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Characterization of two interspecific hybrids of Piper
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SUMMARY

Two interspecific hybrids of Piper, P. nigrum x P. attenuatum and P. nigrum x P. barberi, produced for the first time,
were characterized by morphology, anatomy, isozymes, cytology and function (reaction to pollu beetle). The hybrids
exhibit distinet morphological and anatomical features. Hybrid-specific bands as well as male-specific bands were
observed in the zymograms of the isoforms of three of the four isozymes, peroxidase, esterase and polyphenol
oxidase, Paired affinity index of the four enzymes revealed more similarity between the female parents and hybrids
than between the male parents and hybrids. The hybrids had the same chromosome number (2n=52) as their
parents. The leaves of the hybrids were less preferred for feeding by poliu beetles when compared with their female
parents. Successful hybridization among the three species belonging to the same subgenus Maricha confirms their

phylogenic relationship.

lack pepper (Piper migrum L.) is a perennial

climber from which the black pepper of commerce
is obtained. The genus Piper (Fiperaceae) is represented
by 17 species in South India. Studies on South Indian
Piper species are limited to species enumeration and
floristics {Hooker, 1886; Gamble, 1925; Rahiman and
Nair, 1987) in addition to anatomy {Murty, 1959; Pal,
1961; Menancherry, 1993), chemotaxonomy and numer-
ical taxonomy (Ravindran, 1990).

Although India is a leading producer of black pepper
in the world, the productivity of the crop is low due to
various factors among which infestation by pollu beetle
(Longitarsus nigripennis Mots.) has been identified as a
major factor. The pest damage accounts for up to
30-40% losses in yield in endemic areas (Devasahayam
et al., 1988). At present, chemical control measures using
insecticides are practised to manage the pest. However,
the increasing demands by importing countries for
“clean spices” free from pesticide residues, have
necessitated the need for breeding resistant varieties.
A higher degree of stable resistance was observed in
related species such as P. atfenuatum and P. barberi,
when compared with cultivars/varieties (IISR, 1994). P.
attenuatum  (2n=>52) is a fast-growing wild species
prevalent in the Western Ghat forests and the Eastern
tropical Himalayas. P. barberi (2n = 52), a distinct, small,
shy climber is also found in Western Ghat forests.

Interspecilic hybridization in South Indian Piper
assumes significance for introgression of alien genes to
cultivated 'black pepper, P. nigram, especially with
regard to resistance to pollu beetle and Phytophthora
capsici and also from the biosystematic angle. The
present paper describes, for the first time, the production
and characterization of two interspecific hybrids of
Piper. '

*Corresponding author.

MATERIALS AND METHODS

Two cultivars of Piper nigrum (2n = 52), Aimpiriyan
and Karimunda were hybridized as female parents with
P. attenuatum and P. barberi, respectively during 1992.
Pollen grains collected from the male parents were
repeatedly brushed (six times) on to the female spikes of
20 cultivars to ensure fertilization as there is a
chronological maturity of flowers in a spike. The
matured berries were harvested and sown immediately
in separate sand filled basins, The hybrid seedlings were
isolated, multiplied vegetatively and grown in the
nursery in polybags. Hybridity of these lines was
confirmed based on morphology, biochemistry,
anatomy, cytology and also functionally (reaction to
pollu beetle). All observations were recorded from
cuttings of the same age.

Morphology

Records were kept of morphological characters such
as leaf length, leaf width, leaf area, petiole length,
internode length, shoot tip colour, leaf and leaf tip
shape, leaf texture and appearance of the plant, from the
parents and the putative hybrids (ten plants each).

Anatomy

Stems collected from cuttings of the putative hybrids
and parents were cut into 1cm pieces and fixed in
formalin-acetic acid-alcohol mixture. The materials were
processed for microtomy as per standard procedures
(Johansen, 1940). Sections were cut at 5 um thickness in
an electric sledge microtome and stained with tcludine
blue for histological studies (Krishnamoorthy, 1988).

Biochemical characters

Isozyme profiles of the four enzymes viz., peroxidase,
esterase, polyphenol oxidase and superoxide dismutase
were studied. Leaf proteins from the parents and the
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putative hybrids were isolated and subjected to poly-
acrylamide ge! electrophoresis (PAGE), followed by
differential staining for the isozymes. Extraction of
protein was carried out at 4°C using Tris HICl buffer
{0.05 M, pH 74) containing 0.5% mercaptoethanol,
0.1% ascorbic acid and 0.1% cystine HCL. The extracts
were filtered through a double layered cheese cloth and
centrifuged at 12000 g for 20 min at 4°C. The super-
natant was used for electrophoretic studies.

The samples (30 pl) were applied to the slots in the
slab gel with a 7.5% concentration of acrylamide for
resolving gel and 2.5% for stacking gel. The samples
were Tun at 70 V for the stacking gel and 150 V for the
resolving gel (Hames, 1994). The reservoir buffer system
used was Tris-Glycine buffer, pH 8.3. Standard staining
procedures werc followed for staining the gel. For
esterase (EC 3.1.1.2) the method of Harris and Hopkins
(1976) was adopted. Superoxide dismutase (8OD} (EC
1.15.1.1) isozymes were stained achromatically using the
method of Ravindranath and Fridovich (1975). Perox-
idase (EC 1.11.1.7) isozymes were observed by specific
staining method of Shimoni and Reuveni (1988).
Tsozyme bands of polyphenol oxidase (PPO) (EC
1.14.18.1) were marked after staining by Holstein’s
(1967) method.

Rm (Relative electrophoretic mobility) values for
each isozyme band were noted as the ratio of distance
travelled by the band to the distance ravelled by the
marker dye. Paired affinity index (PAIL) between a
parent and hybrid was calculated as the number of
chared bands divided by the total number of bands. The
shared bands were counted irrespective of the intensity
of staining as well as the thickness of bands. Sampling
was done twice and electrophoresis was periormed in
duplicate to obtain consistency of bands.

Cytology :

Actively growing root tips were collected from
cuttings of the putative hybrids and the parent species
between 11.00 and 12.00 hours and treated with 1%
solution of a-bromonaphthalene at 4-5°C for 4h. The
materials were then washed thoroughly in distilled water
and fixed in 3:1 mixture of ethanol, acetic acid and
chloroform for 24 h. The fixed root tips were hydrolyzed
with 1 N HCI at 60°C for 15-20 min and stained in 2:1
lactopropionic orcein for 4h and squashed in 45%

propionic acid. Five well-spread mitotic metaphase
plates each from two slides were used for counting
chromosome number (Nair et al., 1993).

Functional evaluation

The putative hybrids and parents were evaluated
functionally for their reaction to pollu beetle feeding.
Leaf discs of 1 cm? were cut from the parent species and
hybrids and placed over moist filter paper in 100 ml
beakers. Five adult pollu beetles collected from the field
were starved for 12 h and introduced into the beakers
and covered with a muslin cloth. The arca fed by the
beetles was measured 24 h after release by placing the
leaf discs over a grid under a stereo microscope. The
experiment was replicated six times and the data were
analyzed statistically.

RESULTS
Morphology

The hybrids were intermediate between the parental
species for most of the morphological (metric) char-
acters (Table I). For the characters such as shoot tip
colour, leaf tip shape and leaf shape, the hybrid P.
nigrum X P. aftenuatum resembled the female parent, P.
nigrum. The leaf lamina of the hybrid was wrinkled.
Although P. nigrum x P. barberi inherited the shoot tip
colour and leaf tip nature from the maternal parent, its
leaf shape was intermediate between the parenis.
However, the leaf texture of this hybrid was akin to
the male parent. Although P. barberi was very Tich in
mucilage, the hybrid had very little mucilage in the
leaves.

Anatonty

Stemn anatomy of the species and the hybrids showed
both structural as well as dimensional variations. P.
nigrum (cvs Aimpiriyan and Karimunda) had mucilage
canals in the centre of the pith as well as periphery
(Figure 1), whereas P. attenuatum had only a compara-
tively small mucilage canal in the centre (Figure 2). In P.
barberi, seven mucilage canals were scen in the
periphery and a very large cavity in the centre of the
pith (Figure 3). The hybrid, P. nigrum x P. attenuatum
was intermediate between the parents for the nature of
the central mucilage canal (Figure 4). A single large

TasLE I
Morphological characters of Piper species and species hybrids

Species/ Leaf length Leaf width Leaf arca Petiole Internode  Shoot tip Leaf Leaf Leaf
Hybrid (en) {cm) {em®) length {cm) length {em}  colour tip shape texture Remarks
P. nigirum 11.7+12 781,09 74795 526x10 8.4410.73 purple acuminate  cordate glabrous green plant,

(ev. Aimpiriyan)

membranous  without mucilage

P. atienuatum 672+-068 451x072 226261 302+023  635+0.55 white acute ovate glabrous dark green plant,

membrancus  without mucilage

P. nigrum x 7551079  5.03%0.8 244+47 3152029 491036 purple cuspidate ovate glabrous dark green plant,

P. attenuatum

membranous  without mucilage

P. nigrum 108+10 6452078 457%60 422043 7.38x0.85 purple acuminate  cordate glabrous green plant,
(ev, Karimunda} membranous wrinkled leaf lamina
P. barberi 1352078 503087 40.7£7.33 097+019  3.19x0.75  white with acuminate  lanceolate smooth pale green plant,
purple spathe highly mucilaginous
nature
P. nigrum x 9384041 577l  37.6=94 352087  6.12x1.06 purple acuminate intermediate smooth pale preen plant
P. barberi between Cv. . with sparse
Aimpiriyain mucilage
& P. barberi
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Fig. 1
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Tasle I
Dimensional variation for anatomical traits in Piper species and species hybrids, all preasurerments in pm
No. of No. of No. of No. of Width of Width of Diameter ~ Diameter of
peripheral medullary tracheids in  tracheids in tracheids in tracheids in of central ~mucilage canal

vascular vascular peripheral medullary peripheral medullary mucilage  in oofer pith
Species/hybrid bundles bundles bundles bundles bundles bundles canal region
P. nigrum (cv. Almpiriyan) 30+1.2 8x0 9.6+13 10.4=1.3 31.6+8.5 666+ 74 325 25 15%.6= 9
P. attenuatum 1601 40 12.8+4.4 10 *138 36.8+2.3 62.2+= 22 86,7110 Nil
P. nigrum x P. attenuatiin 25x01 60 104+18 6.6x1.4 25.5%2.2 31 = 2.6 1784+ 7.8 Nil
P. nigrum {cv. Karimunda) 2614 8+0 8.1x24 18.6+2.83 348234 625+ 82  1943% 53 71.6+15.5
P. barberi 16=0.8 70 15 =28 133237 26.3+2.5 163+ 58 410 = 88 222 =57
P. migrum x P. barberi 29+0.8 90 29-£1.5 10.6%2.6 26226 34,6127 446 *27 Nil

nucilage cavity was observed in the centre of the pith in
the hybrid P. nigrum X P. barberi (Figure 5). There were
more vascular bundles in P. nigrum cultivars than in the
paternal species, P. attenuaturn and P. barberi (in Figure
1, only one portion of the T.S. of P. nigrum is seen)
(Table 11). In the hybrid P. nigrum X P. attenuaturn, the
number of vascular bundles was intermediate between
the parents whereas in the other hybrid, the number of
vascular bundles was more Or less the same as in the
female parent (Figures 1-5 and Table T1).

Apart from differences in structure, the species and
the putative hybrids showed dimensional variations for
the different anatomical traits (Table IT). The hybrid P.
nigrum X P. atlenuatum was intermediate between the
two species for the number of peripheral and medullary
yascular bundles and the aumber of tracheids in the
peripheral vascular bundles. The hybrids had fewer
tracheids in the medullary bundles than the parents.
Tracheids in the peripheral and medullary bundles in the
hybrid were narrower than those of the parents, whereas
the diameter of the mucilage canal in this hybrid was
intermediate between those of the parents.

The hybrid P. nigrum X P. barberi resembled more 0T
less closely the female parent in the number of
peripheral vascular bundles and the number of medul-
lary vascular bundles. The hybrid resembled its male
parent for the number of tracheids in the peripheral
bundles as well as for the widih of the tracheids in the
peripberal and medullary bundles.
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FiG. 6
Peroxidase zymogram of interspecific hybrids of Piper and their
parents. 1 = P. barberi, 2 = P. nigrum X P. barberi, 3 = P. nigrun
(Karimunda), 4 = P. attenuatum, 3 = P. nigrum X P. attenuatum, 6 =
P. nigrm {Aimpiriyan).

Biochemical markers .

Peroxidase zymograms of P. attenuamm and P.

nigrum (cv. Aimpiriyan) were different (Figure 6), but
shared three anodal isoperoxidases which were also
expressed in the hybrid P. nigrum X P. attenuatum Of
which one band (Rm = 0.71) was intense in the hybrid
(Figure 6). Further, a thick hybrid specific band
(Rm = 0.54) was also observed in the interspecific
hybrid. PAI estimated between the parents, P. nigrum -
and P. attenuattim and their hybrid revealed 67%
similarity between the female parent and the hybrid
and about 57% similarity between the male parent and
the hybrid (Table ).

The hybrid P. nigrum X P. barberi inherited three of
the four bands from the female parent P. nigrum, c¢v.
Karimunda, of which one band (Rm =0.57) appeared
intense in the hybrid. The band at Rm =0.75 was not
expressed in the hybrid. The hybrid also had a hybrid-
specific thin band at Rm = 0.80. Three of the anodal
isoperoxidases were coMumon to both the parent species.
PAI estimated between the parental species and the
hybrid revealed 75% similarity between the female
parent and the hybrid, whereas that between the male
parent and the hybrid was 57% (Tabile I1L).

A hybrid-specific band (Rm = 0.42) was observed for
esterase isozyme in the hybrid 7. nigrum X P. attenu-
atum. Except for this one, all other bands of the hybrids
were common to the male parent, P. aftenuatumm. The
female parent P. nigrum and the male parent P.
attenuatum had  three prominent common bands
(Rm = 0.07, 0.3, 0.61) (Figure 7). The similarity between
the male parent and hybrid was 72% and between the
female parent and the hybrid 54%.

Esterase Zymogram showed five common bands
between the hybrid P. nigrum X P. barberi and the
female parent, P. nigrum, of which three bands were also
observed in the male parent P. barberi. Two thick
unique bands specific to the male parent were also
observed for this isozyme. Although no hybrid specific
band was observed in the hybrid, the band at Rm =0.08
was thicker in the hybrid than in either parent (Figure
7). About 83% affinity was noticed between the female
parent and the hybrid whereas that between the male
parent and the hybrid was only about 33%.

For polyphenol oxidase, the hybrid P. nigrum X P.
atfepuatum Was characterized by two distinct bands
(Rm=03 and 0.88); that at Rm= 0.88 was the
contribution of the female parent whereas the other
band was common to both the parents (Figure 8). The
hybrid showed 100% similarity between the female
parent P. nigrum for this isozyme while the similarity
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Functional analysis

The hybrids and parents diff igni

' ered significantly i i
rc?facgon to p'ollu beetle feeding (Tabi V). Tgen}egl\?;
? é e hybrids were significantly less preferred for
eeding than those of their female parents.

DISCUSSION

theT\;ri?S?{li);liSstﬁf lnlack pepper have been produced for
. that were significantly less attracti
feeding by pollu beeil er T fo oross
i es. Earlier attempts t
species of Piper with a view to t P esistance (o
ransfer resistan
polly beetie or Phytophthora f i ot
00t rot resistance were
zllifgiZii;ul v(VIISR, 192{2). In the present study, althoughngg
ere used as female parent
obtained only with cv. Aimpiri . Kasimunda,
. pirivan and cv. Karimund
probably due to the genetic combinati tivas)
‘ mbination of the cultivar/
species. Further, unlike in the earli tod
ies. s _ ttempts, repeated
pollination {at least six times) « spikes of the femal
of the spikes of the femal
parent was done. Systematic interspeci dization
. - ; pecific hybridizati
;n\iilglvmg more culth_lrs and repeated pollin);tion o“} iﬁg
“I;Jhi;ls }(if lthe ff_:male vines are probably the major factors
elped in obtaining a few interspecific hybrids in

the present studs hi -
vegetatively. y, which were multiplied further

Em
1.0

0.8 — ) — —
0.6

0.4 —

0.2

1 2 3 4 5 6

PPO zymogram of i i by
2 of interspecific hybrids of Piper and their parents. 1

(Aimpiriyan).



130 Interspecific hybrids of Piper

Fic. 9
SOD zymogram of interspecific hybrids of Piper and their parents. 1.=
P. barberi; 2. = P. nigrum x P. barberi: 3. = P. nigrum (Karimunda); 4. =
P. aitenuatum; 5. = P. nignimn X P. attenuanum; 6. = P. nigrum
{Aimpiriyan).

The low frequency of the hybrids recovered in the
present study may be atiributed to the failure of some of
the hybrid seeds to germinate or death of the hybrid
seedlings at an early stage. The interspecific hybrid P.
nigrum X P. atienuatumn had wrinkled leaf lamina. Pal
and Khoshoo (1972) reported inviability, weakness and
deformity including virus-like syndrome in the leaves of
interspecific hybrids of Amaranthus caudatus ¥ A
hypochordriacus. The evidence presented on the mor-
phology, anatomy, isozyme, cytology and reaction to
pollu beetle feeding by the parent species and putative
hybrids established the identity of the hybrids.

Stem anatomy of Piper species was studied by

Metcalfe and Chalk (1950}, Murty (1959), Pal (1961),

Ravindran (1990) and Menancherry (1993). These
workers reported the presence of central and peripheral
mucilage canals in P. nigru, P. attenuatum and P.
barberi. Tn the present study also, mucilage canals were
seen m all the species. The hybrids were intermediate
between the parent species of inclined towards the
female parents in the structure of mucilage canals and
the number of vascular bundles. Variation in the number
and arrangement of bundles as well as the structure and
position of the mucilage canals were used as distinguish-
ing anatomical criteria  for classifying Piper sp.
(Solereder, 1908; Metcalfe and Chalk, 1950).

TasLe IV
Reaction of Piper spp. and species hybrids to pollu beetle feeding

Leaf area fed by beetle

Species[Hybrid per 24h (mmz)
P. nigrum {(cv. Aimpiriyan) 4.05
P. attenuatiim .11
P. nigrum % P. attenuafin 0.80
CD (P =10.05) 0.42
CV% 7.20
P. nigrum (cv. Karimunda) 3.74
P. barberi 0.03
P. nigrum x P. barberi 0.46
CD (P =005) 0.38
CV% 6.71

fsozymes have been used extensively for identifying
species hybrids (Adams and Coutinhe, 1976; Tobolski
and Conkle, 1977; Morris et al., 1980; Mallikarjuna and
Moss, 1995). Hybrid specific bands have been used to
identify species hybrids in Cajanus (Mallikarjuna and
Moss, 1995), Cassava (Lefevre and Charier, 1993),
Lycopersicon (Tanksley and Jones, 1981) and Pinus
(Adams and Coutinho, 1976; Morris et al., 1980), etc.
The four enzyme Zymograms showed a fair amount of
allelic similarity among the species and hybrids. Differ-
ences were also observed in one or more loci for all of
the isozymes. Hybrid-specific bands at new loci were
observed for peroxidase, esterase and polyphenol
oxidase. Differences were also observed for the zymo-
grams of the four enzymes with respect io the two P.
nigrum cultivars used in the study, Aimpiriyan and
Karimunda. These two caltivars are distinct morpholo-
gically (leaf shape, leaf size, leaf area, spike length and
shape and berry size) and for quality {oleoresin,
essential oil and pipexine). Varietal variation in isozyme
profile of crop varicties are known (Bhat et al., 1992;
Forrest, 1994; Shamina ef al., 1997).

Cytologically the species had a somatic chromosome
number of 2n=52. Earlier workers also reported P.
nigrum, P. atfenuaium and P. barberi as diploid species
with 2n=52 somatic chromosomes (Mathew, 1958;
Mathew and Mathew, 1952). The interspecific hybrids
also had 2n = 52 chromosomes as expected.

The hybrids inherited the non-preference of pollu
beetle for feeding from their respective resistant parents,
though not completely.

P. nigrum, P. attenuatuim and P. barberi are in the
same subgenus Maricha along with a few other pendant.
spike bearing South Indian species (Ravindran, 1990).
The banding pattern of the four isozymes in the three
parent species also tevealed moderate phylogenetic
resemblance among these species. A commaon ancestry
of these species, followed by introgression with different
wild species, giving rise to genetically distinct species
with some genes in comunon is a possibility, as all three
species and a few other Piper species occut in the same
locality. Speciation in the subgenus Maricha would not
have reached the extent of complete reproductive
isolation as revealed by the successful hybridization in
the present study. Crossing experiments have been used
to support biosystematic relationships in different
species (Narasimha Rao, 1979; Pearce and Lestur,
1979). However, some authors feel that hybridization
under artificial conditions o support biosystematic
studies should be treated with caution (Grun, 1961
Levin, 1974). -

The production of two interspecific hybrids assumes
importance from the point of transferring pollu resistant
genes from related species of Piper 10 cultivated
varieties. Backcrossing followed by screening of the
progenies for pollu resistance markers and repeated
backcrossing of the lines possessing pollu  beetle
resistance with the recurrent parent will help to evolve

black pepper varieties having pollu beetle resistance in
addition to the desired agronomic/quality attributes of
the recurrent parent. Such varieties are important
becanse of the demand for “clean black pepper” free
from pesticide residues. ‘
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