
other cytokinins within the tissues (Mercier et 2D03; Rai et al., 2009). Another reason is
difference in their uptake, translocation rates amdiation in metabolic processes
(Blakesey, 1991; Kaminek, 1992). Mercier et al. 020 stated that cytokinins are
necessary for cell division and auxins are knownatffect division, expansion and

differentiation of cells.

After optimization of protocol for shoot regeneoat from leaf explant, the next
objective was to optimize the medium for shoot regation from nodal explant using

different combinations of cytokinins and auxins.

4.1.2 Shoot Regeneration from Nodal Explant

Nodes ofH. indicuswere inoculated in basal MS medium as well as ediom
fortified with different concentrations of cytokims (BA, Kn) and auxins (IAA, NAA)
individually and in combinations, When nodes wereculated in basal medium 0.58+0.14
shoot was observed with 41.67% cultures at theoéraight weeks (Table 7). To achieve
multiple shoot formation, basal MS medium was fati with different concentration and
combinations of cytokinins (BA and Kn) and auxim8A and NAA), and the results are

summarised below.

4.1.2.1 Individual cytokinins (BA and Kn)

In the first experiment, effect of two commonly dseytokinins i.e. BA and Kn
was evaluated when incorporated individually atedént concentrations (5-20 pM). When
BA was added to the medium, bud break was obsdreedone side of the node within a
week with simultaneous bud break from opposite nduléng second week. These buds

elongated into shoots in subsequent weeks and xpkarg was subcultured in fresh
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medium at the end of four weeks which facilitatbodat growth as well as branching of
shoots in fifth week. Formation of multiple shodtarted in sixth week and further
elongation, multiplication and branching of shoets observed till eight weeks. However
the explants differentiated green compact calluhatbase during fifth week in presence
of higher concentrations of BA (15-20 uM) which lffierated till eight weeks. At all the
concentrations of BA, 100% response was observed baried in shoot number. Lower
concentration of BA (5 puM) induced 1.58%0.14 shpatdich increased to 2.00+0.20
shoots at 10 uM (Fig. 18a). Further increase in [Byels to 15 and 20 uM failed to
enhance the response, and the shoot number detréase.67+0.14 and 1.42+0.14
respectively (Table 7).

Replacing BA with Kn in the medium evoked almostimilar response and 100%
cultures formed shoots in all the concentrations the numbers were less. The
observations also revealed that the shoots whighnerated in media fortified with Kn
had longer internodes as compared to shoots whesle ¥ormed in media supplemented
with BA. At lower level of Kn 1.25+£0.13 shoots wewbserved, which slightly increased to
1.67+0.14 at 10 uM concentration (Fig. 18b). Furtinerease in Kn concentration to 15
MM failed to increase the shoot number as only 1044 shoots were formed and the
number further decreased to 1.17+£0.11 at 20 uM €T@hl Higher concentrations (15-20
M) induced callus at the base of explant aftecslibre.

Both the cytokinins induced axillary bud to prelifte and develop into shoots but
BA was better as compared to Kn in terms of shegéeneration when used individually.
Although 100% response was observed in both thekoyhs, none of them induced
multiple shoots.
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Figure 18 Effect of individual cytokinin or auxin on shoot
regeneration from nodal explant after eight weeks (a) shoot
formation from both the axillary buds in presenceof BA (10
puM), (b) elongated shoots irKn (10 pM) fortified medium, (c)
shoots witl large leaf in presence oflAA (2 pM) and (d)
formation of callus at the base offshoot iNAA (0.5 pM).
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4.1.2.2 Individual auxins (IAA and NAA)

The MS medium was also fortified with individual @& and the effect on nodal
explant was evaluated. Fortifying the medium wi linitially induced only one bud to
proliferate at the end of one week whereas ther dthe proliferated in second week. They
developed into shoots by fourth week and upon dulreuto a fresh medium further
growth was achieved along with multiple shoot fotiora were observed in fifth week.
Further elongation and branching of shoots weremesl in sixth week and this continued
in seventh and eighth week. In all the concentnatiaf IAA, compact callus was formed in
fourth week at the base of node which simultangopsiliferated till eight weeks.

Presence of IAA in the medium induced axillary liadlevelop into shoots and at
lower concentrations (0.5 and 1 puM) 1.25+0.27 (6&pand 1.42+0.25 (75%) shoots
formed respectively. This number increased to 201Ft at 2 uM and the response was
enhanced to 83.33% (Fig. 18c, Table 7). At all ¢tbacentrations of IAA, expansion of
leaf lamina was observed which resulted in fornratd large leaves with simultaneous
increase in the length of shoots. Eight weeks olagi®ns revealed that the nodal explants
responded in a similar manner when medium waditmtvith BA.

Replacing IAA with NAA in the medium evoked similegsponse but the number
of shoots were less in all the concentrations. Ty be due to formation of friable callus
during fourth week at base of the explant. Thisusafjrew simultaneously with shoots and
proliferated till eight weeks. As a result shoodslefd to elongate and remained stunted
without forming multiples. NAA at 0.5 pM concenit, formed only 1.00+0.31 shoots
(Fig. 18d) in 50% cultures and at 1 and 2 uM trspoase failed to enhance as there was
decrease in shoot regeneration (Table 7). IAA piote be better in terms of shoot
formation as compared to NAA but none of the aurtiuced multiple shoots even after
eight weeks. Hence in the further studies the gysec effects of a combination of
cytokinins and cytokinins with auxins on nodal exyk was evaluated.

4.1.2.3 Synergism of BA and Kn

BA and Kn individually induced 100% response imtsrof shoot regeneration in
MS medium, and hence both were added together rae ssoncentration and their
synergistic effect on shoot regeneration was obge®A and Kn at 5 uM concentrations
induced 5.75%0.13 shoots and also the length vassde compared to shoots from medium
having BA (10 uM) and Kn (5 uM) (Fig. 20a). KeepiBé constant and increasing Kn
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concentration to 10 uM slightly enhanced the nundbeshoots to 5.92+0.34. Whereas Kn
at 15 and 20 uM the shoots decreased to 5.58+086.88+0.28, respectively (Table 7).

Table 7: Effect of cytokinins (BA/Kn), auxins (IAA/NAA) and combinations of
cytokinins (BA and Kn) on shoot regeneration from mdal explant of H. indicus (8

weeks)
BA Kn IAA NAA No. of shoots/explant % Response
(UM)  (UM)  (UM)  (UM) (Mean + SE)*

0 0 0 0 0.58+0.14 Im 41.67
5 0 0 0 1.58 +0.14 ijk 100
10 0 0 0 2.00+0.20 ij 100
15 0 0 0 1.67+0.14 ijk 100
20 0 0 0 1.42 £0.14 ijkl 100

0 5 0 0 1.25+0.13 ijKIm 100
0 10 0 0 1.67+0.14 ijk 100

0 15 0 0 1.42+0.14 ijkl 100
0 20 0 0 1.17+0.11 jkim 100

0 0 0.5 0 1.25+0.27 ijkim 66.67
0 0 1 0 1.42+0.25 ijkl 75

0 0 2 0 2.17+0.311i 83.33
0 0 0 0.5 1.00£0.31 kim 50

0 0 0 1 0.83+0.28 kim 41.67
0 0 0 2 0.42+0.22 m 25

5 5 0 0 5.75+0.13 fg 100
5 10 0 0 5.92+0.34 efg 100

5 15 0 0 5.58+0.36 fg 100
5 20 0 0 5.08+0.28 gh 100
10 5 0 0 11.00£0.24 a 100
10 10 0 0 9.17+0.50 b 100
10 15 0 0 8.83+0.33 bc 100
10 20 0 0 8.17+0.31 c 100
15 5 0 0 6.42+0.38 def 100
15 10 0 0 6.75+0.46 de 100
15 15 0 0 7.08+0.46 d 100
15 20 0 0 5.92+0.22 efg 100
20 5 0 0 5.00+0.29 gh 100
20 10 0 0 5.67+0.34 fg 100
20 15 0 0 5.50+0.28 fgh 100
20 20 0 0 4.67+0.27 h 100

*Means (n=12) followed by same letter are not digantly different (p< 0.05) using

Duncan’s multiple range test.



Chapter 4: Results and Discussion

Increasing the BA concentration to 10 uM evokee e response with all the Kn
concentrations. An early response was observey igaall the combinations as bud break
occurred within a week from one node in all thetungls and callus was induced from the
base of explant which hindered further growth adcth (Fig. 19a). The other bud break
from the opposite node was by the end of second aed shoot formation was observed
from both nodes (Fig. 19b). During third week thekeots elongated and branching was
also observed which continued in fourth week alwitpy multiple shoot formation (Fig.
19c). Subculturing of this clusters helped in eltmgn and proliferation of shoots during
fifth week. In sixth and seventh week, further gjation, multiplication and branching of
shoots was observed which continued till eight wesid healthy shoots were observed at
the end of eight weeks (Fig. 19d). BA (10 uM) with (5 uM) proved to be the optimum
concentration for nodal cultures as 11.00+0.24 sha@re formed per explant. The shoot
number slightly decreased to 9.17+0.50 as Kn legacthed to 10 uM (Fig. 20b). The
number further decreased to 8.83+0.33 and 8.17+@BKn 15 puM and 20 uM,
respectively (Table 7).

Increasing the BA concentration to 15 pM failed dnhance the number of
multiples and total of 6.42+0.38 shoots were fornmeghedium supplemented with BA (15
uM) and Kn (5 uM). This number increased to 6.78&0when 10 uM Kn was used,
which again increased at Kn 15 pM concentrationfantied 7.08+0.46 shoots. However
these shoots were stunted and also brown friablescavas observed at the base of the
explant (Fig. 20c). In 20 uM Kn concentration 5.022 shoots were observed within
eight weeks. Further increase in BA level to 20 plbked least response and maximum
5.67+0.34 shoots were observed with Kn (10 uM) (@at). At BA 20 uM with Kn (10
M) concentration also friable callus was obseraethe base of the node and only few
elongated shoots were formed (Fig. 20d).

BA at 10 pM and Kn at 5 pM (MS-1 medium) were sgm&ic as maximum
number of shoots were formed in this concentratibttsvever the shoots regenerated in a
medium with two cytokinins developed smaller leawe®sl hence were transferred to

medium containing I1AA (2 uM) for further broadeniafleaves (MS-2 medium).
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Figure 19: Shoot regeneration from nodal explants iioptimized
MS medium [BA (10 uM) and Kn (5 uM)]- (a) bud break from
one node ifter one week, (b) elongated axillary shoots from
both the ncdes after two weeks, (c) multiple shoots the end of
four weeksand (d) healthy elongated shoots with banching at
the end ofeight weeks
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Figure 20. Effect of synergism of cytokinins on oot
regeneration from nodal explant after eight weeks- (a)
formation of few shoots in presence cBA (5 uM) and Kn (5
uM), (b) formation of callus at the base of multiple soots in BA
(10 pM) and Kn (10 pM), (c) stunted shootsn presence o BA
(15 pM) and Kn (15 pM) and (d) few elongated thoots with
friable callus formation at base in medium supplerented with
BA (20 pM) and Kn (2C puM).
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4.1.2.4 Synergism of BA with IAA/NAA

As a combination of two cytokinins improved the renof shoots, the effect of
cytokinins and auxins together was also studiedallnthe combinations of BA with
IAA/NAA, bud break from one node was observed witla week. Shoot regeneration
pattern was similar to the earlier combinationsdrbut with the growth of shoots, callus
differentiated at the base of the node after foaeks and it continued to grow till eight
weeks.

In the combinations of BA with IAA, when BA (5 pMyas supplemented with
IAA (0.5 pM) it regenerated 4.08+0.56 shoots in3¥3%6 cultures. Increasing the 1AA
concentration to 1 uM, this shoot number slightigreased to 4.42+0.79 but the response
decreased to 75%. IAA concentration further readioed uM, only 3.58+0.90 multiples
developed with 58.33% response which may be dueofoge callusing at base. This shoot
number increased (5.17+0.88) when BA was at 10 podl AA at 0.5 pM with 75%
response (Fig. 21a). Further increase in I1AA ldeell and 2 uM adversely affected the
shoot formation and the response further decreagseh BA (15 and 20 uM) was
combined with different concentrations of IAA (Tald).

Combinations of BA with NAA failed to enhance thkost number as profuse
callusing at base of the node was observed duangh week. BA at 5 uM with NAA at
0.5 uM formed only 3.00+0.75 shoots (58.88% resphnshich decreased to 2.67+£0.93
(41.67% response) and 2.00+0.82 (33.33% resportze) WAA level increased to 1 and 2
MM respectively. Increasing BA concentration to IM increased the response and
3.67+£0.77 shoots (66.67%) developed in combinatth 0.5 pM NAA. This was
accompanied by greenish callus at the base of eixplad due to this shoots faild to
elongate (Fig. 21b). But this number decreasedgiiehiNAA concentrations. Fortifying
medium with higher BA levels (15 and 20 uM) deceshshe response with all NAA
concentrations (Table 8).

Thus it was concluded that BA with IAA or NAA inded multiple shoots from
nodes in many combinations, however the numberlessas compared to shoots which
regenerated in medium fortified with BA (10 uM) akd (5 uM).

4.1.2.5 Synergism of Kn with IAA/NAA
Individually when Kn was used it formed shoots witB0% response at all

concentrations and hence it was combined with I1ANto observe whether it has
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synergistic effect on shoot formation from nodapleaxt. Combination of Kn (5 uM) with
IAA (0.5 uM) evoked poor response and it regenerately 2.58+0.81 shoots from 50%
cultures. Increasing the concentration of IAA iraged the response, and at 1 uM
concentration it formed 3.42+0.79 shoots (66.67%) this number again decreased to
3.25+£0.85 (58.33%) when it reached to 2 uM conegioin. The shoot number increased
when Kn 10 uM was used and with IAA (0.5 uM) asegenerated 4.08+0.70 shoots in
75% cultures. The number of shoots slightly incedas 4.25+0.65 in 83.33% cultures
when combination of Kn (10 pM) with IAA (1 pM). Haver multiple shoots were
induced but their growth was slow and compact callas observed at the base of explant
which resulted in stunted shoots (Fig. 21c). Furthereasing the IAA concentration to 2
UM decreased the shoot number to 3.58+0.82 (661@8ponse). Increasing Kn level to 15
and 20 uM adversely affected the shoot regenergtaiancy of nodes and less shoots
were formed in all combinations (Table 8).

When NAA was used in combination with Kn, the leasirphogenic response was
observed and it failed to form multiple shoots iany of the combinations. A combination
of Kn (5 uM) and NAA (0.5 uM) induced meagre resporand only 1.50+0.52 shoots
were observed within eight weeks from 41.67% ceKuiThis number again decreased to
1.17+0.48 (33.33%) and 1.00+£0.50 (25%) as the NAAcentration was increased to 1
and 2 UM respectively. Increasing the Kn conceioinato 10 uM also induced very less
response and total 1.67+0.45 (58.33%) shoots wésereed with NAA (0.5 pM).
Increasing Kn level to 15 pM increased the shoohlmer to 2.33+0.48 in 75% cultures,
but it again decreased when NAA concentration va#sed to 1 and 2 uM. Kn at 20 uM
induced maximum shoots i.e. 3.25+0.45 (83.33%) VNtRA at 0.5 pM (Fig. 21d).
However further increase in NAA concentration fdite increase the shoot number (Table
8).

BA or Kn when coupled with IAA and NAA induced miple shoots but the
number was less as compared to shoots developeddium fortified with a combination
of cytokinins. Thus cytokinins i.e. BA (10 uM) aiah (5 uM) proved to be optimum for
shoot regeneration from nodal explant and this dpation was further utilized for
secondary metabolite studies (MS-1).
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Figure 21 Effect of combination of cytokinin and auxin on
shoot formation from nodal explant after eight weeks- (a) few
elongated :hoots in presence (BA (10 uM) and IAA (0.5 uM),
(b) green ‘Tiable callusing at the base of stunte shoots in
medium with BA (10 pM) and NAA (0.5 pM), (c)green compact
callus at the base of stunted shoots in Kn ({ uM) and I1AA (1
pMM) containing medium and (d) formation of weak shoots in
medium fortified with Kn (20 uM) and NAA (0.5 pM).
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Table 8: Effect of different combinations of cytoknins with auxins on shoot
regeneration from nodal explant ofH. indicus (8 weeks)

BA Kn IAA NAA No. of shoots/explant % Response
(LM) (M) (UM)  (UM) (Mean + SE)*

0 0 0 0 0.58+0.14 g 41.67

5 0 0.5 0 4.08+0.56 abcd 83.33
5 0 1 0 4.42+0.79 abc 75

5 0 2 0 3.58+0.90 abcdef 58.33
10 0 0.5 0 5.17+0.88 a 75

10 0 1 0 4.67+0.99 ab 66.67
10 0 2 0 4.33+0.89 abcd 66.67
15 0 0.5 0 4.17+1.05 abcd 58.33
15 0 1 0 4.00+1.05 abcde 58.33
15 0 2 0 3.83+0.98 abcdef 58.33
20 0 0.5 0 4.08+1.06 abcd 58.33
20 0 1 0 3.42+0.72 abcdefg 66.67
20 0 2 0 3.00+0.91 abcdefg 50

5 0 0 0.5 3.00+0.75 abcdefg 58.33
5 0 0 1 2.67+0.93 abcdefg 41.67

5 0 0 2 2.00+0.82 bcdefg 33.33
10 0 0 0.5 3.67+0.77 abcdef 66.67
10 0 0 1 3.17+0.58 abcdefg 75
10 0 0 2 3.08+0.67 abcdefg 66.67
15 0 0 0.5 3.42+1.01 abcdefg 50
15 0 0 1 2.75+0.95 abcdefg 41.67
15 0 0 2 2.50+1.02 abcdefg 33.33
20 0 0 0.5 2.33+0.84 abcdefg 41.67
20 0 0 1 2.25+0.92 bcdefg 33.33
20 0 0 2 1.67+0.84 cdefg 25

Contd...
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BA Kn IAA NAA No. of shoots/explant

(M) (M) (UM) (UM)  (MeanxSE)yr  ° esponse

0 5 0.5 0 2.58+0.81 abcdefg 50

0 5 1 0 3.42+0.79 abcdefg 66.67
0 5 2 0 3.25+0.85 abcdefg 58.33

0 10 0.5 0 4.08+0.70 abcd 75
0 10 1 0 4.25+0.65 abcd 83.33

0 10 2 0 3.58+0.82 abcdef 66.67
0 15 0.5 0 3.25+0.59 abcdefg 75

0 15 1 0 3.08+0.85 abcdefg 75
0 15 2 0 2.42+0.56 abcdefg 66.67

0 20 0.5 0 3.50+1.02 abcdef 50
0 20 1 0 3.17+1.09 abcdefg 41.67

0 20 2 0 2.08+0.86 bcdefg 33.33
0 5 0 0.5 1.50+0.52 cdefg 41.67

0 5 0 1 1.17+0.48 efg 33.33
0 5 0 2 1.00+0.50 fg 25

0 10 0 0.5 1.67+0.45 cdefg 58.33
0 10 0 1 1.42+0.49 defg 41.67

0 10 0 2 1.08+0.38 fg 41.67
0 15 0 0.5 2.33+0.48 abcdefg 75

0 15 0 1 2.08+0.45 bcdefg 66.67
0 15 0 2 1.83+0.41 cdefg 66.67

0 20 0 0.5 3.25+0.45 abcdefg 83.33
0 20 0 1 3.08+0.57 abcdefg 75

0 20 0 2 1.92+0.57 bcdefg 50

*Means (n=12) followed by same letter are not digantly different (p< 0.05) using
Duncan’s multiple range test.

When nodes offl. indicuswere inoculated in basal MS medium (control), agne
response was observed and only 0.58+0.14 shootsfagned in 41.67% cultures. Similar
reports are documented for nodal culture€efopegia candelabruriBeena et al., 2003),
Tylophora indica(Faisal et al., 2007) ard. hirsute(Nikam et al., 2008) where basal MS
medium without PGRs induced less response.

Sachs and Thimann (1964) reported that cytokingulegdes apical dominance and
later on Wang and Charle (1991) suggested that BA&R as an apical dominance
inhibitor. The beneficial effect of cytokinin issal due to promotion of woody tissue
formation near vascular tissues of bud which featéid easy translocation of water and
nutrients (Mohammed and Al-Younis, 1991). Suppletimgnbasal medium with BA
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increased the response to 100% in all the condemtsa but maximum of only 2.00+0.20
shoots were observed at 10 uM concentration. Silpiteodal explants oVitex negundo
(Chandramu et al., 2003) antinospora cordifolia (Gururaj et al., 2007) are less
responsive in BA fortified medium. Earlier repods same plant by Siddique and Bari
(2006) and Singh et al. (2015) have also reportsd khoot formation in BAP fortified
medium. Whereas other reports Bin indicus reported maximum shoot regeneration in
BAP fortified medium (Sreekumar et al., 2000; Shagapriya and Sivakumar, 2011,
Shekhawat and Manokari, 2016).

Supplementing medium with Kn also regenerated $ée®ts (1.67+£0.14 in 100%
cultures) in medium supplemented with 10 uM leved gimilarly earlier reports on same
plant also stated less shoots formation in Kn smpphted media (Siddique and Bari,
2006; Shekhawat and Manokari, 2016). Similarly itheo plants likeVitex trifolia
(Hiregoudar et al., 2006 eropegia pusilla(Kondamudi et al., 2010) and. cordifolia
(Sivakumar et al., 2014) also Kn has been repaibete less responsive. It was also
observed medium fortified with Kn induced less nembf shoots as compared to BA
which in line with earlier report oH. indicus(Sreekumar et al., 2000; Singh et al., 2015;
Shekhawat and Manokari, 201€unila galioidegFracaro and Echeverrigaray, 2001) and
Aristolochia indica (Pattar and Jayaraj, 2012). However shoots regtsterin Kn
supplemented medium had longer internodes andasimliservation has been recorded in
other Asclepiadaceae plants likeymnema sylvestr@&omalavalli and Rao, 2000)%.
candelabrumBeena et al., 2003) addlophora indicanodes (Faisal et al., 2007).

The higher concentrations (15 and 20 uM) of both di@kinins formed basal
callus which is also reported by Sreekumar et2000) for the same plant as well as in
Ceropegia juncedNikam and Savant, 2009) aRdgostemon cablifSwamy et al., 2010).
Both the cytokinins induced shoots but failed touicel optimum regeneration and is also
reported in earlier reports df. indicus (Siddique et al., 2006; Sundarmani and Hasina,
2015), Commiphora wightii(Tejovathi et al., 2011) an8ophora tonkinensi§lana et al.,
2013).

After cytokinins, the effects of individual auximgere assessed for formation of
multiple shoots. IAA at all the concentrations indd shoots from nodes but a maximum
of 2.17+0.31 shoots (83.33% response) were fornte@ aM concentration. Unlike
cytokinins, this concentration of 1AA failed to inde 100% response which is in line with

earlier report on same plant by Shanmugapriya anak@mar (2011) in which IAA (1
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mg/l) induced maximum 70% response. Similarly Samad Sharma (2013) also reported
maximum 2.42+0.39 shoots from IAA fortified medium Catharanthus roseusThe
nodes placed in medium containing IAA formed greempact callus at the base which is
also reported by Siddique and Bari (2006MHinndicus

When NAA was used individually in the medium, odl$0+0.31 shoots with 50%
response was observed at 0.5 uM. Siddique and (B@@i6) observed that NAA (0.5-2
mg/l) induced only callus from nodes of the samanpltill four weeks. Similarly
Nagahatenna and Peiris (2007) have reported thatidmally when NAA (0.1 mg/l) was
used, the axillary bud d¢4. indicusfailed to proliferate into shoot. This result is@in line
with earlier report of Shanmugapriya and Sivakui@2&11) for the same plant and they
have reported only 45% culture response in medomified with 3 mg/l NAA. Similarly
Seetharam et al. (2007) also reported less respo$lA fortified medium forVernonia
cinereanodal explant. Mei-Yin and Sani (2018) have regarthat when NAA was used
individually in the medium, it formed very less si®from nodes o¥ernonia amygdalina
and also callusing at the base of the node was\aiate

IAA and NAA evoked shoot formation but it was acqmnied with callus
formation at base of nodes, which is also repandfosopis cinerarig Kumar and Singh,
2010). Presence of auxins in medium failed to ieduwultiple shoots and similar
observations are reported by Kumari and Singh (@2 Salvadora persicaWhereas
callus induced on nodes #éfistolochia indicaandH. indicusfailed to regenerate shoots
when transferred to medium containing IAA and NAlAre (Siddique et al., 2006). The
observations thus revealed that the shoots regedefilom auxin fortified medium have
less branching of shoots as compared to cytokiagetd medium. This may be due to
inhibition of bud break by auxins of the medium ({hlann and Skoog, 1933). The overall
response of cytokinins is better as compared tanaimxterms of shoot formation and is
comparable to earlier report f@atharanthus roseuSain and Sharma, 2013).

Both the cytokinins failed to induce multiples whesed individually but when
combined together they induced an optimum responpessence of BA (10 uM) and Kn
(5 uM) with 11.00+0.24 shoots from 100% culturesmiar observations have been
reported in nodal explant oEnicostemma hyssopifoliur(Seetharam et al., 2002),
Leptadenia reticulatgSudipta et al., 2011) ar€hlorophytum borivilianunfAshraf et al.,
2014). Earlier study on the same plant (Patnaikelolata, 1996) reported combination of
BA and Kn to be optimum for multiples but shootwveleped small leaves and similar
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findings are reported in the present study. Sityil&talathy and Pai (1998) also reported
maximum shoot proliferation from nodal explantssaime plant in combination of BA
(13.32 uM) and Kn (2.32 puM). Whereas combinationB&fP (1.0 mg/l) with Kn (2.0
mg/l) induced optimum 8-10 shoots with 80% respansd. indicus(Rama Devi et al.,
2014). The interaction of BA and Kn has been regubrto be optimum for shoot
regeneration in nodal explant &fiper longum(Soniya and Das, 2002kclipta alba
(Baskaran and Jayabalan, 2006)ataeva nurvalaWalia et al., 2007)Swertia chirata
(Balaraju et al., 2009)Andrographis paniculata(Dandin and Murthy, 2012) and
Catharanthus roseusSain and Sharma, 2013).

After combination of cytokinins, combinations oftaiinins and auxins were tried
as they are known to facilitate shoot regeneraéisnwvell as to maintain the meristem
activity (George, 1993; Dello et al., 2007). BA pted with IAA induced only 5.17+0.88
shoots when the former was at 10 uM and the latérsauM. Earlier report by Siddique
and Bari (2006) documents that only 2.18+0.52 shd@6% response) regenerated in
presence of BA (2.5 mg/l) with IAA (0.5 mg/l) foheé same plant. Although multiple
shoots were observed in these combinations, théeuof shoots was less as compared to
medium supplemented with BA and Kn and is also nteloby Rama Devi et al. (2014) for
H. indicus Recently Najar et al. (2018) also reported tlmahlginations of BA with 1AA
failed to enhance number of shoots in nodal expitylophora indica The decrease in
shoot number may be due to the formation of calksch is also reported for same plant
by Siddique et al. (2006). Similarly Abhyankar aReéddy (2007) observed that when
nodes ofAdhatoda vasicavere cultured in BA-IAA combinations, shoots failemd grow
due to callus formation. Ilcmella calva(Amudha and Shanthi, 2011) aS@hlvadora
persica(Kumari and Singh, 2012) also, callus was obseidecbmbinations of BA and
IAA. The % response for shoot regeneration varisdhe concentrations changes and
similar observations were also reported by Srilaghal. (2014) folVigna mungonodal
explants. The response of combination of BA wittAI& better as compared to medium
containing BA only which is in line with earlierperts onCassia angustifoligSiddique
and Anis, 2007)Celastrus paniculatugPhulwaria et al., 2013a) anibddalia asiatica
(Anand et al., 2015).

Replacing IAA with NAA and combined with BA also aked multiple shoot
formation but the shoot number was decreased ta8.67 (66.67% response) in medium
fortified with BA (10 uM) and NAA (0.5 uM). Earliereport onH. indicusby Misra et al.
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(2003) documented 4.82 shoots when medium wagi¢artivith BAP (1.0 mg/l) and NAA
(0.5 mg/l). Other studies df. indicus(Siddique and Bari, 2006; Nagahatenna and Peiris,
2007) reported that combination of BAP and NAA iodd multiple shoots but it failed to
enhance the shoot number as compared to optimurbication for regeneration. Similar
reports have been documented for nodal expladtiéraria maritimeand Catharanthus
roseus(Banerjee et al., 2004; Sain and Sharma, 2013gréds Saha et al. (2003) reported
optimum number of shoots (7.4+0.22) in nodes of esafant when placed in BA (2.0
mg/1) and NAA (0.1 mg/l). This combinations formgifuse callus at the base which is
also reported in earlier report on same plant (&mear et al., 2000; Misra et al., 2003;
Nagahatenna and Peiris, 2007) and@yfophora indica(Faisal et al., 2007). Siddique et al.
(2006) and Amudha and Shanthi (2011) documentddscidrmed in nodes dfi. indicus
andAcmella calvarespectively which differentiated shoots upon sitiice, whereas in the
present study the callus proliferated without ahpad bud formation. BA and NAA
induced better regeneration as compared to medipplemented with individual BA and
is reported inHolarrhena antidysentericdAhmed et al., 2001) andernonia cinerea
(Seetharam et al., 2007).

When Kn was added at 10 pM with 1 pM IAA induce@5%0.65 shoots which is
less as compared to earlier combinations. Similadstier studies on the same plant also
stated less shoots in medium fortified with Kn &4 (Siddique and Bari, 2006; Siddique
et al., 2006). These combinations induced multghleots but they failed to increase the
shoot number as compared to optimum combination, igndecently reported for
Tylophora indicanodal explant (Najar et al., 2018). However thepomse of cultures
varied as the concentrations of Kn and IAA varied & also reported fovigna mungo
(Srilatha et al., 2014). Combinations of Kn withAAevoked less shoot proliferation as
compared to BA-IAA combinations, which is in accande with earlier reports ovitex
negunda/Chandramu et al., 2003) aBdlvadora persicéKumari and Singh, 2012).

Combinations of Kn and NAA induced multiples andximaum 3.25+0.45 shoots
were formed in Kn (20 uM) and NAA (0.5 uM). Misra al. (2003) also stated that
combination of Kn with NAA is not favourable for @bt regeneration and reported only
3.83 shoots irH. indicus Another studies by Siddique et al. (2006), Siddigund Bari
(2006) and Sundarmani and Hasina (2015) also reh@&#4 shoots from the same plant in
Kn and NAA fortified medium. Whereas Saha et al02) reported only 1.6+£0.22 shoots

for the same plant, which may be due to profuskisialy in medium containing Kn and
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NAA was observed which is also observed in thegmestudy as well as in earlier studies
for the same plant (Patnaik and Debata, 1996; Mise., 2003; Siddique and Bari, 2006).
Studies onCeropegia juncegdNikam and Savant, 2009) amtosopis cineraria(Kumar
and Singh, 2010) nodal explant also observed hmdraof shoot proliferation due to
callusing. Whereas contrary result has been doctaddyy Patnaik and Debata (1996) in
which the combination of Kn (1.15 uM) and NAA (00EM) formed optimum response
with 8.2+0.4 shoots irH. indicus Medium fortified with Kn and NAA induced less
number of multiples as compared to combination ofdfd IAA as is also reported for
Ceropegia hirsutgNikam et al., 2008)C. juncea(Nikam and Savant, 2009) arkkgle
armelos(Yadav and Singh, 2011).

Combinations of cytokinin with auxin revealed tkfz overall response of BA with
auxins is better as compared to Kn, which is atgmorted forH. indicus (Misra et al.,
2003), Momordica cymbalarigNikam et al., 2009) an&alvadora persicgKumari and
Singh, 2012). In the present study, addition ofimsixvith cytokinin failed to improve the
number of shoots which is also reported$pilanthes acmell@Haw and Keng, 2003) and
Veronica anagallis-aquatic§Shahzad et al., 2011). This may be due to endagelevel
of auxins which alters the response by decreasitakinin levels as it promotes metabolic
inactivation of BA by N-glucosylation or regulategtokinin oxidase genes which encode
proteins capable of degrading the cytokinin (Karkie¢ al., 1997; Kieber and Schaller,
2014). Reduction in shoot number is also be dueatiusing at base which is due to the
accumulation of auxin in the tissue (Marks and Siam 1994; Pierik, 1997).

This regeneration study suggested that nodal @dttesponded well when placed
in medium fortified with combination of cytokininand branching of shoots was also
observed. In the further work the potencyroVitro nodes to form shoots was evaluated in
cytokinin supplemented medium. This study was edrout to compare the regenerative

potency of both the explants for shoot formation.

4.1.2.6 Shoot culture establishment using in vitmodes

Nodes ofH. indicuswere excised from eight weeks old healiyitro shoots grown
in optimized medium (MS-1). These nodes were plaicedbasal medium and media
fortified with individual cytokinin and a combinata of cytokinins which were tried earlier

for in vivo nodal explants. Whem vitro nodes were placed in basal MS medium which
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induced only 0.58+0.22 shoots with 41.67% respomisiein eight weeks (Table 9). The

medium was hence supplemented with individual dyiiak and its effect was observed.

 Individual cytokinins

When BA was incorporated into the medium, bud break observed from one
side of node at the end of a week which elongatemshoot with simultaneous bud break
from opposite node during second week. The respaaseexactly similar tin vivo buds,
and these shoots further elongated till fourth waedl upon subculture, multiple shoot
formation started during fifth week. Branching betshoots was observed during sixth
week which elongated till eight weeks. The shoohhar varied at different concentrations
of BA (5-20 uM) and at 5 uM formed a total 1.17#0dhoots (91.67% response) within
eight weeks. Further increase in concentrationsl@ pM helped axillary buds to
proliferate and formed maximum 1.83+0.16 shoot$1\Wid0% response. BA at 15 and 20
UM failed to enhance the shoot number (Table 9).

Replacing BA with Kn in the medium evoked a similasponse but the number of
shoots was less as compared to BA concentratiomsofthe different concentrations (5-
20 uM) of Kn tried, only 10 uM was able to form 819.28 shoots in 83.33% cultures
(Table 9).

Individually both the cytokinins induced shoot regeation but the effectiveness of
BA was better as compared to Kn. Thus in furthedgtthe effect of both the cytokinins

together was evaluated.

* Synergism of cytokinins

MS medium when fortified with different combinations BA (5 uM) and Kn (5
pHM) induced 2.00+0.51 shoots in 58.33% culturess Aumber was slightly increased to
2.17+£0.47 with increased response to 66.67% whemM@oncentration of Kn was used.
However increasing the Kn level to 15 and 20 pMreased the shoot number to
1.75+0.47 (66.67% response) and 1.08+0.32 (50%0res), respectively.

When BA concentration was increased to 10 uM, migltshoot formation was
observed with all concentration of Kn. BA (10 puMittwKn (5 uM) proved to be optimum
as axillary bud break from one side was observetinva week of inoculation (Fig. 22a).
This bud elongated and formed shoot during secoeekvalong with simultaneous bud
break from opposite node (Fig. 22b). Both the shambngated during third week and
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branching of axillary shoots was observed duringrtfoweek (Fig. 22c). The shoots
branched as well as formed multiples in sixth waeé# this continued till eight weeks and
optimum 5.42+0.36 shoots with 100% response wasrebd. However the shoots failed
to elongate and callusing was observed at the e 22d). Increasing the Kn
concentration to 10 uM failed to increase the shmohber and at the end of total eight
weeks a total of 4.67+£0.54 shoots (100% responszg wbserved. The shoot number
decreased to 4.331£0.48 (91.67%) and 3.83+£0.79 388 3vhen BA was 10 uM with Kn at
15 and 20 puM respectively. The combinations of BA and 20 pM) with Kn (5-20 uM)
also regenerated multiple shoots, however the numias less as compared to earlier
combinations (Table 9).

Hence the observations revealed thatinhatro node has the potency to regenerate
shoots in cytokinin based medium. BA and Kn whedealdtogether in medium facilitated
multiple shoot formation and combination of BA (M) with Kn (5 uM) induced
optimum response within eight weeks. But these shaere less in number as well as in

growth as compared to shoots regenerated fnovivo nodes.

In vitro nodes have been used as an explant for multippetslormation in a
number of species and when these nodes were placddsal medium it induced
0.58+0.22 shoots (41.67% culture response) andlasigniin vitro buds of Crataeva
nurvala induced 41.67% culture response in basal mediurali@\ét al., 2007). Earlier
report by Sreekumar et al. (2000) observed no sfayotation in basal medium for the
same plant. Placing nodes in medium containing Bduced maximum 1.83+0.16 shoots
with 100% response in 1AM concentration and further increasing or decrepashe
concentration failed to increase the shoot num$anilarly Mahadev et al. (2014) also
reported thatSolanum viarummodes formed varied number of shoots accordinghéo
concentration of BA, and this cytokinin was unatdeinduce optimum shoots which is
comparable with the present study. Whereas Nagamatend Peiris (2007) reported
formation of 4.47+1.64 shoot fromn vitro nodes ofH. indicusin medium fortified with
BAP (5 mg/l).
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Figure 22: Shoot regeneration fromin vitro nodesin medium
MS + aucrose (3%) + BA (1( uM) + Kn (5 puM)- (a) bud break
from at the end ofone week, (b)elongated shootsfrom both
nodes at he end of two weeks, (c) multiple shoots with
branching after four weeks and (d) healthy elongatd shoots a
the end of eight week:
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Table 9: Effect of cytokinins on shoot regeneratiorfrom in vitro nodes of
H. indicus (8 weeks)
BA Kn No. of shoots/explant
(UM)  (uUM) (Mean = SE)*

% Response

0 0 0.58+0.22 f 41.67

5 0 1.1740.16 ef 91.67
10 0 1.83+0.16 cdef 100
15 0 1.42+0.18 def 91.67
20 0 1.08+0.18 f 83.33

0 5 0.83+0.16 f 75

0 10 1.58+0.28 def 83.33

0 15 1.33+0.30 def 83.33
0 20 0.83+0.26 f 58.33

5 5 2.00+0.51 bcdef 58.33
5 10 2.1740.47 bcdef 66.67

5 15 1.75+£0.47 cdef 66.67
5 20 1.08+0.32 f 50

10 5 5.42+0.36 a 100
10 10 4.67+0.54 ab 100

10 15 4.33+0.48 abc 91.67
10 20 3.831£0.79 abcde 83.33
15 5 3.92+0.61 abcd 83.33
15 10 3.25+0.72 abcdef 75

15 15 3.1740.79 abcdef 75
15 20 2.58+0.59 bcdef 75

20 5 3.00+0.61 abcdef 83.33
20 10 3.25+0.59 abcdef 75

20 15 2.83+0.73 abcdef 66.67
20 20 2.25+0.68 bcdef 50

*Means (n=12) were subjected to ANOVA and means¥adld by same letter
are not significantly different (g 0.05) according to Tukey’s test.

Replacing the cytokinin in the medium decreasedstimot number to 1.58+0.28 in
83.33% cultures at M Kn, which is less in comparison to BA fortifiedesium. Similar
result has been reported fStevia rebaudiangThiyagarajan and Venkatachalam, 2012),
Pogostemon cablifdin et al., 2014) anBaederia foetidgBehera et al., 2018).

Combining BA and Kn induced better response in canmspn and multiple shoots
were formed in which combination of BA (L&M) with Kn (5 uM) formed optimum
5.42+0.36 shoots in 100% cultures. Similarly earbaudy onin vitro nodes ofVanilla

planifolia has documented that BA and Kn individually induc#ots but maximum
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response was observed when medium was fortifieth witmbination of BA and Kn
(Abebe et al., 2009). IRogostemon cablinSwamy et al. (2010) have also reported that
combining BA and Kn induced optimum shoots. Theeobations of the present study also
revealed that the regeneration potencinofitro nodes is less as comparedrtaivo nodes
which is contrary to the earlier results of Sreekurat al. (2000) and Nagahatenna and
Peiris (2007) for the same plair.vitro nodes formed less callus at base as compaiied to
vivo node, which is opposite to earlier report lomvandula pedunculat§Zuzarte et al.,
2010).

In vivo nodal explants regenerated optimum shoots in medypplemented with
BA (10 uM) and Kn (5 uM). Similarly whem vitro nodes were placed in cytokinin
fortified medium, optimum shoot regeneration waseobsd in medium having same PGR
concentration. This also suggested tiratvitro nodes have potency to form shoots,
however the potency is less in comparisomtaivo nodal explant.

After shoot regeneration the shoots regenerated feaf and nodal explants were

utilized for rooting studies.

4.1.3In Vitro Rooting

The elongated microshoots were placed in fullf &atl quarter strengths of liquid
MS medium were fortified with sucrose (1%) for riogt They failed to survive after
second week in different strength basal media, tihus/as fortified with different
concentrations (1-25 puM) of auxins like IBA and NAZnd their effect on root induction

was observed till four weeks.

4.1.3.1 IBA

When different concentrations of IBA (1-25 puM) wetried in full strength
medium lower concentrations of IBA (1-6 puM) failedinduce any roots and shoots failed
to survive after two weeks. Increasing the IBA aamtcation to 8 UM increased the shoot
survival rate to 25% but they failed to induce sodBA at 10 uM was able to induce only
few roots (1.42+0.45) with 50% response, but ordy33% shoots survived. The root
number increased when IBA was at 15 uM as 1.67t0dsfls (50% response) were
formed with 41.67% shoots survival rate. Furtheréase in IBA concentration to 20 and
25 uM adversely affected the rooting and at 20 piMy d.92+0.38 roots (33.33%

response) with 33.33% shoot survival was obserVédereas the shoots turned brown
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after two weeks without any root formation in medit€ortified with 25 uM of IBA (Table

10).

Table 10: Effect of different strengths of MS mediun fortified with IBA on
root induction from H. indicus shoots (4 weeks)

IBA No. of roots/shoot % Rooting % Shoot
(UM) (Mean + SE)* survival
MS

0 od 0 0
1-6 od 0 0

8 od 0 25

10 1.42+0.45 a 50 33.33
15 1.67+0.50 a 50 41.67
20 0.924+0.38 ab 33.33 33.33
25 od 0 0

LMS
0 od 0 0
1-6 od 0 0
8 2.00+£0.87 ab 33.33 50
10 3.334£0.89 abc 58.33 58.33
15 3.75+0.96 abc 58.33 75
20 4.17+0.90 abc 66.67 83.33
25 2.17+0.75 abcd 41.67 66.67
uMS

0 od 0 0
1-6 od 0 0

8 3.58+0.93 abcd 58.33 66.67
10 4.67+1.05 acd 66.67 91.67
15 6.00+0.89 cef 83.33 100
20 8.83+0.28 e 100 100
25 4.33+0.83 abcdf 75 83.33

*Means (n= 12) followed by same letters are nonificantly different (p<

0.05) according to Tukey’s HSD test.

When the strength was reduced to half, it evokestight better response but the
lower concentrations of IBA (1-6 uM) failed to showzogenesis in this strength, whereas
but 8 to 20 uM induced roots in shoots. Furtheraase in IBA concentration to 25 uM
proved to adversely affect the rooting of shoaots~2MS medium fortified 8 uM IBA, 50%
of shoots survived till four weeks out of which 33% shoots formed a total of 2.00+0.87
roots. This root number increased to 3.33+0.890au¥1 with 58.33% shoot survival and
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rooting response. Further increase in IBA level%oand 20 uM evoked a better response
and at 15 pM as 3.75x0.96 roots were observed Wb shoot survival and 58.33%
rooting response. IBA at 20 uM induced better rogptivith 4.17+0.90 (66.67% response)
roots and 83.33% shoot survival. Increasing the t®Acentration to 25 puM declined the
root number to 2.17+0.75 as well as % of shoot igah(66.67%) and rooting response
(41.67%) (Table 10).

Further reduction in strength of medium to quaetesked early and better rooting
as compared to earlier strengths. In this, swelbhgodes along with increase in shoot
length was observed in first week. Root inductidarted in second week along with
further increase in shoot length. In the next wegwth of root and shoot was observed
which continued till fourth week. Similar to abotxeo strengths, “saMS medium fortified
with lower IBA concentrations (1-6 uM) failed to mce roots and turned brown. A 8 uM
IBA induced 3.58%0.93 roots with 58.33% rootingpesse and 66.67% shoots survival.
Number of roots was increased to 4.67+1.05 (66.6@#b) 91.67% shoots survival in the
medium fortified with IBA (10 uM). Increasing IBAeVel to 15 pM proved to be
beneficial for shoot survival as 100% shoots swgivand induced 6.00+0.89 roots in
83.33% cultures. Optimum rooting was observed giiROIBA which formed 8.83+0.28
roots with 100% rooting and shoot survival rateg(F23a). Further increase in IBA

concentration to 25 uM failed to increase the raptf shoots (Table 10).

4.1.3.2 NAA

NAA is another auxin which is known to induce roaismicroshoots and hence
different strengths of MS medium fortified with 1-2B8/1 concentrations of NAA were
tried. This auxin evoked a less and delayed rooéisg:ompared to medium containing
IBA and at lower concentrations i.e. 1 andM only 0.33+0.14 and 0.83+0.26 roots were
formed respectively with less % response (33.33%0%). In both the combinations, the
shoot survival rate is also less which was only 2&#6 33.33% for 1 and aM
respectively. Increasing the NAA to @M slightly increased the root formation and
1.17%0.28 roots with 66.67% shoot survival and ir@ptesponse was observed. The root
number was increased to 2.08+0.30 along with 83.8B8&6t survival and rooting response
at NAA 6 uM. Optimum number of roots i.e. 3.42+0.55 in 91.6¢uttures with 100%
shoot survival was observed when NAA was increased uM (Fig. 23b). Further

increase in NAA concentration from 10-gM decreased the rooting in shoots and NAA at
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25 uM adversely affected the shoots as they turned mrafter second week without root
induction (Table 11).

Reducing the strength to %2MS failed to increasertwing in shoots and only
0.92+0.36 roots were observed with 50% shoot sahand 41.67% rooting response at 10
uM NAA. In this strength also shoots turned browteafwo weeks and no root formation
was observed at 2pM concentration (Table 11¥urther reduction in MS strength to
quarter also induced meagre response and only 0.3®xoots with 33.33% rooting and
shoot survival response was observed in mediumfigatwith 6 uM NAA. In this
strength, 15-2uM NAA concentrations adversely affected the shaotd they failed to
survive within two weeks in this strength (Tablg.11

Basal MS medium of different strengths (full, hatid quarter) failed to induce
rooting and is also reported fAjuga bracteosgKaul et al., 2013) an&ubia cordifolia
(Khadke et al., 2013) microshoots. vitro rooting can be achieved in medium fortified
with auxins like IBA and NAA (George and Sherringtd984) and it is documented for
plants likeAstragalus cariensigéErisen et al., 2010Achyranthes aspergsen et al., 2014)
andAllamanda cathartic§Khanam and Anis, 2018).

Fortifying the media with different IBA concentrais induced rhizogenesis and
optimum rooting with 8.83+0.28 roots (100% respQnsas observed in ¥4MS medium
fortified with 20 uM of IBA. Earlier studies on tleame plant by Sreekumar et al. (2002)
also reported ¥“saMS medium with IBA at 9.80 uM todpgimum for rooting (12 roots with
98% frequency). Similarly Shekhawat and Manokaril@0Oalso reported this strength
supplemented with IBA (3 mg/l) to be optimum footimg inH. indicus Promotory effect
of ¥“aMS media has been well reported in other medicplants likeWrightia tinctoria
(Purohit and Kukda, 2004Bacopa monnier{(Mehta et al., 2012b)[erminalia bellerica
(Mehta et al.,, 2012c)Catharanthus roseu¢Sain and Sharma, 2013) aheptadenia
reticulata (Rathore et al., 2013; Patel et al., 2014).

Earlier studies also documented IBA for rootingHnindicus(Saha et al., 2003;
Rama Devi et al., 2014; Sundarmani and Hasina, 20¥ophoraindica (Faisal and Anis,
2003), Stevia rebaudiangPatel and Shah, 2009) am@hmellia sinensigBidarigh and
Azarpuor, 2013) shoots. Whereas report Misra et(2003) stated that IBA is less
responsive and optimum rooting (5.20£0.84 root8p 98sponse) was reported when ¥2MS
medium was fortified with 0.75% sucrose, IBA (2.@/fh NAA (1.0 mg/l) and activated
charcoal (100 mg/l) imd. indicus Whereas combination of Kn with IBA was reported i
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other studies on same plant (Patnaik and Deba®f; Eddique et al., 2006; Siddique and
Bari, 2006).

Table 11: Effect of different strengths of MS medim fortified with NAA
on root induction from H. indicus shoots (4 weeks)

NAA No. of roots/shoot % Shoot
% Response

(UM) (Mean + SE)* survival
MS
0 od 0 0
1 0.33+0.14 cd 33.33 25
2 0.83+0.26 bcd 50 33.33
4 1.17+0.28 bcd 66.67 66.67
6 2.08+0.30 b 83.33 83.33
8 3.42+0.55 a 91.67 100
10 1.33+£0.40 bc 50 83.33
15 1.08+0.38 bcd 41.67 66.67
20 0.83+0.39 bcd 33.33 50
25 od 0 25
LMS
0 0od 0 0
1 0.33+0.18 cd 25 25
2 0.42+0.22 cd 25 25
4 0.50+0.22 cd 33.33 33.33
6 0.67+0.30 cd 33.33 41.67
8 0.75+0.17 cd 66.67 41.67
10 0.92+0.36 bcd 41.67 50
15 0.58+0.25 cd 33.33 33.33
20 0.17+0.11 cd 16.67 16.67
25 od 0 0
aMS
0 od 0 0
1 0.17+0.16 cd 8.33 16.67
2 0.25+0.17 cd 16.67 25
4 0.33+0.18 cd 25 25
6 0.50+0.25 cd 33.33 33.33
8 0.42+0.18 cd 33.33 41.67
10 0.17+0.11 cd 16.67 33.33
15-25 0od 0 0

*Means (n=12) were subjected to ANOVA and mean®veéd by same letter
are not significantly different (g 0.05) according to Tukey'’s test.
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Figure 23: Rooting of shoots after four weeks{a) formation of
multiple roots in ¥MS medium fortified with sucrose (1%) and
IBA (20 pM) and (b) formation of few roots in MS medium
fortified witth sucrose (1% and NAA (8 uM).

Amongst differnt concentrations of NAA, maximum 3.42+0.55 roots wer
formed in medium cotaining 10 uM NAA and further increase NAA level adversel
affected the root forntion as it may increase ethylene biosysiswhich affects root
formation andbr elongation (Riov and Yang, 1989; Kollmeiert al., 200( Taiz and
Zeiger, 2003 Howeve' the number of roots is less in NAA fortitl medium as compart
to IBA fortified mediun which is comparable with earlier report same plant (Sreekum
et al., 20@2; Nagahateia and Peiris, 2007; Sundarmani and Hg, 2015). Superiority ¢
IBA over NAA has keen reported iT. indica (Thomas and Filip, 2005), Munronia
pinnata (Gunathilake € al., 200€ and Rubia cordifolia(Khadke e al., 2013). The reas«
Is dueto the slow movment and degradation of IBA which faciles its localization ne:
the site of applicationind in turn increases the rooting (Martin,)2). Whereas in plan
like Decalepis hamiltaii (Anitha and Pullaiah, 2002)itex trifolia (Hiregoudar et al.,
2006) andS. rebaudiac (Thiyagarajan and Venkatachalam, 2C optimum rooting wa
reported in NAA suplemented medium. Whereas Sahai et(2010) reported san
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number of root formation iit. indicawhen IBA (0.5 uM) and NAA (5 uM) was used as a
rooting hormone.

IBA and NAA induced rooting ifd. indicusshoots, however IBA was proved to be
better as compared to NAA as it induced more rauwth better response for shoot

survival.

In the regeneration studies df. indicus optimization of protocol for shoot
formation from both leaf and nodal explant regetestashoots, but the mode or
regeneration is indirect for leaf explant, whichncgenerate of somaclonal variants.
Whereas nodal explants regenerate direct shooheeggon from axillary buds without
callus intervention and hence further secondaryab@dite studies were carried out using

shoot cultures developed from nodal explants.

4.2 SECONDARY METABOLITE STUDIES

In this study, in vitro shoots regenerated from nodal explants were first
qualitatively analyzed for their potential to syrglze metabolites using HPTLC
fingerprinting. After that, quantification of lupeahd rutin in shoots was done followed by
elicitation of same using yeast extract, salicglied and methyl jasmonate.

MS medium fortified with sucrose (3%), BA (10M) and Kn (5uM) regenerated
optimum shoots from nodal explants (MS-1), but mmaxn shoot length and leaf
broadening in shoots was observed in medium fedifvith IAA (2 uM). Thus the shoots
from optimized medium were transferred to mediumtaming IAA (2 uM) and allowed
to grow for another eight weeks (MS-2h vitro shoots from both these media were

utilized for HPTLC fingerprinting to observe theifect on synthesis of metabolites.

4.2.1 HPTLC Fingerprint of Shoots

The chemical profiling of three samples irevivo andin vitro shoots from MS-1
and MS-2 media were extracted using three solMeaisg different polarities i.e. hexane,
ethyl acetate and methanol. All the three extrastse subjected to chromatographic
separation on TLC plates in respective mobile phdetowed by derivatization using
anisaldehyde-sulphuric acid reagent. Then the glatere scanned at 525 nm for

densitometry analysis and the results are sumnthbew.
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Hexane extracts of all samples were spotted on flaé&s and developed in mobile
phase toluene:methanol (9:1 v/v). The plates wergvatized to obtain a fingerprint as
shown in Fig. 24a, b which revealed almost simpaofiling in both the samples in
comparison to extracts of vivo shoots. However scanning of the plates was done to
obtain the chromatograms of all the samples (Fig, 84 e), which revealed variation in
peak numbers, their heights and areas. Extrairt wivo shoots revealed total 13 peaks of
which peaks at Rf 0.14, 0.24, 0.29, 0.33, 0.377,00453, 0.58, 0.82 and 0.90 were unique
and absent in extracts of shoots from MS-1 and MBeak at Rf 0.58 (iLpeak) had
maximum area of 20049.4 which was 24.17% of tateh af the chromatogram in extract
of in vivo shoots, however this peak was absent in extrddisth MS-1 and 2. Whereas
area of peak at Rf 0.02 decreased in extract ofIMBd was absent in extract of MS-2
(Table 12). When extract afi vitro shoots from MS-1 was separated, total 19 bands wer
observed, of which bands at Rf 0.04, 0.11, 0.121,00.25, 0.34, 0.38, 0.48, 0.54, 0.60,
0.77, 0.86 and 0.93 were unique in this extracthis extract, peak at 0.60 Rf {1peak)
covered the maximum area i.e. 12926.2 (17.67%) lwhias absent in other two extracts.
Separating extract of shoots from MS-2 revealedl tb peaks. Out of 16 peaks, peaks at
Rf 0.08, 0.15, 0.18, 0.30 and 0.74 is common betvi8-1 and 2, whereas peaks at 0.05,
0.10, 0.22, 0.42, 0.52, 0.66, 0.75, 0.85 and 0.82ewunique in this extract. Maximum
19371.2 area (21.44%) was covered by peak at Rf QMizh was not present in vivo
and in vitro shoot from MS-1 (Table 12). In hexane extract, noheghe peaks were
common for all three samples, which might be dueftect of PGRs of the medium which

not only affects the peak areas but also affectsyhe of secondary metabolites.
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Figure 24: HPTLC ffingerprint of hexane extracts- (a) in vivo shoots (L1) andin
vitro shootsfrom MS-1 (L2), (b) in vivo shoots (L1) andin vitro shoots from MS-
2 (L2). Densitometly scanning of plates at 525 nmand respective peaks of (cin
vivo shoots, (d)in vitro shoots from MS-1 and (e)n vitro shoots from MS-2.
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Table 12: Fingerprint of different samples for hexae extracts

Rf In vivo In vitro (MS-1) In vitro (MS-2)
value Peak Peak Peak Peak Peak Peak
area area (%) area area (%) area area (%)
0.02 12946.7 15.61 4774.0 6.53 - -
0.04 - - 3455.1 4.72 - -
0.05 - - - - 13331.2 14.76
0.08 - - 3027.1 4.14 1887.0 2.09
0.10 - - - - 2061.2 2.28
0.11 - - 713.9 0.98 - -
0.12 1401.0 1.69 - - 1422.2 1.57
0.13 - - 799.6 1.09 - -
0.14 1726.5 2.08 - - - -
0.15 - - 1883.3 2.57 1063.9 1.18
0.18 - - 715.8 0.98 4782.3 5.29
0.20 3236.0 3.90 - - 1695.8 1.88
0.21 - - 4292.2 5.87 - -
0.22 - - - - 5757.2 6.37
0.24 4087.7 4.93 - - - -
0.25 - - 3124.6 4.27 - -
0.29 3295.5 3.97 - - - -
0.30 - - 2589.0 3.54 4045.6 4.48
0.33 3599.9 4.34 - - - -
0.34 - - 3507.1 4.80 - -
0.37 11627.3 14.02 - - - -
0.38 - - 10376.7 14.19 - -
0.42 - - - - 19371.2 21.44
0.47 9783.0 11.79 - - - -
0.48 - - 10936.0 14.95 - -
0.52 - - - - 14498.5 16.05
0.53 5719.3 6.90 - - - -
0.54 - - 3137.8 4.29 - -
0.58 20049.4 24.17 - - - -
0.60 - - 12926.2 17.67 - -
0.66 - - - - 14171.2 15.69
0.74 - - 1562.1 2.14 1030.2 1.14
0.75 - - - - 1127.0 1.25
0.77 - - 758.6 1.04 - -
0.82 4955.6 5.97 - - - -
0.85 - - - - 1222.5 1.35
0.86 - - 4103.6 5.61 - -
0.90 514.5 0.62 - - - -
0.92 - - - - 2879.3 3.19
0.93 - - 457.7 0.63 - -
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Another extract was prepared using ethyl acetatevegr@ separated in mobile
phase toluene:ethyl acetate:formic acid (6.5:2\8\). The plates were derivatized to
obtain bands (Fig. 25a, b) followed by scanning526 nm for development of
chromatograms (Fig. 25c, d, e). It was observettttal 16 peaks were present in extract
of in vivo shoots out of which peak at Rf 0.62 have maximuen 34096.8 area which
covered 28.58% of total area which was absent lrerotwo extracts. Amongst all, the
peaks appearing at Rf 0.32, 0.36 and 0.62 were mnelyent in extract ah vivo shoots,
whereas peak at Rf 0.53 is present in all samplaislé 13).

When extract of shoots from MS-1 were separatéal 16 bands were developed
in plate as well as respective peaks in chromatogfut of 16 peaks, total 5 peaks at Rf
0.03, 0.06, 0.35, 0.75 and 0.84 were observediartlyis extract. Maximum peak area was
observed for 1% peak (Rf = 0.75) having 15495.9 area (13.03%hé@dhromatogram, but
was absent in extracts iof vivo andin vitro shoots from MS-1 (Table 13). Whereas extract
of in vitro shoots from MS-2 had total 15 peaks out of whiekpno. 18 (Rf 0.72) had
maximum peak area (18962.6, 19.65%) which was estlut extract ofn vivo shoots i.e.
8363.8 (7.01%), and was absent in extract of M$able 13). Similarly peaks at Rf 0.02,
0.19, 0.25, 0.27, 0.33, 0.38, 0.47 and 0.99 wesemied only in this extract and hence
unique for it. Peaks at 0.31 and 0.63 were comnewden both the samples iaf vitro

shoots, whereas peak at 0.53 was common in a# gamples (Table 13).
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Figure 25: HPTLC fingerprint of ethyl acetate extracts- (a) in viva shoots (L1)
and in vitro shoots from MS-1 (L2), (b) in vivo shoots (L1) and in vitro shoots
from MS-2 (L2). Densitometry scanning ofplates at 525 nm and respective
peaks of (c)in vivo shoots, (d)in vitro shoots from MS-4 anc (e) in vitro shoots

from MS-2.
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Table 13: Fingerprint of different samples for ethy acetate extracts

In vivo In vitro (MS-1) In vitro (MS-2)

Rf Peak area Peak area Peak area
value Peak area e?% ) Peak area (%) Peak area (%)
0.02 - - - - 6488.0 6.72
0.03 - - 616.6 0.56 - -
0.05 346.1 0.29 - - 11279.4 11.69
0.06 - - 127.5 0.11 - -
0.10 826.1 0.69 1424.9 1.20 - -
0.17 5950.3 4.99 5259.7 4.42 - -
0.19 - - - - 1535.0 1.59
0.20 3480.2 2.92 4733.9 3.98 - -
0.25 - - - - 4468.5 4.63
0.26 3083.4 2.58 6832.1 5.75 - -
0.27 - - - - 4244 .4 4.40
0.31 - - 3868.6 3.25 2036.2 2.11
0.32 3609.2 3.02 - - - -
0.33 - - - - 2581.6 2.67
0.35 - - 13710.4 11.53 - -
0.36 11639.3 9.76 - - - -
0.38 - - - - 2244 .4 2.33
0.40 5480.9 4.59 8322.0 7.00 - -
0.43 2954.3 2.48 - - 9694.9 10.04
0.46  9333.3 7.82 7557.9 6.36 - -
0.47 - - - - 5821.9 6.03
0.53 8136.5 6.82 9739.3 8.19 5024.3 5.21
0.62 34096.8 28.58 - - - -
0.63 - - 13381.1 11.25 6761.5 7.01
0.67 5791.4 4.85 10876.0 9.15 - -
0.72 8363.8 7.01 - - 18962.6 19.65
0.75 - - 15495.9 13.03 - -
0.81 5706.1 4,78 5043.3 4.24 - -
0.84 - - 11865.4 9.98 - -
0.85 10513.3 8.81 - - 14475.6 15.00
0.99 - - - - 900.6 0.93
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Separating methanolic extracts of all shootsolnene:ethyl acetate:formic acid
(6.8:2.5:0.7 viv) revealed bands having almostlsinprofile in all samples (Fig. 26a, b).
However scanning of the plates at 525 nm develag@dmatograms which depicted
change in peak number and areas (Fig. 26c, d, BgnVéxtract ofin vivo shoots was
separated on TLC, total 14 bands were observed hithw12" peak at Rf 0.74 has
maximum peak area of 31886.0 which covered 27.37#4 af the chromatogram. In this
extracts total 7 unique peaks were recorded whierevat Rf 0.02, 0.31, 0.37, 0.48, 0.57,
0.61 and 0.88 (Table 14).

Scanning the extract of MS-1 shoots confirmed|t@t bands of which peaks
appeared at Rf 0.04, 0.08, 0.14, 0.20, 0.34, 0=V, 0.65, 0.78 and 0.95 were only
observed in this extract. In this extract also,kpaf 0.74 Rf had maximum area i.e.
13517.6 (19.23%) which was less as compared to @rdae same peak in extract iof
vivo shoots (Table 14). Lastly extractiafvivo shoots from MS-2 was scanned and it was
observed that it contained total 18 peaks. Outhebé¢, peaks at Rf 0.45 and 0.74 were
present in all three samples whereas peak at Rf &9 present in both the vitro
cultures (Table 14). In this extract also peak.Zd(Rf had maximum area but this area
(13517.6, 19.23%) was decreased in comparisonttaa»ofin vivo shoots but increased
when compared tm vitro shoots from MS-1. However peaks at Rf 0.01, 00083, 0.25,
0.30, 0.35, 0.49, 0.54, 0.60, 0.62, 0.64, 0.85 @8® were only present in this extract
(Table 14).
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Figure 26: HPTLC ‘fingerprint of methanol extracts- (a) in viva shoots (L1) andin
vitro shoots from VS-1 (L2), (b) in vivo shoots (L1) andin vitro shoots from MS-2
(L2). Densitometry scanning of bands at 525 nm and respeve peaks of (c)in vivo
shoots, (d)in vitro shoots from MS-1 and (e)in vitro shoots fran MS-2.
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Table 14: Fingerprint of different samples for methanol extracts

In vivo In vitro (MS-1) In vitro (MS-2)

Rf Peak area Peak area Peak area
value Peak area e?% ) Peak area (%) Peak area (%)
0.01 - - - - 686.7 0.67
0.02  7483.0 6.42 - - - -
0.03 - - - - 11287.3 10.97
0.04 - - 2515.4 3.58 - -
0.08 - - 1034.4 1.47 - -
0.10 380.1 0.33 - - 689.0 0.67
0.13 - - - - 715.0 0.70
0.14 - - 671.3 0.95 - -
0.18 5379.4 4.62 - - 4850.8 4,72
0.20 - - 1287.9 1.83 - -
0.25 - - - - 4012.0 3.90
0.26 1253.9 1.08 1353.5 1.93 - -
0.30 - - - - 1509.3 1.47
0.31 2972.7 2.55 - - - -
0.34 - - 3855.4 5.48 - -
0.35 - - - - 2304.0 2.24
0.37  4628.2 3.97 - - - -
0.39 - - 1841.5 2.62 2032.7 1.98
0.41 5562.6 4.77 3635.0 5.17 - -
0.45 7293.6 6.26 3365.5 4.79 9043.3 8.79
0.48 5697.0 4.89 - - - -
0.49 - - - - 5334.0 5.19
0.50 - - 2811.1 4.00 - -
0.54 - - - - 1808.9 1.76
0.57 293744 25.21 - - - -
0.59 - - 12000.4 17.07 - -
0.60 - - - - 12683.4 12.33
0.61 11040.3 9.48 - - - -
0.62 - - - - 6444.4 6.27
0.64 - - - - 7239.2 7.04
0.65 - - 9617.4 13.68 - -
0.74 31886.0 27.37 13517.6 19.23 24496.5 23.82
0.78 - - 11367.5 16.17 - -
0.83 1773.4 1.52 1226.6 1.74 - -
0.85 - - - - 762.2 0.74
0.88 1774.7 1.52 - - - -
0.89 - - - - 6953.1 6.76
0.95 - - 202.6 0.29 - -

Thus chemical profiling of shoots revealed thet shoots were able to synthesize

metabolites, however change in band/peak humbeaealdepicted the variation amongst

the samples. Reports suggested that HPTLC fingenpgi of the plants can be compared

on the basis of total number of separated bandspdasition, sequence and colour
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(Mammen et al., 2011; Kamboj and Saluja, 2013)sTimgerprinting technique has been
approved by American and European pharmacopoeiaglhgs by WHO for qualitative
and quantitative evaluation of herbal drugs (Wakstzika-Hajnos et al., 2008; Kulkarni et
al., 2014; Elela et al., 2015). In the present tilmlee solvents with increasing polarities
have been used as this is done when the compoumnttesést is unknown (Harborne,
1984; Williamson et al., 1996). It was revealedt tblaemical profiling of shoots from
cytokinin based medium is nearly similaritovivo samples as compared to shoots from
auxin fortified medium. This may be due to influaheffect of cytokinins on metabolites
(Sangwan et al., 2001; Arikat et al., 2004). RemdriPalenius and Alejo (2005) have
suggested that the synthesis of a metabolite uindeitro conditions depends on many
factors but the composition of the medium especiBIGRs is one of the critical factor.
Srivastava and Shrivastava (2008) have reportedhidas variation in HPTLC profiling
between wild andh vitro shoots oBacopa monnieri

Alagar et al. (2014) reported th@urculigo orchioidesregenerated via different
pathways showed slight variation in fingerprint.isThs also reported foin vitro
regenerated plants @urcuma longgKharade et al., 2014Arnicae foliumandA. caulis
(Stefanache et al., 2014) afielastrus paniculatugAnusha et al., 2016)n vitro callus,
shoots and roots dDroxylum indicumsynthesized metabolites like wild plant parts but
slight variation was observed in HPTLC profilingtlween them (Rojsanga et al., 2017).
Similarly storage temperatures of synthetic seeffscted the secondary metabolite
synthesis inn vitro plants ofRauvolfia serpentingGantait and Kundu, 201 A)Vhereasn
vitro derived shoots and plants Bassiflora caerulegBusilacchi et al., 2008Munronia
pinnata (Gunathilake et al., 2008) arfercandra glabra(Zhu et al., 2011) had similar
HPTLC profiling as wild plants. This method hasoaleeen used for comparison between
wild andin vitro cultures of other important medicinal plants lksparagus adscendens
(Mehta and Subramanian, 2008Bacopa monnieri(Patni et al., 2010)Chlorophytum
borivilianum(Basu and Jha, 201@nhdCurcuma angustifoligJena et al., 2018).

Thus HPTLC fingerprinting revealed thatvitro cultures were able to synthesize
metabolites likein vivo plants, however variation in peak areas depictetht@n in
synthesis of metabolites. This study also reve#tad traditionally roots oH. indicusis
being used and gained importance however the sta®issynthesizes large number of

metabolites which needs to be further investigatedhe next experiments two important
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metabolites reported for the plants viz. lupeol amth were quantified inn vivo as well
asin vitro shoots (MS-1 and MS-2).

4.2.2 HPTLC Analysis for Lupeol in Shoot Cultures
Firstly the standard curve of lupeol was prepaoedbtain the straight line equation

followed by quantification of the same using HPTLC.

4.2.2.1 Standard curve of lupeol

The plate was loaded with 100-600 ng concentraifatandard lupeol followed by
development in toluene:methanol (9:1 v/v). They eveerivatized using anisaldehyde-
sulphuric acid reagent and scanned at 525 nm famdard curve preparation. The
correlation coefficient (B of the line was 0.995 and the equation of stizliglie was y =
11.18x+579.1 (Fig. 27).

4.2.2.2 Quantification of lupeol

Hexane extracts ah vivo as well asn vitro shoots from MS-1 and MS-2 were
separated on TLC plats. When extractrovitro shoots harvested from MS-1 media i.e.
BA (10 uM) and Kn (5 puM), presence of lupeol waseaed after derivatization in
extracts of bothn vivo as well asn vitro shoots (Fig. 28a). When the plates were analyzed
at 525 nm for chromatogram development, peak oédupvas observed (Fig. 28b). The
AUC depicted the quantity of lupeol as 185+0.00gng/in in vivo shoots, whereas in
shoots from MS-1 (cytokinin fortified medium) itightly increased to 187+0.01 pg/gm
(Table 15).In vitro shoots were transferred from MS-1 to MS-2 (medfartified with 2
UM IAA), and the TLC plates showed presence of dlijre comparison to standard aimd
vivo shoots (Fig. 28c). Similarly densitometric scannofgplate revealed peaks of the
same confirming the lupeol presence in cultureswéier calculating the lupeol content
revealed that contains extractsiofvitro shoots from MS-2 synthesized less amount of
lupeol i.e. 53+0.00 pg/gm, in comparisonirtiovivo andin vitro shoots from MS-1 (Table
15).
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Figure 27: Standard curve of lupeol
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Figure 28: Quantification of lupeol in shoot cultures (a) TLC plates containing
lupeol standard (9, in vivo shoots (L1) andin vitro shootsfrom MS-1 (L2) in
triplicate, (b) chromatogram of in vivo and in vitro shoots MS-1) after scanning
at 525 nm, (c)TLC plates containing lupeol standard (S)in vivc shoots (L1),in
vitro shootsfrom MS-2 (L2) in triplicate and (d) chromatogram ofin vivo and in
vitro shoots (MS-2)after scanning at 525 nr. Red line-in viva sample, blue line-
in vitro samples.
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Table 15: Lupeol content in different samples oH. indicus
Lupeol (ug/gm)*
(Mean + SE)
In vivo shoots 185+0.00 a
In vitro shoots (From MS-1) 187+0.01 a
In vitro shoots (From MS-2)  53+0.00 b
*Means (n=3) followed by same letter are not sigaiftly
different (p< 0.05) using Duncan’s multiple range test.

Sample

The differentiated cells generally synthesize higimount of metabolites as
compared to dedifferentiated cultures like callusrénce and Nessler, 2004; Liu et al.,
2006; Pasqua et al., 2006). Palazon et al. (2@g)rted that organogenesis is essential for
steroidal saponin production Ruscus aculeatusultures. Similarly picroside was absent
in dedifferentiated callus cultures and was onlytgsized in redifferentiated cultures of
Picrorhiza kurroa(Sood and Chauhan, 2009). Observations of the presedy revealed
that lupeol quantity varied in MS-1 and MS-2, ahe reason may be the presence of
PGRs in the medium which are known to affect theosdary metabolite synthesis under
in vitro conditions (Dornenburg and Knorr, 1995; Lee et a011). This result is in
accordance with earlier report for the callus celsuof the same plant in which lupeol
amount changes according to combinations and ctratiems of cytokinins and auxins
(Misra et al., 2005)Effect of PGRs on synthesis of bacoside-A has béssn reported in
shoot cultures odBacopa monnier{Parale and Nikam, 2009).

Amongst the two media tested, cytokinin based nmadjeight weeks old shoots)
had high content of lupeol as comparedhtwivo shoots, which is comparable with earlier
report for the same plant (Misra et al., 2003; Riiret al., 2015). Medium fortified with
BA and Kn had beneficial effect on synthesis ofelolp similarly in shoots oHypericum
hirsutumand H. maculatumhypericin and pseudohypericin content increasepr@sence
of these cytokinins (Coste et al.,, 2011). Dandid &furthy (2012) also reported that
synthesis of andrographolide was more in shootumst of Andrographis paniculatan
same PGR combination. Presence of cytokinins in rifedium helped to enhance
secondary metabolite synthesis in shoot culturesHwérnia hystrix (Amoo and Van
Staden, 2013)Stevia rebaudiangAman et al., 2013)Withania somnifergSabir et al.,
2013) andScutellaria alpina(Grzegorczyk-Karolak et al., 2017). Recently Ciet al.
(2018) has reported that BA significantly increaieel content of different phenolic acids

in shoot cultures dflyrtus communis
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When the shoots were transferred from cytokinin {M|So auxin (MS-2) based
medium, it adversely affected the lupeol syntheSimilarly Grover et al. (2012) have
reported that synthesis of terpenoids varies a@ugrtb PGRs in suspension cultures of
Camellia sinensis Report of Gadzovska et al. (2005) states thatehgim and
pseudohypericin content increased in shootdHgpericum perforatumn BA fortified
medium, which decreased when shoots were trandféoréAA or IBA fortified medium.
Whereas Singh and Chaturvedi (2013) reported ttestepce of auxin along with cytokinin
adversely affected the synthesis of azadirachtoallus culture oAzadirachta indica

Another reason which may decrease the content eblup age of the culture, as
the synthesis of many metabolites is influenceaiyber of subcultures (Bourgaud et al.,
2001). Analysis of 16 weeks old shoots (MS-2 med&jealed that the lupeol content
decreased and similar variation in lupeol contemt éight weeks callus cultures of
Cryptostegia grandifloras compared to six weeks is reported by Singh é2@l1a). The
age of culture also affected the synthesis of lupeduphorbia tirucalli (Uchida et al.,
2010) as well as other metabolites like vincristine€Catharanthus roseugAslam et al.,
2009), cerpegin inCeropegia junceaNikam and Savant, 2009) and galanthamine in
Leucojum aestivur(ivanov et al., 2013).

It was concluded thain vitro shoots from both MS-1 and MS-2 were able to
synthesize lupeol, and the content in shoots groweytokinin based medium (MS-1) in
comparison to shoots from auxin fortified medium §M) was high. Thus it was
confirmed that the auxin based medium facilitateel growth of shoots but it adversely
affected lupeol synthesis. Further elicitation ekpents were carried out on eight weeks
old shoots grown in medium fortified with BA (10 pMnd Kn (5 pM).

4.2.2.3 Elicitation studies for lupeol

In vitro shoots developed in MS-1 medium were fed with tgisi as they are
known to enhance the secondary metabolites. Thareslwere kept on shaker at 100 rpm
and harvested after first, second and third weegsh-and dry weights (FW/DW) were
recorded and dried shoots were powdered and eatrdot analysis of lupeol and rutin
content.

MS liquid medium fortified with BA (10 uM) and Krb(uM) was used as a control
and shoot cultures were grown in this medium fqredaod of 3 weeks. The observation

revealed that the shoots started to grow duringreeveek and elongated by the end of
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three weekqFig. 29a,b, ¢). FW was 3.540.42 gm at the end three weeks and DW
reached td0.468+0.05gm (Fig. 31). The extracts of different veks were prepared a
separated on TLC ple which confirmed the presence of lupea all the samples aft:
derivatization (Fig. 30). Densitometric scanning of the platas done at 525 nm whic
generated chromatogn of the same (Fig. 30b). Lupeol quar was calculated usir
respective peak arear each sample and it wi9.37+0.00 pg/m in shoots harvest¢
after first week, whia increased to 260.58+0.00 pg/gm at end of second week.
However the lupeol catent decreased in shoot cultures to 241).01 pg/gm in the thir
week (Table 16).

Figure 29 Shoot cultires in liquid medium fortified with BA (1(0 uM) and Kn (5 puM)-
(a-c) after 1 week (b) after 2 weeks and (c) after 3 weeks.
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Figure 30: Lupeol quantification in liquid shoot cultures- (a) TLC plate of
control samples. S4upeol standard, L1- 1 week, L2-2 week and L3- 3 weeks
samples and (b) chomatogram of the control sample after scanning at 525 nr.
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Figure 31: FW-DW of shoots from control medium [EA (10 uM) +
Kn (5 uM)]. Each line shows the mean values (15) and error bar as
standard error. Means followed by same letters are n significantly
different (p < 0.05) according to Tukey’s tes

* Yeast extract

Commonly usel elicitor YE was added at different contrations (2-200 mg/l)
and in all theconcentations normal shoot growth was observe to three weeks (Fi
32al). There was simtaneous increase in FW and DW respect, however variation it
lupeol content was olzrved. At 25 mg/l YE, FW of the shoots ieased to 3.70+0.06 g
in third week which isiigher in comparison to control, however/ was less (0.372+0.C
gm) as compared toontrol (Fig. 33). Lupeol appeared afterrivatization in all th
samples (Fig. 34a) fowed by densitometric analysis (Fig. 3¢ Lupeol quantity wa
102.88+0.00 pg/gm ir shoots treated for one week with 25 | which was more &
compared to control. bwever the quantity of lupeol decreased ie second (235.32+0.(
png/gm) and three wee (109.38+0.00 ug/gm) (Table 1

Increasing YE oncentration to 50 ml evoked better respise for shoot growth ¢
well as lupeol synthesas compared to control and 25 mg/l conration. The FV-DW of
the shoots were 3.89.10 and 0.479£0.00 gm respectively afthree weeks treatme
(Fig. 33). All the extrats when sepated on plates showed lupeland (Fig. 34c) and tf
chromatograms of thisame showed peak of lupeol in all thenples (Fig. 34d). Th
lupeol content was %6.80+0.00 pg/gm after one week treatit, which increased -
221.64+0.01 pg/gm ar two weeks anfinally reached to 275.5€.00 pg/gm after thre
weeks (Table 16) andwas highest as compared to all the othercentrations of YE
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Figure 32: Elicitation of shoots in medium fortifiedwith different concentrations of YE:
(a-c) 25 mgl/l, (d-f) 50 mg/l, (g-i) 100 mg/l and-{) 200 mg/l. (a, d, g, and j) after 1 week,
(b, e, h and k) after 2 weeks and (c, f, i and I)ftar 3 weeks treatment.
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Increasing YE :vel to 100 mg/| failed to increase the biass and lupeol quanti
in shoot cultures. Th&W at the nd of three weeks was 2.93.27 gm and DW wa
0.337+0.03 gm (Fig. 3. The presence of lupeol was observed band in samples for ¢
weeks (Fig. 34e) andhromatogram depicted the respective p«(Fig. 34f). Peak arei
revealed that the quaty of lupeol was less as compared to er concentrations, ar
maximum lupeol recded was 154.32+0.01 pg/gm in samplreated for two week

which was least in conarison to other samples (Table .
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Figure 33: FW-DW of shoots from YE treated samples. Bch line shows the
mean values (n= £ and error bar as standard error. Means followed by same
letters are not signiicantly different (p < 0.05) according to Tikey’s test.

Further enhanag YE concentration to 200 mg/l increashe biomass and lupe

content in comparisoro 100 mg/l concentration but was less anpared to 50 mg/l. F\
and DW of treated ctures was 3.77+0.13 and 01+0.02 gm espectively after thre
weeks (Fig. 33). TLC lates (Fig. 34g) and the chromatograms. 34h) of every week’
sample revealed lupeé presence and it was less as compared { 50 mg/l (Table 16
The above findhgs suggest thiH. indicusshoots were ablto synthesize lupeol
liquid medium (contro as well as in elicitated cultures. Howevrariation was observe

and YE at 50 mg/l indced highest biomass as well as lupeol colas compared 1
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Figure 34: TLC plates and respective chromatogram:of hexane extracts of
shootstreated with different concentrations of YE- (a, b) 25 mg/l, (c, d) 50
mg/l, (e, § 100 ng/l and (g, h) 200 mg/l. Slupeol standard L1- 1 week sample,
L2- 2 weeks satple and L3- 3 weeks sample. Scanningf plates was doneat
525 nm.
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control and other concentrations. Higher conceoinat of YE (100 and 200 mg/l)

adversely affected the shoot biomass as well a®lgyathesis.

Table 16: Lupeol content in shoot cultures oH. indicus after
elicitation using yeast extract
YE Lupeol (ug/gm) (Mean = SE)*
(mgll) 1 week 2 weeks 3 weeks
Control 99.37+0.00fg  260.58+0.00 ab 241.42+0.01 bc
25 102.43+0.00 fg 235.32+0.00 cd 109.38+0.00 f
50 216.80+0.00d 221.64+0.01cd 275.56%+0.00 a
100 83.40+0.00 gh 154.32+0.01e 113.70+0.00 f
200 67.56+0.00 h 167.63+t0.00 e  227.60+0.00 cd
*Means (n=3) followed by same letter are not sigaiftly
different (p< 0.05) using Tukey’s test.

e Salicylic acid

After biotic elicitor, commonly used abiotic elicir SA was fed to shoot cultures at
different concentrations (25-200 uM). Presence Afi® the medium improved shoots
growth during second week which was similar to oantand YE fortified media.
Observations revealed that the shoot growth washaloand healthy shoots were observed
in all concentrations (Fig. 35a-l). Feeding thetunds with 25 pM SA increased the FW
(2.99+0.12 gm) as well as DW (0.506+0.02 gm) atehd of three weeks as compared to
control (Fig. 36). The extracts of different week®re separated and plates were
derivatized to confirm lupeol (Fig. 37a) and thearhatograms identified the same peaks
(Fig. 37b). Calculating the lupeol content in sisofair all the samples revealed that it was
less during first and second week and it increasel®7.28+0.00 pg/gm in shoots treated
for three weeks (Table 17).

The biomass of shoots increased (FW/DW: 3.17+0.680+0.02 gm) when the
shoot cultures were treated with 50 uM SA for threeeks (Fig. 36). The lupeol presence
was depicted as a band on TLC plate (Fig. 37c) peaks (Fig. 37d). Lupeol was
138.51+0.00 pg/gm after one week, which again emxed to 221.69+0.00 pg/gm after two
weeks treatment. Maximum lupeol content amongsttla SA concentrations was
observed after three weeks treatment which was4838.04 pg/gm and is optimum in

comparison to control and YE fortified media (Tabl®.
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Figure 35: Elicitation of shoots in medium fortified with different concentrations of SA-
(a-c) 25 pM, (d-f) 50 pM, (g-i) uM and (j-I) 200 uM (a, d, g, and j) after 1 week, (b, e, h
and k) after 2 weeks, (c, f, i and ) after 3 weeks
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Figure 36: FW-DW of shoots from SA treated samples. hch line shows the
mean values (n= 5and error bar as standard error. Means followed by same
letters are not signiicantly different (p < 0.05) according to Tikey’s test.

Further increas in SA level to 100 uM adversely affecteie shoot biomass in ¢
the weeks as compard¢o earlier corentrations (Fig. 8). Presencef lupeol was observe
as a bands and peakn TLC plate (Fig. 37e) and in chromatom (Fig. 37f). Howeve
the lupeol content deeased in comparison to 50 UM concentn. At SA 200 UM the
FW/DW was 4.29+0.2/0.498+0.03 gi in third week, which isnaximum amongst a
other concentrations ° SA, YE and control (Fig. 36). TLC fte (Fig. 37g) as we
chromatogram (Fig. &) confirmed the presence of lupeol buty 130.75+0.00 pg/gr
was recorded, which least in comparisoro other SA concentrions after three weel
treatment (Table 17).

Elicitation of sloot cultures with SA revealed that it faciled shoot growth alor
with lupeol biosynthsis in shoots oH. indicus 50 uM of 5A was the optimur
concentration for lupe synthesis in the present study.
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Figure 37: TLC plates and respective chromatograms hexane extracts o
shootstreated with different concentrations of SA- (a, b 2& uM, (c, d) 50 pM,
(e, f) 100 uMand (g, h) 200 pM. S- lupeol standard, L141 week sample, L- 2
weeks sample ad L3- 3 weeks sample (in triplicate).Scanning of plates wa:s
done at 525 nm.
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Table 17: Lupeol content in shoot cultures ofH. indicus after
elicitation using salicylic acid
SA Lupeol (ug/gm) (Mean + SE)*
(UM) 1 week 2 weeks 3 weeks
Control 99.37%0.00 fgh 260.58+0.00 ab 241.42+0.01 b
25 54.39+0.00 gh 44.40+0.00 h  197.28+0.00 bcde
50 138.51+0.00 cdefg  221.69%0.00 bc 335.40+0.04 a
100 212.40%+0.00 bcd 176.51+0.02 bcdeil 191.21+0.02 bede
200 114.44+0.00 efgh ~ 106.84+0.00 fgh  130.75x0.3Q de
*Means (n=3) followed by same letter are not sigaiftly different
(p < 0.05) using Tukey'’s test.

* Methyl jasmonate

Another elicitor MJ was also commonly used abitfjge of elicitor which known
to enhance metabolites and it was added to thearedevaluate its effect on lupeol.
However in the presence of MJ, shoots failed teigarwithin a week and turned brown,
hence lupeol content was not estimated.

Thus from elicitation studies it was concluded thapeol synthesis can be
enhanced by treating the cultures with YE and SAtbe shoots failed to survive in MJ
fortified medium. Among different concentrationsYdt and SA, 50 uM concentration of

SA was effective in enhancing lupeol content inatloultures.

Secondary metabolites are produced by plants masly defence mechanism
towards pathogenic attacks hence their producteonbe increased by feeding them with
compounds called as elicitors and this procesaasvk as elicitation (Brooks and Watson,
1986; He, 1996). In the present studies growtrhobss was observed in control as well as
media fortified with YE and SA, and this is duenatrient uptake from liquid medium as
there is a close contact of tissue with medium alf as continuous shaking minimizes
apical dominance (Largia et al., 2015). Earlier remm lupeol enhancement in callus
culture ofH. indicushas been reported after treatment wittays (Misra and Mehrotra,
2006). Whereas lupeol quantity was increased usiggsterol inCryptostegia grandiflora
(Singh et al., 2011a), UV-B exposure\itis vinifera (Gil et al., 2012) and jasmonic acid

in Jatropha curcagZaragoza-Martinez et al., 2016).
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Addition of YE in the medium increased lupeol quignin the present study and
similarly this elicitor has been reported to inceaexpression of genes related to
triterpenoid biosynthesis iMedicago truncatula(Suzuki et al., 2002). However quantity
of lupeol is dependent on concentrations of YE Whi& reported for vinblastine and
vincristine synthesis ilCatharanthus roseuMagsood and Abdul, 2017). In the present
study optimum lupeol was observed in shoots treatdth 50 mg/l and increased
concentrations failed to enhance the growth as agelupeol synthesis in shoots. This is in
agreement with fact that lower concentrations ofi¥'beneficial for shoot cultures (Vasil
and Hilderbrandt, 1966). Low concentration of YEsveneficial for growth and phenolic
content whereas higher concentration inhibited bwthCurcuma mangga plantlets
(Abraham et al., 2011). Similarly lower levels oEYroved to be beneficial for synthesis
of plumbagin inDrosera burmanii(Putalun et al., 2010) and rosmarinic acidvelissa
officinalis (Nasiri-Bezenjani et al., 2014). YE also increatezl production of p-coumaric
acid and furanocoumarins @lehnia littoralis (Ishikawa et al., 2007), pseudojujubogenin
in Bacopa monnieri(Kamonwannasit et al., 2008) and plumbaginOrosera indica
(Thaweesak et al., 2011).

Improved shoot growth in presence of YE is becatusentains amino acid, chitin,
N-acetyl-glucosamine oligomer;glucan, glycopeptides and ergosterol and is alsoha
source of vitamin B-complex (George et al., 2008though the exact mechanism of
elicitation is unclear but peptide and polysacaemoieties of YE are known to stimulate
metabolite synthesis (Boller, 1995; Menke et al9%%hao et al.,, 2011). Blume et al.
(2000) reported that it activates different sigmagll pathways which involve G-proteins,
protein kinases and ion channels. They further tnétnsignals for reactive oxygen species
(ROS) production and jasmonate pathway which im tunduce secondary metabolite
synthesis. Later on Sanchez-Sampedro et al. (2885) suggested that YE trigger the
production of endogenous jasmonic acid/methyl jastenvhich in turn influence the
synthesis of secondary metabolites. Whereas anbgpathesis depicted that cations of
YE (C&*, Cd* and Zri") stimulate the secondary metabolites synthesika(iari et al.,
2012).

SA which is an another elicitor is also reportedb® a main signal molecule
involved in the systemic acquired resistance (SARplants to pathogens (Raskin, 1992;
Hammerschmidt, 1999) and is also activates diffeigfence responses under stress

conditions (Cameron, 2000). K. indicusshoot cultures, addition of SA in the medium
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increased the shoot biomass as it is known toit@al growth in plants (Vicente and
Plasencia, 2011). However lower concentrationsAof.8. 25 and 50 uM facilitated shoot
growth whereas higher concentrations (100 and 20Dhindered the growth, and similar
reports are documented féndrographis paniculatdZaheer and Giri, 2015). Amongst
different SA concentrations, 50 uM was proved teitelnaximum lupeol and further
increase in concentrations adversely affected yhéhesis, which is in line with report of
Matricaria chamomillafor phenolic acids synthesis (Kovacik et al., 200@creased
lupeol synthesis after elicitation with SA is refgal to be due to its positive effect on
terpenoid biosynthesis in many plants (Gorelick Bednstein, 2014). Alex et al. (2000)
observed that the expression two important genésrpénoid biosynthesis pathway i.e. 3-
hydroxy-3-methylglutaryl-CoA synthase (HMGS) and BMCoA reductase (HMGR)
increased after SA elicitation iBrassica junceaSimilarly SA treatment is known to
accumulate the precursors of terpenoids biosyrghe§lycyrrhiza glabra(Hayashi et al.,
2004).

50 uM SA has been reported to enhance bacosideBAdopa monnier{Largia et
al., 2015; Sharma et al., 2015) and rosmarinic acfolenostemon scutellarioidéSahu
et al., 2013). Whereas digitoxin content was optimMnen shoots oDigitalis purpurea
were treated with 50 uM SA but for digoxin 200 uM ®was beneficial (Patil et al., 2013).
Similarly production of hypericin and pseudohyperienhanced at 50 uM for the same
elicitor in Hypericum hirsutumshoots, whereas in other speciét (aculatun the
content of same metabolites increased at 200 pMté€Ceisal.,, 2011). SA also been
reported to enhance caffeic acid and rosmarinid aciThymus membranaceyPerez-
Tortosa et al., 2012), hypericin and pseudohypericiH. perforatum(Gadzovska et al.,
2013), withanolides iWithania somnifergSivanandhan et al., 2013), phenol, flavanols,
proanthocyanidins, lignin, gallic acid and hydroxyamic acid derivatives irCistus
heterophyllugLopez-Orenes et al., 2013) and carotenoi®ua angustifolig Othman et
al., 2015).

The exact mechanism of action is unclear, butggers SA gene expression and its
synthesis in tissue which favours metabolite sysith€Szalai et al., 2011). Later on Askari
and Ehsanzadeh (2015) reported that SA interfeeeadtivity of antioxidant enzymes and
inhibit catalase enzyme, which in turn increas®Has well as secondary metabolites

production.
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In the present observation SA was better in terflapeol synthesis as compared
to YE, which in line with reports oDigitalis purpurea(Patil et al., 2013) an&wertia
chirata (Kumar et al., 2013). The synthesis of lupeol waaximum in 3 weeks old
cultures and in optimum concentrations of both BH (hg/l) and SA (50 puM). This may
be due to more proliferation of shoots during seomadk in which the energy was utilized
for growth rather than metabolite synthgsie Figueiro et al., 2010).

When MJ was added to the medium in the presentysitidnhibited the shoot
growth immediately and they turned brown within aek. Elicitors have to coordinate
with stress induced after subculturing but combamatof stresses from subculture and
elicitor feeding sometimes induces rapid cell de@iddi et al., 1995; Moreno et al.,
1996). Cosio et al. (1990) reported that MJ hasbitdry effects on growth and different
metabolic activities in plants. Similarly growth & chiratashoot was inhibited after
treatment with 50 and 75 pM MJ (Kumar et al.,, 200M8hereas Largia et al. (2015)
reported that 100 uM concentration of MJ adversdfgected and 150 uM completely
inhibited the growth oBacopa monniershoots. Complete inhibition of the growth was
reported inWithania somniferahoots upon treatment with 150-250 uM MJ (Sivahand
et al., 2013). The inhibitory effect of MJ has bedwcumented forCentella asiatica
(Cheong and Choi, 2003; Kim et al., 200@)yngium planun{Kikowska et al., 2012) and
Exacum affindSkrzypczak-Pietraszek et al., 2014).

Lu et al. (2001) reported that the sensitivity atle plant is different for elicitor
which may be the reason that each plant behavésahtly in response to elicitors. The
efficiency of elicitors varied depending on genaypconcentration and exposure time of
elicitor, type of culture etc. (Zhao et al., 201The site and accumulation of secondary
metabolites in plants is also dependent on grotighye differentiation and development
(Collin, 2001). Thus response of each plant toitelicvaries and therefore it becomes
crucial to determine suitable concentrations dfitelis for product optimization (Shinde et
al., 2009).

HPTLC analysis of lupeol confirmed that shoot cdtu developed from nodal
explants synthesized lupeol, however PGR affedtesynthesis as variation was observed
in shoot cultured derived from medium MS-1 and MSFRus shoots from both these
media were also analyzed for rutin synthesis foldwy elicitation experiment using same

elicitors as used for lupeol.
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4.2.3 HPTLC Analysis for Rutin in Shoot Cultures
4.2.3.1 Standard curve of rutin

Rutin standard was loaded in the concentrationegdngm 100-500 ng and then
developed in ethyl acetate:butanol:formic acid:w&5e3:1:1 v/v) followed by scanning at
254 nm. Standard curve was prepared whose cooeletiefficient (R) was 0.978 and the
equation of straight line was y = 16.92x+1031 (Big).
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Figure 38: Standard curve of rutin

4.2.3.2 Quantification of rutin

When ethanolic extracts @i vivo as well asn vitro shoots from MS-1 and MS-2
were analyzed for rutin, band was observedhiwvivo shoots but was absent im vitro
shoots from both MS-1 and MS-2 (Fig. 39a, b). Hoerespectral analysis ah vivo
sample was carried out to confirm the presencetof and it was observed that a spectrum
of in vivo shoots changed in comparison to standard spdaga40a). This may be due to
either isomer formation of the rutin or may be aheotcompound at same Rf. Further
analysis of mass spectra also revealed the absémagn and even quercetin (from which

rutin is synthesized) im vivo as well asn vitro samples (Fig. 41a-c).

Similarly rutin was absent iklypericum perforatunandH. androsaemunn vitro
shoots (Dias et al., 1999 vitro cultures ofSolidago chilensigSchmeda-Hirschmann et
al., 2005), Peucedanum japonicurfChen et al., 2016) anBterospartum tridentatum
(Gongalves et al.,, 2018) also failed to synthesis#in. Whereas shoot and callus of
Fabiana imbricatasynthesized very less amount of rutin as compaoedvild plant

(Schmeda-Hirschmann et al., 2004). StudyHorperforatumcv. Topas revealed that rutin
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was absent in callus or cell suspension and symge®nly in plantlets (Pasqua et al.,
2003).

PGRs of the medium are known to affect synthesimefabolites and especially
the enzymes of phenylpropanoid pathway (Sangwaal.e001). In the present study
optimized medium have cytokinins (BA and Kn) whigtay inhibit rutin synthesis as
earlier report by Lee et al. (2011) documented thah synthesis is inhibited in callus of
Morus albagrown in presence of cytokinins. Similarly Karalgt al. (2014) also reported
that Kn negatively affected rutin synthesis in dsaaf Knautia sarajevensidnhibition of
another flavonoid (luteolin and its 7-O-glucosideps also reported in shoots of
Scutellaria alpinewhen cultured in cytokinin supplemented media (Gorezyk-Karolak
et al., 2015). This supported the fact that cytwksignificantly suppresses the transport of
macronutrients such as nitrate, ammonium, sulfateposphate, and nitrate is known to
regulate the expression of genes involved in trenplpropanoid and flavonoid pathways
(Sakakibara et al., 2006). However shoots from radartified medium (MS-2) failed to
synthesize rutin which may be due to the,Ntd NO;s ratio of the medium which affects
the secondary metabolite synthesis (Smetanska,) 20@Bis also reported to affect rutin
synthesis irM. alba (Lee et al., 2011). Another reason behind thihéslack of the stress
underin vitro conditions (Dias et al., 1998) and the functionflakonoids is defence
against bacterial and fungal infections, it may betsynthesized in cultures (Dixon and
Paiva, 1995).

Although rutin was not detected im vitro shoots from both the media i.e. MS-1
and MS-2, further elicitation experiments were ieatrout to study whether YE and SA
would trigger the synthesis rutin in shoot cultuefsH. indicus However for these
experiments, shoots developed in MS-1 [BA (10 uMd &n (5 uM)] fortified medium
were taken up as generally cytokinins are knowiatditate metabolite synthesis.

4.2.3.3 Elicitation of rutin

Both YE and SA were added to MS-1 liquid medium ekhwas control for the
study. When ethanol extract of control samplesliadheee weeks were developed on TLC
plate, band corresponding to the band of standand was observed at UV 254 nm (Fig.
39c). However the densitometric scanning of platasaled very less peak area of the

same, thus they were scanned for spectral analysias observed that similarly asvivo
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shoots, spectra of all e control samples -3 weeks) changed iromparison to standa
spectra of rutin (Fig. 4a). Furthermore the shoot cultures were vith YE (25-200 mg/l),
and the extracts of allamples were prepared and separated or plates. Observing tf
plates at UV 254 nm afirmed the band at similar Rf of rutin stawrd (Fig. 39d

S:Rutin

L1: 25mg/l after 1 week

L2: 25 mg/l after 2 weel

L3: 25 mg/l after 3 weel

L4: 50 mg/l after 1 wee

L5: 50 mg/l after 2 weel

L6: 50 mg/l aftei3 weeks
L7: 100 mg/l after 1 wee

L8: 100 mg/l after 2 wee
L9: 100 mg/l aftei3 weeks
L10: 200 mg/l after 1 week
L11: 200 mg/l after 2 weeks
T e e S I I M A = oy e I W o W e R Wbl [ 12: 200 mig/1 after 3 weeks

e

S:Rutin

L1: 25 pM after 1 wee

L2: 25 uM after 2Zweeks
L3: 25 uM after 3 weel

L4: 50 uM after 1 wee

L5: 50 uM after 2 weel

L6: 50 uM after3 weeks
L7: 100 puM after 1 wee
L8: 100 pM after 2 weel
L9: 100 pM aftei3 weeks
L10: 200 uM after 1 week
L11:200 puM after 2 weeks
L12:200 uM after 3 weeks

Figure 39 TLC plates ofethanol extract at 254 nm- (a)n vivc and in vitro shoots
(MS-1)- S- rutin standard, L1- in vitro shoot (MS-1), L2-in viva shoot, (b) S- rutin
standard, L1- in vitro shoot (MS-2), (c)in vitro shoot (liquid)- L1- 1 week old, L2- 2
weeks oldand L3- 3 weeks old in vitro shoots, (d)ethanol exract of YE treated
shoots and (¢ ethanolextract of SA treated shoots.
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Densitometic analysieevealed very small peak corresponding ttin standard. But whe
spectral analysis of mples was done, it was observed thal spectra changed a

representative samplespectra are given in Fig. 4
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Figure 40: Specral analysis of all samples for rutin iderification at 254
nm- (a) spectra of in vivo and in vitro control media (1-3 weeks)and (b)
spectra ofin vitro shoots treated with different concentreions of YE and

SA.
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Similarly the shoots were treated with all SA cartcations (25-200 pM) and
extracts of the same when separated on TLC pladesalked presence of bands
corresponding to rutin standard in all concentratiaunder UV 254 nm (Fig. 39e).
Densitometric analysis of the same at 254 nm redetdlat peak appeared in samples in
accordance with standard but further spectral amabepicted change in spectra (Fig. 40b)
which confirmed that the compound was differentlad the same Rf as rutin.

Thus there was further need to analyze the upstreatabolite of this pathway i.e.
kaempferol which is a precursor for quercetin (Big.Elicitation studies had revealed that
maximum biomass of shoots was generated in medifidd with YE (50 mg/l) and SA
(50 uM) after 3 weeks. Thus vivo andin vitro shoots (MS-1) along with treated shoots
with YE (50 mg/l) and SA (50 uM) were selected ¢pralitative analysis of kaempferol.
Separating the extracts on TLC plate in ethyl dedtatanol:formic acid:water (5:3:1:1
v/v) and observing under UV 366 nm revealed thedlzrkaempferol in all the samples at
corresponding Rf as standard (Fig. 42a). Furthefitnoation was done by densitometric
scanning which revealed very small peak of kaenmpfend spectral analysis of the same
confirmed that the compound is kaempferol as thectsp of samples matched with
standard sample (Fig. 42b).

Earlier study by Dias et al. (1998) reported tHavdnoids synthesized under
vitro condition have different Rf and UV spectra as carefd to standard ama vivo plant.
Whereas Suri et al. (2002) reported that YE anda8xersely affected rutin synthesis in
callus cultures o€itrus hystrix Similarly Gomez-Vasquez et al. (2004) have regmbthat
cell cultures oManihot esculentéailed to enhance rutin content when YE was added t
Similarly Kuo et al. (2015) reported that SA failedincrease rutin content in comparison
to control in callus culture oBaussurea involucrateOther elicitors like abscisic acid,
phenylalanine, sodium acetate and jasmonic acid aso unable to increase the content.

The spectra ofn vivo shoots was different from standard rutin spectraciwhi
revealed thatin vivo shoots are unable to synthesize rutin which maydbe to the
variation in climatic conditions. da Silva et &#006) reported that differences@asearia
sylvestrisbiomes showed major variation in the rutin contant it might be due to
different aspects such as difference in genetic op@kesnvironmental conditions,
developmental stage of the plants (vegetative apdoductive), soil characteristics etc.

The rutin content is high in places at higher adté as it known to be an UV protector for
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plant (Jogia, 1984; Slley, 1996; Atroch, 1999). Similarly varian in rutin content wa
observed according tgeographic variation iHypericum perforain (Hamoudova et al.,
2006) andCapparis spnosa(Musallam et al., 2012). Another pcble reason may ' the
phenotype plasticity cthe species which is the ability of a gerpe to produce specif
phenotypes dependinn the environmental context and thus there dependent with ea
other (Scheiner, 1993).

S: Kaempferol

L1: in vivoshoots

L2: in vitro shoots from MSt

L3: in vitro shoots treated th YE (50 mg/l)
L4: in vitro shoots treated th SA (50 uM)

Kaempferol
| we = Invivoshoots
- w0 =—— in vitro shootsfrom M<-1
e in vitro shootstreated with 50 mg/l Y|

— in vitro shootstreated with 5juM SA

2000 2500 2000 3600 00 4500 8000 5600 8000 [nm] 700.0

Figure 42: Qualitative analysis for kaempferol inin vivo and in vitro shoots at
366 nm- (a) TLC plate containing standard and sampls and (b) spectral
analysis ofall the samples.
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Thus secondary metabolite studies revealed thaewbof lupeol increased after
elicitation with YE and SA, amongst which later whstter as compared to former.
Whereas MJ completely inhibited the growth of skoahd hence it was considered
unfavourable for elicitation. However when ethao@ktract was analyzed for rutin it was
observed that rutin was absentimyvivo shoots andn vitro cultures, also treating the
cultures with elicitors failed to synthesize rutiass spectra of ethanolic extracimiivo
andin vitro (MS-1) shoots also confirmed that both rutin adl e its precursor quercetin
were absent in the extract. In rutin biosynthetthgvay (KEGG) it was observed that the
upstream metabolite of quercetin is kaempferol .(By and thus it was analyzed
qualitatively in selected samples. This analysieaéed presence of kaempferol in shoot
cultures which was also confirmed by spectral aialynd thus there was a need that

further investigation on gene expression study khbe carried out.

4.2.3.4 Gene expression analysis for F3'5’H and FBhenes

As the results of phytochemical analysis of shaetsealed that kaempferol was
synthesized but its downstream metabolites likeapim and rutin was absent. Thus genes
converting kaempferol to quercetin were selectedddher analysis. Flavonoid pathway
from KEGG depicted that flavonoid 3',5'-hydroxylage3’'5'H) and flavonoid 3'-
monooxygenase F@'H) are the two genes which are responsible for amnwe of
kaempferol to quercetin (Fig. 63'5'H and F3’'H belongs to cytochrome P450 family
which catalyses hydroxylation of flavonol B-ring &5’ and 3’ positions respectively.
These genes were analyzed in shootd.ahdicusat transcriptional level, and primers for

respective genes were synthesized as follows.

(1) Primer synthesis for selected genes

First step in gene expression studies was prim&gai@g using different tools as
mentioned in Chapter 2 section 3.2.6.R€6imers were synthesized by selecting other plant
species in which the sequences for the selectedsgeere available. Primers for gene 1
(F3'5’H) were synthesized from two different plant speciéss vinifera(NCBI accession
no. vvi_100261319) anBustoma grandifloruntNCBI accession no. U72654.2). Sequence
alignments after CLUSTALW analysis for both the mifais given below along with

selected primer sequences.
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e G1P1 primer

vwi_188261319
wwi_ 188232896
vwi_188243414
spen_187225854

vwi_188261319
vwi_188232896
vwi_182243414
spen_l1e7aesa854

vwi_ 188261319
vwi_188232896
vwi_ 188243414
spen_le72esa54

vwi_188261319
vwi_188232896
vwi_188243414
spen_187225854

vwi_188261319
vwi_18@232896
wwi_ 182243414
spen_187285854

vwi_ 188261319
vwi_188232896
vwi_ 188243414
spen_le72es254

vwi_188261319
vwi_188232896
vwi_l188243414
spen_12872252854

wwi_188261319
vwi_ 188232836
wwi_188243414
spen_le7aesesd

vwi_ 180261319
wwi_188232896
wwi 182243414
spen_le7aasesd

wwi_188261319
vwi_ 188232836
wwi_188243414
spen_le7aesesd

vwi_ 188261319
wwi_188232896
wwi_ 188243414
spen_le7aasesd

wwi_188261319
vwi_ 188232836
wwi_188243414
spen_le7aesesd

vwi_ 188261319
wwi_188232896
wwi_ 188243414
spen_le7aesesd

wwi_188261319
vwi_ 188232836
wwi_188243414
spen_le7a225e854

vwi_ 188261319
vwi 188232896
wwi_128243414
spen_le7a85a54

vwi_ 188261319
vwi_188232896
wwi_128243414
spen_187285854

vwi_ 188261319
wwi_ 188232896
vwi_l18ez243414
spen_l1e7285a854

wwi 188261319
wwi_ 188232896
vwi_188243414
spen_le7a2285a854

ATGECCATAGATACAAGCCTCTTGCTTGAGCT TGC TGCAGCAACTCTACTCTTCTTCATC
ATGECCATAGATACAAGCCTCTTACTTGAGTTTGCTGCAGCAACTCTACTCTTCTTCATC
ATGECCATAGATACAAGCCTCTTGATTGAGCT TGCTGCAGCAACTCTACTCTTCTTCATC
ATGACGTTACGTATTAGTGAGTTATTTGTCOGCGGCTATAATATATATCATAGTACATATT

wmE ® owmm omm Ewm w;ow wEE mw=m = om  om o m ®m® =

ACCCOCTTCTTCATTCGT TCTCTCCTTCTCAAATC -
ACCCGCTTCTTCATTCGTTCTCTOCTTCOCAAACC TTCCCGGEAA--GCTCOCOCC
ACCCGCTTCTTCATTCGTTCTCTCCTTCCCAASTC - -TTCCTGGEAA- -GCTCCCTCC

ATT-ATTTCAAAATTAAT AACCACCGTCOGEGAGCGEEGECGECGGCTACCGCTACCGCC
= = wmE = oms wma = o = m om owmmm mEm mw

-TTCCCGEAA--GCTCOCTCC

TGGCCCCAAAGEETEECCOCTCGTCGECGCTCTTCCTCTTCTAGGTAACATGCCTCATGT
TEECCCCAAAGEETEECCECTCCTCGECGCTCTTCCTCTTCTAGGTAACATGCCTCATGT
TGGCCCCAAAGEETEECCOCTCGTCGECGCTCTTCCTCTTCTAGGTAACATGCCTCATGT
GEETCCEACEEEETEECCEaTEATCEEAGCACTACCACTTTTAGGTTCAATGCCACATGT

s HE # wmmmmsmms 6 mdeEs oSS Sd 8 ks Swsss wmmEE mEsE

TECAT TAGCAAAGATGEC CAAAAGATACGEECCTGTCATGTTCTTGAAAATGEGCACTAA
TGCATTAGCAAAGATGECCAAAAGATACGGECCTOGTCATGTTCTTGAAAATGEECACTAA
TECAT TAGCAAAGATGEC CAAAAGATACGEECCTGTCATGTTCTTGALAAATGEGECACTAL
TOCACTTGCAAAAAT OGO CANAAAATATGOACCTATTATGTAT T TAALAGTTGETACATG

EREE F EEEEN SEEREEEERE FEHE EH EEF ¥ OEERE  ¥¥ NEE = EE ==

CAGCATEETGETEECCTCAACTCOCGGEECaGCTCaGECTTTCCT TAAAACGCTAGACAT
CAGCATGETGETEECCTCAACTCCCGAGECAGCTCGEECTTTCCTTAAAACGCTAGACAT
CAGCATEGATGETEECCTCAACTCCCGGEECAGCTCGGECTTTCCTTAAAACGCTAGACAT
TEEGATGGTTGT TGC TTCTACCCCTAATGC TG TARAGCTTTCTTGAAAACACTTGATAT

# ommm m wwm mE mE EmE Em m wmw mmmmEE ® mmEsE EE ms a®

PO T ea LG L Car (T AATGCCGETGCGACACTCTTGECCTATCATGCCCAAGA

TAATTTCTCTAACCGCCCGCCTAATGCCGGTGCCACACTCTTGGCCTATCATGCCCAAGA
TAATTTCTCTAACCGCCCOCCTAATGCCGOTGCCTCACTCTTGGCCTATCATGCCCAAGA

TAATTTCTCTAATCGTCCACCTAATGCAGGTGCCACACATTTGECCTATAATGCCCAAGA
EmEmmmEsRstEs BE wE SERESsEs ShEsE SSE  SSEssSSss SSssssssss

CATGGTTTTTGCGGATTATGEGECAAGETGGAAGC TACTGAGAAAGC TAAGCAACTTACA
CATGGTTTTTGCGEATTATGEGECAAGETGEAAGCTACTCAGAAAGCTAAGCAACTTACA
CATGGTTTTTGCGGATTATGEGECAAGETGGAAGC TACTGAGAAAGC TAAGCAACTTACA
CATGGTTTTTGCACCCTATGGACCACGTTGGAAGT TGCTAAGAAAATTGAGCAACTTACA

B T ok maE  wa & EEEEES % ks SskEk b kEskEd s

FQP CATGCTTGGTGEGEAAGGCTC T GAGGACTGETCTCAGGTCCGAGCTGT TEGAGC TAGGCCA

CATGCTTGGATGEEAAGGC TCTTGAGGACTGETCTCAGETCCGAGCTGTTGAGCTAGGCCA
CATGCTTGGTGEEAAGGC TCTTGAGGAC TGETCTCAGGTCCGAGC TGTTGAGC TAGGCCA
CATGCTAGGTGEAAAAGCTT TAGAAAATTGEECCAATETTCGTGCCAATGAGCTAGGTCA

smmmsms Gmskd me mmE % ke ® msk % @ dE mE @ ExmsnmssEs s

CATGCTTCGAGCCATGCT TOGAGTTGAGC CAGCGAGCGEAGCCGETAETGETGCCGGAGAT
CATGCTTCGAGCCATGC T TEAGT TG TGCCAGCGAGCGEAGCCEGTGETGETGLCGEAGAT
CATGCTTCGAGCCATGCTTEGAGTTGAGC CAGCGAGCGEAGCCGETGETGETGCCGGAGAT
CATGCTAAAATCGATGT TCEATECAAGC CAGGAGEGCGAATGTGTGETGATTGCTGATAT
s & % mEE o kE ok ok E wEmAEE ® ® ER HE

GTTAACT TTTTCCATGECCAACATEATAGEECAAGTGATACTAAGLCGLCGEGTGTTTGA
GTTAACTTTTTCCATGGCCAACATOATAGETCAAGTGATTCTAAGCCGCCGGATGTTTGA
GTTAACT TTT TCCATGGCCAACATGATAGETCAAGTGATTCTAAGCCGCCGGGTGTTTGA
GTTAACGTTTGCGATGGCAAATATGAT TGETCAAGTAATGTTGAGTAAAAGAGTGTTTGT

smmmms G w mdskEs kg ks ms mmmdeE sm ® @ = mammm s

AACAANAGGEETCGEAGT CAAATGAGTTCAGGGACATGETGETGGAGC TCATGACCACTGC
AACAMNAGGETCOEAGT CAAATGACTTCAAGEACATEETGOTEEAGC TCATEALCAGTGC
AACAANAGGEOTCGEAGT CAAATGAGTTCAAGGACATGETGOTGGAGC TCATGACCALCTGC
TEAAAAAGGGET TGAGGT TAATGAATT TAAGAATATGETTGTGGAAT TAATGACGGET TG

s s wmmsEE mE W E B mEmES SSES®  F SSHEE s

TGEETACTTCAATAT TGECEAT TTTATTCCGTCCATOGCATGECTGEACATCCAAGGEAT
TGGGETACTTCAATAT TGGCGATTTTATTCCGTCCATOGCATGECTGEACATCCAAGGGAT
TEEETACTTCAATAT TGECEAT TTTAT TCCETCCATCOCATEGEL TGEACATCCAAGEEAT
AGGATATTTTAATATTGETGAT TTTATACCTAAGTTAGCTTGGATGGATATACAAGGAAT

Ed kb kE RS EEE kSR Ed R wH % ks maE kmEE khE EEkER mE

CCAGCGCEEEATGAAGCATT TACATAGGAAGT TCGACCAGTTATTAACAAAGATGATGGA
CCAGCECEGEEATEAAGCATTTACATAGGAAGTTCGACTOGTTATTAACAAAGATEATEEA
CCAGCACOGOATGAAGCATT TACATAGGAAGTTCGATCOGTTATTAACAAAGATGATGEGA
TEAAAAAGGEEAT GAALAATTTGCAT AAAAAATTTGATGATTTATTGACAAAAATGTTTGA

= mmsmmmmE EmsE was® oEms mE wE mEmEms mESHE EE® ® =S

GEAGCACACGECGTCAGCCCATGAGCGEAAGGEAAACCCAGATTTTCTGEACGTAATCAT
GEAGCACACGECGTCAGCCCATGAGCGEAAGGOAAACCCAGATTTTCTGGACGTAATCAT
GEAGCACACGECOTCAGCCCATGAGCGOAAGEEAAACCCAGATTTTCTGEACGTGATCAT
TGAACATGAAGCAACTAGCAATGAAAGAAAAGAAAATCCTGATTTTCTTGATGTTGTTAT

=% HE =% *® = EEEE Ok wk F SEFT £F SEESRIEE KF EE K RE
GECAAACCANGAAAATTCTACAGGEEEAGAAGC TCACTATTACCAACATTAAAGCACTCCT
AOCALACCARGAAAATTCTACAGGOEEAGAAGC TCACTATTACCAACATTAAAGCACTCCT
AOCALACCARGAAAATTCTACAGGOEEAGAAGC TCACTATTACCAACATTAAAGCACTCCT
GECAAATAGGGATAATTCAGAAGGAGAAAGOT TAAGTACAACAAATATCAAAGCACTTCT
R ERE wH mEERE ®EE EE O E ok ok BE  BR £k BF KIREETRER Ek

CCTGAATTTATT TAC TGCAGGAACAGACACTTCATCGAGCGTAATCGAGTGETCTCTGGEC
CCTGAATTTATT TACTGCAGGAACAGACACTTCATCAAGCGTAATCGAGTGETCTCTGEE
CCTGAATTTATT TACTGCAGGAACAGACACTTCATCGAGCGTAATCGAGTGETCTCTGEE
GCTEAAT TTATTCACTGCTGETACAGACACTTCATCTAGTGTAATAGAATGGGCCCTTGC

EEREFERBEHES EEERE HF FEEERESHEREEES BE SHEEH HE RS B =8 BH

TGAGATETTGAAARACCCGAGCATCCTCAAGCGTEGL TCACGAAGALATGEATCAAGTGAT
TEAGATOTTOAAAAACCCOAGCATCCTCAAGCOTALTCACGAAGAAATGOATCAAGTGAT
TEAGATETTEAAAAACCCGAGCATCCTCAAGLETOL TCACGAAGAAATGEATCAAGTGAT
AGAAATOATOAAAAATCCTACCATT TTCAAAAAAGCACAACAAGAAATEOACCAAGTAAT

#d gEE EREREER KE ok RE® REEw® HE ok REEREREERE EERER RR

TEOAAGGAGCCOGCaECTCaTEEAGTCTGACT TGCCAAAACTTCCATACCTACAAGCCAT
TEOAAGGAGCCOGCaECTCaTEEAGTCTGACT TGCCAAAACTTCCATACCTACAAGCCAT
TEOAAGGAGCCGGCOECTCaTEGEAGTCTGACT TGCCAAAACTTCCATACCTACAAGCCAT
TeOCAAAAATAGACGTTTAATTEAGTCTGATATTCCAAATCTTCCTTATTTACGTGCAAT

mEE k& # md E % EEREHEER ¥ REREE wwEas RE msE mR &%
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Figure 43: Multiple sequence alignment ofF3'5’H using CLUSTALW analysis for
G1P1 primer. FP- Forward primer, RP- reverse primerand primer sequence is in the

box.

wwi_188261319
vwi_ 188232896
wwi_ 188243414
spen_la72e5a54

vwi_ 188261319
wwi_ 188232836
vl 188243414
spen_187085854

vvi_108261319
vvi_100232896
vvi_180243414
spen_l1@7885e54

wwi_188261319
wwi_ 188232896
wwi_ 188243414
spen_le7aasasd

wwi_18@261319
wwi_ 188232896
wwi_188243414
spen_le7aasasd

wwi_ 188261319
wwi_188232896
wwi_188243414
spen_la7aese54

wwi_ 188261319
wwi_19@232896
wwi_188243414
spen_l1a72a85854

wwi_ 188261319
wwi_18@232896
wwi_188243414
spen_l@7285654

e G1P2 primer

AB3E83117.1
AB3E3118.1
AB3E3116.1
U72654.2

D14589.1

ABBTBO57.1
aQoa4194.1

AB383117.1
AB383118.1
AB383116.1
U72654.2

D14589.1

ABBTBO957.1
agoaa194.1

AB383117.1
AB383118.1
AB383116.1
U72654 .2

D14589 .1

ABBTBEO57.1
Gooas1sd4.1

AB383117.1
AB383118.1
AB383116.1
uU72654.2

D14589.1

ABBTE957.1
Goeaslas4.1

ATECAAGEAAAGCTTCOGEAAGCACCCATCCACACCACTEAACCTTCCTCATETCTCAAL
ATGCAAGEAAAGCTTCCGEAAGCACCCATCCACACCACTEAACCTTCCTCGTGTCTCAAC
ATECAAGEAAAGCTTCOEEAAGCACCCATCCACCCCATTEAACCTTCCTCATETCTCAAC
CTOCAAAGARACATTTCGEAAACAT CCCTCAACGCCACTAAATCTCCCTAGAGTATCGAG

FEEFE FEEE T REEFF EE EW EE NE FER F =N E® REE ¥ wE =Em =

CCAGGCATETEGAAGTGAACGECTACTACATCCCAAAGAACACTAGACTTAGTGTGAACAT
CCAGGCATETEAAGTGAACGECTACTACATCCCAAAGAACACTAGACTTAGCGTGAACAT
CCAAGCATGCGAAGTGAACGECTACTACATCCCAGAGAACACTAGACTTAGCGTGAACAT
CEAGCCATGCACGETCGATGAT TACTACATACCAGAALATACTAGGC TCAGTGTCAACAT
= & EREE FH ok kE ERFEEESE REF R EE SRESR RE kR E® SHERE

ATGEECAATCOGECGAGACCCTGATATCTOEEAAAGCCCGGAAGAAT TCAGGCCAGAMAG
ATGEECAATCGOGCOAGACCCTEATETCTOEEAAAGCCCGEAAGAAT TCAGGLCAGALAG
ATGEECAATTEOGCOAGACCCTGATGTCTOEEAAAGCCCGEAAGAAT TCAGGLCAGALAG
ATGEECAAT TEGACGAGATCCTGACGTETOEEAGAATCCGCTTGAGT TCACTCLCOAGAG
ExEEREREE FE SREEE REEEE £E SRER® ® kwx % EEER kxR B

GTTTT TAAGTGGAAGAAATGAAL AAATTEGATCCTCOTGEASATGATTTTGAGT TGATCCC
GTTTT TAAGTGGAAGAAATACALAAATTGATCCTCOTGEAAATGATTTTEGAGT TGATCCC
GTTTT TAAGT GGAAGAAATGAAL AAATTGATCCTCGTGGAAATGATTTTGAGTTGATCCC
GTTCCTTAGCGGEAAAAACGCALAGAT TEAACCTCOTEEEAATGATTTCGAGT TAATTCC

B I #okEEm EREEF REEFEHRER SREEREHE REREE ER #HH

ATTTeEGECTEEACGAAGEATTTGCGCTGECACTAGAATGEOAATAGTGCTGETTGAGTA
ATTTeEGECTEEACGAAGEATTTGCGCTGECACTAGAATGEOAATAGTGCTGETTGAGTA
ATTTeEGECTEEACGAAGEATTTGCGCTGECACTAGAATGEOAATAGTGCTGETTGAGTA
ATTTOETGCAGEACGAAGEATT TATGLGGEEACAAGEATOEOAATAGTGATGETGGAATA

HRmAEE R ERFEREREEREREE EH SH HE $E FEEEREERssE® SHE® ®R R

CATTTTAGGGACGTTGGTACATTCATT TGACTGGAAAATGLCGGATGEAGTT -
CATTTTAGGGACGTTGETACATTCATT TGACTGGAAAATGLCGGATGAAGTT -
CATTTTAGGGACGTTGETACATTCATT TGACTGGAAAATGCCGGATGRAGTT - - -GAGAT
TATATTGGGAACTTTGETTCATTCATTTGATTGGAAAT TACCAAATAATGTTATTGATAT

#F ok kR kR ERERE RERESHEERESR REERE® % ®w w® HEE EE T

CAACATGOACGAAGCTTTCGAGCTTGCGCTACAGAAGECAGTTTCTCTTTCGECCATGET
CAACATGEACGAAGCTTTCGEGCTTGCGCTACAGAAGGCAGTTTCTCTTTCGGLCATGGT
CAACATGOACGAAGCTTTCGAGCTTGCACTAGCAGAAGECAGTTTCTCTTTCGECCATGET
TAATATGGAGGAATCTTTTGEAT TAGCTTTGCAAAAAGCTGTCCCTCTTGAAGCTATGET

#% dmEkE kR REEE RE ¥ EH REEE k® E® =R kmHEs s mEER

GACACCAAGGCTTCACCAGAGTECGTATGCAGTCTGA
GACACCAAGGCT TCACCAGAGTGCGTATGCAGTCTGA
GACACCAAGGCTTCACCAGAGTECGTATGCAGTCTGA
TACTCCACGACTATCTTTGRACGTTTATCGTTGCTGA

Y = R ]

AGAAGETAGTAGCTCTATCTAGTGCAGAAGCAGAATATCGAGGGATCG- - TAAAAGGTGT

—————————————————————————————— GAATTCCCGECCGCATTC -~ TTACCAAGAT
—————————————————————————————— GAAAACTA- - -TCCATTC- - TTACCAAGAT

AAGCACATTTCTGGTTTCT TTCTAAGAAGAGCAT TAGECCAATTCTT TAAGCOCGTACTT
AAGCACATTTCTOGTTTCT TTCTAAGAAGAGCAT TAGECCAATTCTT TAAGCOCGTACTT
————————————————————————————————————— GQCAATTCTTTAAGCCCGTACTT
TATTGCGACACTETCCTTTTTCGGAT TCGETETATCAGCTATAGCTTTTGTCCATATTTT

—————— ATGECTGET - TEGAMATGECGTTTTACTTCAC -ATTGCTGCATCATTGATGCTGET
CACTTETTTGATGTGTGACAATAAAGCETCTATTAGT -ATTTCCGALAACCCEETOCAGT
—————— ATGECTGET - TEGAMATGECGTTTTACTTCAC -ATTGCTGCATCATTGATGCTGET
AACGATATEECTET -TEGAAATGECETTTTACTTCAC-ATTEGCTCGATCATTGATGCTGET
AACGATATEECTET -TEEAAATGECETTTTACTTCAC-ATTGCTGCATCATTGATGCTGET
AACGATATEECTET -TEEAAATGECETTTTACTTCAC-ATTGCTGCATCATTGATGCTGET
AGGGTAATTAATGACCCCTGATGTAGCTTTTGTGCACCACTAGTCTACTACAAATTCATC

= s 3w = o= = = o= = = =
TCTTTC------- ATGTGCAAAALCTTGTGCAA- - - -TATCTATGEATEAATTCCAGGCG
ATEATCOAACT AAACATGTAGAGAT TEACAGACACT TCOTCAAAGAAALAAT TEAGGATG
TCTTTC------- ATGTGCAAAALCTTGTGCAA- - - -TATCTATGEATEAATTCCAGGCG
TCTTTC- —ATGTOCAAARACTTGTGCAR- - --TATCTATEGEATGAAT TCCAGECG
TCTTTC- -ATGTACAAAAACTTGTGCAA- - --TATCTATGGATGAAT TCCAGGECG
TCTTTC- -ATGTECAAAMACTTGTGCARA- - - -TATCTATGEATGAATTCCAGGCG

ES = = =

TEAACT ------- CAATATTATTACTTACAACTT TTCTATATAAAAAAACACTACAATTG
* = = = =
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AB383117.1 - - -CCACCGECTTCCACCTEECCCGAT AGEETGGELCEGT TCTCEETGLCCTT -~ - - - - -~
AB383118.1 GAATCATTGCTCTTCCGCACGTACGAT CAGAAGATCAGCTCGCAGACATTTTGACCAAGS
AB383116.1 - - -CCACCGECTTCCACCTEECCCGAT AGEETEGCCEGTTCTCEECECCCTT -~ - - - - -~
U72654.2 - - -CCACCGECTTCCACCTGECCOCGAT AGGETEECCEETTCTCEGCGCCCTT-- - -
D14589.1 - - -CCACCGECTTCCACCTEECCOCGAT AGEETEGCCEGTTCTCGETGLCCTT -~ - - - - -~
ABBTBO57 .1 - - -CCACCGGCTTCCACCTGGCCCGATAGGETGECCEGTTCTCGETGLCCTT -~ - - - - -~
GQoa4194.1 - - - CAACTAGTATTAAATTCATCTGAAATTTTTAAAGGTC - - AAGCACATTATATTTAAA
AB383117.1 CGGECTTTTAGGC - ACCATGE - - - ~-CTCATGTTGCACTAGCT - AACAT GGLCAA - - - - - - -
AB383118.1 CAGTTAATGGACGAATATTCGA-ATTCATTTTGCGCAAGTTGAATATCGTTGACCCCACT
AB383116.1 CCCCTTTTAGGC - ACCATGE - - - -CTCATGTTGCACTAGCT - AACATGELCAR - - —— - - -
U72654.2 CCCCTTTTAGGC - ACCATGE - - - -CTCATGTTGCACTAGCT - AACATGGLCAA- - - - - - -
D14589.1 CGGECTTTTAGGC -ACCATGL - - - -CTCATGTTGCACTAGCT - AACAT GGCCAA- -
ABBTS957.1 CGECTTTTAGGC - ACCATGE - - - - CTCATGTTGCACTAGCT - AACATGECCAA - - - — - - -
GQ9a4194.1 TCATAAATCTGTCGTTGTTTTAGAACTTTAAT TTATGATTTTAAGGTGATCTA- - -AAGT
= = Ed Ed = # Ede Ed =
AB383117.1 = —-------- AAAATATGETCC-TGTTATGTACTTA- - AAGGTAGGCAGCT - - -GTGETCT
AB383118.1 ATTCAACTTGAGGGGEGEAGTGET - TAAGATATACTTACCATAGT TAGCAGATTATGTAATTA
AB383116.1 = --------- AAAATATGETCC-TGTTATGTACTTA- - AAGGTAGGCAGCT - - ~-GTGETCT
U72654.2 = —-mm----- AAAATATGETCC-TGTTATGTACTTA- - AAGGTAGGCAGCT - - -GTGETCT
D14589.1 - - AAAATATGGETCC-TGTTATGTACTTA- - AAGGTAGGCAGCT - - -GTGETCT
ABBTS957.1 —-mmmm--- AAAATATGETCC-TGTTATGTACTTA- - AAGGTAGGCAGCT - - ~-GTGETCT
GQoa4194 .1 CTTTTTTTAGAGGTAATTTCTATAGAATTAACTTTTTATACTCATAAAATT - - AAAAATA
- - - s wwaw - pe . =
AB383117.1 GGECCGETEGCATCGACTCCTGAGGC TGC TAAGECATTCCTCAAAACACTTGACA - - TGAAC
AB383118.1 ACACAGATTATETAAATCTCTGAGAAT TAGEAL - TAATTGGAAAAACTGTGAT - - TTAGG
AB383116.1 GGECCETEGCATCGACTCCTEAGGC TGC TAAGGCATTCCTCAAAACACTTGACA - - TGAAC
U72654.2 GGCCGETEGECATCGACTCCTGAGGC TGCTAAGECATTCCTCAAAACACTTGACA - - TGAAC
D14589.1 GGCCETEGCATCEACTCCTEAGGC TGC TAAGECATTCCTCAAAACACTTGACA - - TEAAC
ABBTE957 .1 GGCCGTEGCATCGACTCCTEAGGC TGC TAAGGCATTCCTCAAAACAC TTGACA- - TGAAC
GQoa4194.1 TCCCATCTAATTTATCATTTTG - - TATTTAAAAACTC TCAAAATCTTCTAACAATTAATA
= R = = - etk * =
AB383117.1 TTCTCGAATCGECCGCCTAATECAGGEGCTACT - CATTTGGCCTATAATGCTCAGGACAT
AB383118.1 ATCAGTGATTGATTGTAACCGATTGTGGT TACCATGT TTAGAGTAGTATGCACAGTATAA
AB383116.1 TTCTCGAATCGECCGCCTAATGCAGGEGCTACT - CATTTGGCCTATAATGECT CAGGACAT
U72654.2 TTCTCGAATCGECCECC TAATECAGGEGCTACT -CATTTGGCCTATAATGCTCAGGACAT
D14589.1 TTCTCGAATCGECCGCCTAATECAGGEGCTACC -CATTTGGCCTATAATGCTCAGGACAT
ABBTS957.1 TTCTCGAATCGECCGCCTAATGCAGGEGCTACT - CATTTGGCCTATAATGECT CAGGACAT
GQ9a4194.1 CTTTTTTATTGATCCTTTAAAT TAGGTGLCACA-CATTTGGCCTATAATGCCCAAGACAT
£ I ES = # B e wIdEE Eo EE
AB383117.1 - ----- GGTGTTTGCAGACTATGETCCCAGAT GGAAGCTGCTACGT - - = === = - = - = ALA
AB383118.1 TTATAGGGTCTCTGTAAAGCAT TTTTATCAATGAAAAACGTAATGTTTCCTTCGAACAAA
AB3IEILLE6.1  —----- GGTGTTTGCAGAC TATGETCCCAGATGEAAGCTGCTACGT -~~~ - == - = - =
U72654. 2 - -GGETGTTTGCAGACTATGGTCCCAGATGGAAGCTGCTACGT -
D14589.1 - -GGETGTTTGCAGACTATGGTCCCAGATGGAAGCTGCTACGT -
ABB7E8957.1 —----- GGTGTTTGCAGACTATGETCCCAGAT GGAAGCTGCTACGT - - - === = - = -~
GQ9e4194.1 0 ------ GGTTTTTGCACCCTATGEACCACGT TGGAAGTTGCTAAGA - - - - === - = -
swa w wE o s wxx = = =
AB383117.1 CTCAGCAACATACACATTCTTEETGGECAAGECCC TGCAGGGL TEGEAAGAAGTTCGAALG
AB383113.1 CTCAGCAACATACACATTCTTEETGGECAAGECCC TGCAGGGL TEGEAAGAAGTTCGAALG
AB383116.1 CTCAGCAACATACACATTCTTEGCGGECAAGECCC TGCAGGGL TEEEAAGAAGT TCGAALA
U72654.2 CTCAGCAACATACACATTCTTEGCGGECAAGECCC TGCAGGGL TEEEAAGAAGT TCGAALA
D14589.1 CTCAGCAACATACACATTCTTEETGGECAAGECCC TGCAGGGC TEEEAAGAAGTTCGAAAG
ABBTESST.1 CTCAGCAACATACACATTCTTEETGGECAAGECCC TGCAGGGC TEEEAAGAAGTTCGAAAG
GQoes1s4.1 TTEAGCAAC TTACACATGEC TAGGTGGAAAAGC TTTAGALAATTGGECCAMCGTTCGTGEC
O FFEREEE REFEERE EHE O EF R HE RE Ed = B g e
AB383117.1 AAAGAGCTTGEGTATATGC TCTATGCAATGEC TGAAT CAGGGECGACATGECCAGCCAGTS
AB383118.1 AAAGAGCTTGEGTATATGC TCTATGCAATGEC TGAAT CAGGGECGACATGECCAGCCAGTS
AB383116.1 AAAGAGCTTGEGTATATGC TCTATGCAATGEC TGAAT CAGGGECGACATGECCAGCCAGTS
U72654.2 AAAGAGCTTGEGTATATGC TCTATGCAATGEC TGAAT CAGGGECGACATGECCAGCCAGTS
D14589.1 AAAGAGCTTGGGTATATGC TCTATGCAATGGC TGAAT CAGGGLGACATGECCAGCCAGTG
ABBTE957.1 AAAGAGCTTGGGTATATGC TCTATGCAATGGC TGAAT CAGGGLGACATGECCAGCCAGTG
GRoes1s4a.1 AATGAGCTAGGTCACATGC TAAAATCGATGT TCGATGCAAGC CAGGATGECGAATGTGTG
#H EERERE ER = R EEEE = # EmEE = L S wmEEE & B
AB383117.1 GTGGTGTCAGAGATGC TAACATATGCCATGECAAACATGTTAGGCCAAGTGATGC TCAGC
AB383118.1 GTGGTGTCAGAGATGC TAACATATGCCATGECAAACATGTTAGGCCAAGTGATGC TCAGC
AB383116.1 GTGGTGTCAGAGATGC TAACATATGCCATGECAAACATGTTAGGCCAAGTGATGC TCAGC
U72654.2 GTGGTGTCAGAGATGC TAACATATGCCATGECAAACATGT TAGGCCAAGTGATGC TCAGC
D14589.1 GTGGTGTCAGAGATGC TAACATATGCCATGECAAACATGTTAGGCCAAGTGATGC TCAGC
ABBTE957.1 GTGGTGTCAGAGATGC TAACATATGCCATGECAAACATGTTAGGCCAAGTGATGC TCAGC
GQ904134.1 GTGATTGCTGATGTGT TAACGT TTGCGATGGCAAATATGATTGETCAAGTAATGTTGAGT
A E w= o oEE FE FEEE Ok HER HEERERIE EREE R HE REEER R R Ek
AB383117.1 AAGCGEAGTTTTCGEGTCTCAAGGATCAGAATCCAATGAGTTCAAAGATATGETGETTGAG
AB383118.1 AAGCGEAGTTTTCGEGTCTCAAGGATCAGAATCCAATGAGTTCAAAGATATGETGETTGAG
AB383116.1 AAGCGEAGTTTTCGEGTCTCAAGGATCAGAATCCAATGAGTTCAAAGATATGETGETTGAG
U72654.2 AAGCGAGTTTTCGGET CTCAAGGAT CAGAATCCAATEAGT TCAAMGATATEETEATTERR] FP
D14589.1 AAGCGAGTTTTCGEGTCTCAAGGATCAGAATCCAATGAGTTCAAAGATATGETGETTGAG
ABBTE957.1 AAGCGEAGTTTTCGEGTCTCAAGGATCAGAATCCAATGAGTTCAAAGATATGETGETTGAG
GQo04134.1 AAAAGAGTGTTTGT TGAAAAAGGGET TGAGGTTAATGAATTTAAGAATATGGTTGTGGAA
# 3 R R E B B FEEEEE R EE wmEREEEE EE ER
AB383117.1 TTGATGACTGTTGCTGGCTATT TCAACATAGGTGATTTTATCCCCTCGATTGCATGEATG
AB383118.1 TTGATGACTGTTGCTGGCTATT TCAACATAGGTGATTTTATCCCCTCGATTGCATGEATG
AB383116.1 TTGATGACTGTTGCTGGCTATT TCAATATAGGTGATTTTATCCCCTCGATTGCATGEATG
U72654.2 T eATGACTGITEL TGGCTAT T TCAATATAGGTGATTTTATCCCCTCGATTGCATGEATG
D14589.1 TTGATGACTGTTGCTGGCTATT TCAACATAGGTGATTTTATCCCCTCGATTGCATGEATG
ABBTE957.1 TTGATGACTGTTGCTGGCTATT TCAACATAGGTGATTTTATCCCCTCGATTGCATGEATG
GQo04134.1 TTAATGACGGT TGCAGGATATTTTAATATTGGTGATTTTATACCTAAGTTAGCTTGGATG

#d GEEEE EREEE Rd BERES EH wE RESREREEREs = ® o oE dm mEEEE
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AB383117.1 GATTTGCAGEGGEAT TCAGGECEGEAATEAAACEGET TGCATAAGAAGTTTGATGCTTTGTTG

AB383118.1 GATTTECAGGGGAT TCAGGECGGAATOAAACGETTGCATAAGAAGT T TGATGCTITEFFS FQP
AB383116.1 GATTTEGCAGGEGAT TCAGEGCGEAATGAANCGET TGCATAAG QCTTTGTTG
U72654.2 GATTTGCAGGGGATTCAG CAAGTTTGATGCTTTGTTG
D14539 .1 GATTTGCAGGGGAT TCAGEGCGEAATGAAMCGET TGCATAAGAAGTTTGATGLTTTGTTG
ABBTBEO57.1 GATTTGCAGGGGAT TCAGGGCGGEAATOAAACGETTGCATAAGAAGTTTGATGCTTTGTTG
Gooaslsa. 1 CATATACAAGGEAAT TEAAAAAGGEEATGAALAATTTGCATAALAAATTTGATGATTTATTG
s w m wm mswE & B EmmmmsEs Sw EESReRE Res =ww
AB3E83117.1 ACTCGETTGCTGEAAGAGCACACTEGCATCOGCTCATOAGCGT AAAGGCAGCCCTGATTTC
AB383118.1 ACTCGETTGCTGGAAGAGC ACACTEGCATCGECTCATGAGCGT AAAGECAGCCCTGATTTC
AB3E3116.1 ACTCGETTGCTGEAAGAGCACACTEGCATCOGCTCATOAGCGT AAAGGCAGCCCTGATTTC
U72654 .2 ACTCGETTGCTGGAAGAGC ACACTEGCATCGECTCATGAGCGT AAAGECAGCCCTGATTTC
D14589.1 ACTCGETTGCTGEAAGAGCACACTEGCATCOGCTCATOAGCGT AAAGGCAGCCCTGATTTC
ABBTB957 .1 ACTCGETTGCTGGAAGAGC ACACTEGCATCGECTCATGAGCGT AAAGECAGCCCTGATTTC
aQoe4194.1 ACAAAAATGTTTEATGAACATOAAGCAACTAGCAATGAAAGAAAAGAAAATCCTGATTTT
% =% = wEk wmE w=wE & o * mEEE &k EEREEEER
AB383117.1 CTTEATTTTGTCGT TECAAATGECGACAATTCTGAAGGCGALAGECT TCAGACAGTCAAT
AB3E3118.1 CTTGATTTTGTCOT TECAAATOGGECEACAATTCTGAAGGCGAAAGGCT TCAGACAGTCAAT
AB383116.1 CTTEATTTTGTCGT TECAAATCGCGACAATTCTGAAGGCGALAGECT TCACACAGTCAAT
U72654.2 CTTGATTTTGTCOT TGCAAATCGCGACAATTCTGAAGGCGAAAGGC T TCACACAGTCAAT
D14539 .1 CTTEATTTTGTCGT TECAAATGECGACAATTCTGAAGGCGALAGECT TCAGACAGTCAAT
ABBTBEO57.1 CTTGATTTTGTCOT TECAAATOGGECEACAATTCTGAAGGCGAAAGGCT TCAGACAGTCAAT
Gooaslsa. 1 CTTEATGTTGT TATGECAAATAGGEGATAATTCAGAAGGAGALAGECTAAGTACAACAAAT
Hwmmms SwE® % mEmSeR = kR SEEeE SEeES Sewshksis e =
AB3E83117.1 ATCAAGGCTCTTTTATTGGTAATGCACGATCTTGTACC - CAAGCTTAGTTACTATGTCAT
AB383118.1 ATCAAGECTCTTTTATTGETAATGCACGATCTTGTACC - CAAGCTTAGT TACTATGTCAT
AB3E3116.1 ATCAAGGCTCTTTTATTGGTAAGGCTA- - - CACATACT - CAAGTTCAGTTACTATGTCAT
U72654 .2 ATCAAGGECTCTTTTATTGAACATGT T ---~-~-- -~ TACTGCTGGTACGGATACATCTTCAS
D14589.1 ATCAAGGCTCTTTTATTGAACATGTT - - - - - --TACCGCTGGTACGGATACATCTTCAA
ABBTB957 .1 ATCAAGGECTCTTTTATTGAACATGTT - - -~ --TACCGCTGGTACGGATACATCTTCAS
aQoe4194.1 ATAAAAGCACTTTTGCTGAATTTATGT - - - -ATGTATCTTCTAAGTATATGTTACGTCTT
wk wE kE EEEIE k= = = =
AB383117.1 TTTTTTGT TGAACACAAGT TATAGGETCTGACTTGCAAAAT TACATTTTCGATGOGT TAS
AB3E3118.1 TTTTTTGTTGAACACAAGT TATAGGGTCTGACTTGCAAAAT TACATTTTCGATGCGTTAA

AB383116.1 ATGTCCCTAAGGCATA

U72654.2 GCGTC-ATAGAGTGGEGECACT - -GGCCoAGT TG TAAAGAATCCAATCATC - - -CTAS
D14589.1 GCETC-ATAGAGTGEECGCT - -GECCEAGTTGC TAAAGAATCCAATCATC - - -CTAA
ABBTE957.1 GCGTC-ATAGAGTGGEGECGCT- GECCGAGTTGCTAAAGAATCCAATCATC
GReas194.1 AATTT-ACGCGACACTTTTTGT T--TTCTGAGAGTCTAATTTAAGT T -TGATC - - -GTGA

By = =
AB353117.1 GATAAATAGACAGTACAATETGECAAATTAGTTATTGTCCTTTCATATTCGTATATCATA
AB383118.1 GATAAATAGACAGTACAATGTGECAAATTAGT TATTGTCCTTTCATATTCGTATATCATA
AB383116.1 AGCAGACAAGEEGETA- - - - - - - —
U72654.2 AACGAGCACAAGAAGAAATGG- -
D14589.1 CACCAGCCCAAGAAGAAATGE- -
ABBTE957.1 GACGAGCCCAAGAAGALATGEGE- -
Goo9as194.1 AATTTGCGTAT GAAATCTTCAT T T T T T TEAAATGAAATTTATATGTGTAS - - - -

=

AB3E3117.1 ACTTEATTEETCGEATATGTTC T TAAAACAAATATTATACTCTTCCGTCCAAAGTATTTT
AB383118.1 ACTTEATTEETCGEATATGTTC T TAAAACAAATATTATACTCTTCCGTCCAAAGTATTTT
AB383116.1 ACCTTEAAAGAGEEAGET - -~ - - - -~ -~ TEEETGTTCGACTCCCTC - -CGEaGEETATTTG
U72654.2 GTGTGATCGETCGA - - - -GACCGECEETTTCTTGAGGCAGACATATCAS
D14589.1 GTGTEATCGGCCGA - - - - - - - -GACCGECEGGTTTCTTGAGGCAGACATATCAA
ABBTE957 .1 GTGTEGATCGGCCGA- - -- - - - -GACCGECGGTTTCTTGAGGCAGACATATCAA
Goeasal1gss. 1 ACGTGAAAAGTACTATA- - - - - AGTCACAATAATTGATAATTCAAAATGTTTA

By = % =
AB3E3117.1 ATTTTT T TAAGATAGTATAAT TTAGC TTATT TTGAALAGTTAACTGTGATAATATTTTTT
AB3E3118.1 ATTTTT T TAAGATAGT ATAAT T TAGC TTATT TTGAAAAGTTAACTGTGATAATATTTTTT

AB3E3116.1
U72654.2
D14589.1
ABBTE957.1
Gooas194.1

TTGGEGEAATTCCATT

CCATATCTACAGGCCATCTGC -
CCATATCTCCAAGCCATCTGC -
~CCATATCTCCAAGCCATCTGC -
- - AACTAACAATAAAAGGTAGAATTG - - - -~ — -

= =
AB383117.1 TEATTGTTGAAACTTAAACTT TCATGAGGTOAGACACGTATCCACTEAALRACCTTAAGCC
AB383118.1 TEATTGTTGAAAC T TAAAC TT TCATGAGG TGAGACACGTATCCACTGAAAACCT TAAGCC

AB383116.1
U72654.2
D14589.1
ABBTE957.1

--ACTTGAGCTC-CATAATGC -
- - AAAGAAGCTTTCAGAAAGT -
- - AAAGAAGCTT TCAGAAAGT -
- - AAAGAAGCTT TCAGAAAGT -

GRoea1s4.1 GAATTCTGAAATCGAAAAGTETCATAT AAAATGAGACAGAGEGAGSTAGAAAT - - - ~TACT
= ma

A2383117.1 TCATTCTCATATAACACGTATATTTTTCT TAAAGTGECAGATGTGGEACTATATTTTCAS

A2383118.1 TCATTCTCATATAACACGTATATTTTTCT TAAAGTGECAGATGTGGEACTATATTTTCAS

AB383116.1 TAATTCTGATTTA-CATCCCTACACTTCT TGTGGGEACCGEATGTEGCA- -~ -~~~ —— - AR

U72654.2 TAAATCTCCCAAGAAT CGCGTCGCAAGCATGTGA- AGTAAATG-GACACTACATCCCAAS

D14585 .1 TAAATCTCCCACGAAT CGCGTCGCAAGCATGTGA- AGTAAATG-GACACTACATACCAAS

ABBTE957.1 TAAATCTCCCACGAAT CGCETCGCAAMGCATGTGA- AGTAAATG-GACACTACATACCAAS

Goo9@a1s4.1 TEAAACTTATGATGC T TGECCTCT TAC TAAAAAAATGTTAATGTGTTTTTGAATTGTTAA
= = ome= e = =

AB3E3117.1 TACCCOCTCTCATGTGGCAACGTGET T TAAC T TACACAAGTCAGGCATAACTTTAAGGCA

AB383118.1 TACCCGCTCTCATGTGGCAACGTGOT T TGACTTACACAAGTCAGGCATAACTTTAAGGCA

AB383116.1 GACCC-- -

U7z654.2 GEECA- -

D14589.1 GEECA- -

ABBTFB957.1 GaaEChA-- CTAGGC----

Gooa4194.1 ALRATTATTAATACATTTTTCAAGAATCTGCCACAAGTAR - - - CATAACGT

£

AB3E3117.1 ATGEETGETEETAC TTCATAATCATATAACTCATATATGTTCTTCAAAGTGEGGCGATATA

AB3E83118.1 ATEEETGETEETACTT CATAATCATATAACTCATATATGTTCTTCAAAGTGEGECGATATA

AB3E3116.1 -TGGGETG-TGGTAC

U7z654.2 -TCAGCGTTAACAT

D14589.1 -TCAGCGTTAACAT

ABBTFB957.1 -TCAGCOTTAACAT

agoeal194.1 CTEAAGAATTATATG- - -
* * e
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AB3E3117.1 GEACTATATTCTCAAT ATCCGCCCTCAGETTTATGGTACTTCATTATTATATAACTCATA
AB3E3113.1 GEACTATATTCTCAAT ATCCGCCCTCAGETTTATGGTACTTCATTATTATATAACTCATA
AB3E3116.1 -AATTAGCTACTATGT - - - - -
U7zZ654 .2 -ATGGGCTAT TGGALGA -
D14589.1 -ATGGGCTAT TGGALGA -
ABBFB957.1 - -ATGGGCTATTGGALAGA - - -
Goo2a194.1 GEAACATAGTCGAAAC AL ACGTAACCT TATT TAGATAAGTAGGTAAAGATAGTATATATA
= =
AB3E3117.1 ~TATCTTTTTCAAAGT AGACGATOGTGAGACTATATTCTCTTTATCATATAACTCATATAT
AB383118.1 ~TATCTTTTTCAAAGT AGACGATOGTGAGACTATATTCTCTTTATCATATAACTCATATAT
AB383116.1 ~CATCTTTTTIT ---GTTGA- - -ACACAAGTTATA - - -
u72654.2 -GATCCATCTT - -TGTGGG -ALAAATCCAAAT - -

D14589.1 -GATCCATCTG- -TGTGGG

ALAAATCCAAAT - -

ABBFB957.1 -GATCCATCTG- -TGTGGEGE - - AASATCCAAANT - -
Gooa4194.1 TEAAATTTT T T TAAAAGGATTATCCTATATTTTCTGATCAT TTAAGETAGTGTCATACTT

= = = = = =
AB3E3117.1 TTTT T T CAAAGTACT T TAT TATCGTATCACTCATATAATTTTTTTT T TCAAATTGAGCCA
AB3E3118.1 TTTT T T CAAAGTACT T TAT TATCGTATCACTCATATAATTTTTTTT T TCAAATTGAGCCA
AB3E3116.1 ——————

U7ZE54.2 —————
D14539.1
ABBF3957.1

Gooa@a194.1

AB383117.1 TETGEGACTATATTCTAAATACCTGACCTCACGTTTATATTCTCAATACCTGCTCTCACG
AB3E3118.1 TETGEEACTATATTCTAAATACCTGACCTCACGTTTATATTCTCAATACCTGCTCTCACG
AB383116.1 ---GEGEacTa -ACTTG----CACAATTACATTTTGGATGC -
U72654.2 - --GAATTTAA---- -COCTGEA- - -TAGGT TTTTGGAACGAALGA -
D14589.1 - --GAATTTAA---- -CCCTEA- - -TAGETTT TTOGAALGAASGA -
ABBTBO57 .1 - --GAATTTAA--- COCTGEA- - -TAGETTTT TGGAACGAANGA -
aQoe4194.1 TTAGAAAATA -CACTATTTATTAGTTTTOCCTTGTGCAGACTT- - -~ - - - -~
ES = B = =
AB3E3117.1 TTCTCTCGTGTCAACGTGACT TGACAT ACACAAGCCATGCATGEACATCTEGEACT TGAGE
AB3E83118.1 TTCTCTCGTGTCAACGTGACT TGACAT ACACAAGCCATGCATGEACATCTEGEACTTGAGE

AB383115.1 -—
u72e54.2 --
D14589.1 --
ABBTFB957.1 --=

- ---GCTAAGATAAATAGACGCARATTAGTTAT - -~
ATOCCAAGATCOATCCACGAGEAAATGATTTT -
ATECCAAGATCGATCCACGAGEAAATGATTTT -
- -ATECCAAGATCGATCCACGAGEAAATGATTTT - -

GQo941s4. 1 - TCETTTCAT TAACACT AAAAAAAAAALAGAATTT ——— A
= = = . = =
AB383117.1 TGAGGEGAGACAATAAATAGCCAACAATAGETCAGACAAGGETGTGAGTCCACATTTTAAA
48383118.1 TGAGGGEGAGAC AATAAATAGCCAACAATAGGTCAGAC AAGGTGTGAGTCCACATTTTALA
AB3IB3116.1  c o s e e e m e o e e m oo TETCCTTTCATATTCG- - -
U72654.2 - GAGCTGATCC-CATTTG- - -
D14589.1 GAGCTGATCC-CATTTG- -
ABBTE957.1 - GAGCTGATCC-CATTTG- -~
GOo9A194.1 GATTGACAACTTCTACTET TAAAACAATASAAATTTTTTTATTGCTATCCTCATTTA - -~
= = me=
A8383117.1 TGAGCTATGTTACCATGTTGAAACTTGTGAT TAGATGAGGAGATGCACATATCCACTCAA
48383118.1 TGAGCTATGTTACCATGTTGAAACTTETGATTAGATGAGGAGATGCACATATCCACTCAA
AB383116.1  ----- TATATCAC-- - AACTTG--ATTEGTCCGG- - - — - - —- TATETLC-————-
U72654.2 - GAGCTGGAAGAS - GAATTTGCGCTGGAACAAGATTGGEAATACTTCT - —— —

D14589.1 -GAGCTGGAAGAA- - -GAATTTGCGCTGEASCAAGAT TGGGAATACTTCT - - - - -
ABBTE957.1 -GAGCTGGAAGAA- - - -— - -GAATTTECGCTGEAACAAGAT TGGGAATACTTCT - -~ - - -
GRoRa1s4.1 - - - - TTGGACGAAT TAACAAAMAATTGE-GT TAGAAARAMATTATGT TAGCCACGAGCTAT
= £ W EEE £ =
AB383117.1 A-ACCTTAAGACAATGGATGGTGGTACATCATTCTCATATGACTTATATGTTTTTTCCAA
AB383118.1 A-ACCTTAAGACAATGGATGGTGGTACATCATTCTCATATGACTTATATGTTTTTTCCAA
AB383116.1 - - - TTAAGGACAMAATAT - -TATACTCTTTCG--
U72654.2  ------------ AGTGGAG ---TATATTTTGGGAS-
D14589.1 -- ----AGTGGAG ---TATATTTTGGGAA-
ABBTE957.1 --- ----AGTGGAG - - -TATATTTTGGGAA-
GRoPa194.1 TTAACAGCAAATTATTGATAATATTCETAACTAATTCCACCTCTTTTTITTITTITTITITITS
= s L

AB383117.1 AGCTACGCTGTGAGACTATATTCTTAATATGGAT AGAAGAAGTATCATTTTCCATCATAT
AB383118.1 AGCTACGCTETGAGAC TATATTCTTAATATGGAT AGAAGAAGTATCATTTTCCATCATAT
AB383116.1 —-—mmmmmmmmmmmmmmmm o TCOCAATA-—~—-——---~~ GTATCATTTTCCATCATAC
U72654.2 -~ CATTCTTT-
D14589.1 - -CTTTGGETG

ABB7E957.1 CTTTGGETG-

GooPa1ge.1 TTTTTTGTTTGTAGGARAGET TTCTATTA- —— ————— ATTAAATTAATTTTCCTTTCTAS

= s =
AB383117.1 CTGGETTGAATTATTCTATCTTTATAAGTTGTTGATCACATCAGTTTAATTTTTTTTTCCT
AB383118.1 CTGGETTGAATTATTCTATCTTTATAAGTTGTTGATCACATCAGTTTAATTTTTTTTTCCT
AB383116.1 GTGGETTGAATTATTCTCTCTGTATAAGTTGTTGATTACATCAGTTTAAGTTTTTT -~ -CT
U72654.2 TTEG- -GAATTGCCAT -CCTCTGTGA- TTGAACT TAACATGGAT - ~GAGCCTTTTGGGCT
D14589.1 TTEG--GAATTGCCAT -CCTCTGTGA- TTGAACT TAACATGGAT - ~GAGTCTTTTGGGCT
ABB78957.1 TTEG- -GAATTGCCAT -CCTCTGTGA- TTGAACT TAACATGGAT - ~GAGTCTTTTGGGCT
GOS9A194.1 TTAAT- - - ATTCTGACATATAAAAAAAAT TAAAAATATGC TAACATATTATTTTTGACAA
= [ = = = - e
AB383117.1 GTCTCTTCAGAACA- - -TGTTTACCGCTGETACGGATACATCTTCAAGCGTCATAGAGTS
AB383118.1 GTCTCTTCAGAACA- - -TGTTTACCGL TGETACGGATACATCTTCAAGCGTCATAGAGTS
AB353116.1 GTCTCTTCAGAACA- - -TGTTTACTGC TGGTACGGATACATCTTCAAGCGTCATAGAGTS
U72654.2 TGCTCTGCAGAAGGCAGTGCCTCTTGCTGCTATGGTCAC - TCCACGGCTGCCTCTCCATA
D14589 .1 TGCTCTGCAGAAGGCAGTGCCTCTTGCTGCTATGETCAC - TCCACGGCTGCCTCTCCATA
ABB78957.1 TGCTCTGCAGAAGGCAGTGCCTCTTGCTGCTATGGTCAC - TCCACGGCTGCCTCTCCATA
GI9A194. 1 TTTTTTGGETACAGAAT TTATTCACTGC TGETACAGACACC TCATCAAGTGTAATAGAATS
= = = = B = =
AB383117.1 GGLGCTEGECCGAGT TECTAAAGAATCCAATCATCCTAAGACGAGC CCARGARGAAATGGA
AB383118.1 GGCGCTGGECCGAGT TGCTAAAGAATCCAATCATCCTAAGACGAGC CCARGAAGAAATGGA
AB383116.1 GGCACTGGCCGAGT TGCTAAAGAATCCAATCATCCTAAAACGAGC ACARGAAGASATGGA
U72654.2 TTTACTGTCC---TTG -~~~ AGATCTG--TGTTCTATGEGT CATTGAGAAACAACCGCT
D14589 .1 TTTACTCTCC- --TTG-~-~ - AGATCTG--TGTTCTATGEGT CAT TGAGAAACAACCGCT
ABB7E957.1 TTTACTCTCC- --TTG -~~~ AGATCTG--TGTTCTATGEGTCATTGAGAAACAACCGCT
GRo94194.1 GGCCCTTECAGAAATGATGAAAAATCCTAAAATT TTCAAAAAAGC ACAACAAGAAAT GGA
= o= - == = o= = me owm o=

AB383117.1 CGETETGATCGGCCGAGACCGGCGETTTCTTGAGGCAGACATATCAAAGTTGCCATATCT
AB383118.1 CGETETGATCGGECCGAGACCGECGETTTCTTGAGGCAGACATATCAAAGTTGCCATATCT
AB383116.1 TGETETGATCGGTCGAGACCGEGCGETTTCTTGAGGCAGACATATCAAAGTTGCCATATCT
U72654.2 GTETETTTCTAACACATGAATATGETTGTGTACATCTGACTTATTTATACCTCCCTATAG
D14589.1 GTETETTTCTAACACATGAATATGETTETGTACATCTGECTTATTTATACCTCCCTATAG
ABB7E957.1 GTETETTTCTAACACATGAATATGETTGTGTACATCTGECTTATTTATACCTCCCTATAG
GRoRalge. 1 CCAMGTAAT TGECAMAAATAGACGTTTAATTGAGTCTGATAT TCCAAATCTTCCTTATTT

e = %= s e = = S ES w o
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AB383117.1 CCAAGCCATCTGCAAAGAAGCT TTCAGAAAGCATCCTTCCACGCCTTTARMATCTCCCACG
AB383118.1 CCAAGCCATCTGCAAAGAAGCT TTCAGAAAGCATCCTTCCACGCCTTTARMATCTCCCACG
AB383116.1 ACAGGCCATCTGCAAAGAAGCT TTCAGAAAGCATCCTTCCACGCCTCTAAATCTCCCAAG
U72654.2 ACGAGAAGCCTCGAAGGAAN - - - TGEGEETAATGTTGTTGT-TETCGTEAGACATGTCTTC
D14589.1 ACGAGAAGCCTCGAAGGLAM - - - TGEGGETAATGTTGTTGT-TETCGTEAGACATGTCTTC
ABBTE957.1 ACGAGAAGCCTCGAAGGLAA - - -TGEGETAATGTTGTTGT-TETCGTEGAGACATGTCTTC
GQo@4194.1 ACGTGCAATTTGCAAAGAAACATT TCGAAAACATCCCTCAACGCCACTARATCTCCCTAG
#* ES # #FE & & Ed ES ES # E3 B B £ Ed

AB383117.1 AATCGECGTCGCAAMGCATGTGAAGT AAATGGACACTACATACCAAAGGECACTAGGCTCAG
AB383118.1 AATCGECGTCGCAAMGCATGTGAAGT AAATGGACACTACATACCAAAGGECACTAGGCTCAG
AB383116.1 AATCGCGTCGCAAGCATGTGAAGT AAATGGACACTACATCCCAAAGGECACTAGACTCAG
U72654.2 TATGTTTCTAAGCAGATGAGAT CTAAGTAGATGAGATATGCTGTCTTCTACTA--TTTTG
D14589.1 TATGTTTCTAAGCAGATGAGAT CTAAGTAGATGACATATGCTGTCTTCTACTA--TTTTG
ABBTE957.1 TATGTTTCTAAGCAGATGAGAT CTAAGTAGATGACATATGCTGTCTTCTACTA--TTTTG
GQo@4194.1 GGTATCGAGCGAGCCATGCACGGT CGATGGTTACTACATACCAAARAATACTAGGCTTAG

= B Ed L # mE & B s Ed =
AB383117.1 CGTTAACATATGGGCTATTGGAAGAGATCCATCTATGTGGGAAAATCCAAATGAATTTAA
AB383118.1 CGTTAACATATGGGCTATTGGAAGAGATCCATCTATGTGGGAAAATCCAAATGAATTTAA
AB383116.1 CGTTAACATATGGGCTATTGGAAGAGATCCATCTTTGTGGGAAAATCCAAATGAATTTAA
U72654.2 AAATTAGATATGCCCCAGAATAAACGCATCAAACTCGTAATTCGATACAAAAAATTCTTG
D14589.1 AAATTAGATATGCCCCAGAATAAACGCATCAAACTCGTAATTCGATACAAAAAATTCTTG
ABBTE957.1 AAATTAGATATGCCCCAGAATAAACGCATCAAACTCGTAATTCGATACAAAAAATTCTTG
GQo@4194.1 TGTCAACATATGGGCAATTGEACGAGACCCTGACGTGTGEGAGAATCCGCTCGAGTTCAC

# mE R ) £ = ES B E B
AB383117.1 CCCTGATAGGT TTTTGGAACGAAAGAATGCCAAGATCGATCCACGAGEAAATGATTTTGA
AB383118.1 CCCTGATAGGT TTTTGGAACGAAAGAATGCCAAGATCGATCCACGAGEAAATGATTTTGA
AB383116.1 CCCTGATAGGT TTTTGGAACGAAAGAATGCCAAGATCGATCCACGAGGAAATGATTTTGA
U72654.2 TTGTGGTTTTGAATAAACACTTATAGATAATTTGA- -GATTTAGAATCGEGTATTTTGET
D14589.1 TTGTGGTTTTGAATAAACACTTATAGATAATTTGA- -GATTTAGAATCGEGTATTTTGET
ABBTE957.1 TTGTGGTTTTGAATAAACACTTATAGATAATTTGA - - GATTTAAARAAAAAMSAAAAMALL
GQo@4194.1 TCCCGAGAGET TCCTTAGCGGEAAAAACGCAAAGATTGAACCTCGTGEGAATGATTTCGA
ES = ES L e g

AB383117.1 GCTGATCCCATTTGGAGCTGGAAGAAGAATTTGCACTGGAACAAGAT TGEGAATACTTCT
AB383118.1 GCTGATCCCATTTGGAGCTGGAAGAAGAATTTGCACTGGAACAAGAT TGEGAATACTTCT
AB383116.1 GCTGATCCCATTTGGAGC TGGAAGAAGAATTTGCGCTGGAACAAGATTGEGAATACTTCT
U72654.2 ATATTTTCCACGTTCA-TAGGAGT TCGTCCATGTTTCTGATTTA- - -CAAATATGATTTT
D14589.1 ATATTTTCCACGTTCA-TAGGAGT TCGTCCATGTTTCTGATTTA- - -CAAATATGATTTT
ABBTE957.1 B e T
GQo@4194.1 GTTAATTCCATTTGETGCGGEGACGAAGGATTTECACGEGGACAAGGATGEGAATAGTGET
AB383117.1 AGTGEAGTATATTTTEGEAACT TTGGTGCATTCTTTTGTTTGGEAAT TGCCATCCTCTGT
AB383118.1 AGTGGAGTATATTTTGGGEAACTTTGETGCATTCTTTTGTTTGGEGAATTGCCATCCTCTGT
AB3831156.1 AGTGEAGTATATTTTEGGEAACTTTGETGCATTCTTTTGATTGGEEAATTGCCATCCTCTGT
U72654.2 TTTTGGACAT- TTCTAATAATATCAATTTGTATTCCTGTTTTAACTTTTTIT- - - - - -
D14589.1 TTTTGGACAT- TTCTAATAATATCAATTTGTATTCCTGTTTTAAGTTTTTTAATTTCTCA
ABBTBIST .1 === mmm e m o m e e e e e e emmmm e
GQo9s194.1 GGTGEAATATATATTEGEAMCTTTGGTTCATTCATTTGATTGGAAAT TACCAAATAATGT

Figure 44: Multiple sequence alignment ofF3'5’H using CLUSTALW analysis for
G1P2 primer. FP- Forward primer, RP- reverse primerand primer sequence is in the
box.

Similarly the primers for genE3’H were synthesized using sequencé&ofanum
lycopersicum(NCBI accession no. NM_001302915.1) and sequetiganaents after
CLUSTALW analysis is given below along with selecf@imer sequences.

* G2P1 and G2P2 primers

NM_281382915.1 2  -------------------o- ATGECTATATTTTTCTTAATACTATACACTATTATTTCC
KJpga3as.l —  ----o-o-ooooooooo-o- ATGGCAATCTTTTTCATAATTCTATACACTATTATTTTT
NM_2813255688 .1 CCGGATTCCCGEGATCACCAMATGGCAATCTTTTCOCTAATTCTCTACACTGTCATTTTC
KF8556279.1 CCGEATTCCCGEEATCACCAAATGGCAATCTTTTCCCTAATTCTCTACACTGTCATTTTC

EwEgE kR EEFE P EEEF EF ERFTEE ok EEEE

NM_28l1382915.1 TCTATTATTCTACATTTCTCTCTTAGTTTATT TTTTCGTAAACGTTACCCAGTGCCACTA
KJ1g94344 .1 TCTTTTCT TCTACACTCCATTCTTAGCTTATTTTTTCTTAAACGTTACCCAGTGCCACTA
NM_@@813256858.1 TCTTTTCTTCTACATTCCATTT TCAGCTTATTTTTCCGCAAACGTTACCCGTTGACACTA
KF856279.1 TCTTTTCT TCTACATTCCATTT TCAGCTTATT TTTCCGCAAACGTTACCCGTTGACACTA

HEd GE EEEEREE k% ¥ kE FFEEREFE B EEEEEEREwEEs wF wREEd
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NM_881382915.1
KJa54344.1
NM_881325688 .1
KF856279.1

NM_281382915.1
KJao4344.1
NM_221325688 .1
KF856279.1

NM_221322915.1
Klaga3zsd 1
NM_2281325688.1
KF8558279.1

NM_881382915.1
KJa54344.1
NM_881325688 .1
KF856279.1

NM_281382915.1
KJao4344.1
NM_221325688 .1
KF856279.1

MNM_881382915.1
KJlgo4344.1
MM_281325688 .1

KF856279.1

MM_981382915.1
KJlgo4344.1
MNM_281325688 .1
KF856279.1

MNM_281382915 .1
KJlg54344.1
HNM_281325688 .1
KF858279.1

MNM_221322915 .1
KJgg4344.1
MNM_281325688 .1
KF856279.1

HNM_281382915.1
Klgg4a344 .1
NM_881325688.1
KF856279.1

HNM_281382315.1
Klgo4344.1
MNM_981325688 .1
KF856279.1

MM_881382315.1
KJlgo4344.1
MM_221325688 .1
KF856279.1

MM_281382315.1
KJlgg4344 .1
MM_281325688.1
KF856279.1

MM_281322315.1
KJlgg4344 .1
MM_281325688.1
KF856279.1

MM_281382315.1
Klgoazaa. 1
MM_281325688.1
KF856279.1

MM_281382315.1
KJlgg4344 .1
MM_281325688.1
KF856279.1

MM_281322315.1
KJlgg4344 .1
MM_281325688.1
KF856279.1

MM_281382315.1
Klggazaa, 1
MM_281325688.1
KF856279.1

CCACCCGETCCARAAACCATGECCTATAATCGGAAACAT AATCCAAT TAGGTCCGAAGCCG
CCACCTGATCCAAAACCATGECCAATAATTGGEAAACATAGTCCATCTAGGT CCCAAACCG
CCACCaaaTCCAAAACCATEECCAATAATCGEAAACCTAGTCCATATEGAT CCAAAGCCG
CCACCGaaTCCAAAACCATOECCAATAATCGGAAACCTAGTCCATATEGGGETCCAAAGCCG

FEEEE EEFEERFTEERELEERT kR E EEEERE F® FRE® ¥ wEEws £w wEE

CACCAGT CCACTGCATCAATGECCCGAACT TACGGECCATTGATGCACCTTCGCATGGGE
CACCAATCCATTGCAGACATGECGCEAACT TACGGECCATTCATGCACCTACGCATGGGE
CACCAAT CAACTGCAGCCATGECTCEAACCTACGETCCACTCATGCACCTTAAGATGGGE
CACCAAT CAACTGCAGCCATGECTCEAACCTACGETCCACTCATGCACCTTAAGATGGGE
EEEEE ER E RRER EEERE kEREE EEESE EEF F EIEERERE EEEEER

TTCETGEACGTEGTGET TGCAGCCTCAGCTTOGETGGECGGCTCAATTT TTGAAARATCAT
TTCGTGEACGTGOTGETTGCGGCTTCGECTTCAGTTGCAGCTCAGTTCTTGAAAACCCAT
TTCGTGEACGTEOTGET TGTGGCGTCTGCGTCGGTGGCGOCTCAGT TCTTAAAAACTCAT
TTCGTGEACGTEOTGET TGTGGCGTCTGCGTCGGTGGCGOCTCAGT TCTTAAAAACTCAT
EEEEEEE A SR AR RS EREE  RE ke EE R Sk R RSsES ®e mE mEEE sk

GACGCTAACT TCTOGAGCCGCCCACCGAACTCTGEEECGAAACACATGGCTTATAATTAC
GATGCTAACT TCTCGAGCCGCCCACCGAACTCTGECGCTAAGCACTTGACTTATAATTAC
GACGCTAACT TCTCGAGCCGCCCTCCGAACTOGEETGCAAAACACTTGACTTACAATTAT
GACGCTAACTTCTCGAGCCGCCCTCCGAACTOGEOTGCAAAACACTTGACTTACAATTAT

FE EEFERFEERFTEERELFERE kR rsEE  ER R FE ERE wEEEEws Ewsds

CATGACCTTGTTTTCGCACCTTACGEACCACGETGECGTATGC TAAGEAAAATTTGTTCT
CATGACCTTGTTTTTGCACCTTATGEACCACGETGECGTATGC TTAGEAAAATATGTTCT
CAGGATCTTGTTTTTGCACCCTACGEACCAAGETGECGTATGC TTAGGAAAATTTGLTCT
CAGGATCTTGTTTTTGCACCCTACGEACCAAGETGECGTATGC TTAGGAAAATTTGLTCT
#E EE ERFEERET EREFE KE REREEE FESRTERTEEEET FREIXERE BE kR

GTTCATCTTTTTTCAACTAAAGCTT TAGATGACTTCCGCCATEGTCCGACAGGAAGARAGTC
GTTCATCTTTTCTCCGOCAAGGCTT TAGATGACTTCCGCCATGTCCGT CAGGAAGAAGTC
GTTCATCTTTTCTCTGCCAAGGC TT TAGATGACTTCAGCCATAGTCCGCCAGGATGAAGTA
GTTCATCTTTTCTCTGCCAAGGCTT TAGATGACTTCAGCCATETCCGCCAGGATGAAGTA

EEmEEEEEEERE E® B BF HEEFTITLREHRTRHT ELTHIRELHER BRI HE RBREE

AGAACACTTACACGLGCCTTAGCGAATEC TG TCAAAATCCAATCAAALCTAGGGCAGLTG
AGAACACTTACCCGCGCOCCTAGCAAATGCTAGC CAAAAGCCAGTCAAATTAGGGCAGCTG
AGAACACTTACGCGCECCCTAGCAAGTEC TECECAAAMACCEGOTCAAGTTAGGCCAACTG
AGAACACTTACGCECECCCTAGCAAGTEC TECECAAAAACCOOTCAAGTTAGGLCAALTG

EmEmmmEsEsE msseR® wesw k Smas mmmsE wm mems hmsw kS was

TTGAACGTGTGCACCACGAATEGCACTTGLGCGTGTGATGCTCGGEGAAGCGEGTATTCGIC
TTAAACGTATGCACCACGAATTCCCTTGCGCGAGTGATGCTAGGGAAGCGGGTATTCGCC
TTEAACGTATGCACCACGAATEGCACTTGLGCAAGTGATGCTAGGGAGELGEETEGTTTGLT
TTGAACGTATGCACCACGAATEGCACTTGLGCAAGTGATGCTAGGGAGGLGEETETTTGLT

Hk EEEEESREEESREREEEE # kEEEEkEE SRS HEESHRE FEES EEESEE kE w5

GACGETACTAACGECATEGATCCTCAAGCGGAGGAGT TCAAGTTAATGGTGETGEAGATG
GACGECACCOECaETAT TEATCCACAGECOGAGGAGT TCAAGTCAATEATGGTGEAGATG
GACGCAAATEGRCGETGTTGATCCACAGELGGAAGAGT TCAAGT CAATGATGGTGGAGGCA
GACGCAAATEECGETETTGATCCACAGECGEAAGAGT TCAAGT CAATGATGGTGEAGECA
ExEE  ® TEE  k EEEEE RE EEFEF FEEBEERIRE EERETETHEFRTH

ATGETTCTCECCGEEET T T T T AAT AT el GAT T TAT TCOGECACTTGATTGGATGEAC
ATGGTACTCGCCGGCGTTTTCAACATCGGCGATTTTATTCCGGCACTTGATTGGATGGAC
ATGGTGCTCGCCGECETTTTCAACGTTGECGAT TTTATTCCGGCACTCGATTGET TGGAC

ATGETGCTCGCCGGECETTTTCAACGTTGGCGATTTTATTCOGGCACTCGATTGET TGGAC
EREEF FEERERFEFEREEFEREE F FEFERTEFEREEREREE R BRI REE ERERE

ATTCAAGGCGT&GCTGAAAAAATGAAGAAGCTCCACGCGCb|||[1A(1(1||CTTAACCIF?P 1

ATTCAAGGEETAGCTEEAAALAT GAAGAAGCTCCACGCGCATTTCGACGCGTTTTTGACC
ATTCAAGGTETAGCTECAAAAAT GAAAAAGCTCCACGLGCATTTCGACGCAT TCTTGACC

ATTCAAGGTGTAGCTGCAAASAT GAAAAAGCTCCACGCGCGTTTCGACGCGTTCTTGACC
EREEFERE FEREERE FEFERERHRE FEFERTEFEHRESRERFLFERERRERE RE R

ACGATCCTCEGAAGAACAC AAGEAAAAGCGAGT TEGAGAATCGAAGGAACAGGEEGEATTTG
TCGATCCTCOAAGAGCAT AAGEEGEAAGAGAAT TEGEAGAAATEAAGGAACAGGEEEACTTG
TCAATACTAGAGGAACACAAAAGCAATCAATT TGEAGAAACGAAAGAACATCAGEACTTG
TCAATACTAGAGGAACACAAAAGCAATCAATT TGGAGAAACGAAAGAACATGAGGACTTG

* md Emw kE kE okEw wa o * wmEmEEEEE  wEE wEEEE ® ww® Fww

TTOAATACGTTEATCTCTTTGAAAAATGAAGAAGACGATAATEECGGA - - -AAACTTALT
TTOAGTACGTTEATCTCTTTGAAAAATGAAGATGATGATGATAACGEAGEAAAGCTTALT
TTOAGTACGTTAATCTCTTTGAAAAAAGAAGAAGELCATAATGAAGEAGOAAAGCTCACA
TTOAGTACGTTAATCTCTTTGAAAAAAGAAGAAGELCATAATGAAGEAGOAAAGCTCACA

wEEE EhEmEd REREREEREREsEE EEEER o REE ER s sk dE ER

GATACAGASATT AAAGCTTTACTTTTGAACTTATT TATAGC TGEOACAGACACATCCTCT
GATACAGAAATTAAAGCTTTACTTT TEAACTTGTTTGTAGCTGETACAGACACGTLCTCT
GATTCAGAAATT AAAGCTTTACTTTTGAACTTGTT TATAGC TEGGAACAGACACGTCCTCA
GATTCAGAAATT AAAGCTTTACTTTTGAACTTGTT TATAGC TEGGAACAGACACGTCCTCA

wEE RERERFERRSFEREERERE LR ERERRER ERE FERERER SREERERE RERER

AGCACAGTAGAATGGEECCAT TGCAGAGC TTATTCOTAACCCGAAAATAC TGGLCCAGECC
AGCACAGTGGAATGGEECCAT TECAGAGC TTATTCGTAACCCAAGAATACTGGCCCAGETC
AGCACAGTAGAATGGEECCAT TGCGEAGC TTATTCOTAATCCAAGAATAC TGGCCCAAGCC
AGCACAGTAGAATGGEECCAT TGCGEAGC TTATTCOTAATCCAAGAATAC TGGCCCAAGCC
FEEEHERE FEEFIFXBREEFERF FEREIIEBRERRIIRE EFE o FXREFFIREERE F
FP 2
CAACAGEAGATCGACAAAGTAGT TGEALAQEE T O TG T A TGEAR TOT GACCTGECC
CAGCAGGAGATTGACAAGGTAGT TOGAAGAAACCGGCTCGT TATGGAATC TGACCTGECC
CAACATGAGATTGACAAAGTGET TOGAAAGAACCGECTCGTGATGGAATCCGACCTAGCC
CAACATGAGATTGACAAAGTGET TOGAAAGAACCGECTCGTGATGGAATCCGACCTAGCC

s mw wEmEE REFER EE REEFREHRE SREEREREEES SSEsREEs REERs SRE

CAATTGACTTAT TTGGAAGCCATAGT CAACGAAATCTTTAGGCTTCATCCATCAACACCC
CAATTGACTTAT TTGEAAGCCATAGT CAAGGAAACCTTTAGGCTTCATCCATCAACCCCT
CAATTAACTTAT TTGEAAGCCATAGT CAAGGAAACCT TAAGGCTTCATCCATCCACCCCT
CAATTAACTTAT TTGEAAGCCATAGT CAAGGAAACCT TAAGGCTTCATCCATCCACCCCT

wEEEE HESRERESREREERERESRERERRERER ®HE FEREsEsREERERE kE ®R

RP 2
CTCTCCCTCCCTAGANT TGO BT GRGEGC TGTGAGET CAATGECTACTTCATTCCAAAA
CTCTCCCTCCCTAGAATTGCATCOGAGAGC TGTGAGATCAATEGCTACTTCATTCCAAAA
CTCTCCCTCCCTAGAATTGCATCCGAGAGT TGTGAGATTAATEGGCTATTTCATTCCAARA
CTCTCCCTCCCTAGAATTGCATCCGAGAGT TGTGAGATTAATEGGCTATTTCATTCCAARA

EEEERERERRERRRFEREERERE LR ERER FREERERE FEREREER FREREERsRERE
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NM_281382915.1 GECTCEACACTTCTCGTCAACGTTTGGECCATTGCTCGTGATCCAAACCAATGEGCTGAT
K1894344.1 GECTCGACACTTCTCGTTAACGTTTGEECCATTGCTCGTGATCCAAATGAATGEGCTGAT
MM_2@1325688.1 GECTCAACACTTCTCGTEAACGTTTGGECCATCGCTCOTGATCCAMATGAATGEECTEAT
KF856279.1 GECTCAACACTTCTCGTGAACGTTTGGECCATCGCTCGTGATCCAAATGAATGEGCTGAT

s mmmmammsER

NFI_ LS0L9 L. L LCAA | AEAO T T CAEDLCLIASAEA T T T aWA0E T aAAA AL LLARAD ] TaasTal s
KJleo4a344 .1 CCATTAGAGT TTAGGCCCGAAAGAT TCTTGCCTGEAGETEAGAAGCCCARAGTTGATGTC
NM_2@1325683 .1 CCATTAGAAT TTAGGCCCGAAAGAT TTTTGCCTGEAGGTEAGAAGCCCAAAGTTGATGTG

KF856279.1 CCATTAGAATTTAGGCCCGAAAGATTTTTEGCCTGEAGE TEAGAAGCCCAMAGTTGATGTG

EEd wEEE R FEFERELTHERETHE ERHES STHEREIHE EREEREEREREESEEES

NM_@81382915.1 AAAGEAAATGACTTTGAAGTAATTCCGTTTGATGCTGETCGAAGAATATGCCCOGEAATG
KJleo4a344 .1 AAAGOARATEACTTCEAAGCAATTCCATTTGGTGCTGGECGET. TATGTGCTGGAATG

NM_281325685.1 CGAGH ToACTTTGAAGTCATCCCATTTGGAGCTGEGECGET. TCTOGTGCTGGTATG
KF856279.1 CoAGOARATEACTTTGAAGTCATCCCATTTGGAGCTGEECGET. TCTOGTGCTGGTATG
HEFERETEERRE EHEE  RF ok ESREE SREEE KF EIREE Xk KF kER
NM_221382915.1 AGTTTGGETATCCGCATGETCCAGT TEGATGACTGCAACTTTGATCCATTCGTTTAACTGE
KJ8o4344 .1 AGTTTGEGTATACGCATGETCCAGT TEATGACTGCAACTTTGATCCATTCATT TAACTGE
NM_@81325685 .1 AATTCEEECATACGAATGGETCCAGT TEATGACTGCAACTTTAATTCATGCATT TAACTGGE
KF856279.1 AATTCGOGCATACGAATGETCCAGT TEATGACTGCAACTTTAATTCATGCATTTAACTGG
F okE ERE Fk kEF FEESFEFESHERESRERETREREIERE AR BRE k REFTEERERR
NM_281382915.1 GCTTTGCCCACTGEACAAT TG CAGATAAGTTALATATGEAGGAAGCATTTGGGCTGALT
KJgoa3za4 .1 GATTTGCCCAATGEACAATTGCCAGAGAAACTAAACATGEAGEAAGCATATGEGCTGACA
NM_281325688 .1 GATTTGTCCATTGGACAATCGCCTGAGAAACTAAACATGOAGGAAGCATTTGGGCTGACT
KF856279.1 GATTTGTCCATTGGACAATCGCCTGAGAAACTAAACATEGEAGGAAGCATTTGGGACTGACT
F OEEFF FEF FRSTEEET FXF FE EF  FEEF FISTEHXAIXRTHES SRTTHSHEE

ACGGECTEATCCATTAGTGOTCCACCCOATCCCACGET TAGAAGCCCAAGTATTT
GCGCTOATCCATTAGTEOTGCACCCAAGECCTCGGT TAGAAGLCCAAGTATAL

NM_281382915.1 TTA
KJleo4a344 .1 TTA

NM_221325688 .1 TTECAACGEECTGATCCATTEETGGTGCACCCATETCTTCGCCTAGAAGCCCAAGCATAC
KF856279.1 TTECAACGEECTGATCCATTEETGGTGCACCCATETCTTCEGOCTAGAAGCCCAAGCATAC
wE mmEmE RemkmEEREE® RESsE EmsoEs % wm  mEkmsmskssmss S
NM_281382915.1 TAT AT A - —— - — - - m - m oo oo oo o ——— -
KJleo4a344 .1 B I T B i
NM_281325685.1 ATTEOGETGAACAGCCCAATTAGGATATGACATETCCGCTAAATETETACATTGAGTGAAL
KF856279.1 ATTEOGETGAACAGCCCAATTAGGATATGACATETCCGCTAAATETETACATTGAGTGAAL

Figure 45: Multiple sequence alignment ofF3’'H using CLUSTALW analysis for
G2P1 and G2P2 primers. FP- Forward primer, RP- revese primer and primer
sequence is in the box.

From the sequence alignment, gene sequences hanargnum similarities and
also matching the parameters of desired charatitsrisere selected and the sequence of

the same is given in Table 18 along with amplicae.s

Table 18: Primers used for gene expression analysis
Primer Sequence (5’-3)) Amplicon size (bp)
G1lP1FP TGCCCAAGACATGGTTTTTGC
G1P1RP AGCATGTGGCCTAGCTCAACA
G1P2FP GGTGGTTGAGTTGATGACTGTTG
G1P2RP  ATGCAACCGTTTCATTCCGC
G2P1FP GCGTTTTCAACATCGGCGATT
G2P1RP GGTTAAGAACGCGTCGAAACG
G2P2FP AACCGGCTCGTTATGGAATC
G2P2RP  TCTCACAGCTCTCGGATGCAA

135

109

107

127
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(2) RNA isolation, cDNA preparation and amplification

Isolation of RNA was done using B-Rad kit and all theNA were checked o
agarose gel (1%) ant¢ was observed that the quality and yief RNA was higher ir
Qiagen kit (Fig. 46).

Figure 46: Isolated RNA from shoots of different simple« (1)
in vivo (2) in vitro (MS-1), (3)in vitro treated with YE (50 mg/l)
and (4)in vitro treated with SA (50 uM).

All the RNAs were checked for its purity and yield in Uspectrophotometer ai
theyields were 1 ug/ll and purities were between -2.1. cDNAwas synthesized frot
the RNA and gene xpression was done with the primefi-actin was used as a
housekeeping gene d its amplification was observed in all sples which confirme:
cDNA synthesisHowever the primer sets for both the genes in ie samples were unal
to amplify the bands (Ig. 47a, bc).

The observatias of this study revealed th@-actin speific amplification was
observed in all the sadles, whereas no amplification was erved in any primer sets ft
both the genes. Gradit PCR was also tried in temperature ranom 54-58 °C, however
amplification of onlyp-actin gene was observed but amplificaifor any of the two genes
was absent. Thus iwvas confirmed that cDNA synthesis wasoper andp-actin was
present in the planbut the sequences of selected genes eithanged or absent iH.
indicus
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Lane 1:Molecular weight marke
Lane 2:B-actir

Lane 3:Primer G1P

Lane 4:Primer G2P

Lane 5:Primer G1P

Lane 6:Primer G2P

Lane 1:Molecular weight marke
Lane 2:-actin in MS-1

Lane 3:B-actinin YE (50 mg/l)
Lane 4:B-actin inSA (50 uM)
Lane 5:MS-1 using G1P1

Lane 6:YE (50 mg/l using G1P1
Lane 7:SA (50 uM using G1P1
Lane 8:MS-1 using G2P1

Lane 9:YE (50 mg/l) usincG2P1
Lane 10:SA (50 uM using G2P1

Lane 1:Molecular weight marke
Lane 2:-actin in MS-1

Lane 3:B-actinin YE (50 mg/l)
Lane 4:B-actin inSA (50 uM)
Lane 5:MS-1 using G1P2

Lane 6:YE (50 mg/l using G1P2
Lane 7:SA (50 uM using G1P2
Lane 8:MS-1 using G2P2

Lane 9:YE (50 mg/l) usincG2P2
Lane 10SA (50 uM using G2P2

Figure 47: cDNA amyglification (a) in vivo shoots using all priners (b) in vitro shoots
using G1P1 and G2P:primers and (c)in vitro shoots using G1P and G2P2 primers.

In the study rtin and quercetirwere not synthesized 1 any of the sample
including in vivo shoos which can bdinked with expression othese genes (Li et a
2017). Earlier studiethave suggested thF3'H gene plays arimportant role in th
regulation of rutin ar quercetin biosynthes and absence of ese metabolites mig

suppress the gene exssion (Holton, 1996; Liu et al., 2014). Thasence of quercetin b
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presence of kaempferol in the present study ignmwith the study of Lillo et al. (2008),
and they have reported that the later appears itgnstly but accumulation of former
metabolite depends on several factors.

The genes selected for the study are responsiblgofeer colour and suppression
of these genes changes the colour to orange/redrducing anthocyanins based on
pelargonidin (Tanaka and Brugliera, 2013). The smak angiosperms produced
violet/blue flowers containing delphinidin basedhattyanins (Rausher, 2006) but in the
course of evolution the colour changed from blueeid owing to their loss of functions
(Rausher, 2008). Change in the flower coloutpmimoeasp. from blue to red is due to
mutation inF3’'H gene (Hoshino et al., 2003), whereasGantiana scabrdlowers the
change is from blue to pink which is due to ingertof transposable elementskB’5'H
(Nakatsuka et al., 2006). Flowers ldf indicus are reddish yellow in colour and these
genes are absent or less expressive. However thacereport on these genedHnindicus
but study by Bak et al. (2011) reported tR8t5'H gene is absent iArabidopsiswhereas
expression oF3'H is regulated independently from other genes ofpdatway. Whereas
Ma et al. (2014) reported that in mulberry the esgron ofF3'H is tissue specific and is
absent in leaf. The loss in function may also betdu&e environmental factors (Li et al.,
2017).

Both these genes were first studiedPetuniaplant (Holton et al., 1993; Brugliera
et al., 1999) but they are reported to have diwtiggfore the speciation of higher plants in
Torenia(Ueyama et al., 2002). Other study on Asteraceasly also documents that these
species losE3’'5'H gene and later on reacquired by duplication arafumetionalization
of aF3'H gene (Seitz et al., 2006). Similarly Ishiguro kt(2012) reported thaE3'5'H
gene is lost inAntirrhinum majusafter speciation fromA. kelloggior other ancestors.
These genes are also reported to contain pluralwbich can be evidenced from vast
number of isoforms (Tanaka and Brugliera, 2013) .@rapes copy number of both the

genes has increased by duplication (Falginelld €2@10).

Therefore it can be concluded that the absenceatof is coupled with absence of
both F3'5’H andF3’H gene expression which may be due to change in ggm@ence or
loss of its function. This also could be due togepetic changes and it needs to be further

investigated.



