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Abstract

Variations in the trypsin inhibitors and lectin content in the developing pods of

thirty accessions of Cajanus scarabaeoides, a wild relative of pigeonpea, from

wide geographical locations and six cultivated genotypes were estimated at

juvenile, immature and mature stages of pod development. Genotypes dif-

fered at all three stages for these two biochemical components. Total protein

and trypsin inhibitor contents were higher in the wild accessions than in the

cultivated genotypes. Although lectin content in the juvenile stage of pod

development in the wild accessions ICPW 138 and ICPW 98 was highest, it

was absent in the mature pods in both the cultivated and the wild genotypes.

Very high broad-sense heritability estimates indicated the possibility of in-

volvement of few genes in the inheritance of these biochemical components,

which could be easily introgressed into the elite agronomic background.

Introduction

Pigeonpea [Cajanus cajan (L.) Millspaugh], also known as

red gram, is the sixth most important grain legume crop

grown in the semi-arid tropics of Asia, Africa and the

Caribbean under a wide variety of cropping systems.

Besides its main use as dhal (dry, dehulled, split seed

used for cooking), pigeonpea’s tender green seeds are

used as a vegetable, while crushed dry seeds serve as

animal feed, green leaves serve as fodder and stems are

used for fuel wood and to make huts, baskets, etc. (Nene

& Sheila, 1990).

In legumes, inhibitors of enzymes, such as trypsin,

chymotrypsin and amylase, and flatulence-causing

oligosaccharides such as stachyose, raffinose and verbas-

cose, play important roles in contributing to insect pest

resistance (Singh & Eggum, 1984). Proteinase inhibitors

are potential tools of crop improvement targeting plant

protection and human nutrition. This concept of plant

protection is rapidly expanding and opens up diverse

areas to harness the potential of these genes. The trypsin

and chymotrypsin inhibitors are not only widely distrib-

uted among plant families and considered to be involved

in regulating endogenous proteases and affording pro-

tection against insect and pathogen attack but also func-

tion as storage proteins (Liener & Kakade, 1980; Ryan,

1990; Harsulkar et al., 1999). Lectins are a group of gly-

coproteins, have the ability to bind to specific sugars

present on the surface of red blood cells of humans and

animal species, resulting in the agglutination of the

blood, and are widely distributed in many plants includ-

ing the edible seeds of common legumes (Grant, 1991).

High levels of both lectins and protease inhibitors in the

edible parts of beans (Pusztai, 1966; Whitaker et al.,
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1988; Moreno et al., 1990) are highly toxic for some in-

sects (Ishimoto & Kitamura, 1989) and are considered to

be natural insecticidal proteins, which can be introduced

into insect-susceptible crops to enhance their predator

resistance (Altabella & Chrispeels, 1990).

Podborer (Helicoverpa armigera) of the lepidopteran

family is a serious pest of many important crops and

claims a major share in crop losses every year. It is

a polyphagous pest of over 180 plant species. Larvae of

H. armigera are voracious foliar feeders as early instars

and later shift to the developing seeds, fruits or bolls,

leading to drastic reductions in yield (Reed & Pawar,

1982). Exogenous chemical means to counteract

H. armigera have become less feasible, mainly because of

the development of pesticide resistance in insects and

inherent possible environmental hazards (Armes et al.,

1996). Host plant resistance is the most economical and

ecofriendly method of managing podborer. Several stud-

ies have focussed on identifying and characterising mor-

phological and biochemical components that contribute

to resistance in wild species of pigeonpea such as Cajanus

scarabaeoides and Cajanus platycarpus (Pundir & Singh,

1987; Saxena et al., 1990; Shanower et al., 1997). Among

morphological components, the role of trichomes and

pod wall surface in conferring insect pest resistance has

been investigated (Shanower et al., 1997; Romies et al.,

1999; Stevenson et al., 2002). However, studies on the

role of biochemical components (trypsin inhibitors and

lectins) in cultivated pigeonpea and its wild relatives

are limited (Singh & Jambunathan, 1981; Mulimani &

Paramjyothi, 1992; Pichare & Kachole, 1994). Consider-

ing that H. armigera must infest the pods to feed inter-

nally on grains, initial plant defence responses must be

targeted from constituents present in the pods. However,

there are few studies on the variation in pod biochemical

constituents and their role in conferring podborer resis-

tance in pigeonpea. Most of these studies are concen-

trated on the whole seed rather than on the pod. In

the present study, we examined the variation of trypsin

inhibitors and lectins among the cultivated pigeonpea

and its wild relatives at different pod stages and investi-

gated their possible role in conferring resistance against

podborer.

Materials and methods

Plant materials and field design

Thirty accessions of C. scarabaeoides (ICPW numbers) and

six cultivated genotypes of C. cajan (ICP numbers) were

used. Wild accessions were selected from the world

germplasm collection available at Rajendra S. Paroda

GeneBank, maintained at the International Crops

Research Institute for the Semi-Arid Tropics (ICRISAT),

Patancheru, India. Experiments were carried out in the

rainy season of 2001 at ICRISAT at an altitude of 545 m,

17�N and 78�E. The entries were grown in deep alfisols.

The experiment was laid out in a randomised complete

block design, with three replications. Seeds of each entry

were sown on a 4-m-long ridge with an inter-row spac-

ing of 60 cm and interplant spacing of 10 cm. Recom-

mended agronomic practices were followed to raise the

crop. The crop was given protective irrigation and mini-

mal quantities of insecticides were sprayed to reduce the

crop damage, to capture the maximum diversity.

Extraction of proteins

Pods at different developmental stages, viz. juvenile or

the milk stage, immature and the mature stages, were

collected from five randomly selected plants during the

morning for analysis of total protein, trypsin inhibitors

and the lectins in pods. One-gram pod, along with seeds

at three developmental stages, was ground separately in

8 mL of 0.025 M HCl. The ground paste was transferred to

25-mL centrifuge tubes for centrifugation at 18 000 g in

Sorval centrifuge for 10 min. The supernatant was col-

lected in 1.5-mL Eppendorf tubes and was used for the

estimation of total protein, trypsin inhibitors and lectins.

Protein content in the pods of the wild and cultivated

pigeonpea was estimated using Lowry’s method (Lowry

et al., 1951).

Estimation of trypsin inhibitor(s)

The supernatant of the extract was used for estimating

the content of trypsin inhibitor. Trypsin activity was

estimated using chromogenic substrates BApNA (N-a-

benzoyl-DL-arginine p-nitroanilide hydrochloride), which

is a chromogenic trypsin substrate and dissolves only in

dimethyl sulphoxide (DMSO) at room temperature

(Erlanger et al., 1964). The solutions used in the estima-

tion were prepared freshly before the experiment. In

2 mL of DMSO, 60 mg of BApNA was dissolved. The re-

sulting solution was mixed in 20 mL of Tris–HCl buffer

pH 8.0 and 4 mL of 1 M CaCl2. The total volume was

made up to 200 mL with sterile distilled water. Five

grams of trypsin (Amersham Biosciences, Piscataway,

NJ, USA) powder was dissolved in 100 mL of 0.0025 M

HCl and stored at 4�C. Trypsin inhibitor activity was

measured in 1:1 dilution (100 lL of supernatant with

100 lL of sterile distilled water). BApNA assay was as

described previously (Giri et al., 1998).

Trypsin inhibitor (TI) activity was calculated with the

following formula and the activity was expressed in the

units of inhibition per gram of protein.
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% TI ¼ ½ðOD value of sample with trypsin

2 OD value of the sample without trypsinÞ=1:038�
�100

No: of trypsin units inhibited ¼ % trypsin inhibited

� 0:0166

Estimation of lectin by haemagglutination

For the measurement of haemagluttinating activity, rabbit

red blood cells were used, which were collected in an

equal volume of Alsever solution (20.5 g glucose + 0.80 g

Na-citrate + 0.42 g NaCl in 100 mL distilled water and

adjusted to pH 7.2 with 10% citric acid, containing two

drops of heparin 5 mL21 Alsever). Cells were collected by

centrifugation (2000 g for 15 min), washed five times

with saline buffer pH 6.5 (0.9% NaCl containing 0.02 %

Na azide) to give 4% (v/v) suspension. The lectin

samples were serially diluted (twofold) in a microtitre

plate. To each dilution, 0.05 mL of the rabbit erythrocyte

suspension was added. After 2 h, the end point of the

titration was estimated visually as the lowest dilution

which showed the agglutination (titre). The lectin con-

tent is expressed in the form of specific haemagglutina-

tion units (HAU) which is calculated as follows:

HAU ¼ ðagglutination titre=protein contentÞ
� dilution factor

Data on these three biochemical components at differ-

ent pod maturity stages were subjected to statistical analy-

sis. Data were analysed using the analysis of variance on

Genstat V, release 7.0 (VSN International Ltd, Hemel

Hempstead, UK), where pod development stage and their

levels of domestication (cultivated and wild pigeonpea

genotypes) were taken as treatment structure. Heritability

was estimated as the ratio of calculated genotypic variance

to phenotypic variances (Falconer, 1960). Genotypic

coefficient of variation (GCV) and phenotypic coefficient

of variation were calculated for all the 36 genotypes.

Results and discussion

Significant differences between cultivated pigeonpea and

its wild relative C. scarabaeoides were evident for pod

protein and trypsin inhibitors (Table 1). However, nei-

ther levels of domestication nor its interaction with pod

development stage had any influence on lectin content.

Lectins may therefore not be associated with reproduc-

tive fitness, a trait critical for natural survival or with

agronomic traits for which selections were made by the

farmer/breeder interventions during the process of do-

mestication and genetic improvement. Despite significant

differences in lectin contents between wild and culti-

vated pigeonpea genotypes in the initial pod develop-

ment stages, the gradual disappearance of lectins with the

advance in pod development stage in both wild and culti-

vated types would provide sufficient support to this

hypothesis (Table 2).

Protein content

The protein content increased with stage of pod develop-

ment, although the magnitude of increase was marginal

in wild pigeonpea genotypes. In the cultivated geno-

types, the protein content was similar in both juvenile

and immature pods but decreased marginally in mature

Table 1 Analysis of variance to study the interaction between level of domestication and pod development stages for biochemical constituents in

wild and cultivated pigeonpea

Sources of Variation Degrees of Freedom Sum of Squares Mean Sum of Squares Variance Ratio F Probability

Protein content

LD 1 11.119 11.119 3179.47 <0.001

PDS 2 316.7 158.3 1.33 0.252

Wild � PDS 58 22.7 0.4 0.00 1.000

Cultivated � PDS 10 7190.3 719.0 6.05 <0.001

Trypsin inhibitor content

LD 1

PDS 2 0.346 0.173 7.61 <0.001

Wild � PDS 58 4.945 0.085 3.75 <0.001

Cultivated � PDS 10 1.082 1.1082 39.16 <0.001

Lectin content

LD 1

PDS 2 1.68 � 1027 8.40 � 1026 1568.12 <0.001

Wild � PDS 58 9.88 � 1026 1.703 � 1025 3178.95 <0.001

Cultivated � PDS 10 6.106 � 1025 6.106 � 1024 1139.53 <0.001

LD, level of domestication; PDS, pod development stage; variance ratio [ F.
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pods. The protein content in general was higher in wild

accessions in all the three pod development stages com-

pared with that in cultivated types (Table 2). The protein

content increased in both wild and cultivated genotypes

stepwise from juvenile pod, immature to mature pod

stage. In the juvenile stage, protein content was highest

in ICPW 147 (4.14 g) and the least in ICPW 96 (1.68 g).

The mature pods of ICPW 281 had the highest protein

(5.15 g) and ICPW 138 (2.35 g) the least (Table 2).

However, in C. cajan, protein content was equal in both

the juvenile and immature pod stages with a mean of

1.90 g. C. scarabaeoides accessions, because of their high

protein content, have been used as donor parents for

transferring high-protein genes to pigeonpea (Saxena

et al., 1987, 1990).

Trypsin inhibitor(s)

The trypsin inhibitors were higher in wild types in all pod

stages compared with those in cultivated types (Table 2).

Individually, the C. scarabaeoides accessions and pigeon-

pea genotypes differed significantly (P < 0.005) for tryp-

sin inhibitor contents at all the three stages (Table 2).

While the content of trypsin inhibitors did not vary with

pod development stages in wild types, it decreased with

the pod development stages, although marginally, in

cultivated types. Juvenile pods of both the cultivated

and the wild accessions had higher trypsin inhibitor lev-

els than the immature and mature pods. The wild acces-

sions ICPW 302 and ICPW 122 had the highest content

in the juvenile pod stage (1.79 units g21). However,

ICPW 308 and ICPW 137 with 1.85 units g21 and ICPW

152 with 1.86 units g21 had the highest trypsin inhibitor

content in the immature and mature stages, respectively

(Table 2). The late maturing accessions ICPW 302 and

ICPW 308 also showed high levels of resistance to pod-

borer (R. Aruna, unpublished data), which could be

attributed to these high levels of protease inhibitors, in

addition to other physical factors. The juvenile pods of

the cultivated genotype ICP 26 had higher levels of tryp-

sin inhibitors (1.57 units g21), but its content decreased

in the immature pods (1.07 units g21). Mature pods of

ICP 14722 had the highest trypsin inhibitor (1.25 units

g21) and ICP 14770 (0.97 units g21) had the lowest

(Table 2). As the trypsin inhibitors are know to cause re-

duced digestion and mainly are antinutritional (Rackis,

1981) and insecticidal (Johnston et al., 1991), their pres-

ence in the pod from juvenile to mature stages could be

an important component of the biochemical basis of

resistance to podborer. The levels of these antinutritional

factors have been determined in pigeonpea and chickpea

whole seed (Singh & Jambunathan, 1981; Singh et al.,

1989). However, examination of these inhibitors inTa
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soybean, the most thoroughly studied of all legume spe-

cies, showed that they are antinutritional and that their

residual activities, even in processed human foods, are

a cause of concern to human health (Broadway & Duf-

fey, 1986; Gumbmann et al., 1986; Liener, 1986; Bran-

don et al., 1991), but in pigeonpea, they can be reduced

by cooking, germination or fermentation (Singh & Eg-

gum, 1984; Singh, 1988). Interestingly, there are no dif-

ferences in the electrophoretic forms of these protease

inhibitors in the wild and cultivated species, and no sig-

nificant differences in the trypsin and chymotrypsin lev-

els in H. armigera-tolerant and susceptible varieties

(Pichare & Kachole, 1994). However, these reports are

limited to three genotypes only and cannot be general-

ised. The conservative nature of these proteins has also

been demonstrated and used as markers in biosystematic

studies of several plant species (Kollipara et al., 1991;

Weder, 1991).

Most of the previous quantification studies were per-

formed using whole seed extracts and did not concentrate

on the developing pod stages that are more prone to pod-

borer attack. Major protease inhibitors in the seed were

found specific to mammalian serine proteases (Godbole

et al., 1994a). The podborer larval midgut has a serine

type protease (Johnston et al., 1991), and these in-

hibitors are potent and could effectively inhibit the pro-

tease from insect gut (Godbole et al., 1994b).

Lectin

Overall, the three pod stages differed significantly for

lectin content. The juvenile pods contained mean lectin

content of 518.6 HAU g21, followed by immature pods

with a mean value of 75.0 HAU g21 (Table 2). The ma-

ture pods did not contain any lectin in any of the 36

genotypes, indicating a decrease in the lectin levels

with increasing pod maturity stages. Similar results were

obtained when the leaves and developing pods of

C. scarabaeoides and C. cajan were assayed for lectin con-

tent (Sonali, 2001). The lectin content in the juvenile

and immature pods of the cultivated varieties was higher

than in the wild accessions (Table 2), and in 11 acces-

sions, no lectin was detected in the immature pods.

Among the cultivated genotypes, the highest content

was observed in ICP 28 (934 HAU g21) followed by ICP

26 (736 HAU g21) in the juvenile stage. The mature

seeds of pigeonpea are consumed in many parts of the

world, without toxic effects because there are no lectins

in the mature pods. Furthermore, if eaten by humans,

the pods are cooked to inactivate these antinutritional

factors (Grant et al., 1982). Lectins are know to be heat

labile and their activity can be decreased by heat treat-

ment (Pusztai, 1991; Liener, 1994; Aregheore et al.,

1998). Hence, if pigeonpea pods are directly consumed

even before the seeds reach maturity, there is always

a possibility to inactivate the toxin content by heat treat-

ment. Further studies are required to test the time and

amount of heat treatment (moist heat/dry heat) required

to inactivate the toxic lectins in pigeonpea.

To the authors’ knowledge, the present study is first to

assess the genetic variation in pod biochemical constitu-

ents associated with podborer resistance in cultivated

pigeonpea in comparison with those in wild pigeonpea.

These biochemical traits are highly heritable (range 75–

99%), which indicates that these are governed by a few

genes with major effects (Table 2). Hence, these genes

could easily be transferred into the cultivated back-

ground by simple backcrossing through conventional

breeding. The study provides an insight that both lectins

and trypsin inhibitors could be potential contributors in

conferring resistance to the accessions, the lectins at the

juvenile pod stage and the trypsin inhibitors at the

mature pod stage. The three accessions ICPW 138, ICPW

98 and ICPW 116 were high in both lectins and trypsin

inhibitor content, were also tolerant to Helicoverpa

damage (data not shown) and could therefore be used as

parents in the hybridisation programme. C. scarabaeoides

belongs to the primary gene pool and is cross-compatible

with cultivated pigeonpea. Hybridisation attempts to in-

trogress the useful genes into the cultivated background

would broaden the genetic base, forming a valuable step

towards breeding for resistance to podborer. Selection

of resistant lines based on these biochemical compo-

nents and subsequent introgression into high-yielding

background is highly resource demanding. A suitable

morphological marker closely associated with these bio-

chemical constituents would be useful in screening large

breeding populations. Further investigations are re-

quired to study the environmental influences on these

biochemical components.
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