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Summary

We describe the cloning of the r ([rugosus) locus of pea
(Pisum sativum L.), which determines whether the
seed is round or wrinkled. Wrinkled (rr) seeds lack one
isoform of starch-branching enzyme (SBEI), present in
round (RR or Rr) seeds. A major polymorphism in the
SBEl gene between nearisogenic AR and m lines
ahows 1008 cosegregation with the r locus, establish-
ing that the SBEI gena is al the r locus. An abarrant
transcript for SBE| |s produced in rr embryos. In rr
lines the SBEI gens is interrupted by a 0.8 kb inserlion
that Is very similar to the Ac/Ds family of transposable
elements from maize. Failure to produce SBEI has
complex metabolic consequences on starch, lipid,
and protein biosynthesis in the seed.

Introduction

The first characler dascribed by Mandel in his study on
the laws of inheritance was the “difference in the form of
the ripe seeds” of pea (Mandal, 1865 Bateéson, 1801). This
character affectad the shape of mature seeds, which were
either round or wrinkled (Table 1). The production of alter-
native forms was governed by a single genetic locus, rugo-
sus or r (White, 1917). The r locus offered two major advan-
lages 1o studying the laws of inheritance: it confarrad a
prominent, easily recognizable phenotypa, and it alfected
ambryo devalopmeant, allowing aarly identification of sag-
regants in the seed of heterozygous parents. The clearky
visible effect of r on seed phanotype results from the pro-
lound elfect of this locus on the compasitien ol the da-
valoping pea sead (Table 1). There is 8 marked differsnce
in starch matabolism betwean round (RA or A and wrin-
kled () peas. In RA peas, starch grains are large and sim-
ple, while in rr peas they are small and compound (deeply
fissured) (Gregory, 1903). RA soeds contain largar amounts
of starch than / sesds and heve much higher ratios of
amylopactin o amylosa. In rr seads, the levels of fres su-
orose are higher than in AR seeds, and this probably
leads o the observed higher osmaotic pressure and hence
higher water content and grealer cell size of déveloping rr
sopds (Kappart, 1915; Hadley o al., 1986, Ambrose et al.,
1987; Wang et al., 1987). The rr seeds lose a largar propor-
tion of thair volume upon sead maturation, and sinoce the
testa does not shrink with the cotyledons, it wrinkles o
give the sead phenotype (Kappert, 18915). Mature / seeds

also contain more lipid and less of the siorage pratain
legumin than A seeds (Coxon and Davies, 1982, Davias,
1880; Domaney and Casey, 1965). Although many of {hese
sltects of the r locus were deduced using ditfarent round
and wrinkled pea cultivars, they have been furlher ex-
wanded and confirmed by the development ol near-iso-
ganic AR and i lines (Hediey et al., 1986; Table 1).

An understanding of the gane at tha r locus can provide
an insight inlo the mechanisms conlrolling pea seed de-
velopment and seed composition. The multiple ditfar-
ances observed betwean mature RS and rr peas could re-
sult from modification of a regulalory gene controlling
all the atfacied processes or from a primary matabolic
change, which in tum influances a number of other mata-
bolic parameters. Considerable avidence has suggasted
thial the primary lesion in rr embryos might occur in starch
synthasis (Matters and Boyer, 1982; Edwards and ap
RAees, 1986a, 18986b; Edwards af al., 1968; Smilh, 1388),
It starch biosynthesis is limitad, it could resull iIn an ac-
cumulation of iree sucrose and a change in osmotic pres-
sure of the developing embryos. The most likely cause of
a reduction in starch synthesis sccompanied by a failure
to converl amylose to amylopactin is a loss of activity of
starch-branching enzyma. Matabolic evidence and re-
duced starch-branching enzyme activity indicate thal this
anzymea is important in determining the starch content of
rr embryos (Smith, 1888; Edwards ot al,, 1988). We have
shown that the r lesion is associaled with compleie ab-
sansa ol one isoform of slarch-branching enzyma (SBEI)
from déveloping smbryos (Smith, 1988), This isolorm is
active aarty in developmant in AR ambryos. Tha absence
of SBE| from rr embryos could be due io & lesion either
in the gena encoding SBE! or in a gene regulating the
production ol SBEl. We describa hare tha cloning and
charactarization of the gens encoding SBE| and (he es-
tablishment of its relationship to the rlocus.

Results

Cloning and Characterization of cONA

for Starch-Branching Enzyme

To determine if the wrinkied phenotype of pea resulled
from a lesion in a gane encoding SBEI, we used an anti-
body o this isalorm to clone a cDNA and used this probe
10 examine the gene structura in AR and /r isolines. An an-
tisarum raised against the 114 kd protein of the isoform of
starch-branching enzyme unigue to AR peas, SBEL
cross-reacied spacifically with 114 and 108 kd proteins on
Wastern blots of SDS-palyacrylamida gels ol crude -
fracts of deveioping embryos of AN bul not m peas
{Figures 1a and 1b). Incubation of crude extracts ol AR
ambryos with the antisarum strongly inhibited tha activity
ol starch-branching enzyme. Under the conditions used,
preimmuna serum alone inhibited activity by less than
2%, whereas antiserum alone inhibited i by 50%. The
high lewel of specificity of this antiserum for starch-



Table 1. Composition of Malure AR and r Pea Seods

AR " Aalanonce
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4E-54 (E) A0-38 (5) Koolstra (1062)
Amylose (W fotal starch) 33-45 i) &7=71 () Kellenbarger ot al (1851)
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34-35 (3) 65-66 (4) Greanwood and Thomson (1962)
36-5" (H) 5868 &) Koot | 1962)
33-37 (6) 57-65 (10) Schneider {1851)
Sucrosa (% dwl) 5-7 (81 8-12 (5 Mostra | 1962
Ligld (™ chwil) 2.8-3.1 (6P 4 5-5 2 (6 Conon and Davies (1882)
24 a2 Contws and Davies (1882)
Legumin (% protein) 24-30 (7" 6-30 (71" Davios (1880)
3 F Domonay and Casey (1S85)
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branching enzyma proteins and the fact thal cross-reac-
tion with SBEl was very strong rendered it suitable for
screening a cONA library in Agiil,

Seven cDOMA clonss ware idantifiad Irom scresning ap-
proximately 3 = 10° ptu of an expression library in Agt11,
Hybridization of pJSBES, a subclone derived from one of
thasa seven, to othar clones revealad a very high dagres
of homology under very stringent washing conditions. Re-
striction mapping of each phage clone revealed identical
regions in the maps, supporting the view thal the antise-
rum raised to the 114 kd isoform of starch-branching en-
zyme recognized a unigue prolein ranslaled from a mes-
sage represented by seven independent cDNA ciones.
The longest cDNA clone, pJSBES (Figure 2a), was 2.7 kb
long. Northern blot analysis (Figure 2b) revealed hal the
two EcoRl fragmenis of pJSBES originated from the sams
transcript. The size of the transcript detected by pJSBES
in AR peas was approximately 3.3 kb, which was sufficient
o encoda a protain of 114 kd. In rr embryos, the transcript
complementary to pJSBES was larger than in AR em-
bryos (4.1 kb) and about 10-lold less abundant (Figure 2h).
Analysis of steady-state levels of the SBE! transcripl re-
vealed that the gena was quite highly expressed during
the sarly stages ol embryo development (50 mg fresh
waight) and that transoript levels declined as the embryos
matured (Figure 2c) both in AR and rr embryos. The se-
quence ol the long cDNA clona, pJSBES, showed high
nomology when transiated (51.3% similarity a8 measuned
by BESTFIT in the WISCONSIN package) to glycogen-
branching enzyme of Escherichia coli (Baecker et al.,
1088), confirming thal this clone was a cONA for starch-
branching enzyma,

Molecular Organization of the SBEI Gene

To investigate the organization of the SBEI gane in AR and
rr genolypes, genomic ONA Irom the near-isogenic lines
was digesied with EcoRl, EcoRV, and Hindlll and probad
with pJSBES (Figure 3). EcoRl revealed a clear dilference

between the two genotypes. Using the 3 EcoRl cDNA
fragment as a probe (1.3 kb; Figure 2a), the rr genolype
had & fragmenl (4.1 kb) that was 0.8 kb larger than tha cor-
rasponding fragment (33 kb) of the RA genotype. Mo
differences were observed between AR and rr plants for
the 7.7 kb EcoRl fragment of genomic DNA hemologous
Io the 5° and (1.4 kb) of the cDNA clons. A lamger band was
also observed in the Hindlll-digested DNA of  planis
comparad with AR plants. EcoRV digestion gave lour
bands homologous to the cDNA clong in rr plants com-
pared with threa in AR plants, indicating an additional
EcoRV site in the gene from the m genclype.

Linkage Analysis of the SBEI Gene and the r Locus
The clear difference in the SBEI gene and the difierence
in slze and abundanca ol the SBEI transcript batwean RS
and r néar-lsogenic lines suggestad very strongly that
this gene was al tha r locus. This was confirmed by linkage
analysis. Genomic DNA from 70 F& plants (derived by sin-
gle seed descent) from two separate crosses (JIS[AR]
Jiigdfr] and JHS[AA] x JIBir]) was digested with
Ecofl, and Southern blols were probed with the 1.3 kb
EcoR| fragment of pJSBES (Figure 4). Comparison of the
seed phenotype of each plant with the resiriction fragment
length polymorphism for the SEEI gene revealed 100%
linkage of the gane to tha r locus (no recombinants oul of
79 lines). This resull, together with the discovery of an
abarrant SBE| transcript in /7 lines, 16d 1o the conclusion
thal the SBE| gene is al the r locus.

Molecular Analysis of the Insertion

in the 3" End of the mr Allele

The identification of a major difference in resiriction frag-
ments of the SBEl gene belween AR and rr lines sug-
gesmad that tha polymorphism itsel! might ba the cause of
the absence of SBE! in rr peas, and that the leslon In
peas might be due w0 an insertion of DNA toward (ha 3°

end of the gena. To investigale this further, the genomic
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Figue 1. Cross-Fescton ol Antisersm with Purified Starch-Branching
Enryme and Crude Evtracts of Pea Embryos

(a) Reaction of starch-tranching enzyme profeing with antibody o
S8EL (A) SDE-T5% polyacrylamide gel of 2 ug of purified starch-
branching snzyme fram developing embryos of 85 peas. (B) Westem
blot of gel in (A), developed with & 1M000 dilution of 1 mgfmi— im-
munogiobulin fraction of anfiserum 10 the 174 kd protein of starch-
pranching enzyma. (C) same as (B], bul immunogiobulin fraction of
preimmung serum.

(b} Occurence of SBEI proweing in crude mdract of embryos. (A)
S0S-15% polyacrylamide gel of 20 ug of protein of crude exiracts of
daveloping ambdyos (036 g resh waight] of AR and i+ peas. (B) Wesi-
en bl of gal in {A) developad with a 1100 dilution of & mgfmi—" im-
munoglobulin fracton of antiserum 1o the 114 kd protein of starch.
Branching snzyma. (C] same as (B), bul immunoglobulin fraction of
prirmmng S6fUm. Appaianl molecular aizes L v,

region hybridizing to the 3 end of pJSBES was cloned as
an EcoRl fragment from both AA and rr peas; these clones
were callad pISBE1D2 and pJSBE206 respactivaly. Re-
siriction mapping (Figure 5A) revealed an extra 08 kb ol
DNA in the gene from /r peas, located belween the Xbal
and Hincll sites loward the 3 end ol tha gane When
Southarn blots of genomic DNA wena hybridized with the
Hincil iragmenis from pJSBE102 and pJSBE206 (withoul
and with the insartion, respactively), a single band (lha
SBEI gene) hybridized with the probe from pJSBE102, but
many fragments were revealsd with the pmbae from
pJSBE20E (Figure 58). Thus Ihe novel DNA in the ir gene
must be repeated many timas in the pea genome.

SBE cDMA
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embryo fresh wieght (mg )

Figure 2. Analysis of the cDMA for SBE]
{8) Rasiricion map of the largest (2.7 kbj cONA isolatéd for SBEI

(PJSBES).

(B] Wortvedn biot of AMNA fram rownd [AF) snd wrinkdad [ smibryos,
PabyA}" ANA {10 pg) from AR and r embryos was probed with sithar
the 1.4 kb (5] or the 13 kb (3) EcoRl fragment of pISBES.

[c) Morthern biod of ANA from different stages of pea smibryo. Total
RANA (25 pg per lang) was probed with the 2.7 kb insart of pJSAES

The sequences of the ends of the insertion in the SBE]
gene, tha saquances of the gene flanking the inseriion
{pJSBE206), and the comparabie ragions from pJSBE102
indicated thal the insertion was localed in an exon. The
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Figure 1. Rasiriction Fragment Lengih Polymarphism betwesn Near-
Isogenic Lines of Pea Diftering at the r Locus

Genomic DHA digesied with EcoRll showed one fragment approw-
imataly 0.8 kb karger in /7 peas han the eguivalent Fagment in AR peas.
EcoRy digeshion ssulled i an addiional fragemend in & paas com-
pared with A7 pesas. A difisrence in siza ol 08 kb betwesn BA and
Peas was also observed in the uppermost band obtained rom Hindill
digestion.
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inserted sequance had 12 bp inverted repeals at its ter-
mini flanked by B bp direct repeats from the SBE! gene
(Figure BA). Tha 12 bp inverted repeats of the insertion
element show very high homalogy to the termini of the
transposable element Ac from maize (MOller-Neumann 81
al,, 1984) and other Ac-like transposons such as Tam3
from Antirrhinum and Tpe! from parsley {Sommaer et al.,
1885; Martin & al., 1989, Harrmann ol al., 1988) (Figure
EB). All these glements induce B bp direct repeats of tar-
gel seguenca on insartion. \We named this insartion s8-
quence Ips+ (insertion Pisum sativum-r).

Discussion

The r Locus of Pea Encodes Starch-Branching Enzyme
Tmummmmmmnnmin clonas for SBEI from
pea has allowed us 1o esteblish thal the SBE| gena is al
the rlocus and that the wrinkied phenotype (] is probably
caused by an 800 bp insertion sequence. From sequenca
analysis we estimate the insertion would cause loss of tha
last 81 amino acids of the SBE| protein. It has been widely
accepted that the wrinklad-sesd character described and
studied by Mendel (1B65) was an allele of the r locus.
While Mendel gave little information concerning the ori-
gins of the cultivars he used, the phanolypic descriplion
he provided fits only two loci described among commer-
cial cultivars, r and rb. The rb mutation arose in the United
States and was only imported into Europe in 1934 (Kbois-
tra, 1862) and s0 would have been unavailable 1o Mendel.
The r mutalion, an the other hand, was widely dispersad
in European commercial cultivars because of the sweel-
ness of wrinkled peas, and White (1917} concluded that

Figure 4. Example of Resiriction Fragmaeni
Lenglh Polymaorphism among FB Plants of a
Cross batwean Lines JINS and Jilg4
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Figura 5. Analyaia of the Inssrilon In the SBE| Gena

{A) Restricion maps of 1he genamic EcoRl ragments of A (RISBE102) and i (pJSBE206) DNA hamologous to the SBEI cDNA. A 08 kb insartion

in the rr DHA s shown by the black box.

(B} Sauthern blot analyses of AA end v pea ganomic DRA. Genomic DA (10 ug) obtained nom AR ard 7 lsaves was digested with EcoRl and
probed a5 shown in he figure with ja) the Hincll fragment from the A8 line that does not contain the Insertion slement or (B} the Hincll fragment

from tha line conlaining the 08 kb nsarion sbkemant.

only ona facior, the 7 locus, was inveived in all preceding
studies of wrinkled-seeded peas, including that of Men-
del. Therelore, since all the data Mende! provided fit the
assumplion that he usaed the r mutant and since thers is
no evidenca of another mutation availebla &l thae time, we
believe that the gens we have clonad is the one studied
by Mendel.

The Aelationship betwean the r Locus and
Sead Composition and Devalopmant
Our findings iliustrate tha importance ol the process of
starch synthesis itself in determining the overall composi-
tion of the seaed. All the eftects of the r mutation are likely
o be consequences ol a reduction in starch synihesis
caused by a reduction in branching enzyme activity.

Loss of SBE| activity probably results in the reduced
production of starch, becausa the subsirete lor starch syn-
thase, tha nonreducing ends of the glucosa chains in the
slarch polymer, becomes limiiing (Edwards et al., 1888,
Smith, 1988). Reduced starch biosynthesis may, in turn,
lead to the accumulation al sucross in the devaloping em-
bryos and hance to the affects on osmolic pressure, waler
eontant, cell size, and seed shapa The change in mor-
pholegy of starch grains, from simpla o compound, could
be due to their high amylose content.

The influence of reduced activity of SBEI on lagumin

blosynthasis and lipid accumulation is more difficult to ax-
plain. There are mutants of a similar wrinkled phenctype
in other species. These include the shi, sh2, bi2, as, du,
su, opague 2, and opaque 7 mutants of malze (Misra at
al., 1972, 1975) and the Risg high-lysine mutants of barlay
(Shewry et al., 1967). All thesa mulalions show reduced
production of one ciass of storage proleins, the prolamins
(zain ar hardain), reduced slarch biosynthesis, and gener-
ally elevated levals of free sucross and amino acids
(Creech, 1960; Dalby and Teal, 1975; DI Fonzo el al., 1978;
Shewry at al., 1987). Sevaral of the mutant ganes have
been identified in maize, and some are lesions in slarch
bicsynthasis (sh2 and b2 ara mutations affacting ADPG-
pyrophosphorylase |Hannah and Nelson, 1976); wx al-
fects starch synthase [Nelson and Rhines, 1962]; as al-
fects starch-branching enzyme |Boyer and Preiss, 1978]),
while the cpague genss appear o be regulators of zain
biosynthasis. The rapeated association of reduced prola-
min synthesis and reduced starch production in a number
of mulations of different types of gene (Di Fonzo et al.,
1978) suggests a coupling ol prolamin and starch synthe-
siz through meltaboiic control rathar than through special-
ized requlatory genes. The axpréssion of the potato tuber
storage prolein patatin (class [} may be reguiated by cellu-
lar sucrose levels or the rete of starch biosynthesis
(Rocha-Sosa et al,, 1888). Little s known about how le-
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sions in storage protein blosynthasis might limit starch
production.

The Role of Osmotic Pressure in Controlling
Seed Composition and Development
One common tactor linking starch and storage prolein bic-
synthesis could be osmotic pressure. The wrinkled-sead
phenotypes of all these mutant lines in pea, maize. and
barlay indicate that changas in osmolic pressura ang in-
volved, Starch and storage prolein biosynthesis may both
ba sansitive 1o small changes in osmotic pressure (Oparka
and Wright, 1888; Tsai et al., 1978). In pea, increases in
osmotic pressure of the external medium have been lound
10 causa a dramatic reduction in steady-state mRMA levels
for legumin but nol lor vicilin in cullured AR embryos
(S. Turner, parsonal communication), mimicking the el
fects of the r mutation on legumin MRNA. It is likely that
the highar osmotic pressure of /m embryos leads (o their
greatar lipid accumulation. Struclural differences, includ-
ing and arising trom differences in cell size caused by
differant osmotic pressures, mean that rr ambryos have a
greatar area of membrana than AR embryos (Ambrose et
al., 1987, Bettey and Smith, 1989).

The nature of the influence of csmatic pressune on seaed

development and the mechanisms through which callular
processes in plants respond lo esmalic change are not es-
tablished. At present we can only suggest thal changing
osmolarity caused by sucrose accumulation is a major

factor in the developmental and compositional changes
brought about by the mutation at tha r locus.

The wrinkled-sesd phenclype of peas is the resull of
compliex changes in the metabolic processes of seed de-
valopmeant. The discovery that the 7 locus ancodes SBEI
halps to clarify Ihésa changes 1o some extenl, bul most
importanlly indicales the central role that metabolism
must play in the contral ol plant developmaeant,

Exparimenial Procedures

Plant Malerial

Paa planis wara Qrown in the greanhouss acoanding 1o Smah (1988).
Uniless otherwise staded, AR and i planis wera near-issgenic knes de-
riveed brom JI430 as described by Hedley ot al. [1388). Othar lines woere
abtainod from the garmplasm collection, John Innes Instilute

Preparation of Antibody
The 114 kd polypeplide (SBEY] of starch-branching encyme (EC
24.1.18) was sucised from SOS—polyacrylamide gols of the purified an-
Tymie [Smith, TR88), slectrosluted irom the gel slica, and fresee-dried.
Protein (75 ug) was redmached i 0.5 mi ol phosphale-buttensd saline
(PES). mized with Frourds complete adjuvmnt. and injected islramus-
cularty imo the rabbit, The inpection was repaated 3 waalo inter, Antise-
rum was collected 3 weela afier the second injection. The immunc-

globulin fraction was pregamed by precpilalion with 50% saturaled
ammoniom sullale and dabysis againg PES,

‘Western Bloming

Crude extracts of pea embryos ware made by extrackon of 0.5 g of em-
bryo tissus in 2.5 mi of 100 ml MOPS (oH 7.2), 2 mM DTT and centrifu-
galion ai 10000 = g lor 10 min. Tha supsrmaiant was sdjusted o 2
mgimi " proéein with extraction rmedium. diuted 1-1 with double-strengih
sample buter (Lasmmii, T870), and boded kor 7 min. Slarch-beanching
andyme was puriled snd sepacaled by SO5-PAGE acoording o Smith
(13E8). Protein was iransherred fo nitrocellulose by Wasbern bloiting,
and fifters were incubsled with the immunoglobulin raction of mbbil
serum lollowed by alkaling phosphalase—oonjugatad goal antl-rabbil
antissrum (Sigma, Pocks, Domat, LK) sccording to Blake of &l [1884),
encopt tha the initial blocking step contained 3% (wivi bovine serum
alburmin and 2% (wiv) driod milk powder.

Preparaticon of ANA

Embryos of comparable sise were pooled and lrozen @ liguid M. Total
ANA wias extractog dGctonding 0 Prescot! and Martin (Y987) and Ward
= al [1989) Polyadenyimted ANA was purified by twe passsges of
FANA over B column of cliga(dT-celiuioss.

Caonstruction and Screening al 8 cDNA Library
cOMA waa mynihesized rom a midure of poly{A)" ANA derived from
AR embryos al wo desslopmenial steges [90-100 mg and 350400
mg fresh welght). The lirsl strand of the cDNA was syninesized uaing
reverse ranscriptasa prmed with oligoddT) and the sscond sirand
uming AMNAass H and DNA polymerase | (Flanow rmgment). Aboul 18
uG of cOMA was ottsined from a lotal of 2.2 wg of poly(A)" ANA. The
COMA was mathylated 1o protect it from Ecolfil digastion, EcoRl linkers
wars added, and cDNA was ligated o (he EcoRll aile of 1gi11. Abdut
3 = 108 plagues were screuned for e oxpression of starch-
brareching enzyme prolen using the antiserum o e 174 kg protein
purifisd from AR embryos. During screaning, the antisanum o ths 114
kd profein was preabsacbed with E. coll lysate (10 mgdmi ") mt 1:50 oi-
Iutien o block nonspecific binding. The lilers were then absorbed with
the antiserum (1 mg'md ') ot & diluison of 1500 Anliserum binding
Wak AEEAyed URING permidase-linked dorkey RRt-rABD Sntaarum S8-
lecied with 3.3 -glaming-Denziding rahydmchionoes.

The cOMA clones obtained through thess sciesning procedures
wone subcloned o the Ecofll site of plasmid vecior pLIG1E1S (Hay
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mnd MePharson, 1087), and the resulting plasmics wers calisd pISAEY
PSBES, pJSBENZ. pJSBEW, pJSBER0, and pJSBER.

Isolation of DMA and DHA Hybridization

Miniprepartions of DNA from recombinant Lgril clonen wens msds
from smal-scale cullures of E. coll [Y1080) infected with ndividusl
plagues and grown af £3°C for 3 b in & mi of L-both withoul glucose
contsning ampiciiin (100 pgimi~") and CaCly (§ mM). Large-scale
preparntions of DNA from recombinant Agil 1 clanes wars prapansd Bo-
cording i Manialis ef al. (1982). Miniprepamations and large-scale
préparations of plasmed DA Ihom recomisnant pLUICTBT3E chones werns
carried out acconding fo Holmes and Quigley (1981). Genomic DHA
was prapared from pea lasves sither scoording o Elts el al. {1984}, or
o large-scale preparations from 5-10 g keaves, whene (he DNA was
purified owar CaCl (Martin @ al., 1985).

Southern Blatting mnd Hybridizatian
DA digested with warous restriction enZymes was separaled on
5% 08% agars gels and biolted onbk nitroceliulose e acoon-
ing bo Southern (1§75} and Wah! et al. (1979} Radicaciive probes wane
propared by nick trenslation [Maniaiis el al . 198Z). Blots were roulinety
washad with 01w S5C, 0.5% (whi 505 ar 85°C.

Northemn Blol Analysis
Total or polyiAl® AHA hom developing embryos was separaled in
agarose gels containing formaldehyde and translemed o nitrocelly-
lose (Lehach ot al.. 1977). Biots wera hyDridized ovemighl with nick-
transiated racioactive DNA fragments and washed twice with 2x 55C,
05% pwiv) EDS al B5*C.

Cloning and Ssquencing of Ganomic DNA

Genomic DNA cbiained from RA and o leaves was complobely
digesied with Ecofll. Fragmenis homologous fo ihe cONA clone lor
stnrch-branching aneyms (pSSHE 5) wers soe ractionaled on aganoss
gels and cloned into the Ecofl site of LNM1 140 (Murrsy, 1983) Racom-
binanl plagues were grown in E. coli [C600) and screened with the 13
ity Ecofll agment oblained from pJSBES. A 3.3 kb Ecofll fregment
fram AR peas and & 4.1 kb EcoRl fragmen! from & poas. wore sub-
cloned info pUCIB13, and resulting plasmids were callea pISBEWD2
und pJEBE2DE respactivaly.

The major differences between the plasmid clones derived rom
plants and 1hoss dercived irom RA plants wes idenlilied by reslriction
mapping. Thesa regions of pISREX and alss pISEE10D wers sub-
cipned indo M13 and sequenced foliowing the method ol Sanger et al.
LLECOHE
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