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SUMMARY 

For the r ap id  i d e n t i f i c a t i o n  of  noble genes in a s p e c i f i c  t i s s u e  by 
computer a n a l y s i s  r the cDNA sequences determined by s i n g l e - p a s s  cDNA 
sequencing, c lone  redundancy was one of  the major o b s t a c l e s .  To f a c i l i t a t e  
the e f f i c i e n c y  in i d e n t i f i c a t i o n  of  noble genes, i t  was neces sa ry  to reduce 
the number of  c lones  to  be sequenced by e l i m i n a t i n g  the redundant c lones 
for  a r ap id  a n a l y s i s .  In order  to inc rease  the p r o b a b i l i t y  of  i s o l a t i n g  
noble sequences from the cDNA c lones  of  human f e t a l  l i v e r  t i s s u e  o r ig in ,  
colony h y b r i d i z a t i o n  assay  was adopted and redundant c lones  were 
e f f i c i e n t l y  removed. Four cDNA c lones  h igh ly  redundant in the human f e t a l  
l i v e r  cDNA l i b r a r i e s  inc luding  a - g l o b i n ,  7 - g l o b i n ,  serum albumin and H19 
RNA sequences were s e l e c t e d  as the  probes.  Two hundreds and s i x t y  two cDNA 
clones were randomly s e l e c t e d  and t e s t e d  with the probes for  h y b r i d i z a t i o n  
p r o p e r t i e s .  The i d e n t i t y  of  each cDNA clone  g iv ing  p o s i t i v e  or  nega t ive  
s i gna l s  in the h y b r i d i z a t i o n  assay  was determined by DNA homology search 
with the nuc l e i c  ac id  da tabases .  Among the 76 c lones  g iv ing  p o s i t i v e  
s igna l s ,  57 c lones  (75~) were found to be i d e n t i c a l  to the  probe sequences 
and could be e l i m i n a t e d  by colony h y b r i d i z a t i o n  assay  be fo re  neuc l eo t i de  
sequencing. 

Key words : Human fe ta l  l i v e r  cDNA, redundancy, prescreening, 
hybridizat ion assay. 

INTRODUCTION 

A major e f f o r t  has been the random nuc leo t ide  sequencing of  the p a r t i a l  

cDNA sequences i s o l a t e d  from the cDNA l i b r a r i e s  of  a s p e c i f i c  t i s s u e  or a 

c e l l  l i ne  in i d e n t i f y i n g  novel genes and in unders tanding  the s t r u c t u r e s  

and the func t ions  o f  p ro t e in s .  P a r t i a l  nuc leo t ide  sequencing of  the cDNA 

clones from the cDNA l i b r a r i e s  of  human b r a in s  (Adams et  a l . ,  1992), l i v e r  

(Okubo et  a l . ,  1992), hea r t  t i s s u e  (Liew e t  a1., 1994)and human f e t a l  

l i v e r ( c h o i ,  e t  al. 1995)has been performed. 
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In an a t tempt  to i d e n t i f y  the novel cDNA sequences by s i n g l e  pass 

nuc leo t ide  sequencing, the redundancy of  the expressed  genes was a major 

o b s t a c l e  to  o b t a i n i n g  the high p ropo r t i on  of  the cDNA clones  r ep re sen ted  

with low frequency to the t o t a l  number of  c lones  i s o l a t e d  from the cDNA 

l i b r a r i e s .  A random sequencing s tudy with b ra in  cDNA l i b r a r i e s  r evea led  

tha t  only 46~ of  the cDNA clones  conta ined  novel sequences.  The removal of  

the h igh ly  redundant cDNA clones  p r i o r  to a sequence de te rmina t ion  would 

lead to an inc rease  in the p r o b a b i l i t y  of  the i d e n t i f i c a t i o n  of  r a r e  cDNA 

sequences. To accomplish t h i s  purpose, severa l  approaches including 

d i f f e r e n t i a l  h y b r i d i z a t i o n  with l abe led  cDNAs as the probes (Hoog, e t  al. 

1991), the c o n s t r u c t i o n  of s u b t r a c t i v e  cDNA l i b r a r i e s  (Duguid, e t  al. 1990, 

Fargnol i ,  e t  al. 1990, Diatchenko, e t  a i .  1996, De l ee r sn i j de r ,  e t  a1.1996) 

and the p r e p a r a t i o n  of  a normalized cDNA l i b r a r y  (Sasaki ,  e t  al.  1994) have 

been dev ised  to remove the redundant cDNA clones  or  to p repa re  the t i s s u e  

s p e c i f i c  cDNA c lones  of  high qua l i t y .  

To improve the p r o b a b i l i t y  of  i s o l a t i n g  novel cDNA sequences,  Hoog et  a l  

syn thes i zed  the mixtures  of  cDNAs from poly(A) + RNAs prepared  from l i ve r ,  

kidney, and hea r t  t i s s u e  or p repube r t a l  t e s t i s  and used them as the probes.  

The cDNA h y b r i d i z a t i o n  experiment  by Hoog e t  a l  r evea l ed  tha t  approximate ly  

30g of  the cDNA clones  in the p repube r t a l  t e s t i c u l a r  cDNA l i b r a r y  

r ep re sen t ed  redundnant cDNA clones .  

In a normal ized cDNA l i b r a r y  cons t ruc t ed  by r epea t ed  d i s s o c i a t i o n  and 

r e a s s o c i a t i o n  of  double s t randed shor t  cDNA fragments  in s o l u t i o n  (Sasaki ,  

et  al .  1994), the f requency of  the redundnant markers decreased.  For 

example, the f requency of  the most abundant marker, B - g t o b i n  cDNAs 

decreased  from 1.067~ to 0.009~ and the endogenous B - a c t i n  cDNAs belong to 

the abundant cDNA c l a s s  decreased  from 0.54g to O. 02g. 

The removal o f  the f r e q u e n t l y  expressed  cDNA c lones  in a cDNA l i b r a r y  

p r i o r  to t h e i r  n u c t e o t i d e  sequencing would inc rease  the r a t i o  of  the r a r e  

spec ie s  of  the cDNA clones  r e p r e s e n t e d  in a l i b r a r y .  In t h i s  study, i t  was 

found tha t  the employment of  the proper  number of  probes  was e s s e n t i a l  for  

the e f f i c i e n t  removal of  the redundant cDNA sequences and for  the e f f i c i e n t  

s e l e c t i o n  of  noble genes from the human f e t a l  l i v e r  cDNA l i b r a r y .  

MATERIALS AND METHODS 

Construction of cDNA library 
Total RNAs were purified from the liver tissue of a 26 week old human 

fetus of Korean origin by the acid guanidine phenol chloroform (AGPC) 
method described by Chomczynski et al. with a minor modification 
(Chomczynski et al., 1987). Poly(A) + RNAs were isolated from the total RNAs 
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using an o l i g o -  dT c e l l u l o s e  a f f i n i t y  chromatography (Lin e t  a l . ,  1991 : 
Haqqi e t  a l . ,  1992). The cDNA l i b r a r i e s  were c o n s t r u c t e d  us ing  a A-ZAP 
cDNA c lon ing  k i t  (S t ra tagene ,  La J o l l a ,  CA) accord ing  to  the  manual 
provided by the manufac turer  (S t r a t agene ) .  5 ~ g  of  poly(A) § RNA was primed 
with an o l igo-dT pr imer  fo r  the s y n t h e s i s  o f  cDNA using a commercial cDNA 
s y n t h e s i s  k i t .  Af t e r  the l i g a t i o n  of EcoRI adap tors  onto the cDNA, i t  was 
d iges t ed  with XhoI, and f i n a l l y  l i g a t e d  in to  EcoRI, •  A-ZAP vec to r  
from S t ra tagene .  L iga ted  DNAs were packaged, in v i t ro ,  us ing  a Gigapack I I  
Gold packaging system (Short  e t  a l . ,  1992). 

DNA sequencing 
Sequenase Kit  Version 2.0 was purchased from USB Co. (Cleveland,  Ohio, 

U.S.A.).  Template DNAs fo r  nuc l eo t i de  sequencing were p repared  from the 
phagemid by e x c i s i o n  (Alt ing-Meese e t  a l . ,  1989). SK pr imer  sequence 
(CGCTCTAGAACTAGTGGATC ; Korea Biotech.  Co., Taejon, Korea) was used to 
determine the 5 ' - e n d  nuc l eo t i de  sequences of  the cDNA clones .  Af te r  the 
sequencing r e a c t i o n s ,  the samples were run onto 6% polyacrylamide/7M urea 
gel in 1X TBE b u f f e r  a t  a cons t an t  v o l t a g e  of  1800V. Dideoxy chain 
t e rmina t ion  r e a c t i o n s  were performed with [35S]-dATP ob ta ined  from 
Amersham. 

Preparation of  the probes for colony hybridizat ion 
For the p r e p a r a t i o n  of probe DNAs, the plasmids con ta in ing  a - g l o b i n ,  T 

-g lobin ,  H19, and serum albumin sequences were used as the t empla te  DNAs 
for  polymerase cha in  r e a c t i o n s  (PCRs). PCRs were c a r r i e d  out under the 
fo l lowing cond i t i ons .  Each of  50p  1 r e a c t i o n  mixtures  con ta ined  lOOpg of 
the templa te  DNA, 0.2mM each of  dATP, dGTP, dCTP, 19:1 mixture  o f  dTTP and 
DIG-dUTP (Boehr inger  Mannheim Co., Germany), 50ng each of  syn thes ized  
pr imers  fo r  5 ' - e n d  (ATTAACCCTCACTAAAGAAC) and 3 ' - e n d  (AATACGACTCACTATAGGGC) 
and 2.5 u n i t s  of  Taq DNA polymerase (PerkinElmer Cetus, U.S.A). The DNA was 
denatured a t  94~ fo r  7 minutes p r i o r  to the a m p l i f i c a t i o n  r e a c t i o n .  Th i r ty  
cyc les  of  the PCR was performed with the dena tu ra t i on  of  DNA a t  94~ for  50 
seconds, the annea l ing  s t ep  a t  5 5 ~  fo r  50 seconds, and the po lymer i za t ion  
r e a c t i o n  a t  72~ fo r  one minute. The po lymer i za t ion  r e a c t i o n  in the l a s t  
cyc le  of  the PCR was extended fo r  10 minutes. The c o n c e n t r a t i o n  of the 
ampl i f i ed  DNAs was accessed  by the chemi- luminescent  method us ing  Lumigen 
PPD. 

Colony hybridizat ion.  
The g l y c e r o l  s tocks  were made a f t e r  the mass e x c i s i o n  of  the  phagemid 

from the A-ZAP express  vec t o r  (S t ra tagene ,  1993), a s i n g l e  colony was 
picked and c u l t u r e d  fo r  16 hours in a 96 well  m i c r o t i t e r  p l a t e  con ta in ing  
50~ 1 Lur i a -Ber t an i  b ro th  (LB bro th)  medium and by adding an equal volume 
of 40~ g l y c e r o l .  Colonies  from g lyce ro l  s tocks  were t r a n s f e r r e d  onto a 
sheet  of  nylon membrane using a M u l t i t r a n s f e r  (Korea Biotech,  Korea) and 
grown for  16 hours.  Af te r  dena tu ra t i on  and n e u t r a l i z a t i o n  r e a c t i o n s ,  the 
f i l t e r s  were hybr id i zed  with the DIG labe led  probes  accord ing  to the 
manufac tu re ' s  p ro toco l  (BM Co., 1993). The h y b r i d i z a t i o n  s o l u t i o n  conta ined  
5X SSC, 1.O~(w/v) b lock ing  reagent ,  0.1~ N - l a u r o y l s a r c o s i n e  and 25rig of  the 
mixture of  the hea t  denatured probe DNAs. lO~g/ml  of  s o n i c a t e d  cDNA 
p u r i f i e d  from the c lone  con ta in ing  only the v e c t o r  sequence and b a c t e r i a l  
DNAs p u r i f i e d  from E. co l i  s t r a i n  SOLR were used as compe t i to r  DNAs 
(Shor t . ,  e t  al 1988). 
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RESULTS AND DISCUSSION 

In our previou~ study, the eDNA libraries from human fetal liver 

tissues were constructed without modification (Kim, et al,. 1995) using a 

A-Zap XRII system and partial cDNA sequences were determined. The partial 

cDNA sequences were examined for similarities to the GenBank nucleic acid 

database with a modified BLAST program. The eDNA sequences which did not 

show any database match in the first computer search were tested again 

using the BLAST e-mail server at the National Center for Biotechnology 

Information. Database entries which showed high homology (P<O. OOl) to the 

known sequences were extracted and alined with the sequences of the cDNA 

clones isolated in this study using the FASTA program. The results of the 

database match were confirmed by manual inspection of the FASTA results. 

From a set of 4,189 partial cDNA clones sequenced, 3,437 were informative 

complementary DNA sequences to nuclear encoded mRNAs. Another 732 clones 

were identified to be the vector DNA sequences or clones containing cDNA 

sequences shorter than 60 bp. The informative cDNA sequences of the 3,437 

clones were classified into four groups as shown in Fig. l based on the 

criteria described below. 2,354 of the sequences (68.5g of the informative 

clones) consisted of matches to previously known human DNA sequences and 

designated as identified clones. The clones in this group satisfied the 

following criteria: Probability specified by Altschul et ai.(1990) was 

below 10-5; nucleic acid sequences matched with more than 60g identity and 

the number of matched nucleotides were larger than 60 bases. 187 clones 

(5.4%) matched the repetitive elements of the human genome and labelled 

repeating sequences. Alu sequences, Ll sequences, di- and tri-nucleotide 

repeats were included in this group. 216 clones (6.3%) matched the known 

expressed  sequence tags  (ESTs). 690 c lones  (20.0~) matched no known 

sequences in the da tabases  as of  December 1996. 

Because of  the  c lone  redundancy, the 2,354 c lones  des igna ted  as the 

i d e n t i f i e d  c lones  could be c l a s s i f i e d  in to  only 286 kinds  of  independant 

genes. These redundancies  were a l so  found in o the r  random cDNA sequencing 

s tud ie s .  I t  i s  known tha t  the most abundant c lones  in human b ra in  cDNA 

l i b r a r i e s  (Adams e t  al.  1992) a re  B - a c t i n  (0.6%) and myelin ba s i c  p r o t e i n  

genes (0.5%), and cytochrome b (20.4u) and e longa t ion  f a c t o r  1 a (18.5g) 
genes were the mo~t f r e q u e n t l y  expressed  genes in the  mouse t e s t i s  cDNA 

l i b r a r y  (Hoog e t  a l . ,  1991). In the human f e t a l  l i v e r  cDNA l i b r a r i e s ,  the 

frequency of  g lob in  genes including a - ,  B -  and 7 - g l o b i n s  is  807 (23.4g) 
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Fig. 1. Sequence a t , a ly s i s  of  3,437 cDNA clones  from human f e t a l  l i v e r  
In fo rma t ive  3,437 cDNA clones  were c l a s s i f i e d  in to  4 groups as 2,354 

i d e n t i f i e d  clones((68.5~ 690 unmatched clones(2Og),  216 EST(6.3~) and 187 
clones with r e p e a t i n g  element(5.4~ 

among the t o t a l  i n fo rma t ive  c lones  of  3,437 and the most abundant 

spec ie s (F ig .  2). The number of  genes among the 3,437 in fo rma t ive  clones 

showing redundancies  of  more than 10 a re  1,909 (55.6m). 

To improve the e f f i c i e n c y  of i s o l a t i n g  noble cDNA clones ,  the  h ighly  

redundant c lones  should be removed p r i o r  to the  sequence de te rmina t ion .  For 

the de te rmina t ion  of  e f f i c i e n c y  in i d e n t i f y i n g  the novel genes, two hundred 

and s i x t y  two cDNA c lones  were randomly se l ec t ed ,  sequenced and da tabase  

matched. These 262 cDNA clones  were a l so  probed with four  cDNA clones 

h ighly  redundant in f e t a l  l i v e r  cDNA l i b r a r i e s .  The redundancies  of  the 

four c lones  were 500 fo r  ~ - g l o b i n  (21.2~),  306 fo r  serum albumin (12.9~),  

282 for  a - g l o b i n  (12.1 ~) and 55 fo r  H19 RNA (2.3~) as shown in Fig. 2. A 

mixture of  these  four  eDNA sequences was hybr id ized  to  the 262 s e l e c t e d  

clones.  

Fig. 3. shows t h a t  186 clones(71.0%) tha t  had f a i l e d  to h y b r i d i z e  with 

the four  probe DNAs r e p r e s e n t i n g  the h igh ly  redundant  c lones ,  were 

c l a s s i f i e d  with the same c r i t e r i a  as desc r ibed  e a r l i e r .  Table  1.and 

Fig. 4. show t h a t  d i f f e r e n t  p a t t e r n s  emerged when these  r e s u l t s  were 

compared with those  of  the random sequencing study. Marked d i f f e r e n c e s  were 

noted in the r educ t ion  of the redundant gene spec ies .  The composi t ion  of 
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Fig. 2. Analysis of 2,354 iden t i f i ed  clones that  show high redundancy 
In the human feta l  cDNA library,  500 7-globin clones was most 

redundant(21.2~)and followed by 306 albumin clones(12.9%), 282 a-globin 
clones(12.1%), 88 apol~poprotein clones(2.5~), 55 H19(1.6~), 44 insulin 
growth factor(1.3~).  

Fig. 3. Results of colony hybridizat ion 
262 clones were grown on NC paper on agar plates  and followed by 

denaturation, and hybridizat ion with O'p-labelled prove, which they contain 
4 redundant clones; 7-globin,  albumin, a -g lobin  and H19 and then exposure 
to X-ray film. a f t e r  X-ray exposure, 76 spots had posi t ive  signal 
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Table 1 .C las s i f i ca t ion  of clones randomly sequenced and the clones 
prescreened p r io r  to the sequence determination 

c l a s s i f i c a t i o n  clones clones 
randomly sequenced prescreened 

clones i den t i f i ed  68.5~ (2,354) 66.1% (123) 
clones with no match 20.0~ ( 690) 24.7~ ( 4 6 )  

EST 6.3~ ( 2 1 6 )  5.9~ ( 1 1 )  
repeating sequences 5.4% ( 187) 3.2~ ( 6) 

Total lO0. Ou (3,437) 100.0~ (186) 
redundant clones 33.2~ (1,143) 12.9u ( 3 4 )  

* Redundant clones are a & 7-g lob in ,  H19 ttNA and serum albumin 
* Number of clones c l a s s i f i e d  is shown in parentheses 

20 

(%) 

10 

random clones 
prescreened clones 

globin serum albumin alpha globin H19  

Fig. 4.The comparision of redundant clones between random clones and 
prescreened clones 
To remove redundant clones pr io r  to random sequencing determination, 

most redundant 4 clones including 7-globin ,  albumin, a -g lob in  and H19 
were commited to hybridized to randomly se lec ted  262 cDNA clones. Out of 91 
to ta l  redundant clones, 57 clones were removed a f t e r  prescreening. In the 
case of gamma globin, 30 of 43 clones were removed 

the iden t i f i ed  clones out of the to ta l  number of informative clones was 

s l i g h t l y  lower than the composition determined by the random sequencing 

study. This reduction r e f l e c t s  the el imination of redundant clones. After 

prescreening, the r a t i o  of redundant clones to the to ta l  number decreased 

by 10.3~ when compared with the r e su l t s  of random sequencing as shown in 

Table 2. 
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Table 2. The r a t i o  of 4 redundant clones in randomly sequenced and 
prescreened clones 

redundant clones number of clones number of clones 
(w/o prescreening) (w/ prescreening) 

gamma globin 14.5g(500) 4.9g(13) 
serum albumin 8.9~(306) 4.2~(11) 
alpha globin 8.2~(282) 3 . 0 ~ ( 8 )  

H19 1 .6~(55)  0 . 7 ~ ( 2 )  

to ta l  33.2~(1143/3437) 12.9~(34/262) 

Out of 76 clones which gave pos i t ive  signals to the four probe DNAs, 

57 clones (75.0~) were confirmed to be the probe DNAs by nucleotide 

sequencing as shown in Table 3. These r e su l t s  suggested that  the analysis 

of noble genes from a spec i f i c  t i ssue  could be car r ied  out more rapidly  and 

e f f i c i e n t l y  by el iminating the redundant clones using the colony 

hybr id iza t ion assay . 

The colony hybr id iza t ion assay employing the cDNA mixture composed of 

34 redundant clones as the probe was not e f f e c t i v e  for the increment of the 

e f f i c i ency  in the screening of novel genes due to the high r a t i o  of fa lse  

pos i t ive  s ignals  (data not shown). This high level of fa l se  pos i t ive  

signals could be a r e su l t  from the non-specif ic  binding between the probes 

and the t e s t  cDNA sequences. For the e f f i c i e n t  e l iminat ion of redundant 

clones before the sequence determination by the colony hybr id iza t ion assay, 

the proper number of redundant cDNAs being used as the probe DNAs was one 

of the c r i t i c a l  factors .  In other  s tudies performed by Duguid and Fargnoli, 

the mixtures of labeled to ta l  cDNAs prepared from various t i ssues  were used 

as the probes in the d i f f e r e n t i a l  cDNA screening (Duguid, 1990, Fargnoli, 

1990). This s t ra tegy  reduced the population of highly represented sequences 

in a cDNA l ib ra ry  by s e l e c t i v e l y  removing the common sequences shared by 

other l i b r a r i e s .  With th is  s t rategy,  the probabi l i ty  of i so la t ing  novel 

cDNA clones increased from 12~ in the randomly sequenced group to 84~ in 

the group modified by the d i f f e r e n t i a l  cDNA screening method (Hoog, 1991). 

In th i s  study, a simple s t ra tegy  to remove the highly redundant cDNA 

clones and to improve the p robab i l i ty  of i so la t ing  novel genes was tes ted 

for the a pp l i f i c a t i on  of a large scale human fe ta l  l i ve r  cDNA sequencing. 

Using the proper number of four highly redundant cDNA clones instead of 
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Table 3. Analysis of 76 positive signalling clones in colony 
hybridization assay 

clones N. of clones % 

redundant clones 57 75% 
gamma globin (30) 
albumin (15) 
alpha globin ( 9 )  
H19 RNA ( 3 )  

other clones 19 25% 

67 100% 

total  cDNA as the probe, we could e f f ec t ive ly  remove the most redundant 

clones in human feta! l iver  cDNA l ib ra r ies  without losing rare cDNA species 

due to the high level of fa lse  posi t ive signals caused by employing an 

excessive number of cDNA species as the probe. This method is simple and 

convenient in increasing ef f ic iency  in i so la t ing  the novel genes and very 

useful for the screening of rare cDNA species. 
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