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RESTRICTION ENZYME ANALYSIS OF THE CHLOROPLAST DNA OF
Phaseolus vulgaris L. vr. Rio Negro

ANALISE DE RESTRICAO DO DNA CLOROPLASTICO DE Phaseolus vulgaris vr. Rio Negro

Sergio Echeverrigaray' Maria Tereza Vitral Carvalho? Eric Derbyshire

-NOTE -

SUMMARY

The chloroplast DNA of Phaseolus vulgaris L. vr. Rio
Negro was isolated from chloroplasts obtained by descontivous
sucrose gradient centrifugation. The restriction analysis with the
enzymes HindlIll, EcoRl and BamHI and their combination,
allowed to identified more than 20 fragments of 18 to 0.65kb. The
size of Phaseolus vulgaris L. cpDNA was estimated in [40kb with
the presence of a repeat sequence of about 22kb.

Key words: chloroplast genome, common bean, restriction
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RESUMO

O DNA cloropldstico do cultivar Rio Negro (Phaseolus
vulgaris L.) foi isolado a partir de cloroplastos obtidos por
gradiente descontinuo de sacarose. A andlise de restricdo com as
enzimas Hindlll, EcoRl e BamHI e a combinagdo destas, permitiu
a identificagdo de mais de 20 fragmentos na faixa de 18 a 0.65kb.
O tamanho do cpDNA de Phaseolus vulgaris L. foi estimado em

[40kb com a existéncia de seqiiéncias repetidas de aproximada-
mente 22kb.

Palavras-chave: genoma cloropldstico, feijdo, andlise
de restricdo.

Chloroplast DNA restriction fragment
pattern analysis has become an invaluable tool in the
study of organelle segragation, cytoplasmic mutations,
variability of organelle DNA from tissue culture-
derived plants, chloroplast DNA recombination.
nuclear chloroplast genome interactions and plant
taxonomy (CRAWFORD, 1990).

The higher plant chloroplast genome consist
of a circular molecule of 110 to 180kb in length,
which contains a large inverted repeat sequence of 20-
25kb. The only exceptions to this pattern so far
reported are pea and broad bean (Vicia faba L.), both
members of the legume family (PALMER &
THOMPSON, 1981).

Chloroplast DNA has been purified on
cesium chloride gradients, by phenol extractions prior
to restriction enzyme digestion or by direct in-
organelle digestion (KUT & FLICK, 1986). All this
procedures are time consuming, require many grams
of leaf material or are not adapted for all the species.
The present paper describe a method for the rapid
extraction of chloroplast DNA using small amounts of
plant material and which has been used with success
In the isolation and restriction analysis of cpDNA from
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common bean, maize, soja bean and lettuce. This
paper also show the restriction patterns and size of the
chloroplast DNA of Phaseolus vulgaris L. var. Rio
Negro.

The chloroplast purification was similar to
that described by PALMER (1982). Plants grown 1n
the green house were placed in the dark for 24h to
reduce the starch content of the leaves. The leaves
(40g) were homogenized in a blender with 200ml of
extraction buffer (100mM Tris-HCI pH 8.0, 0.35M
Sorbitol, SmM EDTA and 1% p-mercaptoethanol) at
4°C. The homogenate was filtered and centrifuged at
7000xg for 10min at 4°C. The chloroplasts were
washed in 60ml of the extraction buffer and
resuspended in 7ml of the same butter. These were
layered onto 8ml sucrose gradients (4ml of 40%
sucrose under 4ml of 20% sucrose) and centrifuged at
5500xg for 45min at 4°C 1n a swinging
bucket rotor. The chloroplast band from the
20-40% sucrose interphase was removed and
washed in 20ml of extraction buftter. The
chloroplasts were collected by centrifugation
at 6000xg for 10min at 4°C and resuspended
in 4ml of the extraction buffer.

For Chloroplast DNA 1solation it
was added 1ml of Sarkosil (10%) and was
incubated at 4°C for 30min and them for
2min at 60°C. For protein extraction and
nucleic acids precipitation were used the
conventional phenol and ethanol treatments.
The RNA were eliminated by RNase
digestion.

Hind [lI, EcoRlI and BamHI
(Pharmacia) were used to digested Sug of
cpDNA in 50ul reactions following the

manufacturer specifications. The restricted
DNA samples were loaded onto horizontal
agarose gels (0.8% agarose in Tris-EDTA-
borate buffer) and electrophoresed at 80V for
2h, stained with ethidium bromide and
observed under UV light. All gels included
marker tracks consisting of the digested
fragments of A bacteriophage DNA cleaved
with EcoRI and Hind I11.

Several systems were tested for the
isolation and purification of common bean
chloroplast DNA. The miniprep system
described by CLARK & HANSON (1983)
and the maxiprep system described by
KOLODNER & TEWARI (1975) gave
nuclear DNA smearing on agarose gels. In
general, residual smearing did not permit

gave poor cpDNA vyields and low repetibility. The
disruption of chloroplasts by Triton-X-100 reduced the
overall productivity. The best results were obtained
with the new method described in this paper, with a
recovery of 25 to 40ug of cpDNA from 40g of
common beans leaf material and with a degree of
purity that allowed the restriction analysis with all the
tested enzymes.

The Phaseolus vulgaris vr. Rio Negro
cpDNA was clived with HindlIlI, EcoRI and BamHI as
well as, the combination of these enzymes. The
restriction fragments generated by these digestions
gave patterns with a high number of bands, in the
range of 18 to 0.8kb (Figure 1). As reported by
BEDBROOK & KOLODNER, 1979 most of the
restriction enzymes have more than 20 cleavege sites
in higher plant cpDNA. Comparing with the mobility
of the markers (A/HindIII) it was possible to stablished
the molecular weigth of each fragment. The visual

clean resolution of the highest molecular Figure 1. Restriction enzyme analysis of Phaseolus vulgaris vr. Rio Negro

weight fragments. The in-organelle DNA
digestion system (KUT & FLICK, 1986)

chloroplast DNA. From left to right: A/HindIIl, cpDNA/HindlIII,
cpDNA/EcoRI, c¢pDNA/BamHI, cpDNA/H+E, c¢pDNA/H+B,
cpDNA/E+B, and A/HindlIl.
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and densitometric comparison between the intensity of
the neightbord bands allowed to estimate the number
of fragments that form each band. In Table 1, they can
be observed a high number of doble intensity
fragments that yield new doble intensity ones when
cutted with an other enzyme, thus suggesting the
existence of repetitive sequences. The summatory of
the molecular weigth of the bands allowed to estimate
the size ot the Phaseolus vulgaris L. chloroplast DNA

Restriction enzyme analysis of the chloroplast DNA of Phaseolus vulgaris 1.. vr. Rio Negro. 50

In about 140kb with a repeat sequence of about 22kb.
The analysis of the chloroplast DNA of other varieties
and related species confirm these data. These results
are within the range of cpDNA molecular weight for

most higher plants (134 to

50kb) and their repeat

sequence (20 to 25kb) (BEDBROOK & KOLODNER.
1979).

Table 1. Molecular weight and relative intensity of the chloroplast DNA restriction

fragments generated by different enzymes.

Hind III EcoR 1 Bam H I HxE HxB ExB
Kb In Kb Int Kb Int Kb In Kb In Kb In
t t t t
11.86 2 755 2 17.98 1 4.12 2 11.27 2 4.32 2
10.75 1 515 1 14.12 1 3.86 2 7.55 2 3.69 ]
943 2 443 2 11.86 1 3.53 2 7.07 I 3.39 |
8.71 1 413 1 8.71 1 3.00 2 6.43 I 2.88 4
8.39 I 3.53 2 7.81 2 2.83 2 5.28 1 2.48 2
7.30 I 3.12 2 7.30 l 2.67 3 5.01 1 2.35 1
6.64 2 288 1 6.84 1 2.48 3 4.43 2 2.19 1
5.28 I 277 4 5.73 1 2.27 | 3.61 3 2.05 2
5.01 2 257 2 4.89 2 2.12 l 3.32 1 1.81 l
4.43 1 243 3 432 2 1.95 1 3.18 1 1.71 1
422 1 219 1 3.53 2 1.79 l 3.06 1 1.61 1
3.25 1 201 2 3.25 1 1.68 1 2.57 2 1.47 |
3.06 1 194 2 3.12 ] 1.58 l 2.44 2 1.40 3
2.77 1 1.64 1 2.52 1 1.49 I 2.23 ] 1.36 3
2.05 1 1.54 2 2.11 ] 1.40 1 2.12 1 1.27 1
1.91 | 149 2 2.04 l 1.32 1 2.08 1 1.13 1
1.88 | 142 2 1.79 I 1.18 1 1.95 I 1.09 2
1.85 2 134 2 1.71 1 1.09 2 1.88 1 1.02 2
1.25 2 127 2 1.53 1 1.03 1 1.54 1 0.99 l
1.07 2 117 1 1.45 2 0.98 1 1.51 3 0.94 1
0.98 1 1.13 2 1.34 1 0.93 1 1.42 2 0.89 2
0.80 1 1.09 1 1.17 1
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