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Acc.77-170. The QTL identified in this study did not
overlap with this major sali-toleram gene'', indicating
elite or novel loci for salt tolerance. In anticipation of
its stenmificant contribution and plelotropic nature, the
QTL on chromosome 6 may contain a ncw major gene
for salt stress tolerance at secedling stage in rice. This
needs o be contirmed by conducting ficld trials in sa-
line sotls for two or three scasons to test if the QTL are
stable across seasons and growth phases of the crop.
Chromosome substitution at this loct can be done after
fine-mapping and back-crossing to desired lines.

Rice breeders are resorting to molecular marker tech-
nology for developing salt-tolerant varieties, as tradi-
tional breeding practices, many a times, turned out to be
difficult exercise in tackline complex traits. QTL map-
ring is the first step 1n applying marker technology ‘o
the molecular brecding programme. QTL dentified by
this technique, after fine-mapping, could be used for
indirect selection of salt-tolerant traits to be used in
MAS.
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Somatic embryogenesis and plantlet
regeneration in Amrapali and Chausa

cultivars of mango (Mangifera
indica L..)

Hussain Ara, Uma Jaiswal and V. S. Jaiswal*

Laboratory of Morphogenesis, Centre of Advanced Study in Botany,
Banaras Hindu Untversity, Varanasi 221 005, India

Somatic embryogenesis has been obtained from
nucellus of two monoembryonic Indian mango culti-
vars ‘Amrapali’ and ‘Chausa’. Among the four aux-
ins (JAA, IBA, NAA & 2,4-D) tested, only 2,4-D
stimulated callus initiation and induction of proem-
bryogenic callus in cultured bisected ovules containing
nucellus minus zygotic embryos. The proembryogenic
calli produced up to 130 somatic embryos when
transferred to 2,4-D-free medium. The presence of
2,4-D in the medium inhibited progression of devel-
opment of somatic embryos. The best medium for the
production, development and maturation of somatic
embryvos was the modified M4E medium which con-
tained full-strength B5 macrosalts, MS microsalts,
MS 1ron-EDTA and MS organics along with
400 mg/]1 L-glutamine, 6% (w/v) sucrose and 0.8%
(w/v) agar. The mature somatic embryos gave rise to
plantlets in liquid medium containing half-strength
B5 macrosalts and 1.0 mg/l GA,. The in vitro raised
plantlets of Amrapali cultivar have been successfully
transplanted in earthen pots containing garden soil,
but those of Chausa failed to survive in the garden
soil but have been established in pots containing sand
and soil (3:1) mixture.

MANGO 1s a prized summer fruit crop of India with over
one thousand recognized varieties consumed as fresh
fruit or variously processed. Mango pickles constitute an
important ingredient of the poor man’s daily meal. The
wild trees are a source of timber. India is a major pro-
ducer of monoembryonic mango cultivars, many of
which are esteemed for the high quality fruit and con-
sidered far superior to the polyembryonic counterparts’'.
Cultured tissues of mango are recalcitrant to plantlet
regeneration. Any biotechnological approach, aimed at
improvement of plant quality and yield, requires an ef-
ficient plant regeneration system'. Somatic embryo-
genesis has been reported in several mango cultivars
(most of which are polyembryonic); yet reports on the
development ot plantlets from somatic embryos are lim-
ited to a few cultivars"”. As the responses are cultivar-
dependent, the methods may not be applicable to other
varieties®. Serious efforts have not been made to utilize
the advantages of tissue culture for enhancing the avail-
ability of planting material of Indian monoembryonic

*For correspondence. (e-mail: vsj@banaras.ernct.in)
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Figure 1. Somatic embryogenesis from nucellus of Amrapali and Chausa cultivars of mango; a, b, Isolated whole ovules of
Amrapali and Chausa (x 1.5) respectively; ¢, d, Ovules cut open lengthwise and the halves placed side by side (¢ Amrapali;
d Chausa) showing nucellus and zygotic embryo (both X 1.5); e, f, Side view of ovular halves (¢ Amrapali; f Chausa) showing
hght-yellow coloured PEC (arrows) arising from dark-brown nucellar calli (both x 10); g. Initiation of globular somatic em-
bryos (arrows) from PEC of Chausa (x 10); k, Globular and early heart-shaped somatic embryos produced from PEC of Atnra-
pals (x 10); i, j, Later stage somatic embryos of Chausa and Amrapali (both % 10). [N, nucellus: Z. zygotic embryo. GSE,
globular somatic embryo(s); HSE, heart-stage somatic embryo(s); CSE, cotyledonary-stage somatic embryo(s)].

mangoes. In this paper we present the results of our ef-
forts to develop a protocol for plantlet regeneration
through somatic embryogenesis from nucellus of highly
prized monoembryonic mango cultivars ‘Amrapali’ (a
hybrid variety evolved at IARI, New Delhij, in 1978 as a
result of a cross between Dashehari and Neelum)® and
‘Chausa’ (a superior chance seedling variety)® in which
production of uniform rootstocks and other planting
materials are needed for large-scale clonal multiplica-
tion.

Young fruits of Amrapali (2.0-3.5c¢m long) and
Chausa (1.5-2.5 cm long) were collected from the Hor-
ticultural Garden, Institute of Agricultural Sciences,
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BHU, Varanasi. They were surface-sterilized with 0.1%
(v/v) sodium hypochlorite, 2 or 3 drops of Twecn-20
and 3% (v/v) cetrimide (ICI, India Ltd.) solution in tap
water for 20 min. Thereafter, the fruits were opened and
ovules were isolated under aseptic conditions and rinsed
with 0.05% (w/v) HgCl, solution for 3 min with gentle
shaking. After washing with sterilized double distilled
waler (3 or 4 times) the ovules were bisected longitudi-
nally (Figure 1a-d). The zygotic embryos were dis-
carded from cach ovule and the intact ovular halves
containing nuccllar tissue were pluced in a nutrient me-
dium such that the nucellus was in direct contact with
the mediom. Initially the explants were inoculated in
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150 x 25 mm test tubes containing agar-gelled M4 me-
dium with varous concentrations (0.0, 0.1, 0.5, 1.0, 1.5,
2.0, 2.5, 5.0 and 10.0 mg/l) of auxins (2,4-D. NAA, 1AA
or IBA) for minitiation of callus and induction of proem-
bryogenic callus (PEC). The M4 medium used in the
present work contains half-strength MS muacrosalts and
iron-EDTA with full-strength MS microsalts and organic
supplements, 400 mg/l L-glutamine, 100 mg/l ascorbic
acid, 6% (w/v) sucrosc, and 0.8% (w/v) agar. This was
further modified (details are given in Table 2). pH of the
medium was adjusted to 5.80 £ 0.05 prior to autoclaving
at 108 kPa and 121°C for 15 min. At least 12 explants
were used for each treatment and the experiment was
done three times.

All the cultures were maintained tn complete darkness
at 25 £ 2°C. To avowd necrosts of the explants with phe-
nolic exudates, the explants of both the cultivars were
transferred to fresh medium of the same composition at
one or two-day intervals in the first week of inoculation
and later at seven to ten day intervals. The number of
explants showing callus initiation and PEC induction
were recorded 5 and 8 weeks after inoculation respec-
tively for each treatment and their per cent frequency
was calculated.

The explants showing PEC 1nduction after 8 weeks of
starting the culture were transferred to medium of the
same composition and kept in darkness at 25 £ 2°C to
promote further proliferation of PEC. With the lapse of
three weeks the PEC (approximately 10 mg/test tube)
was i1solated and subcultured on media of different com-
position (see Table 2) with or without 1.0 mg/l 2,4-D to
study the differentiation and development of somatic
embryos (SEs). The number of somatic embryos of each
stage (globular, heart and cotyledonary) were recorded
after four weeks in each treatment. Thereafter the so-
matic embryos (late heart stage/early cotyledonary
stage) were allowed to mature on a medium containing
full-strength BS5 macrosalts with full-strength MS mi-
crosalts, MS iron-EDTA, MS organic supplements,
400 mg/l L-glutamine, 6% (w/v) sucrose and 0.8% (w/v)

il pl

agar. The 9-week-old somatic embryos (cotyledonary
stage) having opaque, white and thick cotyledons, mecas-
uring 8 mm or more 1n length were transferred to germi-
nation medium containing half-strength BS macrosalts
with full-strength each of MS microsalts, MS iron-
EDTA and MS organic supplements, 400 mg/l L-
glutamine, 3% (w/v) sucrose, 1.0 mg/l GA;. Both liquid
and semi-solid (with 0.6% w/v agar) conditions were
provided in the culture medium. Each treatment had at
least 30 somatic embryos. The cultures were exposed to
16 h photoperiod (60 uE m™ s~ light Intensity provided
by cool white fluorescent tubes, Philips) at 25 + 2°C.
The number of germinated somatic embryos (which
showed emergence of tap root) were counted after four
weeks and the latter transferred to a liquid medium of
the same composition but without GA; to stimulate
growth of root and shoot since the medium containing
GAj inhibited growth of these. During the next 4 weeks,
the number of plantlets developed in each treatment was
counted. The percentage of germinated and converted
(those that bore shoots and roots) SEs was estimated.
The well developed plantlets were washed and trans-
ferred to plastic pots containing a mixture of sand and
soil (collected from Botanical Garden, BHU) in the ratio
of 3:1 under artificial light (60 uE m™* s™' light provided
by cool white fluorescent tubes) at 25-30°C. Initially
the plantlets were irrigated with tap water and covered
with individual polyethylene bags to maintain high hu-
midity. After 20 days, the pots were transferred to sun-
light for a short duration (30 min) each day for about
one week. Gradually the daily exposure time was in-
creased. The polyethylene bags were removed after 30
days, the plants were transferred to the earthen pots
containing only garden soil and kept under sunlight.
One-way or two-way analysis of variance (ANOVA)
was used to analyse the significance of factors at 1% or
5% probability level and comparison among means of
specific patrs of treatments was made by the least sig-
nificant difference (LSD) test wherever ANOVA was

found to be significant.

Table 1. Effect of concentration (conc.) of 2,4-D on frequency of callus initiation and PEC induc-
tion from nucellus explants of Amrapali (A) and Chausa (C). (Data represent mean * SE of three
independent experiments.)

Callus initiation (%)

PEC induction (%)

2.4-D conc. (mg/]) A A C
G.0 0.00 0.00 0.00 0.00
0.1 972+ 6.37 2.78 £ 2.41 0.00 0.00
0.5 15.28 + 4.81 5.56 + 2.40 2.78 £ 2.41 0.00
1.0 5416+ 11.79 27.718 £ 6.37 37.12x 12.27 1528 + 6.37
1.5 [250+4.17 556 +2.40 2.78 + 2.41 1.39 + 2.41
2.0 6.95 + 4 81 4.17 £0.00 0.00 0.00
2.5 278+ 241 278+ 2.4\ 0.00 0.00
5.0 0.00 0.00 (.00 0.00
10.0 0.00 0.00 0.00 0.00
LSD, 4 13.97 6.25 19.27 8.51
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Table 2. Effects of the type of medium and 2,4-D on production and development of SEs from PEC of Amrapali (A) and
Chausa (C). (Data collected 4 weeks after subculturing of PEC and pooled from three independent experiments.)

=N oralianlinl i L o Tl .

Total number of SEs/10 mg PEC

Cotyledonary stage SEs (%)

Medium* A C A C

M4 A 67.82 + 3.37 62.14 £ 6.20 8.18+3.19 578 +£3.17
M4A + 2,4-D (1.0 mg/l) 49 .58 + 1.97 48.16 + 2.82 2,25+ 1.50 1.36 + 0.59
MA4E 128.33 + 3.82 129.56 + 3.14 2728 £ 4.16 15.28+2.26
MA4E + 2,4-D (1.0 mg/I) 87.44 + 4 .40 84.55+4.17 6.22+3.06 5.18+1.50
Modified M4E 130.44 + 3.21 12055+ 5.28 63.68 £ 2.71 41.18 + 3.60
Modified M4E + 2,4-D (1.0 mg/1) 090.58 + 3.36 83.52 + 5.20 16.42 +1.39 15.44 + 3.36
ANOVA results

d.f. 5,12 5,12 5, 12 5 12

F 639.79° 562.22° 234465 98.23°
Probability level 1% 1% 1% 1%

LSD 4.46 4.20 1.98 0.96

S, Significant; *Composition of the medium; M4A (i.e. M4 medium without ascorbic acid) = MS macrosalts and MS iron-
EDTA (both half-strength) + MS microsalts + MS organics (both full-strength) + 400 mg/l L-glutamine + 6% (w/v) su-

crose; MA4E = BS macrosalts, MS microsalts

and MS organics

(full-strength each) + MS iron-EDTA (half-

strength) + 400 mg/lL-glutamine + 6% (w/v) sucrose; Modified M4E = B5 macrosalts + MS microsalts + MS iron-EDTA
and MS organics (full-strength each) + 400 mg/l L-glutamine + 6% (w/v) sucrose.

Among 2,4-D, IAA, NAA and IBA only 2,4-D stimu-
lated callus initiation and induction of PEC in the
nucellus of ovular halves of both Amrapali and Chausa
cultivars. The explants inoculated on medium supple-
mented with IAA, NAA and IBA became black and did
not show any further response. Callusing of the nucellus
occurred 1n 3-5 weeks only on the medium supple-
mented with 0.1 to 2.5 mg/l 2,4-D (Table 1). Higher
concentrations (5.0 and 10.0 mg/l) of 2,4-D caused total
inhibition (Table 1). The initial callus was dark-brown
or black and moist. From these calli pale-yellow or
cream-coloured, shiny and translucent proembryogenic
calli (PEC) (Figure le, f) initiated in the next 2-3
weeks on fresh medium of the same composition. Never-
theless, PEC was not induced in all explants which
showed inmtiation of dark-brown or black callus. Thus,
the per cent frequency of callus initiation and PEC in-
duction varied among treatments (Table 1). PEC induc-
tion from nucellar callus of Amrapali was noted on
medium supplemented with 0.5 to 1.5 mg/l 2,4-D,
whereas from the nucellar callus of Chausa PEC induc-
tion occurred only in response to 0.5 and 1.0 mg/l 2,4-D
(Table 1). The percentage of PEC induction was highest
on a medium supplemented with 1.0 mg/l 2,4-D 1n both
the cultivars (Table 1). The variation in per cent fre-
quency of callusing [(Fampapai = 19.91; d.f. =5, 12);
(Fohausa = 26.68; d.f. =5, 12)] and PEC induction
[(Fﬂmrapnli - 1524: d.f. = 21 6): (FChnusn = ]387* d.f. = 21
6)] in response to 2,4-D concentrations was significant
(P < 0.01) in both the cultivars.

Simultaneously with proliferation, the 3~-5 weeks old
PECs of both the cultivars showed formation of shiny,

CURRENT SCIENCE, VOL. 78, NO. 2, 25 JANUARY 2000

transparent to translucent, cream-coloured, fleshy and
compact embryogenic calli which produced globular
somatic embryos (Figure 1g, h) from one week on-
wards. Development of globular somatic embryos into
heart- and cotyledonary-stage was asynchronous. Thus
somatic embryos of all developmental stages (i.e.
globular, heart and cotyledonary-stage) were observed
in the cultures (Figure 14, j). Depending upon the com-
position of the medium and the presence or absence of
2,4-D, the production (i.e. total number of somatic em-
bryos) and development of SEs varied from globular to
cotyledonary stage. The PEC of both the cultivars was
able to produce up to 50 SEs on M4A medium which
contained MS macrosalts and 2,4-D (1.0 mg/l); never-
theless the SEs rarely reached the cotyledonary stage
(Table 2). A slight increase in the number of SEs and
the percentage of those developing into cotyledonary
stage was observed on medium of the same composition
in the absence of 2,4-D (Table 2). However, approxi-
mately twice the number of SEs were produced on M4E
and modified M4E medium (which contained full-
strength B3 macrosalts with half- and full-strength MS
iron-EDTA respectively) along with 2,4-D (1.0 mg/l) as
compared to M4A medium containing half-strength MS
macrosalts and MS iron-EDTA with 2,4-D (1.0 mg/l)
(Table 2). Highest production and development of SEs
into cotyledonary stage was observed on MJ4E and
modified M4E medium without 2,4-D (Table 2). Pres-
ence of MS iron-EDTA in half- or full-strength with
full-strength BS macrosalts in M4E and modified M4E
media respectively had no influence on the production
of SEs (Table 2). A significant effect on the develop-
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Tahle 3. Fffects of physical state of the medium on germination and conversion of SEs of Amrapali
t A} and Chausa (C). (Data represent mean  SE of three independent experiments.)

Physical state of Germmated SEs (%) Converted SEs (%)
goermmation

medium A A C
Scemi-solid 1267 £ 1.42 6.82+1.50 0.00 0.00
Ligquid 71.56 1314 5156412 41.67 1336 26.62+1.27

Figure 2. In vitro raised plantlets of Amrapali and Chausa cultivars
of mango. a, b, Germinated somatic embryos of Chausa and Amra-
pali {x 2) respectively; ¢, A six-week-old plantlet raised from so-
matic embryo derived from nucellus of Chausa (x 1); 4, Plantlets of
Amrapali similar to that shown in a (X 1); e, In vitro-raised plantlets
of Amrapali (1, eight-month-old; 2, 3, twelve-month-old) after es-
tablishment in pots (x 0.18).

ment of SEs into cotyledonary stage was observed as the
percentage of cotyledonary stage was highest on modi-
fied M4E medium which contained full-strength MS
iron-EDTA along with B macrosalts (Table 2).

168

The cotyledonary stage SEs showed variation in the
number of cotyledons and the length of cotyledons and
hypocotyl. On modified M4E medium the cotyledonary
stage SEs of both the cultivars, rrespective of morpho-
logical variations showed increase in length of the
cotyledons and/or hypocotyl. With increase in size, the
translucent and soft cotyledons became opaque and firm
on the same medium. In a period of 9 weeks the cotyle-
donary stage Sks reached a length of approximately 1.0
to 1.5 cm, and subsequently germinated (Figure 2 a, b)
and became converted into plantlets (Figure 2c, d).
Germination and conversion of SEs into plantlets were
significantly (P < 0.01) affected by the physical state of
the medium. On the semi-solid medium germination was
poor and no plantict developed. However, there was a
marked enhancement in germination and conversion into
plantlet when liquid medium was employed in both the
cultivars (Table 3).

The plantlets of both the cultivars survived when
transferred to plastic pots containing sand and soil (3:1

-ratio) mixture. The plantlets of Amrapali cv. showed

better survival (14 out of 30) than those of the Chausa
cv. 1n which blackening of the shoot tip caused death of
16 out of 20 plantlets. The plantlets of Chausa that sur-
vived, neither showed increase in their shoot length nor
bore any new leaf when transferred to garden soil,
whereas those of Amrapali showed further growth
(Figure 2 €). The growth of the plantlets of Amrapal cv.
was slow, new leaves developed at intervals of approxi-
mately 6 weeks with the internode elongating up to I-
3 cm. The leaves were morphologically similar to those
of adult trees of the same variety growing in the or-
chard. Size of leaves of survived plantlets of Amrapali
cv. could reach only up to 5.0 X 1.5 cm in pots contain-
ing a sand soil (3:1) mixture. When these plantlets were
transferred to earthen pots containing garden soil and
exposed to sunlight, new leaves developed which could
grow to a bigger (12.0 X 2.5 cm) size.

It is evident from the results that it is possible to
induce somatic embryogenesis and to recover plantlets
in mango cultivars ‘Amrapali’ and ‘Chausa’. Until now
the monoembryonic mango cultivars in which somatic
embryogenesis has been reported include ‘Irwin’,
‘Ruby’ and *‘Tommy Atkins’ of Florida, USA® and
‘A]phstlnso‘. ‘Mundan’, ‘Baneshan’ and ‘Arka anmol’ of
India™".
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In the present study somatic embryogenesis occurred
through the intervention of a callus phasc. Litz et al.’
have described that the developmental pathway of so-
matic embryogenesis varies according to the seed type
(monoembryonic/polyembryonic) of mango. According
to them, from cxplanted nucellus of monoembryonic
mango a (ranstent embryogenic callus is formed that
very quickly differentiates to form proembryogenic
masscs, whereas, the explanted nucellus of polyembryonic
mangoes forms somatic embryos directly from embryo-
genically compcetent cells already present in the explant.
However, in Citrus spp. (both polyembryonic and
monocmbryonic) somatic embryogenesis in the cultured
nucellus follows a repetitive callus-free pattern®.

It is apparent from the present study that an inductive
phase (through 2,4-D) is essential for establishing em-
bryogenic culturcs of monoembryonic mango. A similar
requirement has also been reported by Litz and cowork-
ers”’. Despite the crucial role of 2,4-D in inducing so-
matic embryogenesis, its continued presence deters
cmbryo development into cotyledonary stage in both
Amrapali and Chausa cultivars of mango. According to
Zimmerman’, new gene products are needed for the pro-
gression from the globular to the heart-stage and these
new products are synthesized only when an exogenous
auxin is removed.

The present study shows that transfer of somatic em-
bryos in liquid medium is essential for converting them
into plantlets. Although Ammirato'® has stated that the
physical state of the medium has little effect on embryo-
genesis, there arc instances in which maturation and
germinaton of SEs are affected by this factor as in Dio-
scorea opposita’ ' and Musa spp.'2.

Acclimatization is the final and thc most important re-
quirement in every micropropagation scheme, albeit
difficult. The results of present study indicate that the in
vitro-raiscd plantlets of Amrapali cv. have been success-
fully transferred to the garden soil. However, the two
serious problems confronted were low survival and slow
growth of the plantlets. Hence, further attention is re-
quired to circumvent these after transplantation.
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Genotypic and morphogenetic differences among
three female varieties of P. longum, one variety each
from Assam and Calicut and one released variety,
Viswam, were investigated for the development of a
common and efficient method of plant regeneration.
RAPD analysis, using random oligonucleotide prim-
ers, revealed that these varieties are genetically dif-
ferent. Compared to the Assam variety, Viswam and
Calicut varieties are genetically closer (95% similar-
ity) among themselves. Morphogenetic potential of
node, internode and leaf explants from all the three
varieties were compared. Leaf explants from differ-
ent varicties exhibited maximum regeneration po-
tential. Among the types tested, Viswam varicty
exhibited best morphogenetic response followed by
the varieties from Calicut and Assam. An efficient
protocol was developed for regeneration from leaf
calli of all the three genotypically different varicties.
Callus regenerated plants from leaf explants were
subsequently rooted, hardened and established on
soil under natural conditions of growth.

P. LoNGUM, L. (Pipcraceae) 1s a commerctally important
dioccious medicinal herb. In tradittonal and ayurvedic
medictnes, mature sptkes of lemale plants (long pepper),
thick stems, roots and leaves are extensively used in the
treatment  of  bronchial  diseases, dispepsia,  worms,
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