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High molecular weight DNA released from isolated protoplasts was digested with rare-cutting restriction 
enzymes and separated by pulsed field gel electrophoresis. The average size of undigested DNA was above 1500 
kbp. Digests made with NotI, SfiI, MluI and Sail was hybridized to a probe, common to all genes of the Hot2 locus 
encoding B-hordein polypeptides, and this revealed the maximum size of the locus to be 360 kbp. Two probes, 
specific for individual B-hordein genes, enabled the identification of two fragment classes in the locus, each 
containing an equal number of B-hordein genes. Double digests allowed ordering of sites and construction of a map 
covering 650 kbp around the Hor2 locus. No evidence for physical linkage of the two fragment classes was obtained. 
The possible assignment of the two classes of hybridizing fragments to the B 1- and B3-hordein subgroups is 
discussed. 

1. INTRODUCTION 
In barley the major groups of  storage proteins, 

the B-, C- and D-hordein polypeptides, are 
encoded by complex genetic loci on chromo- 
some 5~ called Hot2, Horl and Hor3, respec- 
tively (1,23, 40). SDS gel electrophoresis reveals 
polymorphism of  B- and C-hordein, while D- 
hordein migrates as a single band. On the basis 
of  migration rates B-hordein is divided into B l, 
B2 and B3 type polypeptides, and two-dimen- 
sional electrophoresis has shown that each of  
these groups contain a number  of  polypeptides 

(14). The Hor2 locus has been estimated to 
contain at least 13 copies of  B-hordein genes 
(25), accounting for the polymorphism in the 
polypeptides. Horl is less complex than Hor2 
(35), while Hot3 only contains 1-2 genes. The 
genes encoding the ?-hordein polypeptides, a 
minor  storage protein group (39), constitute 
another small multigenic family in barley (7). 
HrdF, a locus located very close to Hor2 (29), 
has recently been shown to encode at least some 
),-hordein polypeptides (41). 

A more detailed analysis of  the arrangement 

Abbreviations: bp = basepair; HMW = High Molecular Weight; kbp = kilobasepair; OFAGE ~ Orthogonal Field 
Alternation Gel Electrophoresis; PFGE = Pulsed Field Gel Electrophoresis; RFLP = Restriction Fragment Length 
Polymorphism. 
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of genes within the complex hordein loci and, if 
possible, of the chromosomal organization of 
neighboring loci will thus provide the basis for 
new information on both regulatory and evolu- 
tionary aspects of the hordein genes. 

During endosperm development the hordein 
genes are coordinately expressed from approxi- 
mately 8 days after anthesis (43), but differential 
expression of B- and C-hordein and of B 1- and 
B3-hordein has been observed (33). Further- 
more, hordein mRNA levels respond differen- 
tially to changed levels of nutrients, C-hordein 
being preferentially expressed relative to B- 
hordein with increasing concentrations of nitro- 
gen (19). A possible connection between this 
differential regulation of expression and the 
clustering of the hordein genes in multigenic loci 
has yet to be proven. 

The current knowledge on large scale chro- 
mosomal arrangement of multigenic families in 
plants is very sparse. In contrast, stretches of up 
to 10,000 kbp of human chromosomes have 
been physically mapped. The methods that have 
made this extensive mapping possible are the 
techniques for separation of very large DNA 
molecules (PFGE) developed by SCHWARTZ and 
CANTOR (38) and CARLE and OI.SON (8). DNA 
molecules larger than 6,000 kbp can be separat- 
ed with PFGE (42) and the technique has en- 
abled separation of intact yeast chromosomes 
from S. cerevisiae (9) and S. pombe (42). In 
humans, PFGE has been used to study multi- 
gene families, for example the major histocom- 
patibility complex (HLA) (26) and particular 
chromosomal regions such as the pseudoautoso- 
real (l~,omologous) region near the telomeres of  
the X and Y chromosomes (4, 34). The 2,000 
kbp Duchenne muscular dystrophy gene has 
been intensely studied by PFGE and a map of 
10,000 kbp of surrounding chromosomal re- 
gions has been constructed (6). 

Together with the establishment of detailed 
RFLP maps and construction of jumping and 
linking libraries (31, 32) the use of PFGE is also 
anticipated to facilitate the cloning of hitherto 
unaccessible genes, since these techniques allow 
rapid genomic walking from a linked RFLP 
marker towards the gene of interest. This ap- 
proach is however dependent on some means of 
identifying the desired gene. 

In the present study methods for isolation and 
digestion of high molecular weight barley DNA 
were developed and PFGE was used to construct 
a map of the Hor2 locus. 

2. MATERIALS AND METHODS 
2.1. Plant Material 
Protoplasts were isolated from the etiolated 
leaves of 6-8 days old dark-grown barley 
(Hordeum vulgate L. cv. Carlsberg II) seedlings. 

2.2. Chemicals 
Cellulase Y-C, and Macerozyme R10 was 

obtained from Seishin Pharmaceutical Co. Ltd. 
(Japan) and Yakult Honsha Co. Ltd. (Japan) 
respectively. Pronase and all restriction enzymes 
except SfiI were from Boehringer Mannheim. 
Sill was obtained from New England Biolabs, 
Inc. The low gelling temperature agarose was 
SeaPlaque and normal agarose was SeaKem 
GTG both from FMC BioProducts (Maine, 
USA). Nylon membranes was GeneScreen Plus 
from Du Pont (New England Nuclear). Radiola- 
belling of probes was performed with a kit from 
Boehringer Mannheim, and radiolabelled nu- 
cleotides were obtained from Du Pont (New 
England Nuclear). The film used for autoradio- 
graphy was Kodak X-Omatic AR. 

2.3. Protoplast isolation 
Protoplasts were isolated by a procedure mod- 

ified from EDWARDS et al. (13). Approximately 
12 g of freshly harvested leaf material was 
homogenized in sorbitol buffer (0.5 M sorbitol, 
1 mM CaC12, 5 mM MES-KOH, pH 5.5) with a 
modified kitchen homogenizer (24), until the 
average size of the leaf pieces was around 1 mm 2. 
The material was transferred in 100 ml of 
sorbitol buffer to two petri dishes (14 cm) and 
incubated without agitation for 4-5 h at 30 ~ 
with 1% cellulase Y-C and 0.2% Macerozyme 
R10. The protoplasts were separated from vas- 
cular strands and larger debris by filtration 
through a 200 ~tm nylon mesh and pelleted from 
the enzyme solution by centrifugation (100xg 
for 5 rain). To achieve further purification the 
protoplasts were resuspended in sucrose buffer 
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(0.5 M sucrose, 1 mM CaC12, 5 mM MES-KOH, 
pH 5.5), ovedayered with a 1:4 mixture of 
sorbitol and sucrose buffer and thereafter with 
sorbitol buffer. After centrifugation (150xg for 5 
min) the intact protoplasts were recovered from 
the interphase of the sorbitol:sucrose buffer and 
the sorbitol buffer. The protoplasts were counted 
in a hemacytometer, pelleted (200xg for 5 min) 
and resuspended in sorbitol buffer at a concen- 
tration of 3x 10 7 cells/ml. 

For the preparation ofHMW DNA the proto- 
plast suspension was warmed to 37 ~ and 
mixed with an equal volume of melted 1% low 
gelling temperature agarose at 37 ~ made up in 
sorbitol buffer with 20 mM Tris-HC1 pH 8.5. The 
mixture was poured into a plug mould and 
allowed to set on ice for l0 min. To release 
HMW DNA from the protoplasts, the plugs 
were incubated in NDS (0.5 M EDTA, 1% 
lauroyl sarcosine, 10 mM"lris, adjusted to pH 9.5 
with NaOH) with 1 mg/ml pronase for 48 h at 
50 ~ with a change of buffer and enzyme after 
24 h (4). Finally, the plugs were washed three 
times for 2 h at 4 ~ with NDS without pronase 
and then stored in NDS at 4 ~ 

2.4. Digestion of DNA in agarose 
Prior to digestion each plug, containing ap- 

proximately 10 lag DNA from 6xl0 s proto- 
plasts, was washed 3 times with 1 ml TE (10 mM 
Tris-HC1, 1 mM EDTA, pH 7.5) for 30 min at 0 
~ The plug was then equilibrated in 0.5 ml of 
the appropriate restriction buffer for 30 min at 
0 ~ The restriction buffer was exchanged with 
60 ~tl of restriction buffer containing 100 I~g/ml 
gelatin and after 5 min at room temperature 
restriction enzyme was added. The samples were 
incubated for 1 h at the appropriate tempera- 
ture, at which time another aliquot of restriction 
enzyme was added and the incubation contin- 
ued for 1 to 3 h. After the digestion the restriction 
buffer was removed and the plug was equilibrat- 
ed for 15 min in 0.5 x TBE (10xTBE is: 0.89 M 
Tris-borate, 0.89 M boric acid, 2 mM EDTA, pH 
7.5) before loading on a gel. 

2.5. Pulsed field gel electrophoresis 
HMW DNA was electrophoretically separat- 

ed on either an OFAGE apparatus (8) or a 

'Waltzer' apparatus as described by SOUTHERN 
et as. (44) with the difference that the electrodes 
were rotated and not the gel. Both machines 
were built by the Carlsberg laboratory workshop 
and controlled by a FESTO FPC201 pro- 
grammable controller. The conditions for elec- 
trophoresis were 9 V/cm for 32 h in 0.5 x TBE 
at 14 ~ with an agarose concentration of 1.5%, 
unless otherwise stated. The pulse length is 
indicated in the individual figures. DNA size 
markers in the electrophoresis were yeast chro- 
mosomes (Saccharomyces cerevisiae X2180- 
1B) and oligomers of Lambda DNA both pre- 
pared according to SOUTHERN et  al. (44). 

2.6. DNA transfer and hybridization 
The gel was incubated in 0.25 M HC1 for 2x 12 

min and 0.5 M NaOH, 1.5 M NaC1 for 2x 15 min 
to depurinate and denature the DNA. The DNA 
was transferred to nylon membranes by alkaline 
blotting (37). Prehybridization and hybridiza- 
tion were performed for 2 and 16 h, respectively, 
at 65 ~ in 2xSSP (0.3 M NaC1, 0.02 M 
NaH2PO4), 10xDenhardt's solution (2 mg/ml 
Ficoll, 2 mg/ml polyvinylpyrrolidone, 2mg/ml 
BSA), 1% SDS, 50 ~tg/ml sheared salmon sperm 
DNA and 50 Ilg/ml polyA. Probes were labelled 
with 32p-dATP (3000 Ci/mmole) using random 
hexanucleotide priming (15) to a specific activi- 
ty of 0.5-2x 109 cpm/~tg DNA, and added to the 
hybridization solution at a concentration of 1-5 
ng/ml. Filters were washed with 2xSSP, 1% SDS 
at 65 ~ and exposed at -80 ~ for 1 to 14 days. 
Before rehybridizing the probe was removed 
from the filters by washing at 37 ~ in 0.4 M 
NaOH for 30 min and neutralized in 0.1 x SSP, 
0.1% SDS and 0.2 M Tris-HCl, pH 7.5 at 37 ~ 
for 30 min. 

3. RESULTS 
3.1. Isolation of probes 

The 720 bp insert from pchor2-4, a B-hordein 
eDNA clone (36), cross-hybridizes to all B- 
hordein genes under the conditions described in 
materials and methods, and was therefore select- 
ed as a probe to identify the Hor2 locus. In order 
to identify individual fragments of the Hor2 

Carlsberg Res. Commun. Vol. 54, p. 109-120, 1989 111 



A 

M.B. SORENSEN: Physical map of Hor2 

8,* - o 8 

~1 ................................ + ' 1  I I I I 
A 

pehor2-4 1 kbp 
I I 

B 
= = 

B ~ B _ _ ~ "o - ~  _ x ~  .=_ 
a. (9 ~ -i- m_ 

----------,--q I I I I I I I I I 

Figure 1. Map of the genomic ~ clones A: Maor2-4 and B: ~or2-2. The hatched areas indicate coding regions, while 
the filled areas represent the restriction endonuclease fragments isolated for probes. The part of the hor2-4 coding 
region covered by the cDNA clone pchor2-4 is indicated below khor2-4. 
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locus two probes specific for single B-hordein 
genes were isolated. The first of  these is a 0.5 kbp 
EcoRI-XhoI fragment positioned 2.5 kbp down- 
stream of the B-hordein coding region in the 
genomic clone Mlor2-4 (3). The other is a 1.5 
kbp HindlII-PstI fragment located 3.4 kbp 
downstream of the coding region in the B- 
hordein genomic clone Mlor2-2 (BRENNER et al., 
unpublished). The origin of the three probes is 
given in Figure 1, the probe from Maor2-4 is 
called A and the probe from khor2-2 is B. To 
ascertain their specificity the probes A and B 
were hybridized to HindlII digested barley 
DNA. Probe A hybridizes to a fragment of  
approximately 7 kbp (Fig. 2A), while probe B 
hybridizes to a 4 kbp fragment as expected from 
the restriction map of  this clone (Fig. 2B). Both 
probes hybridize with the intensity expected of  
a single copy probe. In contrast, the cDNA probe 

Figure 2. Southern blots of genomic barley DNA 
digested with HindllI. Hybridization was in A with the 
Lhor2-4 specific probe and in B with the Mlor2-2 
specific probe. HindIII digested Xgt wes/XB was used as 
size marker. Conditions for the electrophoresis were 
0.7% agarose, 5 V/cm for 16 h in I xTBE, blotting and 
hybridization as described in materials and methods 
(2.6). 
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Figure 3. Ethidium bromide stained OFAGE gel of HMW barley DNA. Pulse length: 55 sec. The gel was run with 
15 V/cm for 24 h. Lanes 1, 5 and 8 contain yeast chromosomes, lane 4 ~, oligomers and lanes 2, 3 and 6 HMW 
barley DNA digested with MluI (lane 2), NaeI (lane 3) or Sail (lane 6). Lane 7 is an undigested control incubated 
at 37 ~ with restriction buffer but without enzyme. 

gives 8-9 hybridizing fragments between 3 and 
25 kbp (3). 

3.2. Isolation and digestion of HMW DNA 
Since HMW DNA is a prerequisite for the 

application of PFGE, barley DNA was prepared 
by different methods and examined by OFAGE 
to determine the size distribution of  DNA 
molecules. Protoplasts were isolated and the 
DNA released as described in materials and 
methods (2.3). Undigested DNA from these 
protoplasts was separated by OFAGE (Fig. 3, 
lane 7). The majority of  the DNA is retained in 
the slot, while a faint smear is seen, ranging from 
50 kbp to above 1000 kbp. Thus, protoplasts are 
a suitable starting material for the isolation of  
H M W  barley DNA. DNA prepared by phenol 

extraction and CsC1 gradient centrifugation (21) 
is largely of  a size between 100 and 300 kbp 
(results not shown). Alternatively, DNA was 
recovered from isolated nuclei (43) which were 
embedded in agarose and incubated in 0.5 M 
EDTA, 1% lauroyl sarcosine with 1 mg/ml 
proteinase K to lyse the nuclei and degrade the 
proteins. This DNA gives two fractions contain- 
ing similar amounts of  DNA. One fraction fails 
to migrate at all, indicating a size above 1500 
kbp, while the other is degraded to between 100 
and 1000 kbp (results not shown). Hence, nei- 
ther standard procedures nor isolated nuclei 
yields DNA sufficiently intact for PFGE. Analy- 
sis of  different DNA preparations from tomato 
(10) and Arabidopsis (20) by PFGE gave similar 
results. 
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Since approximately 6xl05 protoplasts are 
required for one DNA digestion, an easy isola- 
tion method with relatively high yields is a 
necessity. The protoplast isolation method em- 
ployed here, routinely yields l-2x106 proto- 
plasts/g of barley leaves and can easily be scaled 
up by to starting with 30-40 g. Other methods 
give higher yields, 3-6 xl06 protoplasts/g (22, 
30), but require lengthy preparation of the 
leaves, such as peeling off the epidermis. 

A number of potentially rare-cutting restric- 
tion enzymes were tested for their ability to 
digest HMW barley DNA. Successful digests 
were made with Nod, Sill, Sail and MluI, while 

NaeI, Sacll and RsrlI were not able to produce 
visible digestion or hybridizing fragments. Re- 
striction with 2• units ofMluI, NotI or Sill as 
described in materials and methods, reaches a 
maximum after 4 h. Increased amount of en- 
zyme or longer incubation time have no further 
effect. However, Sail digestion with 2x I0 units 
appears to be complete. A variable portion of the 
DNA is not resolved after digestion with MluI 
(Fig. 3 lane 2), NotI and SilL This portion 
hybridizes to the probes used with varying inten- 
sity. Due to the variation it is concluded that this 
fraction is not comprised of large unresolved 
fragments but rather a random portion of the 
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Figure 4. 'Waltzer' analysis of HMW barley DNA digested with Sail, MluI, Nod and NotI + MluI as indicated in 
the lanes. The gel was blotted and successively hybridized with pchor2-4 eDNA probe, probe A and probe B as 
indicated in Figure I. Pulse length: 40 see. 
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cDNA A 

Figure 5. OFAGE analysis of HMW barley DNA 
digested with Sill. Hybridization with pchor2-4 eDNA 
probe and probe A as indicated in Figure 1. Pulse 
length: 30 sec. 

DNA, which is inaccessible to digestion. 
While MluI (Fig. 3, lane 2) and SfiI digested 

DNA ranges from less than 50 kbp to approxi~ 
mately 500 kbp, digestion with SalI (Fig. 3, 
lane 6) and NotI produces a smear ranging from 
50 kbp to above 1000 kbp and the NaeI (Fig. 3, 
lane 3), SaclI and RsrlI digests resemble the 
undigested control. 

3.3. Mapping of the Hor2 locus 
Digests" were blotted and hybridized with the 

B-hordein cDNA probe. At least two hybridiz- 
ing fragments were found in each restriction 
digest. Digestion with NotI gives two strongly 
hybridizing fragments of 300 and 230 kbp (Fig. 
4). In the MluI digest three fragments appear, 
two fragments at 345 and 270 kbp, and a 
fragment of less than 50 kbp giving a weak signal 
(Fig. 4). The 270 kbp fragment is quite diffuse 
and resolves into two fragments of 280 and 260 
kbp, when the pulse length is decreased from 40 
to 30 seconds (Fig. 6). SfiI digestion results in 

four fragments of 70, 120, 200 and 330 kbp (Fig. 
5), which hybridize with similar intensities. SalI 
gives two strongly hybridizing fragments of 325 
and 160 kbp (Fig. 4) and 3-4 fragments, which 
range in size from 120 to 290 kbp, and show 
weak and variable hybridization intensity. 

Restriction enzymes sensitive to methylated 
cytosine (e.g. SalI) may give partial cleavage at 
certain sites due to incomplete methylation of 
the DNA, and SfiI has also been reported to 
produce partial digestion at certain sites (12), 
although this enzyme apparently is insensitive to 
methylation of the recognition site (27). In order 
to determine whether some or all of the hybridiz- 
ing fragments are the result of partial digestion, 
hybridizations were repeated with the two gene 
specific probes. 

Only the larger of the two NotI hybridizing 
fragments, seen with the coding region probe, 
hybridizes to probe A, while probe B hybridizes 
to the smaller NotI fragment (Fig. 4). This 
clearly indicates that the two fragments are not 
the result of a partially cleaved Notl site, but 
represent individual sequences containing dif- 
ferent B-hordein genes. With the three other 
enzymes some of the observed fragments can be 
ascribed to partial digestion, but all three yield 
fragments hybridizing to only one or the other of 
the two gene specific probes. In the SalI digest, 
probe A hybridizes to the 325 kbp fragment but 
also to the smaller and less strongly hybridizing 
fragments (Fig. 4). The 325 kbp Sail fragment 
must therefore contain 3-4 partially methylated 
Sail sites. Only the 160 kbp Sail fragment 
hybridizes to probe B (Fig. 4). Both the 70 and 
200 kbp Sill fragments hybridize to probe A 
(Fig. 5), and consequently the 200 kbp fragment 
must contain a partially cleavable SfiI site, 
which upon cleavage divides the fragment into 
120 and 70 kbp fragments. In a similar way the 
280 kbp MluI fragment is partially digested into 
a 260 kbp fragment hybridizing to probe A (Fig. 
6) and a small (< 50 kbp) fragment, which only 
hybridizes to the eDNA probe (Fig. 6). 

Double digests were needed to map these 
restriction sites relative to the probes and Hot2.  

The production of double digests was difficult 
due to the apparently incomplete digestion ob- 
served in Nod, MluI and SfiI digests. Successful 
double digests were only obtained with 
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NotI+MluI and SalI+MluI. These give no new 
fragments hybridizing to the coding region of 
B-hordein (Figs. 5, 6), so that only the order of 
sites and not the distance between them can be 
determined. Thus, the 345 kbp MluI fragment 
contains two NotI sites, giving the 230 kbp NotI 
fragment, where the hybridizing sequences are 
located. Similarly, the 300 kbp NotI fragment 
must contain three MluI sites, one of which is 
partially cleaved, giving the 280 and 260 + < 50 
kbp MluI fragments. The fragments in the dou- 
ble digests appear slightly larger than the corre- 
sponding fragments in the single digests. This 

can be explained by differences in migration rate 
caused by local differences in DNA concentra- 
tion. This phenomenon has previously been 
observed during analysis of human DNA by 
PFGE (28). 

All the identified fragments can be divided 
into two classes, one class hybridizing to the 
hor2-2 probe and the other to the hor2-4 probe. 
The double digests provide no evidence of an 
overlap between these two classes. Some indica- 
tion of the distance between these two classes 
might be gained from partial digests. Identifica- 
tion of a partially digested fragment hybridizing 
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Figure 6. 'Waltzer' analysis of HMW barley DNA digested with Sail, Mlul and SalI+ MluI as indicated. Successive 
hybridizations were with pchor2-4 eDNA probe, probe A and probe B as indicated in Figure 1. Pulse length: 30 
s e c .  
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Figure 7. Map of the Hot2 locus. The dashed areas indicate regions hybridizing to the pchor2-4 cDNA probe, while 
the filled areas give the position of the hot2-4 and hor2-2 genes. Fragment lengths are estimated from 
autoradiograms shown in Figures 4, 5 and 6 and at least two additional digests with each enzyme. The SfiI sites 
around the hot2-4 gene are shown below the other sites indicating that the order is not known. The order of the 
sites separated by a dash (/) has not been determined. 

to both gene specific probes would provide 
evidence for the physical linkage of the genes. 
Limited digestion with MluI gives three hy- 
bridizing fragments of 400-500 kbp in addition 
to the fragments seen in complete digests (results 
not shown)�9 However, these partially digested 
fragments are too small to be the combination of 
the 270 and 345 kbp MluI fragments. Larger SalI 
partials were detected with the cDNA probe, but 
the hybridization of these fragments was too 
weak to allow detection with the gene specific 
probes (results not shown). 

The combined data from hybridization of 
single and double digests allows the construction 
of a map of the Hot2 locus (Fig. 7). This map 
illustrates some interesting features of the Hot2 
locus which are revealed by the PFGE analysis. 
First, all the B-hordein genes are located within 
360 kbp of DNA, the locus being limited to the 
200 kbp SfiI and 160 kbp SalI fragments. Sec- 
ondly, the part of the locus containing the hor2-4 
gene is separated from the part containing the 
hor2-2 gene by an unknown length of DNA. 

4. DISCUSSION 
The analysis of mammalian genomes by 

PFGE utilizes HMW DNA, which is isolated by 
embedding untreated cells in agarose. HMW 
plant DNA cannot be isolated in this manner, 
since plant cells are surrounded by a rigid cell 
wall. To overcome this problem, barley pro- 
toplasts were embedded in agarose and HMW 

DNA subsequently recovered in a similar man- 
ner to mammalian HMW DNA. Methods have 
recently been published for the preparation and 
digestion of HMW DNA from Arabidopsis sus- 
pension cultures (20) and tomato leaves (10, 18). 
These methods differ mainly from the one 
described in this study in the protoplast isolation 
procedure, as required by the differences in the 
starting material. The treatment of the pro- 
toplasts after embedding in agarose is similar for 
both Arabidopsis, tomato and barley. 

So far, the only other analysis covering a large 
stretch of DNA in plants has been performed in 
tomato. In this plant, having a relatively small 
genome, PFGE has been applied with the purpo- 
se of establishing physical linkage to the Tm-2a 
locus, located on chromosome 9 and conferring 
resistance to tobacco mosaic virus. Five RFLP 
markers placed within approximately 1.5 cM of 
this locus were available for the study (46). 
PFGE analysis revealed close physical linkage of 
two of the markers by hybridization to the same 
560 kbp SaiI fragment. Evidence for the physical 
distance between the three remaining markers 
was not obtained, but it was concluded that they 
are distributed over at least 3,000 kbp of the 
chromosome (18). The large genome size makes 
the application of such an analysis to barley 
DNA less likely to be successful. In this study 
PFGE has been utilized to investigate the organi- 
zation of multiple genes within a single genetic 
locus. 

The confirmation of a close physical linkage 
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between members of  Hor2 and the construction 
of a map of 650 kbp of DNA around the locus, 
is the first study of this sort in barley. In a few 
cases genomic walking (i.e. isolation of overlap- 
ping 3. clones) has been sufficient to establish 
physical linkage between members of multige- 
nic loci. The ribulose bisphosphate carboxylate 
small subunits gene families in tomato (45) and 
petunia (11) comprising 5 and 8 genes, respecti- 
vely, and the leghemoglobin gene family in 
soybean (2) containing 6 genes are examples 
where such an analysis has been successful. In all 
of these studies clustering of the genes has been 
demonstrated. Thus, the soybean leghemoglo- 
bin genes are located within two independent 
clusters of 40 kbp, containing 2 and 4 genes, 
respectively (2). However, the largest stretch of 
contiguously mapped DNA, in these studies, 
does not exceed 50 kbp and the mapping is there- 
fore still on a relatively small scale. Although a 
number of genomic ~ clones has been analyzed, 
none has been identified which contains more 
than a single B-hordein gene (3, 16, BRENNER et 
al., unpublished). This indicates that the B-hor- 
dein genes are less tightly clustered than the 
members of the other plant multigenic families 
so far studied. 

Previously the Hot2 locus has been shown to 
extend over at least 80-90 kbp (25). This estima- 
te was based on summation of the fragments 
hybridizing to a common B-hordein probe in a 
Southern blot of HindIII digested barley DNA. 
It indicates the minimum size of the locus since 
these fragments are not contiguous in the geno- 
me. PFGE analysis has restricted Hor2 to two 
fragments of 160 and 200 kbp giving a total size 
of 360 kbp for the entire locus. The B-hordein 
genes may be clustered within part of these 
fragments, such that 360 kbp is an overestimate 
of the actual size. However, the two sets of 
hybridizing fragments are not contiguous but 
separated by an unknown length of DNA, indi- 
cating a larger size or rather a division of Hor2 
into two sub-loci. If  this is the case each of these 
two subloci contains 5-8 B-hordein genes corre- 
sponding to approximately half of the total 
number, judged from the similar hybridization 
intensity of the two fragment classes in all the 
different digests. 

The major B-hordein polypeptides in Carls- 

berg II barley endosperm are the B1 and B3 
polypeptides with molecular weights of 30 and 
38 kD, respectively. On the basis of coding 
capacity and alignment with peptide sequences 
the hor2-4 gene was found to encode a B 1 type 
hordein polypeptide (3). B3-hordein encoding 
genomic clones have hitherto not been identifi- 
ed, but two cDNA clones pB 11 and pB7 have, in 
hybrid-release translation experiments, been 
shown to encode B 1 and B3 polypeptides, re- 
spectively (17). The partial sequence data availa- 
ble for the hor2-2 gene (BRENNER et al., unpu- 
blished) reveal that this gene aligns more closely 
with pB7 than pB 11, indicating a gene of the B3 
type. On the other hand the hor2-4 gene is 
equally homologous to pB7 and pB 11 in this 
part of the gene. Sequence data alone are there- 
fore insufficient to identify clones as either 
encoding B1 or B3 hordein polypeptides. A 
possible correlation between the two polypepti- 
de groups and the two sets of hybridizing frag- 
ments identified with PFGE therefore awaits the 
identification of full-length clones encoding B3- 
hordein polypeptides. 

Establishment of techniques for isolation and 
digestion of HMW barley DNA is the first step 
towards cloning of large DNA fragments in yeast 
artificial chromosomes (YAC's) as described by 
BURKE et al. (5). Isolation and mapping of YAC 
clones containing the Hor2 locus or a part of it 
will reveal features of the gene organization 
within this locus, which cannot be shown by 
PFGE alone. Thus, the physical distance and 
relative polarity of individual genes could be 
studied without extensive genomic walking 
being necessary. 
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