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RESEARCH 

A Radiation Hybrid Map of 40 Loci for the 
Distal Long Arm of Human Chromosome 8 
Tracey B. Lewis, 1 Lesa Nelson, 3 Ken Ward, 3 and Robin J. Leach1'2'4 

1Departments of Cellular and Structural Biology and 2pediatrics, University of Texas Health Science 
Center at San Antonio, San Antonio, Texas 78284; 3Departments of Obstetrics/Gynecology and Human 

Genetics, Univ6rsity of Utah Medical School, Salt Lake City, Utah 84112 

We generated a panel of 97 radiation hybrids from the cell line GMI01S6B, which contains only human 
chromosome 8 in a Chinese hamster ovary cell line background. Statistical analysis of the cosegregation of 
markers in the 97 radiation hybrids was used to construct a physical map delineating the order and 
intermarker distance of 40 8q24 loci. Twenty-one loci were ordered with maximum likelihood ratios greater 
than 1000:1. A high level of consistancy was seen between our RH map and the published genetic map, 
suggesting that our panel will be a valuable resource for the rapid mapping of markers derived from human 
chromosome 8. 

The construction of a high resolution map for the 
human chromosome 8q24 region is of particular 
biological interest as it contains several disease 
gene loci, including a locus for benign familial 
neonatal convulsions (BFNC) (Lewis et al. 1993) 
and loci for Langer-Giedion syndrome (LGS) 
(Parrish et al. 1991). BFNC is characterized by 
tonic-clonic seizures with onset in the first week 
of life. Spontaneous remission of the seizures oc- 
curs by 6 months of age. Aside from the seizures 
themselves, there is no other neurological in- 
volvement; growth and development are normal 
(Miles and Holmes 1990). Transmitted in an au- 
tosomal dominant fashion, BFNC is a genetically 
heterogeneous disorder with loci on both chro- 
mosome 20 (EBN1) (Leppert et al. 1989) and 
chromosome 8 (EBN2) (Lewis et al. 1993). Tight 
linkage to chromosome 8q24 markers D8S284, 
MYC, and D8S256 has been demonstrated for 
EBN2 (Lewis et al. 1993). 

LGS has been localized to 8q24.1, and evi- 
dence suggests that LGS is a contiguous gene syn- 
drome combining the phenotypic features of two 
autosomal dominant disorders, multiple exos- 
roses (EXT), and tricho-rhino-phalangeal syn- 
drome, type I (TRPSI) (Parrish et al. 1991). EXT is 
characterized by the growth of multiple benign 
cartilage-capped tumors on the long bones (Ras- 
kind et al. 1995). Recent loss of heterozygosity 
studies in sporadic and EXT-affected chondrosar- 
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comas suggests that EXT functions as a tumor 
suppressor (Hecht et al. 1995; Raskind et al. 
1995). Features of TRPSI include sparse scalp hair, 
bushy eyebrows, bulbous nose, long philtrum, 
short stature, and cone-shaped epiphysis (Lu- 
decke et al. 1995). Deletion, translocation, and 
linkage mapping have localized an EXT gene 
(EXT1) to -1.5-2.0 Mb centromeric to the 8q24 
marker D8S199 (Cook et al. 1993; Ludecke et al. 
1995). Data indicate that the TRPSI gene (TRPS1) 
maps centromeric to EXT1, with a maximal dis- 
tance between the two genes of 200 kb (Ludecke 
et al. 1995). 

Positional cloning of disease gene loci as- 
signed to 8q24 can by assisted by a high resolu- 
tion map of this genomic area. In an effort to 
improve the resolution of the 8q24 map, we have 
undertaken radiation hybrid (RH) mapping. This 
method  complements  the existing mapping 
strategies of meiotic mapping (Gyapay et al. 
1994) and somatic cell hybrid (SCH) panels 
(Wagner et al. 1991; Parrish et al. 1994) but at a 
higher resolution and with particular emphasis 
on defining the order and intermarker distance of 
loci in regions of interest. 

RH mapping is a powerful complement to 
these existing maps as it integrates both physical 
and genetic mapping data and achieves a high 
level of resolution. With this technique, a high 
dose of radiation is used to lethally fragment the 
chromosomes in a donor cell line, followed by 
recovery of fragments in a recipient cell line. The 
resulting hybrid clones are then typed for the re- 
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t en t ion  of c h r o m o s o m a l  markers  of interest .  
Monomorphic ,  as well as polymorphic ,  loci can 
be utilized as markers in RH mapping,  offering a 
major advantage over meiotic mapping.  These 
two techniques are analogous, as the frequency 
of breakage, or recombinat ion,  between loci is 
directly related to the distance between the loci. 
Analysis  of the  c o n c o r d a n c e / d i s c o r d a n c e  of 
marker re tent ion in independen t  RH clones gen- 
erates a statistical map-~)f the relative order of 
marker loci and interlocus distance (Boehnke et 
al. 1991; Cox et al. 1991; Lunetta and Boehnke 
1994). 

In our s tudy RHs were generated using the 
SCH GM10156B, which  conta ins  only  h u m a n  
c h r o m o s o m e  8 in a Ch inese  h a m s t e r  ova ry  
(CHO) cell line background 0ones  et al. 1981), as 
the donor  cell line. C h r o m o s o m a l  f ragments  
were rescued by fusion to the  h y p o x a n t h i n e  
phosphoribosyl  transferase (HPRT)- and adenine 
p h o s p h o r i b o s y l  t ransferase  (APRT)- def ic ient  
hamster  cell line, C HO-ATS-49tg. A panel  of 97 
radiation hybrid clones was used to delineate the 
order and intermarker distance of 40 8q24 loci, 
including 37 a nonym ous  loci and three genes. 
Our RH map of 8q24 improves the resolution in 
the vicini ty of the EBN2, EXT1, and TRPS1 loci 
and should assist in the posit ional cloning of dis- 
ease genes. 

RESULTS 

Radiation Hybrid Panel 

Ninety-seven RHs were scored for the presence or 
absence of 40 human-specif ic  ch romosome 8q24 
markers. Fifty-one (52.5%) of the hybrids were 
positive for at least one 8q24 marker and a dif- 
ferent 10 hybrids are also known to retain cen- 
tromeric (8q11.1) or 8p23 fragments (Bookstein 
et al. 1994). A total of 61 of the 97 RHs (62.8%) 
are thus known to conta in  h u m a n  chromosome 
8 DNA. 

To assess the number  of chromosome 8-de- 
rived f ragments  re ta ined in a RH, me taphase  
spreads were prepared from 10 randomly  chosen 
RH cell lines. Ten spreads from each of the ran- 
domly  chosen RH cell lines were analyzed by 
FISH using biot inylated total h u m a n  DNA as a 
probe. One to six integrated h u m a n  chromosome 
fragments were observed in the hybrid  cell lines 
tested. 

The re tent ion frequencies of 40 8q24 markers 

RH MAP FOR 8q24 

ranged from 10.3% to 21.6% with an average re- 
ten t ion  frequency of 15.8% in the panel  of 97 
RHs (Table 1). The centromeric  marker D8S1212 
(8q11.1) had a re tent ion frequency of 30.9% in 
the RH panel. The most  centromeric marker from 
8q24, D8S304, had  a r e t en t ion  f r equency  of 
15.5%. There were two sets of markers that  had 
complete concordance: D8S272/D8S502/D8S274 
and D8S537/D8S554. In an addit ional  four sets 
(D8S346/D8S345 ,  D8S347 /KW257 ,  D8S557/  
D8S558, and D8S199/D8S323), the  markers were 
concordant  for all but  one cell line. A high con- 
fidence of order could only be established using 
one marker  of each of these sets. The second 
markers of each set had t ight  linkage with the 
first marker (lod > 12), but  order was unable to be 
determined.  

Multipoint Analysis of RH Data 

The RHMINBRK program was used to order the 
loci according to the m i n i m u m  number  of obli- 
gate ch romosome breaks required to explain the 
data. The orders requiring the fewest breaks were 
accepted as candidate orders for m a x i m u m  like- 
l ihood analysis. Because the marker  D8S1212 
(8q11.1) had a re tent ion frequency that  was ap- 
proximate ly  double (30.9%) the average reten- 
t ion of 8q24 markers, m a x i m u m  likelihoods were 
analyzed under  bo th  the equal and centromeric 
re tent ion  models.  Both models  gave the same 
best locus order, and no significant difference 
was found in the fit to the data for either model  
()~2= 0.016, df = 1, P < .9, l ikelihood ratio test). 
The loci order suggested by m i n i m u m  breaks cri- 
teria matched  with the best order generated by 
m a x i m u m  likelihood analysis. This order was fur- 
ther supported by data from the two-point  anal- 
ysis. 

The resulting framework map is shown in 
Figure 1. The map contains 21 loci ordered with 
>1000:1 odds using m a x i m u m  likelihood ratios 
and spans a distance of 558.6 cRsooo. The com- 
prehensive RH map is shown in Figure 2. The 
order of the 19 remaining markers is consistent 
with the framework map. A comparison of a ge- 
netic map (Gyapay et al. 1994) of the region is 
also illustrated in Figure 2. The order of the 17 
markers c o m m o n  to the two maps is in close 
agreement.  The genetic map  spans 30 cM be- 
tween D8S527 and D8S274, whereas the same re- 
gion is 333.1 cRsooo on the RH map. Thus, 1 
cRsooo = 0.09 cM or 1 cM = 11 cRsooo in this re- 
gion. 
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Table 1. PCR information for 8q markers 

Marker Annealing Mg 2+ Product size Retention 
name temp. (°C) Conc. (bp) a frequency (%) Reference 

D8S320 60 3.0 386-426 18.8 Riley et al. (1993) 
D8S300 60 2.5 496- 17.5 K. Ward b 
D8S343 55 1.5 134- 1 7.5 UMDG (1995) 
D8S341 55 1.5 355- 20.6 K. Ward b 
D8S428 55 2.0 191 21.6 K. Ward b 
D8S51 50 2.5- 127- 1 3 Ludecke et al. (1991) 
D8S527 50 2.5 272-284 14.6 Gyapay et al. (1994) 
D8S323 60 2.5 192-200 18.6 Lu et al. (1993) 
D8S199 45 1.5 226- 1 7.9 Tomfohrde et al. (1992) 
D8S198 55 2.0 165- 20.8 Tomfohrde et al. (1992) 
D8S514 50 2.0 209-227 15.8 Gyapay et al. (1994) 
D8S508 45 2.0 214-232 1 3.4 Gyapay et al. (1994) 
D8S342 60 3.0 360-412 15.5 Lu et al. (1993) 
D8S450 60 2.0 261 14.4 K. Ward b 
D8S348 60 2.5 408- 15.5 K. Ward b 
KW435 60 2.0 310-327 16.5 K. Ward b 
D8S266 45 1.5 153-165 16.8 Gyapay et al. (1994) 
MYC 52 1.5 87-125 16.5 Polymeropoulos et al. (1992) 
D8S347 60 2.0 322-382 17.7 K. Ward b 
KW257 55 3.0 500- 18.6 K. Ward b 
D8S321 60 3.0 228- 16.5 K. Ward b 
D8S263 45 2.0 275-289 13.4 Gyapay et al. (1994) 
D8S284 50 2.5 243-273 13.4 Gyapay et al. (1994) 
ACDY8 55 1.5 280 10.3 T.B. Lewis b 
D8S557 50 1.5 233-251 14.4 Gyapay et al. (1994) 
D8S558 60 2.0 160-180 1 3.4 Gyapay et al. (1994) 
D8S529 52 2.0 244-262 14.4 Gyapay et al. (1994) 
TG 65 2.0 392 14.4 Theune et al. (1991) 
D8S256 50 2.0 210-232 12.6 Gyapay et al. (1994) 
D8S523 55 2.0 243-257 1 3.4 Gyapay et al. (1994) 
D8S537 60 3.0 146-1 76 15.5 Gyapay et al. (1994) 
D8S554 60 3.0 161-177 15.5 Gyapay et al. (1994) 
D8S534 50 1.5 1 76-210 16.5 Gyapay et al. (1994) 
D8S274 55 2.0 108-118 16.5 Gyapay et al. (1994) 
D8S272 48 2.0 192-239 16.5 Gyapay et al. (1994) 
D8S502 50 2.5 211-221 16.5 Gyapay et al. (1994) 
D8S345 60 2.0 276-296 1 3.4 Lu et al. (1993) 
D8S346 60 2.5 232-252 14.4 Riley et al. (1994) 
D8S315 60 2.0 368-384 15.5 Lu et al. (1993) 
D8S304 60 2.0 550- 15.5 K. Ward b 

Primer sequences can be retrieved from the Genome Data Base. 
aSize ranges are indicated if known. Where the precise size range has not been established, a known reference allele size and a dash 
indicating polymorphism is shown. 
bPrimer sequences first described in this publication. 

DISCUSSION 

A panel of 97 RHs was constructed from a chro- 
mosome 8-only SCH line and used to order 8q24 
markers. Despite the absence of selection for 
chromosome 8 sequences, a majority of the RHs 

have been shown to retain human DNA. FISH 
analysis indicated one to six fragments of human 
DNA in 10 RH cell lines analyzed. The complete 
RH panel was screened by PCR for the presence or 
absence of 40 8q24 markers. The 61 hybrids 
known to conta in  ch romosome 8 fragments  
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Figure 1 Framework map of 8q24. Twenty-one markers were or- 
dered with >1000:1 maximum likelihood ratio. Rsooo distances are 
shown at right. 1 cRsooo corresponds to -90 kb. 

Rsooo probabil i t ies for all markers or for 
higher re tent ion probabilities toward 

0.570 t he  c e n t r o m e r i c  e n d p o i n t  of t he  

0.639 map. No gradient  of re tent ion  was 
observed toward the telomere. This 

0.477 pat tern of similar re tent ion frequen- 
cies along a chromosome arm, with 

0.172 an increase in re tent ion for markers 
in close proximi ty  to the centromere,  

0.202 has been observed in o ther  sets of 
0.370 RHs (Lawrence et al. 1991; Gorski et 

al. 1992; Francke et al. 1994). 
0.163 Twenty-one  loci in band  8q24 

were  o r d e r e d  w i t h  h i g h  s u p p o r t  
0.163 (/>1000:1 m a x i m u m  l ikel ihood ra- 

0.200 tios), providing a framework map of 
the region. Five loci on the frame- 

0.234 work map  conta ined  sets of markers 
tha t  had no obligate c h r o m o s o m e  

0.326 breaks and could not  be ordered by 
RH analysis. An addit ional  16 loci, 

0.283 representing 19 markers, could be or- 

0.158 dered with respect to the framework 
map. 

0.268 Compar i son  of the  cRsooo dis- 
tances to actual physical distances is 

0.316 d i f f icu l t  because  precise  phys ica l  
measurements  among  8q24 markers 

0.314 
are not  known, but  estimates can be 

0.162 made from genetic mapping  data. As 
rates of r ecombina t ion  vary across 

0.204 the genome, estimates should be cal- 
culated separately for each chromo- 

0.205 somal  region.  The RH map  spans  

0.158 3 3 3 . 1  cRsooo b e t w e e n  m a r k e r s  
D8S527 and D8S274; the same region 
on the genetic map is 30 cM (Gyapay 
et al. 1994). Using the assumpt ion  
t ha t  1 cM equals  - 1 0 0 0  kb, t h e n  
wi thin  this interval, 1 cRsooo corre- 
sponds to -90  kb. This RH panel  was 
created using a dose of 5000 fads, re- 

sulting in larger fragments as compared to using 
a higher dose of radiat ion to induce chromosome 
breaks. Taking the low radiat ion dose into ac- 
count,  the estimate of cR-to-kb conversion is con- 
sistent with reports for o ther  RH panels (Frazer et 
al. 1992; Gorski et al. 1992; Abel et al. 1993; 
Richard et al. 1993, O'Connel l  et al. 1994). 

The RH map order generated by m a x i m u m  
likelihood analysis is in good agreement with the 
order proposed by the genetic linkage map (Gy- 
apay et al. 1994). The RH map was able to resolve 
several sets of markers that  had no observed re- 

clearly represented independen t  clones, as none  
of these hybrids have match ing  re tent ion pat- 
terns of markers. Retent ion frequencies of the 
8q24 markers ranged from 10.3% to 21.6%. 

The re tent ion data were analyzed using the 
mu l t i po in t  m e t h o d  of m a x i m u m  likel ihoods.  
Data from an 8q l  1.1 marker suggested that  frag- 
ments  near the centromere may  be retained at a 
higher frequency; thus, mul t ipo in t  analysis was 
pe r fo rmed  u n d e r  d i f fe ren t  marke r  r e t e n t i o n  
models .  Essentially ident ical  results were ob- 
tained under  models allowing for equal re tent ion 
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F i g u r e  2 Compar is ion  of the genet ic  map  and the comprehens ive  RH map.  
The genet ic map  is shown  at left, and the comprehens ive  RH map at right. 
Markers placed to the side could not  be ordered w i th  a 1000:1 m a x i m u m  
l ikel ihood ratio. Data f rom Gyapay et al. (1994) .  

combination in the Genethon analysis of 8 CEPH 
(Centre d'Etudes du Polymorphisme Humain) 
pedigrees. The marker set D8SSO8/D8S266 is in- 
dicated as a single locus by linkage analysis, yet 
in the RH panel the markers are separated by 59.7 

cRsooo. Eight ch romosome  
breaks were observed  be- 
tween D8S508 and D8S266, 
and four additional markers 
were mapped into this inter- 
val. The physical distance be- 
tween the marker pair is esti 
mated as 5.3 Mb based on the 
RH panel. A marker cluster on 
the genetic map consisting of 
D 8 S 2 7 4 / D 8 S S O 2 / D 8 S 2 7 2 /  
D8S534/D8S523 was able to 
be partially resolved on the 
RH map. Three of the markers 
(D8S274/D8S502/D8S272)  
continued to map as a single 
unit on the RH map. Marker 
D8S534 had two chromosome 
breaks with this marker group, 
placing it 7.5 cRsooo, or -680 
kb, p r o x i m a l  to D8S274/  
D 8 S 5 0 2 / D 8 S 2 7 2 .  M a r k e r  
D8S523 was the only marker 
whose RH localization was in 
disagreement with the genetic 
map. RH mapping ordered the 
region as D8S274/D8S502/ 
D 8 S 2 7 2 - D 8 S 5 3 4 - D 8 S 5 5 4 /  
D8S537-DNS523-D8S256 ,  
whereas genetic mapping pre- 
d ic ted  the  order  D8S274/ 
D8S502/D8S272/D8S534/ 
D 8 S 5 2 3 - D 8 S 5 5 4 - D  8S537- 
D8S256. The RH placement 
was ascertained by a cell line 
i nd ica t ing  a c h r o m o s o m e  
break between the marker set 
of D8S274/D8S502/D8S272/ 
D8S534/D8S554/D8S537 and 
D8S523. Additional cell lines 
i n d i c a t e d  a g r o u p i n g  of 
D8S523 wi th  D8S554 and 
D8S537. The support for the 
RH m a p  l o c a l i z a t i o n  of  
D8S523 be tween  D8S554/ 
D8S537 and  D8S256 was 
1.1 x 104 and 4.1 x 107 , re- 
spectively. 

The creation of a high 
resolution map of 8q24 is a powerful resource in 
the efforts to positionally clone disease genes as- 
signed to this region. A gene responsible for be- 
nign familial neonatal convulsions, EBN2, was 
originally mapped by linkage analysis to the 
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8q24 interval  de f ined  by  markers  D8S272 a nd  

D8S198, a dis tance tha t  was repor ted  to be 30 cM 

(Lewis et al. 1993). Original ly,  few markers  had  

been well o rdered  for b a n d  8q24.  O n l y  th ree  

po lymorphic  markers  were repor ted  for the  EBN2 

critical i n t e rva l :  D8S256,  D8S284,  a n d  MYC 

(Lewis et al. 1993). Using the  RH panel ,  20 addi- 
tional markers have  n o w  been  m a p p e d  to this  

area. Eighteen of the  newly  m a p p e d  markers  are 

po lymorph ic  and  useful in  redef in ing  the  EBN2 

critical region. Based o n  t~e RH m a p  a n d  the  es- 

t imate 1 cRsooo e q u a l i n g  - 9 0  kb, t he  o r ig ina l  
EBN2 interval  was calcula ted to be 27 Mb. Link- 
age analysis us ing  the  or ig inal  pedigree has nar-  

rowed the critical region to D8S272~D8S342, an 

interval of 226 cRsooo, or - 2 0  Mb. This figure is 
close to the  genet ic  es t imate  of 18 cM separa t ing  

D8S272 and  D8S508. D8S508 is a marker  s l ight ly  

proximal to D8S342, as the  lat ter  is n o t  inc luded  

on the genet ic  m a p  (Gyapay et al. 1994). The 
high c o n c e n t r a t i o n  of  p o l y m o r p h i c  markers  t ha t  

have been  ordered  using the  RH pane l  will assist 

future efforts to  f t i r ther  na r row the  EBN2 criti- 

cal region by l inkage analysis  in  add i t i ona l  fam- 
ilies. 

Ano the r  disorder  m a p p i n g  to 8q24 is LGS. 
LGS is cons idered  a con t iguous  gene s y n d r o m e  of 

c h r o m o s o m e  8q24 t ha t  c o m b i n e s  the  p h e n o -  
typic features of two au tosoma l  d o m i n a n t  disor- 

ders, EXT a n d  TRPSI. L i n k a g e  s t ud i e s  h a v e  

mapped the  EXT locus -1 .5  cM cen t romer i c  to 

the marker  D8S199 (Cook et al. 1993). Breakpoin t  

analysis have  concur red  w i th  the  l inkage studies, 

placing the  EXT1 locus 1.5-2.0 Mb cen t romer i c  

to D8S199 (Ludecke et al. 1995) . This previous  

mapp ing  data  suggest the  EXT1 locus is be tween  

markers D8S199/D8S323 and  D8S527, a d is tance  

of 17.2 cRsooo. M a p p i n g  of the  c h r o m o s o m a l  
breakpoints  in EXT, TRPS1, and  LGS pa t ien ts  ha d  
indicated the  m a x i m u m  dis tance  b e t w e e n  the  
EXT1 and  the  TRPS1 loci to be ~<2000 kb, wi th  

TRPS1 m a p p i n g  cen t romer i c  to  EXT1 (Ludecke et 

al. 1995). The TRPSI critical region is def ined  on  

the RH m a p  as the  i n t e rva l  D 8 S 1 9 9 / D 8 S 3 2 3 -  

D8SS27-D8S51, a span of 49.0 cRsooo. 
RH m a p p i n g  is a powerfu l  t echn ique ,  partic- 

ularly w h e n  c o m b i n e d  wi th  o the r  m a p p i n g  strat- 

agies. The use of a RH pane l  produces  a h ighe r  

resolut ion map  t h a n  meio t ic  m a p p i n g  or somat ic  

cell hybr id  pane l  local izat ion.  RH m a p p i n g  is a 

bridge s p a n n i n g  the  large-scale genet ic  m a p p i n g  

and fine-scale con t ig  bui ld ing.  The h igh  level of 
cons is tency be tween  our  RH m a p  and  the  genet ic  
map suggests t ha t  this  pane l  will be a va luable  
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resource for the  rapid m a p p i n g  of markers  de- 

r ived f rom h u m a n  c h r o m o s o m e  8. 

METHODS 

Cell Lines and Culture Conditions 

GMlO156B is a human-hamster hybrid cell line that re- 
tains an intact human chromosome 8 as its only human 
component. One copy of human chromosome 8 is re- 
tained in 12% of the cells; 88% of the cells contain two 
copies of human chromosome 8. The GM10156B cell line 
(obtained from Coriell Cell Repository, Cambden, NJ) was 
cultured in KAO medium (Jones et al. 1981) with 10% fetal 
bovine serum, 500 U of penicillin/ml, 0.5 mg/ml of strep- 
tomycin, 60 mM hypoxanthine, and 10 mg/ml of proline. 
This cell line served as the donor for the radiation hybrid 
fusion. The recipient cell line was an APRT and HPRT -de- 
ficient cell line, CHO-ATS-49tg (gift of Jerry Adair, Science 
Park, Smithville, TX). The cell line was cultured in a 1:1 
(vol/vol) mixture of Ham's F12 medium and Dulbecco's 
modified Eagle medium (F/DV), with the addition of 10% 
fetal bovine serum, SO0 U/ml of penicillin, and 0.5 mg/ml 
of streptomycin. 

Generation of Radiation Hybrid Cell Lines 

GMlO156B donor cells (2 x 107) were trypsinized, washed, 
and placed in 10 ml of serum-free KAO medium. The cells 
were placed on ice and exposed to 5000 fads of y-irradia- 
tion using a 1~7Cs source at a rate of llS.1 rads/min. The 
cells were immediately fused with 50% polyethylene gly- 
col 1S00 (Boehringer Mannheim Biochemical, Indianapo- 
lis, IN) to the same number of nonirradiated CHO-ATS- 
49tg cells. The fused population was plated at a density of 
1 x 106 cells per 75 cm 2 flask with complete F/DV selective 
medium containing hypoxanthine, aminopterin, and thy- 
midine (HAT) (Littlefield 1964). After 3 weeks, 97 HAT- 
resistant hybrids were isolated, expanded, and DNA was 
extracted. No clones were observed in flasks containing 
CHO-ATS-49tg cells placed in complete HAT medium or 
in flasks containing GM10156B-irradiated cells placed in 
nonselective medium. 

Fluorescence In Situ Hybridization of Cell Lines 

To detect the number of chromosome 8-derived fragments 
retained in a RH, fixed metaphase spreads of several hy- 
brids were analyzed by fluorescence in situ hybridization 
(FISH) (Pinkel et al. 1986). One hundred nanograms of 
sonicated human placental DNA was labeled by nick trans- 
lation in the presence of biotin-14-dATP (GIBCO-BRL) 
and used as the probe. After hybridization of the probe to 
the metaphase spreads, human DNA in the hybrids was 
detected with fluorescein i so th iocyanate  (FITC)- 
conjugated avidin (Vector Laboratories). Propidium iodide 
was used to counterstain the hamster DNA. FISH results 
were photographed with a Zeiss Axioskop photomicro- 
scope. 

Marker Screening of the Radiation Hybrids 

For each of the 97 RHs, the presence or absence of each of 
40 different markers from 8q24 was determined by PCR. 

GENOME RESEARCH ,~ 339 

 Cold Spring Harbor Laboratory Press on June 20, 2026 . Published by genome.cshlp.orgDownloaded from 

http://genome.cshlp.org/
http://www.cshlpress.com


LEWIS ET AL. 

For each primer set, Mg 2+ concen t ra t ion  and annea l ing  
tempera ture  were opt imized  using ei ther  an O m n i g e n e  
(Hybaid) or a PHC-3 (Techne) thermocycler  (Table 1). PCR 
consis ted of 100 ng of t empla t e  DNA, 10 ng  of each 
primer, 0.2 mM dNTPs, and  1.2 uni ts  of Taq polymerase 
(Perkin Elmer) in a 20-btl volume.  PCRs were dena tu red  for 
5 rain at 95°C followed by 30 cycles wi th  each cycle com- 
prised of 94°C for 1 min,  annea l ing  tempera ture  for 1 rain, 
and 72°C for 1 min .  The final cycle was followed by a 
10-min extens ion at 72°C. PCR products  were separated by 
electrophoresis on  a 2% agarose gel (FMC BioProducts) in 
1 x TAE buffer  and  visual ized wf th  e t h i d i u m  b r o m i d e  
staining. Data were scored as present,  absent, or ambigu- 
ous; quest ionable  results were re typed at least once. Only  
0.3% of the  data was scored as ambiguous.  

Multipoint Mapping of RH Data 

The order and in termarker  distance of c h r o m o s o m e  8q24 
markers were de t e rmined  using the  mu l t i po in t  m a x i m u m  
likelihood m e t h o d  of statistical analysis (Boehnke et al. 
1991). This m e t h o d  depends  on  two assumptions:  (1) ?-ray 
breakage occurr ing r a n d o m l y  along a ch romosome ,  and 
(2) i n d e p e n d e n t  re ten t ion  Qf the  resulting f ragments  in 
the RHs. In the  N-locus case, the  l ikel ihood of the  RH data 
is a func t ion  of the  N -  1 breakage probabilities be tween 
adjacent  loci and one  or more  f ragment  re ten t ion  proba- 
bilities. The program RHMAP v2.01 (Boehnke et al. 1991), 
consist ing of the  rout ines RH2PT, RHMINBRK, and  RH- 
MAXLIK, was utilized for the  statistical analysis. 

The RH2PT rout ine  was used to est imate re ten t ion  
frequencies, l inkage groups, in termarker  lod scores, and 
intermarker  distances. Next, mu l t i po in t  analysis unde r  the  
m i n i m u m  breaks criterion identif ied the  map  orders wi th  
the  fewest n u m b e r  of obligate breaks. The b ranch  and  
b o u n d  strategy of m i n i m u m  breaks guarantees that  the  
best locus order is identified, but  wi th  a large n u m b e r  of 
loci this strategy is computa t iona l  intensive. Because of 
the  large data set, mul t i locus  order probabilit ies for the  40 
markers were first es t imated using the  s imulated annea l ing  
option.  Next, the  most  probable orders identif ied were 
tested using the  b ranch  and  b o u n d  op t ion  with overlap- 
ping sets of 10 markers. The orders wi th  the  smallest n u m -  
ber of breaks were further  verified by compar i son  wi th  the  
lod scores and distances obta ined  by RH2PT. These orders 
were then  accepted as candidate  orders for RHMAXLIK. 
The data were analyzed by RHMAXLIK in over lapping  
groups of 10 markers and again as the  total set of 40 mark- 
ers. Locus orders were compared  by their  m a x i m u m  like- 
l ihoods under  bo th  the  equal and cent romer ic  re ten t ion  
models,  with the order wi th  the  largest m a x i m u m  likeli- 
h o o d  being the  one best suppor ted  by the  data. 

The map  with the  h ighest  m a x i m u m  l ikel ihood that  
conta ined  all of the  loci was considered to be the  compre-  
hensive map. The framework map  was const ructed by add- 
ing loci one at a t ime and analyzing the  overall ma p  sup- 
port  using RHMAXLIK. If all of the  loci unde r  consider- 
at ion were jointly ordered wi th  a 1000:1 suppor t  for order, 
t hen  the  m a p  was considered as a framework. In all, 21 
markers were jointly ordered wi th  >1000:1 support .  This 
f ramework map  is shown in Figure 1. Interloci lod scores 
ranged from 6.29 to 12.97 on the  f ramework map.  
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