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The mating system in plant populations is influenced by genetic and environmental factors. Proper
estimates of the outcrosing rates are often required for planning breeding programmes, conservation
and management of tropical trees. However, although Moringa oleifera is adapted to a mixed mating
system, the proportion of selfing has not been previously estimated. The current work therefore, shows
the use of AFLP markers in a mating system study of M. oleifera seed orchard. Data revealed a mixed
mating system with a multilocus outcrossing rate (t,) of 0.74. It further demonstrated that AFLP
markers, though dominant with a lower information content than co-dominant markers are adequate for
the study of the mating system in plant populations. The 26% selfing observed in M. oleifera can lead to
overestimation of the proportion of additive genetic variance and appropriate adjustments are therefore
required. However, the presence of selfing as well as early sexual maturity (6 months to 1 year) in M.
oleifera provides an opportunity for developing inbred lines and hybridisation. Additionally, in
designing M. oleifera seed orchards, randomisation and minimum distance between related individuals
need to be worked out to maximise cross-fertilisation among unrelated clones and minimise selfing or

mating among related ramets.
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INTRODUCTION

Moringa oleifera Lam belongs to a monogeneric family of
shrubs and trees, the moringaceae (Ramachandran et
al., 1980). M. oleifera seeds contains flocculants for
water purification (Jahn, 1984; Gassenchmidt et al.,
1995; Muyibi and Evanson, 1995; Ndabigengesere et al.,
1995), antimicrobial substances (Jahn, 1984) and edible
oil (Khan et al., 1975; Ramachandran et al., 1980). Other
uses of this species are for vegetables, fodder,
medicines, gum, food spices, rayon and paper pulp (Jahn
et al., 1986; Nautiyal and Venkataraman, 1987; Babu and
Rajasekaran, 1991; Jahn, 1991; Mayer and Stelz, 1993;
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Caceres et al., 1991). Wide scale planting of M. oleifera
in East Africa has gained momentum over the last four
years. Seeds for planting in Kenya, Tanzania and lately
Uganda, are being obtained mainly from Mbololo, Kenya.
These seed sources have been established and
maintained by farmers and information is scarce on their
genetic quality.

The mating system in plant populations is influenced by
genetic and environmental factors (Clegg, 1980). Proper
estimates of the outcrossing rates are often needed for
planning breeding programmes (Ritland and Jain, 1981),
conservation and management of tropical trees
(Loveless, 1992). The majority of outcrossing
angiosperms have bisexual flowers, a condition from
which self-pollination can evolve directly through the



modification of self-incompatibility or other floral traits that
prevent self-pollination (Schoen et al., 1997). In addition
to the role of the variable floral architectures in
determining mating systems of the plant populations
(Ennos, 1981), the mating system may be sensitive to
plant density and population size (Clegg, 1980; Ennos
and Clegg, 1982; Goodell et al., 1997), type of pollination
vector and abundance (Aide, 1986), flower colour (Brown
and Clegg, 1984), size of floral display (Dudash and
Barret, 1989) and anther-stigma separation (Karron et al.,
1997). Temporal changes in quality or quantity of
pollinator service or variation in the timing of flowering
can lead to seasonal changes in the mating patterns and
composition of the outcross pollen pool (Moran and
Brown, 1980; Fripp et al., 1987; Goodell et al., 1997;
Mitchell and Marshall, 1998). As such it is reasonable to
expect that outcrossing rates could vary extensively both
spatially within and between populations, and temporally
within a single population (Wolfe and Shore, 1992).

Traditional methods used for the measurement of
mating systems have been based on the analysis of floral
morphology, greenhouse crossing experiments, and
(where appropriate) the observation of pollinator
behaviour (Clegg, 1980). The practical use of phenotypic
markers in trees is limited by a number of factors such as
long time required for progeny to reach maturity for the
markers to be scored and lack of consistency between
phenotypic markers and outcrossing (Gjuric and Smith,
1996). The development and application of isozymes
provided numerous genetic markers which can be used
to measure mating systems in plant populations (Brown
and Allard, 1970; Holtsford and Ellstrand, 1990; Cottrell
and White, 1995; Premoli, 1996; Schoen et al., 1997). In
recent years DNA based methods such as RAPDs
(Gjuric and Smith, 1996) and AFLPs (Gaiotto et al., 1997)
have been used to estimate outcrossing rates. However,
due to their dominance behaviour, RAPD and AFLP
markers provide less information per locus than co-
dominant markers (Gaiotto et al., 1997). This is
particularly relevant for applications that require genotype
discrimination, as in the case of outcrossing-rate estima-
tion (Gaiotto et al., 1997). However, Ritland and Jain
(1981) demonstrated that this limitation could be readily
overcome by multilocus estimation of outcrossing with
dominant markers having intermediate gene frequencies.

M. oleifera is adapted to selfing (geitonogamy) and
outcrossing (xenogamy) with larger fruit set, seed set and
fecundity in the latter mode (Jyoth et al., 1990). The
flowers produce both pollen and nectar with bees as the
main pollinators (Puri, 1941, Jyoth et al., 1990, Chand et
al., 1994). However, the proportion of selfing in M.
oleifera has not been previously estimated. The main
aims of this study were to test the utility of dominant
AFLP markers in estimating outcrossing rates in M.
oleifera and then use them (AFLP markers) to obtain
estimates of outcrossing rates in an M. oleifera seed
orchard from Mbololo, Kenya.
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MATERIALS AND METHODS
Plant material and DNA isolation

Single tree collection was carried out in an M. oleifera seed orchard
in Mbololo, Kenya. The seeds were grown under greenhouse
conditions. A random sample of 4 families of open pollinated
progeny arrays of 20-23 individuals, giving a total of 86 individuals,
were used for this study. DNA was isolated following a modification
of Edwards et al. (1991) method exactly as used by Muluvi et al.
(1999).

AFLP procedure

The AFLP technology was carried out as described by (Vos et al.,
1995), employing Psfl and Msel as rare and frequent cutter
enzymes, respectively. The nucleotide sequence of the two AFLP
primer pairs used, Pstl (P12, P11) and Msel (M51) together with the
corresponding adapters are shown in Table.1. The AFLP markers
were identified by the first primer code followed by the locus
number, e.g., P12-1.

Data analysis

Scoring of bands was carried out considering only two possible
alleles: band presence or absence. The mating system was
analysed using the multilocus mixed mating program (MLDT) of
Ritland (1990). From progeny array data, the programme
simultaneously estimated (i) the multilocus outcrossing rates (tm) by
the Newton-Raphson method; (ii)) the mean single-locus
outcrossing rate (ts); (iii) single locus inbreeding coefficient (Wright's
fixation index) of the maternal parents (F); (iv) the pollen and ovule
allele frequencies by the expectation-maximisation method and; (v)
variances of the above quantities using the bootstrap method where
the progeny array (within families) is the unit of resampling (100
bootstraps used). For each locus, a y? statistic was calculated to
test the null hypothesis that the number of observed progeny
individuals for each genotype class from each maternal genotype
plant did not differ from the expected number under the mixed-
mating model. Assumptions of the model are as described in
Ritland and Jain (1981). In particular, the model specifies that both
selfing and outcrossing occur in the population (Shaw and Allard,
1982).

RESULTS

Thirty seven out of 50 loci assayed had significant
differences between the allele frequencies of ovules and
incoming pollen at the 95% level (Table 2). This suggests
that the maternal trees did not represent all the local
pollen pools. However, this violation of the assumption of
the equivalence of pollen allele frequencies received by
the maternal trees has an unmeasurable but relatively
minor effect on the estimate of the true population
outcrossing rate (Ritland and Jain, 1981). A ;{2 statistic to
test the conformity of marker loci to the mixed-mating
model, indicated that for seventeen AFLP markers the
number of observed progeny individuals for each
genotype class from each maternal genotype departed
from the expected numbers (Table 2).
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Table 1. Sequences of the AFLP primers and the corresponding adapters used in this study.

Primer

Nomenclature

Sequence

Pstl adaptors Forward

Reverse
Pstl Primers POO
P11
P12
Msel adaptors Forward
Reverse
Msel Primers MOO
M51

5-CTCGTAGACTGCGTACATGCA-3'
5-TGTACGCAGTCTAC-3'

5'-GAC TGC GTA CAT GCA G-3'
POO + AA
POO + AC

5-GACGATGAGTCCTGAG-3'
5-TACTCAGGACTCAT-3'

5-GAT GAG TCC TGA GTA A-3'
MOO + CCA

Table 2. Allele frequencies, their respective standard deviations (), 4 statistics for agreement with the mixed-mating model.

Gene frequency

2

Locus Pollen (o) Ovule X
P12-1 0.09 (0.07) 0.2 3.36
P12-2 0.06 (0.03) 0.1 0.86
P12-3 0.30 (0.07) 0.1 2.60
P12-4 0.03 (0.03) 0.1 6.38*
P12-5 0.04 (0.04) 0.1 13.54*
P12-6 0.04 (0.04) 0.1 6.75*
P12-7 0.08 (0.05) 0.1 10.42*
P12-8 0.49 (0.09) 0.2 0.76
P12-9 0.09 (0.04) 0.2 0.07
P12-10 0.17 (0.06) 0.2 2.12
P12-11 0.21 (0.09) 0.3 6.84*
P12-12 0.00 (0.00) 0.1 6.37*
P12-13 0.00 (0.00) 0.2 2.08
P12-14 0.17 (0.07) 0.1 11.18*
P12-15 0.01 (0.00) 0.5 2.76
P12-16 0.07 (0.04) 04 0.07
P12-17 0.02 (0.00) 0.5 9.01*
P12-18 0.04 (0.03) 0.4 0.02
P12-19 0.03 (0.00) 0.5 11.85*
P12-20 0.01 (0.00) 0.5 0.10
P12-21 0.77 (0.07) 0.9 0.00
P12-22 0.02 (0.02) 0.0 0.00
P12-23 0.02 (0.02) 0.0 0.00
P12-24 0.06 (0.02) 0.5 13.03*
P12-25 0.05 (0.01) 0.5 10.43*

*Marker locus with significant deviation at the 0.05 level.

Gene frequency

Locus Pollen(o) ovule X
P11-26 0.05 (0.01) 0.5 10.43*
P11-27 0.05 (0.03) 0.0 0.05
P11-28 0.06 (0.03) 0.0 0.10
P11-29 0.13 (0.04) 0.0 0.04
P11-30 0.06 (0.04) 0.1 5.71*
P11-31 0.19 (0.06) 0.0 1.22
P11-32 0.08 (0.05) 0.1 7.21*
P11-33 0.18 (0.08) 0.3 1.25
P11-34 0.00 (0.00) 0.1 0.58
P11-35 0.12 (0.05) 0.1 3.02
P11-36 0.03 (0.02) 0.0 0.00
P11-37 0.06 (0.04) 0.1 10.49*
P11-38 0.16 (0.06) 0.1 8.55*
P11-39 0.02 (0.02) 0.0 0.01
P11-40 0.02 (0.02) 0.0 0.01
P11-41 0.19 (0.04) 0.0 0.16
P11-42 0.20 (0.08) 0.3 3.93*
P11-43 0.98 (0.03) 0.9 0.02
P11-44 0.65 (0.11) 0.8 0.05
P11-45 0.02 (0.02) 0.2 0.00
P11-46 0.02 (0.02) 0.2 0.00
P11-47 0.02 (0.02) 0.2 0.00
P11-48 0.02 (0.02) 0.2 0.00
P11-49 0.02 (0.02) 0.2 0.00
P11-50 0.18 (0.08) 0.8 0.04

Standard error for paternal gene frequencies were not computed because sampling was done within families.

The estimates of multilocus outcrossing rates (t.,) and
single-locus outcrossing rates (ts) obtained from MLDT
clearly indicate self compatibility in the M. oleifera mating
system (Table 3). The multilocus outcrossing rate
estimates based on all the 50 loci was 74%. Selfing may

not be the only form of inbreeding experienced by a plant
population. To investigate the possibility of biparental
inbreeding (inbreeding arising from mating among related
plants), the difference between the multilocus outcrossing
rate estimates and the mean of the single locus estimate
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Table 3. Multilocus (tm) and single-locus (ts) outcrossing rates and Wrights fixation index (F) (standard errors in parentheses).

Site Families Offspring tm ts t-ts F
Mbololo 4 86 0.740 0.522 0.219 0.376
(0.065) (0.050) (0.043) (0.000)*

*Standard error for F was not computed because sampling was done within families.

was calculated (Table 3). There was significant difference
between multilocus estimates and the mean of the single
locus estimates, suggesting the existence of mating
among relatives (biparental inbreeding).

DISCUSSION

The present work demonstrates that AFLP markers,
though dominant with a lower information content than
co-dominant markers are adequate for the study of the
mating system in M. oleifera. The estimates of
outcrossing rates obtained indicate that M. oleifera seeds
from the Mbololo seed source are a product of both
selfing and outcrossing events. The mixed mating system
(tn = 0.74) described for this species is consistent with
the observations of self-compatibility in India (Puri, 1941;
Jyoth et al., 1990). Comparable levels of outcrossing
have been observed in some species such as Schiedea
lydgatei (t,, =0.694-0.874), Hydrophyllum appendiculatum
(tn=0.62-0.81) by Norman et al. (1997) and Wolfe and
Shore (1992), respectively. However, high outcrossing
rates (t, > 0.9) have been observed in a majority of
conifers (Furnier and Adams, 1986; Morgante et al.,
1991; Cottrell and White, 1995).

Multilocus estimation is statistically more efficient than
single-locus estimation because multilocus data sets
contain more information about outcrossing than is
available at any one single locus (Furnier and Adams,
1986). Single-locus estimation is more sensitive to
related matings other than selfing (Furnier and Adams,
1986). Thus, if inbreeding other than selfing occurs, ts will
generally underestimate outcrossing to a much greater
extent than t,. In the current work, multilocus estimate
differed significantly from the single-locus estimate,
suggesting significant biparental inbreeding (Ritland,
1990). Possible reasons for significant differences
between the allele frequencies of ovules and incoming
pollen (Table 3) have been advocated (Murawski and
Hamrick, 1992; Furnier and Adams, 1986). Of these, the
immigrant pollen from outside the sample population or
from an unrepresented sample of maternal trees due to
the small number of families sampled may account for
the significant differences detected between the allele
frequencies of ovules and incoming pollen observed in
the present work.

The fixation index, F, in the progeny was higher than
expected based on the estimate of t,,. Taking t,, = 0.740,
the expected fixation index was [F = (1-t)/(1+t)] = 0.149,

while the estimated F was 0.376. A higher than expected
F suggests more inbreeding than expected in the
progeny population used to carry out the study. Since the
mating system in M. oleifera involves some selfing, an
excess of homozygotes in progenies would be expected
if the populations are in mating-system equilibrium
(Furnier and Adams, 1986). Mating-system studies of
natural populations of Eucalyptus, reported an F higher
than expected based on the estimated t,, (Peters et al.,
1990; House and Bell, 1994). A #° test indicated that
observed progeny genotype frequencies did not conform
to those expected under mixed mating for some marker
loci. Several factors can contribute to such violations:
selection against homozygous genotypes, genotype-
dependent outcrossing rate, and unbalanced frequencies
of pollen in the population (Ritland, 1983).

In estimating heritability and genetic gains, the
assumption that the relationships among the progeny is
0.25 leads to inaccurate estimation of the additive
variance if the relationships among the progeny are not
entirely half sib (Falconer, 1960; Mousseau and Roff,
1987; Askew and El-Kassaby, 1994). Therefore, a 26%
selfing in M. oleifera can result in an increase of the
coefficient of relationship which can lead to
overestimation of the proportion of additive genetic
variance. According to El-Kassaby et al. (1994), great
overestimation will be achieved if selfing is ignored
because selfing contributes additional factors to the
covariance between relatives, including dominance and
inbreeding  depression effects and  appropriate
adjustments to estimators of quantitative genetic
parameters are required.

The presence of selfing as well as early sexual maturity
(6 months to 1 year) might provide an alternative
breeding programme for this species as compared with
traditional directional selection. If inbreeding depression
is weak, then it should be possible to use breeding
schemes involving inbred lines and hybridisation (El-
Kassaby et al.,, 1994). In designing seed orchards,
randomisation and minimum distance between related
individuals will need to be worked out to maximise cross-
fertilisation among unrelated clones and to minimise
selfing or mating among related ramets. The above
suggestions are further strengthened by previous
observations in India where hand-pollination with
xenogamous pollen gave 100% fruit set, 81% seed set
and 9% fecundity, while with geitonogamous pollen the
respective rates were 62, 64 and 6% (Jyoth, 1990).
Future studies should focus on outcrossing rates of
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individuals and populations in relation to mechanisms (or
environmental parameters) that favour either outcrossing
or selfing.

ACKNOWLEDGEMENTS

The authors are grateful to the Cell and Molecular
Genetics Department of Scottish Crop Research Institute
(SCRI) where laboratory work was carried out. The
authors wish to thank Dr. David Marshall of
Bioinformatics & IT Research Unit, SCRI, for valuable
advice on data analysis. This work was partly funded by
EU contract ERBTS38-CT94-0309.

REFERENCES

Aide TM (1986). The influence of wind and animal pollination on varion
in outcrossing rates. Evolution 40: 434-435.

Askew GR, El-Kassaby AL (1994). Estimation of relationship
coefficients among progeny derived from wind-pollinated orchard
seeds. Theor. Appl Genet. 88: 267-272.

Babu SC, Rajasekaran B (1991). Agroforestry, altitude towards risk and
nutrient availability: as
case study of south Indian farming systems. Agrofor. Syst. 15, 1-15.

Brown AHD, Allard RW (1970). Estimation of the mating system in
open-pollinated maize populations using isozyme polymorphisms.
Genetics 66: 135-145.

Brown BA, Clegg MT (1984). Influence of flower color polymorphism on
genetic transmission in a natural population of the common morning
glory, Ipomoea purpurea. Evolution 38: 769-803.

Caceres A, Cabrera O, Morales O, Mollinedo P, Mendia P (1991).
Pharmacological properties of Moringa oleifera. 1: preliminary
screening for antimicrobial activity. J. Ethnopharmacol. 33, 213-216.

Chand H, Singh R, Hameed SF (1994). Studies on the flowering period,
density of Indian mustard and competing flora for honey bees in and
around Pusa, Bihar (India). J. Entomol. Res. 18: 361-367.

Clegg MT (1980). Measuring plant mating systems. Bioscience 30: 814-
818.

Cottrell JE and White IMS (1995). The use of isozyme genetic markers
to estimate the rate of outcrossing in a Sitka spruce (Picea sitchensis
(Bong.) Carr.) seed orchard in Scotland. New For. 10: 112-122.

Dudash MR, Barret SCH (1989). The influence of environmental and
demographic factors on the mixed mating system of Sabatia
angularis. Am. J. Bot. 76: 99-100.

Edwards K, Johnstone C, Thompson C (1991). A simple and rapid
method for the preparation of plant genomic DNA for PCR analysis.
Nucleic Acids Res. 19:1349.

El-Kassaby YA, Russell J, Ritland K (1994). Mixed mating system in an
experimental poulation of western red ceder, Thuja plicata. J. Hered.
85:227-231.

Ennos RA (1981). Quantitative studies of mating system in two symatric
species of Ipomoea (Convolvulaceae). Genetica 57: 93-98.

Ennos RA, Clegg MT (1982). Effects of population substructuring on
estimates of outcrossing rate in plant populations. Heredity 48: 283-
292.

Falconer DS (1960). Introduction to Quantitative Genetics, First Edition.
Oliver and Boyd, Edinburgh.

Falconer DS (1989). Introduction to Quantitative Genetics, Third Edition.
Longman Scientific and Technical, England.

Fripp YJ, Griffin AR, Morran GF (1987). Variation in allele frequencies in
the outcross pollen of Eucalyptus regnans F Muell throughout a
flowering season. Heredity 59: 161-171.

Furnier GR and Adams WT (1986). Mating system in natural
populations of Jeffrey pine. Am. J. Bot. 73: 1002-1008.

Gaiotto FA, Bramucci M, Grattapaglia D (1997). Estimation of
outcrossing rate in a breeding population of Eucalyptus urophylla

with dominant RAPD and AFLP markers. Theor. Appl. Genet. 95:
842-849.

Gassenschmidt U, Klans D, Jarry D, Taucher B, Neebdergall H (1995).
Isolation and haracterization of a floculating protein from Moringa
oleifera Lam. Biochem. Biophys. Acta 24093: 477-481

Gjuric R, Smith SR (1996). Identification of cross-pollinated and self-
pollinated progeny in Alfalfa through RAPD nulliplex loci analysis.
Crop Sci. 36: 389-393.

Goodell K, Elam DR, Nason JD, Ellstrand NC (1997). Gene flow among
small populations of a self-incompatible plant:an interaction between
demography and genetics. Amer. J. Bot., 84:1362-1371.

Holtsford TP, Ellstrand NC (1990). Inbreeding effects in Clarkia
tembloriensis (Onagraceae) populations with different natural
outcrossing rates. Evolution 44: 2031-2046.

House APN, Bell JC (1994). Isozyme variation and mating system in
Eucalyptus urophylla S.T. Blake. Silvae Genet. 43: 167-176.

Jahn SAA (1984). Effectiveness of traditional flocculants as primary
coagulants and coagulant aids for the treatment of tropical raw
water with more than a thousand fold fluctuation in turbidity.
Water supply (2 Special Subject) 6: 8-10.

Jahn SAA (1991). The traditional domestication of a multipurpose tree
Moringa stenopetala (Bak.f.) Cuf. in the Ethiopian Rift Valley.
AMBIO 20: 244-247

Jahn SAA, Mussad HA, Burdstaller H (1986). The tree that purifies
water. Cultivating multipurpose Moringaceae in the Sudan. Unasylva
152, 23-28

Jyoth PV, Atluri JB, Reddi CS (1990). Pollination ecology of Moringa
oleifera (Moringaceae). Proceedings of the Indian Academy of
Sciences (Plant science): 100: 33-42.

Karron JD, Jackson RT, Thumser NN, Schlicht SL (1997). Outcrossing
rates of individual Mimulus ringens genets are correlated with anther-
stigma separation. Heredity 79: 365-370.

Khan FW, Gul P, Malik MN (1975). Chemical composition of oil from
Moringa oleifera. The Pakistan Journal of Forestry 100-102.

Loveless MD (1992). Isozyme variation in tropical trees: patterns of
genetic organization. New For. 6: 67-94.

Mayer FA, Stelz E (1993). Moringa stenopetala provides food and low
cost water purification. Agroforestry Today 5: 16-19.

Mitchel RJ, Marshall D (1998). Nonrandom mating and sexual selection
in a desert mustard: an experimental approach. Am. J. Bot. 85: 48-
55.

Moran GF, Brown HD (1980). Temporal heterogeneity of outcrossing
rates in alpine ash (Eucalyptus delagatensis R.T. Bak.). Theor. Appl.
Genet. 57: 101-105.

Morgante M, Vendramin GG, Rossi P (1991). Effects of stand density
on outcrossing rate in two Norway spruce (Picea abies) populations.
Can. J. Bot. 69: 2704-2708.

Mousseau TA, Roff DA (1987). Natural selection and the heritability of
fithess components. Heredity 59: 181-197.

Muluvi GM, Sprent JI, Soranzo N, Provan J, Odee D, Folkard G,
McNicol JW, Powell W (1999). Amplified fragment length
polymorphism (AFLP) analysis of genetic variation in Moringa oleifera
Lam. Mol. Ecol. 8: 463-470.

Murawski DA, Hamrick JL (1992). Mating system and phenology of
Ceiba pentandra (Bombacaceae) in central Panama. J. Hered. 83:
401-404.

Muyibi SA, Evanson LM (1995). Optimising physical parameters
affecting coagulation of turbid waters with Moringa oleifera seeds.
Water Res. 29: 2689-2695.

Nautiyal BP, Venkataraman KG (1987). Moringa (drumstick) - An ideal
tree for social forestry: Growing conditions and uses - part 1.
MYFOREST 23: 53-58.

Ndabigengesere A, Narasiah KS, Talbot BG (1995). Active agents and
mechanisms of coagulation of turbid waters using Moringa oleifera.
Water Research, 29,703-710.

Norman JK, Weller SG, Sakai AK (1997). Pollination biology and
outcrossing rates in  hermaphroditic = Schiedea  Lydgatei
(Caryophyllaceae). Am. J. Bot. 84:641-648.

Peters BG, Lonie JS, Moran GF (1990). The breeding system, genetic
diversity and pollen sterility in Eucalyptus pulcerulenta, a rare species
with disjunct populations. Aust. J. Bot. 38: 59-70.

Premoli A (1996). Allozyme polymorphisms, outcrossing rates, and



hybridization of South American Nothofagus. Genetica 97: 55-64.

Puri V (1941). The life history of Moringa Lam. Journal of Indian
Botanical Society 20: 263-283.

Ramachandran C, Peter KV, Gopalakrishnana PK (1980). Drumstick
(Moringa oleifera): A multipurpose Indian vegetable. Econ. Bot. 34:
276-283.

Ritland K (1983). Estimation of mating systems. In: Isozymes in Plant
Genetics and Breeding, Part A. (eds. SD Tanksley, TJ Orton), 289-
302. Elsevier Science Publishers, Amsterdam.

Ritland K (1990). A series of FORTRAN computer programs for
estimating plant mating systems. Heredity 47: 37-54.

Ritland K, Jain S (1981). A model for the estimation of outcrossing rate
and gene frequencies using n indepent loci. Heredity 47: 35-52.

Muluvi et al. 151

Schoen DJ, Johnston MO, L'Heureux A-M, Marsolais JV (1997).
Evolutionary history of the mating system in Asinckia (Boraginaceae).
Evolution 51: 1090-1099.

Shaw DV, Allard RW (1982). Estimation of outcrossing rates in Douglas-
fir using isozyme markers. Theor. Appl. Genet. 62: 113-120.

Vos P, Hogers R, Bleeker M, Reijans M, van de Lee T, Hornes M,
Freijters A, Pot J, Peleman J, Kuiper M, Zabeau M (1995). AFLP: a
new technique for DNA fingerprinting. Nucleic Acids Res. 23: 4407-
4414.

Wolfe LM, Shore JS (1992). The mating system of Hydrophyllum
appendiculatum, a protandrous species. Sex. Plant Reprod. 5: 239-
245,



