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Rapid RFLP screening procedure identifies new polymorphisms 
at albumin and alcohol dehydrogenase loci 

Jeffrey C. Murray 1, Rita Shiang ~, Leon R. Carlock 2, Moyra Smith 2, and Kenneth H.Buetow 3 

1Department of Pediatrics, University of Iowa Hospitals and Clinics, Iowa City, IA 52242, USA 
ZDepartment of Pediatrics, University of California Irvine, Irvine, CA 92717, USA 
SFox Chase Cancer Research Center, Philadelphia, PA 19111, USA 

Summary. A rapid screening procedure for restriction frag- 
ment length polymorphisms (RFLPs) is reported. DNA from 
ten individuals is pooled and compared to DNA isolated from 
a cell line containing a single chromosome 4. This single chro- 
mosome-containing line is an obligate hemizygote for chromo- 
some 4 RFLPs so that only one band corresponding to a single 
allele will appear on a Southern blot. In the pooled DNA sam- 
ple lane bands corresponding to both alleles will be seen. The 
technique allows for efficient detection of RFLPs with easier 
use of large numbers of enzymes. It provides estimates of al- 
lele frequencies and disequilibrium. New RFLPs for albumin 
and alcohol dehydrogenase detected with this technique are 
described. 

Introduction 

The use of restriction fragment length polymorphisms 
(RFLPs) has had a dramatic impact on the study of human ge- 
netics. RFLPs have wide use in the establishment of human 
linkage maps in both normal individuals (White et al. 1985) 
and in families with genetic disorders segregating such as Hun- 
tington disease (Gusella et al. 1983), polycystic kidney disease 
(Reeders et al. 1985), and cystic fibrosis (Tsui et al. 1985). Be- 
cause of this widespread use, simplifications in the search 
strategies for RFLPs may provide significant benefits for re- 
searchers employing these markers. We report here a strategy 
for identifying RFLPs that is both rapid and cost effective. We 
have used it to identify new RFLPs at the human albumin and 
alcohol dehydrogenase loci on chromosome 4. 

Materials and methods 

DNA was prepared from whole blood by the method of Poncz 
et al. (1982). Five to 10 gg samples of DNA were digested with 
appropriate restriction enzymes (Bethesda Research Labora- 
tories or New England Biolabs) and electrophoresed on 
0.8%-1.0% agarose gels. Restriction enzymes used included 
AluI,  ApaI ,  AvaI,  AvaII ,  BamHI,  BanII,  BclI, BglI, BglII, 
BsmI, Bsp1286, BstE2, BstNI, BstXI, ClaI, DdeI,  DraI ,  
EcoRI,  EcoRV,  HaeIII ,  HincII,  HindIII ,  HpaII ,  HphI ,  
KpnI,  MboI, MboII ,  MluI, MspI, NaeI,  NciI, NdeI,  NheI,  
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NruI,  NsiI, PvuII,  PstI, RsaI, SacI, SacII, Sau3A, Sau96I, 
ScaI, StuI, TaqI,  XbaI,  XhoI,  XmnI.  Southern transfers of 
agarose gels were onto Zetabind (AMC) which were then 
dried, prehybridized, hybridized with 32p-labeled probes, and 
washed according to manufacturers instructions. The albumin 
cDNA probe F47 was as described by Murray et al. (1983) and 
generously donated by Richard Lawn of Genentech, Inc. The 
alcohol dehydrogenase probe pADH74 was described by 
Smith et al. (1986). The probes were labeled by the random 
primer method as described by Feinberg and Vogelstein 
(1983, 1984) with 32P-dCTP as a substrate. 

The DNAs used in the pooled samples for the rapid 
screening method were from normal unrelated individuals in 
three groups as follows: 10 American Caucasoid individuals; 8 
American Blacks plus 2 African Blacks; 10 Asians (5 of 
Japanese and 5 of Chinese descent). There were 20 individual 
chromosomes in each pooled sample. DNA from each indi- 
vidual in the pool was present in equimolar amounts. When 
potential RFLPs were identified, DNA from each individual 
in the pooled sample was digested and run separately. Family 
studies were performed to establish Mendelian segregation 
and conformance with Hardy-Weinberg equilibria was deter- 
mined. DNA used in family studies was obtained from the 
Centre Etude du Polymorphisme Humaine (CEPH). 

The procedures used to isolate interspecies cell hybrids be- 
tween a temperature-sensitive Chinese hamster ovary (CHO) 
cell line and human leukocytes have been previously de- 
scribed (Dana and Wasmuth 1982). Cytogenetic and DNA 
probe analysis of the somatic cell hybrid HHW 416 were pre- 
sented elsewhere (Carlock et al. 1986). HHW 416 contains 
only a single intact human chromosome 4 in a CHO back- 
ground. 

Results 

Figure 1 shows the identification of polymorphisms at the 
human albumin locus on chromosome 4 (Harper and Dugai- 
czyk 1983) using pooled DNA samples to compare to DNA 
isolated from the cell line containing a single human chromo- 
some 4. RFLPs shown in the pooled samples here detected 
with SacI have previously been shown to be present in high 
frequency in Caucasoid, Black, and Asian populations (Mur- 
ray et al. 1984). Figure 2 shows a new Sau96I RFLP identified 
at the albumin locus with probe F47 using this method. This 
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Fig. 1. Autoradiograph of a Southern blot hybridized with the albumin 
F47 probe as described in Materials and methods. Lane I is a SacI di- 
gest of the DNA from the HHW 416 cell hybrid containing a single 
human chromosome 4 and showing only the 20 kb polymorphic allele. 
The asterisk indicates a crosshybridizing CHO DNA sequence. 
Pooled samples of DNA digested with SacI from 10 individuals from 
Caucasoid, Asian, and Black populations are shown in lanes 2, 3, and 
4 respectively and demonstrate both the 20 kb and 16 kb alleles 

Fig.3. Autoradiograph of StuI digested DNA on a Southern blot 
probed with pADH74 indicates a polymorphic band seen in lane 1 (in- 
dicated by arrow) that is not present in lane 2. Lane 1 contains DNA 
from a pooled sample of ten unrelated Caucasoid individuals digested 
with StuI. Lane 2 contains DNA from the HHW 416 cell line contain- 
ing a single human chromosome 4 digested with StuI. Lanes 3 and 4 
are DNA from homozygous individuals for the StuI polymorphism 
with fragments of 6.15kb and 9.55kb respectively. Lane 5 is DNA 
from a heterozygous individual with both the 9.55 kb and 6.15 kb frag- 
ments. Constant bands of 9.6kb and 5.0kb are also seen. The con- 
stant 9.6kb band is best seen in lane 3 

T a b l e  1. Allele frequency and linkage disequiiibrium of ADH3 
RFLPs. StuI RFLP described here. XbaI  RFLP described in Smith et 
al. (1986). Observed distribution of + and - alleles for each with re- 
spect to the other in a Caucasoid population. Numbers are the ob- 
served chromosomal haplotypes of a specific type (for example 25 
chromosomes had both the S tu I+  allele and the XbaI  + allele). 
Fisher's probability of P < 0.0001 for random association of StuI and 
XbaI  alleles suggests marked linkage disequilibrium with A = 0.61. 
StuI + allele has a frequency of 0.40 in this population 

XbaI  

StuI + 25 6 

- 9 38 

Fig.2. Autoradiograph showing results of a Southern blot hybridiza- 
tion with the albumin F47 probe on Sau96I-digested DNA. DNA was 
run on a 1.0% agarose gel and transferred to Zetabind. Lane 2 is 
DNA from an individual heterozygous for the Sau96I polymorphism 
showing the 5.25, 3.25, and 2.0kb fragments. Lane 1 is DNA from an 
individual homozygous for the 5.25 kb fragment and lane 3 is DNA 
from an individual homozygous for the 3.25 and 2.0kb fragments. 
This polymorphism was shown to segregate in a Mendelian fashion 
within families (data now shown) 

R F L P  is in t ight  l inkage disequi l ibr ium with previously  de- 
scr ibed a lbumin  RFLPs  and  thus does not  provide  any new in- 
fo rma t ion  for l inkage studies in the  individuals  s tudied  to date  
in our  l abora to ry  (Ken  Bue tow,  unpub l i shed  results) .  

F igure  3 shows a new po lymorph i sm at the  A D H 3  locus on  
c h r o m o s o m e  4 (Smi th  et  al. 1986) ident i f ied with the  enzyme 
StuI  on  a screening Sou the rn  blot  in lanes 1 and  2. Lanes  3, 4, 
and  5 show the  alleles ident i f ied  in the  screening b lo t  in single 
individuals.  This  po lymorph i sm has  a h igh f requency  and  is in 
l inkage disequi l ibr ium with a X b a I  R F L P  at the  A D H 3  locus 
r epo r t ed  e l sewhere  (Smith  et  al. 1986). Alle le  f requencies  and  
disequi l ibr ium values are shown in Table  1. Mende l i an  segre- 
gat ion has  b e e n  obse rved  in th ree  families (da ta  no t  shown).  

For  the  a lbumin  and  A D H 3  RFLPs ,  all enzymes  used in 
the  screening blots  were  also s tudied by screening 10 unre-  
la ted  individuals  in separa te  lanes.  This inc luded 30 dif ferent  
enzymes  for a lbumin  and  22 for  A D H 3 .  In no  case was an  
R F L P  no t  seen  in the  poo led  samples  ident i f ied in the  indi- 
vidual  lanes screened.  The  k n o w n  RFLPs  for a lbumin  and  the  
new RFLPs  for a lbumin  and  A D H 3  r epo r t ed  here  were  all 
ident i f ied in the  poo led  D N A  screening procedure .  Thus ,  no  
c o m m o n  RFLPs  were  missed by  this technique .  
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Densitometry was performed using a Biorad 1650 densito- 
meter on pooled samples of D N A  containing from 2 to 40 
chromosomes and digested with one or two enzymes known to 
be polymorphic at albumin or ADH3.  The band intensities 
corresponded to the relative proportions of + or - alleles pre- 
sent in each sample. When a StuI /XbaI  double digest was 
probed with ADH3 individual alleles did not have equal inten- 
sity of bands even when present in equimolar amounts (for 
example as in a single individual heterozygous for both en- 
zymes). Thus, when calculating frequencies based on density 
it was necessary to normalize for the different signal strengths 
that arose from digests. A similar inequality of signal strengths 
was observed for the bands corresponding to the previously 
reported albumin Eco RV RFLP when double digests of SacI 
and Eco RV were performed. 

i x  

Discussion 

We have used D N A  isolated from a cell line containing a 
single human chromosome 4 as a comparison lane against 
pooled samples of DNA from 10 unrelated individuals to 
search for RFLPs. Since the D N A  isolated from a cell line re- 
taining only a single human chromosome 4 is an obligate 
hemizygote, only a single allele can be present in this sample 
for any chromosome 4 RFLP. If a second allele is present in 
pooled D N A  run in an adjacent lane, this will be seen as a 
band on a Southern blot not present in the D N A  from the 
hemizygous cell line. This approach combines previous sug- 
gestions to use DNA from a male against a panel of D N A  
from females to enhance X-chromosome RFLP detection (A1- 
dridge et al. 1984) and the use of pooled D N A  samples to de- 
tect RFLPs in linkage disequilibrium in normal and insulin-de- 
pendent diabetic populations (Arnheim et al. 1985). 

Several types of erroneous results may be produced by this 
method. First, the hemizygous cell hybrids must contain a 
single chromosome with a single clonal origin. A mixture of 
cells, containing chromosomes of more than one origin, are no 
more useful than analyzing D N A  from a single individual. 
Even small amounts of contamination may seriously interfere 
with appropriate interpretation of screening blots. For analyz- 
ing our single chromosome hybrids we have overexposed our 
autoradiographs and detected no evidence of secondary 
bands, using probe and enzyme combinations that produce 
known polymorphic alleles. A second potential source of 
error would be partial digests of the pooled D N A  samples. 
We only use highly purified DNAs that are known to com- 
pletely digest with the appropriate restriction enzyme. In most 
cases digestions proceed for at least 12 hours with a two-fold 
enzyme excess. Since all potential RFLPs identified in screen- 
ing need to be validated with family studies and Hardy-Wein- 
berg calculations, this source of error is eventually revealed. 

A third confounding variable is that approximately equal 
amounts of DNA from each individual should be present in 
the pooled sample. In our hands, signals of 5% intensity (rep- 
resenting one variant chromosome out of 20) can be detected. 
If by chance the D N A  from a single variant individual in the 
pooled sample is present in disproportionately lower amounts, 
an RFLP in a single chromosome might be missed. Since 
RFLPs with a frequency of less than 5% are not as useful, we 
feel that 10 individuals is a reasonable number to use if look- 
ing for RFLPs to use in linkage studies (Skolnick and White 
1983). 

Using these screening blots we have also identified an epi- 
dermal growth factor RFLP with HincH that has allele fre- 
quencies of 0.4/0.6 (Murray et al. 1986). The same pooled 
DNA screening blots failed to identify a SacI RFLP with epi- 
dermal growth factor that has allele frequencies of 0.06/0.94, 
demonstrating that rare RFLPs can be missed by this as well 
as other screening procedures. 

A fourth source of error is in using a probe that cross- 
hybridizes with sequences from other chromosomes. These 
cross-hybridizing bands may appear as new alleles in compar- 
ing pooled samples to single chromosome samples. This will 
occur when the crosshybridizing sequence is found on a differ- 
ent chromosome not present in the cell line containing the 
single chromosome for which RFLPs are sought. These false 
RFLPs will be eliminated when one separates the pooled sam- 
pies into individual lanes and sees that each has a constant 
band in a defined position. In addition, this band would not 
segregate with the particular chromosome under study in a 
panel of somatic cell hybrids. 

There are significant benefits from using the procedure. 
First, it makes effective use of blot spgce and DNA. We for- 
merly used 10 individuals in 10 lanes:imour screening panels. 
We now use two lanes - one for hemizygous D N A  and one 
for pooled DNA from 10 individuals. Thus, we use one-fifth 
as much blotting space and one-tenth as much D N A  in the in- 
itial screen. It also uses one-fifth as much enzyme so that 
screening with expensive enzymes becomes more feasible. 

It is not necessary to use a hybrid cell line containing a 
single chromosome of interest if one has access to cells from 
an individual monosomic for a portion of a chromosome that 
a particular probe has been localized to, and for which one 
wishes to identify polymorphisms. Thus, DNA from individu- 
als who have partial monosomies of particular autosomes 
could be used to create a panel of DNAs useful in screening 
various subregions of chromosomes for RFLPs. An alterna- 
tive would be to use DNA isolated from a complete hydatidi- 
form mole. Such tumors have been shown to contain only a set 
of chromosomes of haploid paternal origin (Jacobs et al. 1980) 
and so would be hemizygous for all RFLP sites. Blots created 
using D N A  from a hydatidiform mole when compared to 
pooled D N A  samples could be used to identify RFLPs for any 
chromosome obviating the need for single chromosome-con- 
taining cell lines. 

The use of pooled samples will also have utility in looking 
for rare RFLPs in individual families with specific disorders. 
Using pooled DNA from parental sets in a particular family, 
one could rapidly screen with a large number of restriction en- 
zymes. Once an otherwise rare RFLP is found in such a fam- 
ily, that RFLP has great utility as a linkage marker in that par- 
ticular pedigree. This will allow for screens for rare RFLPs in 
interesting families in a cost efficient and specific fashion. 

Finally, we would propose that the use of pooled D N A  
samples from large numbers of individuals might be useful in 
providing estimates of both allele frequencies and linkage dis- 
equilibrium in such populations without having to examine 
each individual separately. Since signal strength of the bands 
is proportional to allele frequencies, the screen provides an es- 
timate of frequencies so that apparently more common RFLPs 
may be pursued first. This requires densitometer determina- 
tions of band intensities in the pooled samples and so is sub- 
ject to the limitations of densitometry but does provide useful 
approximations for many purposes. To determine the allele 
frequencies, only a restriction enzyme digest of the pooled 
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D N A  would be needed.  To measure pairwise linkage dis- 
equil ibrium, one would do a double digest using two poly- 
morphic enzymes at a given locus. Four  possible band  sizes 
representing the four possible two allele/two enzyme hap- 
lotypes would then be studied by densi tometer  and the ob- 
served proportions compared to the expected proport ions to 
determine if there is random association of alleles at the two 
loci. As noted above, it may first be necessary to normalize 
band  intensities as equimolar  amounts  of different alleles may 
have different hybridization signals. The advantages here 
could be enormous in that even several thousand individuals 
(if mixed in equimolar  amounts)  could be studied in a single 
lane providing enormous savings of D N A ,  money,  and time 
while providing reasonable assessment of frequencies and dis- 
equil ibrium in very large populat ion samples. 

In summary,  we report  a rapid screening procedure for 
RFLPs using pooled D N A  samples and D N A  prepared from 
a hybrid cell line hemizygous for a human  autosome. Two new 
RFLPs are reported and the utility of the procedure for sev- 
eral other applications discussed. 
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