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Abstract A linkage map of Lablab purpureus consist-
ing of 127 RFLP and 91 RAPD loci was constructed in
an F, population of 119 individuals. This population
was derived from a cross between ‘Rongal’ (an annual
cultivar) and CPl 24973 (a perennial wild accession).
The map comprises 17 linkage groups and covers 1610
centiMorgans (cM) with an average distance of 7 cM
between markers. Severe segregation distortions were
observed, with the very extreme situation where no pa-
ternal type was recovered from the mapping population.
These results strongly suggest the presence of a gene
conferring preferential transmission from the maternal
parent ‘ Rongai’. It was also clear that, while the majori-
ty of RAPD markers are valuable when used together
with RFLP or other stringent marker systems, they
could be problematic when used solely in mapping exer-
cises.

Key words Lablab purpureus - Genetic markers -
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Introduction

Lablab purpureus (2n=24, Philip 1982) is a legume spe-
cies grown in the tropics and the subtropics of the world.
Commonly known as bonavist, Egyptian, hyacinth or la-
blab bean, it is believed to be a native of India, southeast
Asia or Africa (Shivashanker et al. 1993). Tolerant to
drought and high temperature, and able to adapt to a
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wide range of soils and climates, lablab is a popular veg-
etable legume in Asia. Lablab is also known to produce
large quantities of green material with a high protein
concentration, and is widely cultivated as forage and
green manure (Kay 1979).

Lablab is extensively used as aley legume in northern
Australia. It provides a high yield of forage for beef cat-
tle grazing and improves the yield and protein content of
the subsequent grain crops (Lloyd et al. 1991). A lablab
breeding program with the objective of selecting peren-
nial forage cultivars is currently in progress in Queens-
land, Australia. To facilitate the breeding activities, we
embarked on work to develop molecular markers, con-
struct linkage maps, and tag genes of agronomic impor-
tance. This paper is the first report on the construction of
alinkage map in L. purpureus and provides evidence for
the existence of a gene(s) conferring preferential trans-
mission in this species.

Materials and methods

Plant material

Based on a previous diversity study (Liu 1996), the annual cultivar
‘Rongai’ and the wild accession CPlI 24973 were chosen as par-
ents for the mapping population. The artificial hybridization be-
tween the two parents was carried out in a glasshouse. F; hybrids
were selfed to produce F, populations. One of these populations,
consisting of 119 individuals, was used in this study.

DNA extraction

DNA isolation from the plants was performed following the proto-
col modified from Sharp et al. (1988). Twenty milliliters of extrac-
tion buffer (100°mM Tris-HCI pH 8.5, 100 mM NaCl, 50 mM
EDTA pH 8.0, and 2% SDS) were added to 0.5 g of freeze-dried
leaf tissue and incubated for 1-2 h at 65°C. The contents were
then extracted once with an equal volume of phenol/chloroform
and once with chloroform. DNA was precipitated with ethanol and
dissolved in 5 ml of 1xTE buffer. RNA was removed by digesting
with RNAse and this was followed by phenol/chloroform- and
chloroform-extractions. Purified DNA was then dissolved in 1xTE
buffer.



867

) @) ® €) ® © M
—— *Lpesiis —+- anrs 44— \1 EEE:@;M —f Y022 —4— Lpesdos AH4-1 B M
Lpcs237
198— Lpcs99 20.2—
N 192 — P -
s 26.1— 27.8 232
445—
—1 wisl Lpcs329
_ 20—=4— Lpcs369 14 __/‘i Lgcsﬂ
11.4 09 T Lpcs309 14— All7-5 b AF1-1
1 Lpes3o s Leesiot 13— | = Epes3is E17-3 —+— Lpes2s7
T —H Lees3st ’ 81— 89 —
pcs - - .
—4— wis6 1 P02-3 203 — ] E17-2 —4§— Lpcsd4
63— - - s Qil-1 43—
T4~ Lpcs214 9.3 11— ~ L Lpes3s
316— 324— —4— Lpcs289 4.0_——-— P11-2
39— E 88— | — Lpcs344a I *P09-1
_—4— Lpcs305 80— Lpcs308 B -
%.é = Lpesiia / 120-1 P Lpcsi2la | Lgc5344b J07-1
067N\ Lpes3os 06—t Bog4 L2 e =h Lpesddda 78— w1
257 f\> Wiss 61— —— *Boss \ R09-1 —— Lpes3ds
6.7 Lpcs281 — P02:2 pes
] 18.6— Lpes9
40 B08-3 16.1— 152— 89—
na— | \U e T Lpcs101
] v —1 anz2 Ql1=2 by pesso 26—=f— Lpcs i
L \8&3 a1 —=|_ bors —t Lpes3aze -——[ Lpes133 B Lpes139 : — Lpes205 R09-3
i‘ X A2 = s A 7a—] ! Fio-1 64—
224——:§ Lpcs87 74— »1——f— B081 4 e 12— —f— Lpes3i3 188 —
£\ Lpesiaze L sos 1=k Lpes2os 36— | cora 80—
44— '\AOZ |, Lo 1772 Lpes252a as— N Boict —— Lpcs4s —1— Lpes349
- Lpes3ss 79 _/ pes3lla 22 /'—\ Lpcs252b R F09-2 83— —§ Lpes9l
62— | \E01-] 02——f= F09-1 34 S01-2 ™\ AN10-2
35——f— Lpcs332 62— 21— 17.1— —— Lpcs250
ss—— | Alls- —+- Epsiils - Lpes266a M1 79— 103 —
—— Lpes264 73— *Lpesd6 w182
-+ 032 1 ro2 30— Lpesiod N 28 =1} Lpes2sa
14.4— 2Ud-2 153— 17 . —f— Lpcs4l 87— 0.9 ::_. Lpcs282a
- . 19 T=1— po24
—}— Lpes3dl 192— 1 w2 10— Lpes343b ;g —4— Lpcs70
14.5— . —— Lpesiss 10.7— 13— €041
188— 4 Lpes2o7 - 238 —}- AF13
2.5—=T" [bcs59 —}— PI13
= p
Lncs346 i; —f— 0073 —}— Lpes96
—f— Lpes. S Cs.
66— B Egcsﬁg 173— —}— *Lpes3s3 89
-1 pCcs.
202—
124— —+ wis —— Lpes282b
g Wis4 —+ Lpes3e2
—1— wis3

Fig. 1 The linkage map of L. purpureus. Linkage groups are or-
dered based on the number of loci and the genetic length. Num-
bers to the left of the vertical bars indicate the distances in cM,
and locus names are listed to the right of the bars. RFLP loci are
named as Lpcs followed by the corresponding probe numbers.
Loci detected by the same probe are denoted with an extension, a,
b, c, etc. RAPD loci are named after their respective primers fol-
lowed by a series number indicating the fragment scored. Loci
showing segregation distortions are indicated with an asterix (*).
Ambiguous orders are indicated with a vertical line on the right
side of the loci involved

RFLP probes

All RFLP probes used in this study were Pstl clones constructed
using total genomic DNA from leaves of L. purpureus cv
‘Rongai’. These clones were designated as LpCS1-LpCS550,
where ‘Lp’ represented the species name L. purpureus, and ‘CS’,
CSIRO, the organization where the work was carried out. The
method used for obtaining these clones was that described by Liu
et a. (1994) with the modification that pBluescript Il SK+ was
used as the cloning vector.

Inserts from these clones were amplified using M13 forward
and reverse primers. The PCR-amplified inserts were screened for
the presence of highly repetitive sequences by the dot-blot tech-
nique. The inserts were probed with 32P-labelled total genomic
DNA digested with Haelll; those giving a positive signal were be-
lieved to be highly repetitive sequences and hence were discarded.

RFLP procedure
Restriction enzyme digestion, gel electrophoresis, Southern trans-

fer, probe labelling and filter hybridizations were as described by
Sharp et a. (1988), with the exception that Hybond N* nylon

membrane (Amersham) was employed. For parental screening, six
enzymes were used to begin with (EcoRI, EcoRV, Dral, Hindlll,
Haelll, BamHI), and this was subsequently reduced to three
(EcoRl, EcoRV and Haelll). The membranes were washed three
times at 65°C for 15 min each, once with 2xSSC and 1% SDS,
then with 1xSSC and 1% SDS, and a final wash with 0.2xSSC and
0.5% SDS. Membranes were stripped for re-probing in a boiling
solution of 0.5% SDS and 0.1xSSC for 15-20 min.

RAPD procedure

RAPD analyses were performed using random decamer primers
obtained from Operon Technologies Inc. The polymerase chain re-
action (PCR) was carried out using the method described by Liu
(1996). The amplification products were separated on 1.5% agaro-
se gelsin 0.5% TBE buffer and visualized by staining with ethid-
ium bromide. RAPD loci are named after their respective primers
followed by a number which represents the DNA fragment scored.

Data analyses

All RAPD fragments were scored as dominant markers and most
RFLP fragments were scored as co-dominant markers. Linkage
analysis was carried out using the computer package MAPMAKER
version 3.0 (Lander et a. 1987). Linkage groups were established
at LOD=4.0 and a maximum distance of 30 cM. Multipoint analy-
sis was used to determine the relative order of markers in each
group at LOD=3.0. Loci showing deviations from the expected
Mendelian segregation ratios of 1:2:1 (co-dominant) and 3:1 (dom-
inant) were identified using the chi-square test.
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Fig. 1 (continued)

Results
Pstl genomic clones

Of the 550 putative recombinant clones selected, 407
gave PCR-amplification products. Seven percent of these
407 inserts produced strong signals when hybridised
with Haelll-digested total genomic DNA, indicating that
they were likely to detect high-copy sequences and
hence were discarded. Of the remaining inserts, 85% de-
tected single fragments as evident from hybridisation
patterns with three restriction enzymes. Five percent de-
tected two fragments, and the remaining 10% detected
three or more fragments.

Polymorphisms

Initial parental screening with 20 RFLP probes revealed
that, of the six restriction enzymes used, the majority of
RFLPs could be detected by three of them, EcoRl,
EcoRV and Haelll. Thus the other three restriction en-
zymes, Dral, Hindlll and BamH1, were removed from
further screening. Of the 324 single- or low (2-5)-copy
RFLP probes screened, 168 were found to be polymor-
phic (51.85%) with the three restriction enzymes.
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Similarly, RAPD markers also showed a high level of
polymorphism between the two parents. Out of the 60
primers screened 35 (58.33%) generated clear polymor-
phic fragments between the two parents. Out of a total
210 RAPD fragments, 102 were polymorphic (48.5%),
which corresponded to 2.93 polymorphic fragments per
primer.

The linkage map

One hundred and sixteen of the polymorphic probes
were used for mapping. These probes detected 127 loci,
109 of which were scored as co-dominant and the other
18 (14%) as dominant.

All the RFLP markers and 91 of the 102 RAPD mark-
ers were included in these linkage groups. Two hundred
and eighteen markers formed 17 linkage groups (Fig. 1).
Each of the remaining 11 RAPD fragments (AF1-2,
Al15-2, AN10-1, C6-2, F19-3, J3-1, J7-2, O7-2,
R17-3, S1-1 and Y2-1), although showing clear segre-
gation (Fig. 2), was not linked to any of the other mark-
ers. The average genetic distance between RFLP/RFLP
markers (6.1 cM) was significantly shorter than that be-
tween RAPD/RAPD or between RAPD/RFLP markers
(9.1 cM). The 17 linkage groups cover a total genetic



Fig. 2 The segregation pattern of an unlinked RAPD fragment
(marked by an arrow) detected by primer Y 02

Number of homozygous BB type
Locus (A:H:B/D:B) 0 5 10 15 20 25

Lpcs276 (29:65:25)—f— 9

Lpes275 (31:63:25)—f— /1

*R17-2 (97:14)—F—
*E17-6 (105:12) —f—

*C06-1 (109:8)—4—

*AI17-1 (114:3)—4—

*Lpes77 (119:0:0)_| )
*Lpes316 (118:1:0) |

*Lpest7 (91:25:3) ~f—
*Lpcs51 (91:20:8)—§—

N

*Lpes376 (81:21:11)—f— e

Fig. 3 The number of homozygous paternal BB types detected by
markers on linkage group 10. For co-dominant markers the num-
ber of individuals showing homozygous maternal type of segrega-
tion are indicated as (A) while heterozygous types are indicated as
(H) and homozygous paternal types as (B). For dominant markers,
homozygous maternal or heterozygous types are indicated as (D)
and homozygous paternal types as (B). Distorted loci are indicated
with an asterix (*)

distance of 1610 cM with an average distance of 7 cM
between loci. In several instances, inclusion of a RAPD
marker dramatically increased the apparent genetic
distances between two RFLP markers (Fig. 1). For
example, the distance between Lpcs49 and Lpcs343e
(32.5 cM) in linkage group 3 was increased by 16.0 cM
(about 50%) due to the inclusion of the RAPD marker
B08-5.

Duplicated RFLP loci
Of 116 RFLP probes used, seven hybridized to sequenc-

es that mapped to two loci each and another one mapped
to five loci. These duplicated loci did not form clusters
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Table 1 Distribution of duplicated RFLP loci

Probe Number of loci detected  Location (linkage group)

Lpcsi21
Lpcs252
L pcs266
Lpcs282
Lpcs311
Lpcs315
Lpcs344
Lpcs343

4,4
4

NN NN N NN
POIDNNW®
WORNNEW

and appeared to disperse randomly across the genome
(Table 1). These markers provided no evidence to sug-
gest that large duplicated segments were present in this
genome.

Segregation distortion

RFLP and RAPD markers that showed deviations from
the expected 1:2:1 or 3:1 segregation ratios were ob-
served in 10 of the 17 linkage groups (Fig. 1). The most
severely distorted loci were clustered on linkage group
10. One of these markers, Lpcs77, located in the middle
of the group, detected only the homozygous female pa-
rental type (AA). No alele from the male parent CPI
24973, either as a homozygous (BB) or heterozygous
(AB) type, was present at this locus. The marker
Lpcs316, closely linked to Lpes77, aso detected no ho-
mozygous BB type. But unlike Lpcs77, Lpcs316 did
identify one heterozygous AB type from the 119 F, indi-
viduals. The severity of distortion for markers on both
sides of these two markers progressively waned (Fig. 3)
with markers at one end of the linkage group conforming
perfectly to the expected segregation ratio.

Discussion
The linkage map

The linkage map reported here consists of 17 linkage
groups athough the haploid chromosome number of la-
blab is only 12 (Philip 1982). This suggested that a pro-
portion of the lablab genome has not been covered by the
existing markers. However, a‘perfect map’ (i.e. with the
number of linkage groups equal to the number of haploid
chromosomes) of the lablab genome does not necessarily
mean that the total map distance of 1610 cM would be
dramatically increased. Genetic distances between some
of the markers in the current map might have been over-
estimated due to the inclusion of a large number of
RAPD markers. It seems evident that some RAPD mark-
ers, athough appearing to have a clear segregation
(Fig. 2), could not be scored properly. Evidence for this
includes: (1) 11 of the 102 RAPD markers showed no
linkage between themselves or to any other marker,
while all the 127 RFLP markers were mapped; (2) inclu-
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sion of a RAPD marker dramatically increased genetic
distances between some RFLP markers (Fig. 1), and (3)
the average genetic distance between RAPD/RAPD or
RAPD/RFLP markers (9.1 cM) was significantly longer
than that between RFLP markers (6.1 cM).

As noted in previous studies, this difficulty in scoring
RAPD fragments could be due to the sensitivity of the
system and/or competition between different priming
sites (Kennard et a. 1994; Halldén et al. 1996). These
errors in classifying RAPD fragments would inevitably
lead to exaggerated estimates of genetic distances and an
increase in the number of unlinked markers.

Segregation distortion and the presence of a putative
‘cuckoo’ gene(s)

Irrespective of the marker systems employed, deviation
from the expected Mendelian segregation ratios of 1:2:1
or 3:1 is common in mapping exercises. Segregation dis-
tortion may be due to gametophytic competition or spo-
rophytic selection (O’ Donoughue et al. 1992), and the
severity of distortion is affected by sex and by parental
interactions (Liu et al. 1996). Distorted loci are present
in genetic maps of almost all species studied so far.
However, to our knowledge, there is no report of the ex-
treme distortion that has been observed in this study.
Two loci in this study detected no homozygous paternal
(BB) type (Fig. 3). One of these, Lpcs77, detected only
the homozygous female parental (AA) type. Although
polymorphic between the two parents, the probe could
either be a fragment from cytoplasmic DNA, or be
monomorphic between the gametes that formed the map-
ping population. Unfortunately, DNA from the hybrid
plant was not available for testing these possibilities.
However, Lpcs316, the probe closely related to Lpcs77,
did detect a single heterozygous AB type, indicating that
the location of the latter islikely to be genuine.

As indicated in other studies (Busso et al. 1995; Liu
et a. 1996), the strong deviations against AB or BB
types seemed to suggest that the paternal parent (BB)
might carry a lethal gametocidal gene in this chromo-
somal region. This ‘lethal’ gene only becomes lethal in
combination with cytoplasm from the female parent
‘Rongai’. Otherwise it would be difficult to explain how
the male parent (homozygous for this locus) could exist
and how it could successfully produce fertile hybrids
(AB) with ‘Rongai’ (from which the mapping population
was derived).

In fact, the behaviour of this‘lethal’ gene(s) is similar
to that of the ‘cuckoo’ chromosomes identified in several
grass species (Mann 1975; Endo and Katayama 1978;
Miller et al. 1982). In wheat, such ‘cuckoo’ chromo-
somes have been identified which in a hetero- or hemi-
zygous condition kill gametes lacking them (King et al.
19914a). This ensures that all gametes lacking the ‘cuck-
00’ genes are non-functional, and therefore those ga-
metes containing the genes are preferentially transmitted.
This is exactly what we observed in the present study

with the exception that the ‘cuckoo’ gene is not from the
wild but rather from the cultivated parent. The location
of such a‘cuckoo’ gene conferring preferential transmis-
sion in this chromosome region is supported by the fact
that, when moving away from this region, the severity of
distortion for markers on both sides progressively waned
(Fig. 3).

‘Cuckoo’ chromosomes have been exploited in devel-
oping new crop cultivars (e.g. King et a. 1991a, b).
However, al ‘cuckoo’ chromosomes identified so far are
derived from wild species (Miller et al. 1982; King et al.
1992) and these chromosomes have difficulty in recom-
bining with their counterparts in cultivated crops. This
difficulty has limited the application of ‘cuckoo’ chro-
mosomes to cases involving centric breakage and fusion
(Robertsonian translocations) (King et al. 1992). The
rate of success in applying these translocations in variety
development, however, can be low due to the presence of
deleterious genes on the alien chromatin (Knott 1980;
King et a. 1992). The way to circumvent this difficulty
is to use only a small chromosome fragment containing
the ‘cuckoo’ gene. The relatively high rate of recombina-
tion around the ‘cuckoo’ locus observed in the present
study indicates that it should be possible to isolate the
gene using a map-based cloning approach. The molecu-
lar markers linked to the locus and the availability of
a bacterial artificial chromosome library in lablab (Liu
et al. 1998) should facilitate such an endeavor.
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