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Abstract--The human homolog of the Saccharomyces cerevisiae cell division control 27 gene 
(CDC27) was mapped to human chromosome 17q12-q21 using a panel of human~rodent 
somatic cell hybrids and localized distal to the breast cancer susceptibility gene, BRCA1, using a 
panel of radiation hybrids. The radiation hybrid panel indicates that the most likely position of 
human CDC27 on human chromosome 17 is between the marker D17S409 and the beta 3 subunit 
of integrin (ITGB3). Further confirmation of this localization comes from the sequence tagged site 
(STS) mapping of human CDC27 to the same yeast artificial chromosomes (YACs) positive for 
ITGB3. The estimated distance between ITGB3 and human CDC27 is less than 600 kb. 

INTRODUCTION 

Saccharomyces cerevisiae CDC27 is a 
member of the Tetratrico Peptide Repeat  
(TPR) gene family which includesAspergillus 
nidulans BimA and Schizosaccharomyces 
pombe nuc2 § (1). Members of this gene 
family contain multiple tandem repeats of a 
34 amino acid (a.a.) sequence. TPR genes 
are involved in different stages of the yeast 
cell division cycle. CDC27 gene function is 
required in the late G2 phase, prior to the 
initiation of mitosis in yeast (2). Using an 
expressed sequence tag data base search, the 

human homolog to S. cerevisiae CDC27 
(CDC27Hs) 7 was recently cloned and found 
to encode an 823 a.a. protein with 45% 
homology to the 350 a.a. C-terminal TP R 
block and 30% homology to the 250 a.a. 
N-terminal TP R (1). CDC27 was subse- 
quently mapped to human chromosome 17 
by PCR assay of a panel of somatic cell 
hybrids, each hybrid containing a single 
human chromosome on a rodent back- 
ground. CDC27 was also localized to mouse 
chromosome 11 by hybridization of CDC27Hs 
to Southern blots of a mouse interspecific 
backcross panel. By inference from the 

6To whom correspondence should be addressed. 
7The accepted GDB nomenclature  for the human  gene is CDC27, but we will refer to it as CDC27Hs hereafter  to 
distinguish it from the S. cerevisiae CDC27 gene. 
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mouse mapping data, CDC27Hs was pre- 
dicted to map between human chromosome 
17q21-24, in a region bounded by the ERBB2 
(the erbB2 proto-oncogene) and the PRKCA 
(protein kinase C enzyme A) genes (1). 

In the present study, we confirm the 
inferred position of CDC27Hs made by 
Tugendreich et al., and refine its localization 
proximal to ITGB3 on human chromosome 
17q21.3 by PCR analysis of somatic cell 
hybrids, radiation hybrids, and yeast artificial 
chromosomes. 

MATERIALS AND METHODS 

DNA Templates. The human chromo- 
some 17 radiation hybrid panel (3) and the 
human/rodent somatic cell hybrid panel 
(4-8) used in this study have been reported 
elsewhere. Human, mouse, rat, and hamster 
genomic DNAs were used as controls. YAC 
A144B1 was obtained from the Washington 
University YAC Library; YACs 767Gll and 
784C7 were obtained from the CEPH YAC 
Library. 

PCR Conditions. CDC27Hs STS 
primer sequences were 5'-ATGACACA- 
CAACTTCAT-3', corresponding to bases 
2490-2506 of the open reading frame, and 
5'-CACGTCAGCACTAGTCA-3',  corre- 
sponding to bases 2564-2580 of the 3' 
untranslated region (1). PCR was carried out 
in 25-~1 reactions containing 10 mM Tris- 
HCL, pH 8.3, 1.5 mM MgCI2, 50 mM KC1, 
200 ~M dNTPs, 1.0 p~M primers, 1 unit Taq 
DNA polymerase (BMB), and 125 ng hybrid 
DNA. PCR reactions were performed on a 
PTC-60 Programmable Thermal Controller 
(MJ Research Inc.) utilizing the Touchdown 
PCR program which consisted of 1 min at 
94~ 20 cycles of 30 sec at 92~ 40 sec at 
68~ (-0.5~ per cycle); then 20 cycles of 30 
sec at 92~ 40 sec at 58~ (+ 1 sec per cycle). 
The expected product size for CDC27Hs was 
90 bp. 

RESULTS AND DISCUSSION 

We confirmed that CDC27Hs mapped 
to human chromosome 17q12-q21 by utiliz- 
ing a panel of human/rodent somatic cell 
hybrids. CDC27Hs sequence tagged site 
(STS) primers specific for the terminal 
codons of the open reading frame (bases 
2490-2506) and for the 3' untranslated 
region (bases 2564-2580) (1), were used to 
PCR amplify the human/rodent somatic cell 
hybrid panel. The panel consisted of: the 
human/rat hybrid 7AE4 (5) containing hu- 
man chromosome 17 only; the human/mouse 
hybrid NF13 (6) containing human chromo- 
some 17ql 1.2-qter with the breakpoint at the 
NF1 (neurofibromatosis type 1) locus; the 
human/mouse hybrid P12.3B (7) containing 
human chromosome 17q12-pter with a break- 
point at the retinoic acid receptor ~ subunit 
locus (RARA) (7, 8); and the human/ 
hamster UMHG-17/1 hybrid (4) containing 
human chromosome 17q22-qter. The STS 
was detected in hybrids 7AE4 and NF13 but 
not in P12.3B and UMHG-17/1, suggesting 
that CDC27Hs lies distal to the RARA gene 
but proximal to 17q22 (see Figure 1A). 

To further refine the localization of 
CDC27Hs, a human chromosome 17 radia- 
tion hybrid (RH) panel characterized with 
genetic markers from 17q12-q23 (3), was 
typed with the STS. The entire radiation 
hybrid panel was screened in duplicate (see 
Table 1). Thirteen hybrids were considered 
to be daughter clones (3); therefore, multi- 
point analysis of the RH data (9) was 
performed on the 63 clearly independent 
hybrids. The most likely position for 
CDC27Hs on the 1000:1 framework radiation 
hybrid map of 17q12-q21 is between MTBT1 
(microtubule (beta) associated protein tau 1) 
and ITGB3 (integrin, beta 3, also known as 
GP3A), with an estimated distance of 30 
cR(8000) between MTBT1 and CDC27Hs, 
and 7 cR(8000) between CDC27Hs and 
ITGB3 (see Figure 1A). The centiray (cR) is 
utilized as the unit of distance on the 
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Fig. 1. Mapping of CDC27Hs to human chromosome 17q12-q21. (A) Regional localization of CDC27Hs on human 
chromosome 17q by somatic cell hybrid analysis. Vertical bars to the left of chromosome 17 indicate the regions of 
chromosome 17 retained in the human/rodent somatic cell hybrids. The bracket depicts the region in which 
CDC27Hs is assigned. Localization of CDC27Hs by radiation hybrid analysis is illustrated to the right of chromosome 
17. Previously mapped genes from the 17q12~:121 region along with intervening distances in centirays, cR(8000) are 
shown. The bracket depicts the most likely placement of CDC27Hs. (B) Ethidium-bromide-stained 2% agarose gel 
analysis of CDC27Hs STS PCR amplified human/rodent somatic cell hybrid and YAC DNAs. Lane 1 contains results 
of PCR amplification from water. Lanes 2 4  contain PCR results from human, mouse, and rodent (combined rat and 
hamster) genomic DNA. Lanes 5-8 contain PCR amplified human/rodent clones 7AE4, NF13, P12.3B, and 
UMHG-17/1 respectively. Lanes 9, 10, 11, and 12 contain PCR results from AB1380 yeast genomic DNA, YAC 
767Gll, YAC 784C7, and YAC A144B1. 

radiat ion hybrid map,  where  100 cR(8000) 
corresponds to one  expected break  per  
hybrid after 8000 rads of exposure (3). The  
next most likely p lacement  of CDC27Hs is 
be tween ITGB3 and  BTR (BT474 t ranscr ibed  
rea r rangement )  and  has max imum likelihood 
30 fold less than  the MTBTI-ITGB3 localiza- 

tion. O n  the comprehens ive  R H  map,  which 
shows the most  likely order  for all typed 
markers ,  CDC27Hs is p laced with greatest  
l ikel ihood be tween  the marker  D17S409 and  
ITGB3, with an es t imated  dis tance of 25 
eR(8000) be tween  D17S409 and  CDC27Hs 
and  7 cR(8000) be tween  CDC27Hs and 



3 5 4  H o  e t  al .  

T a b l e  1. R e t e n t i o n  S c o r e s  f o r  CDC27Hs o n  t he  C h r o m o s o m e  17q12-q21  R a d i a t i o n  H y b r i d  P a n e l  a 

R H  C D C 2 7 H s  R H  C D C 2 7 H s  R H  C D C 2 7 H s  R H  C D C 2 7 H s  

1 - 1 8 b  - 3 1  - 6 6  - 

3 - 18c + 32b  + 67 + 

4 - 19 - 32c  + 68 + 

5 - 20a  - 37 - 69 + 

6 - 20b  - 42a  - 70 + 

7 - 20c - 42b  - 71 + 

8a - 21a  - 43 - 72b - 

8b  + 21b  - 44a  + 72c - 

8c - 22a  - 44b  + 73 - 

9 + 22b  + 45 - 74b + 

10a - 22d  + 49b  + 74c + 

10b - 23 + 49d  - 75 + 

11 + 24 - 50 + 76a  - 

12 - 25a  + 54 - 76b - 

13 - 25b  + 55 + 76c - 

15 - 26 + 56 + 76d - 

16a - 27a  + 57 + 

16b - 27c - 61 + 

17 - 28 - 64a  - 

18a - 29 - 64b  - 

~Note. A h y b r i d  s c o r e d  ( + )  i n d i c a t e s  t h e  p r e s e n c e  o f  t he  CDC27Hs S T S  in t h a t  hybr id .  A h y b r i d  sco red  ( - )  i n d i c a t e s  

t h e  a b s e n c e  o f  t he  CDC27Hs STS.  H y b r i d  sco res  can  be  m a t c h e d  to  p r e v i o u s l y  p u b l i s h e d  r e t e n t i o n  scores  fo r  o t h e r  

m a r k e r s  in t he  17q12-q21  r e g i o n  (3).  

ITGB3. Using the relationship of 50-90 kb/1 
cR(8000) (3), CDC27Hs is estimated to be 
1250-2250 kb distal to the marker D17S409 
and 350-630 kb proximal to ITGB3 (see 
Figure 1A). 

In order to further assess the placement 
of CDC27Hs relative to ITGB3, thirty-three 
yeast artificial chromosomes (YACs) from 
the 17q12-q21 region were screened with the 
CDC27Hs STS primers. YAC A144B1 from 
the Washington University YAC Library, 
and YACs 767Gll and 784C7 from the 
CEPH YAC Library, were positive by PCR 
with the CDC27Hs STS primers (see Figure 
1B). All three YACs were also positive for 
ITGB3 (10, data not shown). YAC sizes for 
A144B1 and 767G11 are estimated to be 600 
kb and 1380 kb, respectively. These results 
further indicate the proximity of CDC27Hs 
to ITGB3, which has been placed on chromo- 
some 17q21.3 (as reported in the Genome 
Data Base). 

In conclusion, several methods have 
been utilized to localize CDC27Hs between 
the marker D17S409 and ITGB3 on human 

chromosome 17q12-q21, placing it distal to 
the breast cancer susceptibility gene, BRCA1 
(11, 12). Results from the radiation hybrid 
panel suggest that CDC27Hs is 350-630 kb 
proximal to ITGB3. The presence of both 
CDC27Hs and ITGB3 on YACs A144Bl, 
767Gll, and 784C7 is consistent with these 
distance estimates. The precise localization 
of this gene should prove useful for future 
physical mapping and transcript mapping of 
this region of human chromosome 17. 
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