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Summary : A c lone  b e a r i n g  a 9.8 kb i n s e r t  DNA con ta in ing  the  
rDNA uni t  was i d e n t i f i e d  by s c r e e n i n g  an EcoR1 l i b r a r y  of 
r i c e  DNA in k Charon 4 phage wi th  [ - - P ] - E R N A s J  The  S1 nuc lease  
mapping of the EDNA-precur so r  rRNA h y b r i d s  showed  the  p r e s e n c e  
of two t r a n s c r i p t i o n  t e r m i n i  on the  EDNA. They  were  mapped 
at p o s i t i o n s  616 and 620 n u c l e o t i d e s  downs t ream to the  end 
of the 25S rRNA gene. The 18 n u c l e o t i d e  s e q u e n c e ,  whe re  the 
t r a n s c r i p t i o n  t e r m i n a t e s  on the  rDNA in r i c e  and mice a re  homologous 
a l b e i t  in t he  r e v e r s e  o r i e n t a t i o n .  © 1988 Aoademio Pres~, Inc. 

In e u k a r y o t e s ,  the  18S, 5 8S, and 25S rRNA genes are  

encoded  in m u l t i p l e  cop ie s  and are  t r a n s c r i b e d  as a l a r g e  p r e c u r s o r  

wh ich  is  p r o c e s s e d  to g i v e  the mature  rRNAs ( 1 , 2 ) .  The EDNA 

t r a n s c r i p t i o n  uni t s  a re  o r g a n i z e d  into  long tandem r e p e a t s  wi th  

the  cod ing  reg ions  s e p a r a t e d  by n o n t r a n s e r i b e d  s p a c e r s  (3) .  

In r i c e ,  the  l eng th  of t h e s e  major r e p e a t  uni ts  is 7.6 to 8.8 

kb ( 4 - 6 ] .  These  v a r i a t i o n s  a re  due to the  p r e s e n c e  of d i f f e r i n g  

number  of tandem r e p e a t s  wi th in  the  n o n t r a n s c r i b e d  s p a c e r .  

The t e r m i n a t i o n  of rDNA t r a n s c r i p t i o n  in p lan ts  has been shown 

to be v e r y  near  to the  end of the  25S ERNA gene ( 7 , 8 ) .  We 

r e p o r t  h e r e  tha t  t h e r e  a r e  two t r a n s c r i p t i o n  t e r m i n a t i o n  s i t e s  

for  the  p r e c u r s o r  FRNA at 616 and 620 n u c l e o t i d e s  downs t ream 

to t he  end of the  25S ERNA gene. 

MATERIALS AND METHODS 

I s o l a t i o n  of r i c e  DNA 

DNA from the  48 h r  ge rmina ted  r i c e  (Oryza  s a t i v a  L. , IR-20)  
e m b r y o s  was i s o l a t e d  a c c o r d i n g  to the  method of Walbot and 
Go ldbe rg  (9) ,  The spoo l ed  DNA ob ta ined  a f t e r  e thano l  p r e c i p i t a t i o n  
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was dissolved in i0 mM Tris-HCl, 1 mM EDTA, pH 7.4, and 
further purified by gel filtration on a Biogel ASm column. 

I s o l a t i o n  of rRNAs and nuc lea r  RNA 

Ribosomes from the 48 hr  g e r m i n a t e d  r i ce  embryo  were 
i s o l a t e d  and the rRNAs were e x t r a c t e d  and p u r i f i e d  accord ing  
to the  method of Rubin (10) .  The 5.85,  18S and 25S FRNAs 
were s e p a r a t e d  by e t e c t r o p h o r e s i s  on a 7~1 urea-6% p o l y a c r y l a m i d e  
gel and e l e c t r o e l u t e d .  

Nuclei  from the  48 h r  g e r m i n a t e d  r i c e  e m b r y o  were i s o l a t e d  
(11) ,  l y s e d  in  4 vo lumes  of 20 mM Tr is -HC1,  pH 8 .0 ,  20 mM 
EDTA and 0.5% sodium dodecy l  s u l f a t e ,  d e p r o t e i n i z e d  wi th  phenol  
and the  nuc le i c  a c id s  were p r e c i p i t a t e d  wi th  e t h a n o l .  The DNA 
was r emoved  by  d i g e s t i o n  wi th  DNase I ( i 0 ~ g / m l )  at 37°C for  
30 min,  and the  RNA was d e p r o t e i n i z e d  wi th  p h e n o l ,  p r e c i p i t a t e d  
wi th  e t h a n o l ,  vacuum d r i e d  and d i s s o l v e d  in  20 mM Tris-HC1 
pH 7 .5 .  The nuc l ea r  RNA con ta ins  the  p r e c u r s o r  rRNA along 
wi th  the  p r o c e s s e d  mature  rRNAs. 

I s o l a t i o n  of a clone con ta in ing  a rDNA un i t  

A genomic l i b r a r y  o b t a i n e d  by  the  c lon ing  of a p a r t i a l  
EcoRI d i g e s t  of r i ~  DNA in  the  k Charon 4 phage (12) was 
s c r e e n e d  wi th  5 ' [ ~-P ] l a b e l l e d  r i c e  FRNA by  the  p r o c e d u r e  
of Benton and Davis  (13) .  Six out of the  5000 p l a q u e s  s c r e e n e d  
l i g h t e d  up and the  most p rominen t  one was p l aque  p u r i f i e d  
and s t u d i e d .  

St Nuclease mapping 

S1 Nuclease mapping was done acco rd i r~ ,  to the method 
of Ha r r i ng ton  and C h i k a r a i s h i  (14) .  The 3' Iv_p] l a b e l l e d  DNA 
f ragments  (15-30 ng) were h y b r i d i z e d  wi th  5 Ug of the  to ta l  
n u c l e a r  RNA in 10 U1 of 80~ fo rmamide ,  0 .4  M NaC1, 40 mM 
p i p e r a z i n e - N ,  N ' - b i s  ( 2 - e t h a n e s u l p h o n i c  a c i d ) ,  0 .1 mM EDTA at 
60°C o v e r n i g h t .  I t  was d i l u t e d  30-60 fold wi th  SI nuc l ea se  
buf fe r  (28 mM NaC1, 30raM sodium a c e t a t e ,  pH 4 .5 ,  4 .5  mM 
ZnCl~, 50 mM NaF),  con ta in ing  20 ~g /ml  d e n a t u r e d  ca l f  t hymus  
DNA z and d i g e s t e d  wi th  S1 nuc lease  (200 u / m l ) .  The r e a c t i o n  
was t e r m i n a t e d  by  the  a d d i t i o n  of 1 / 6 t h  volume of 2.5 M ammonium 
ace t a t e ,  50 ' mM EDTA, e x t r a c t e d  w i th  p h e n o l - c h l o r o f o r m ,  and 
the DNA-rRNA h y b r i d  was p r e c i p i t a t e d  wi th  e t h a n o l ,  The p r o t e c t e d  
DNA f ragments  were a n a l y s e d  by e l e c t r o p h o r e s i s  e i t h e r  on a 
1.5% agarose  or on 8 M urea-7% p o l y a c r y l a m i d e  gel .  

RESULTS AND DISCUSSION 

By screening an EcoRI genomic library of rice DNA in 

k Charon 4 phage .with [32p]-rRNAs, a clone bearing a 9.8 

kb insert containing the rDNA unit of rice was obtained. The 

low frequency of detection showed that the 9.8 kb unit is 

a minor repeat. The 8.8 kb repeat unit is the major one, occurring 

about 1060 times in the diploid genome of rice variety IR20 

(6). The variation in the sizes of the rDNA units is due to 
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the  d i f f e r e n c e s  in the  l e n z t h  of the n o n t r a n s c r i b e d  s p a c e r  r eg ion .  

Such v a r i a t i o n s  in the l eng th  of the  rDNA uni ts  is a common 

f ea tu r e  in p lan t s  (4) .  

A 3.3 kb EcoRI-BamHI f ragment  from the  BamHI d i g e s t  

of the  9.8 kb DNA, h y b r i d i z e d  only wi th  25S rRNA and con ta ined  

the  3 '  end n u c l e o t i d e  s equence  of the  25S rRNA gene,  (da ta  

not s h o w n ) .  Th i s  f ragment  was a n a l y s e d  to d e t e r m i n e  the  

t r a n s c r i p t i o n  t e r m i n a t i o n  s i t e  on the  rDNA. The 9.8 kb i n s e r t  

DNA was r e s t r i c t e d  wi th  HindI I I  ( F i g . l )  and the  DNA f ragments  

were  s e p a r a t e d  by  1~ aga rose  gel e l e c t r o p h o r e s i s  and e l e c t r o e l u t e d .  

The 3 ' [ 32p ] l a b e l l e d  0.88 kb EcoRI -Hind I I I ,  0 .25 kb HindII I  

and 1.9 kb HindII I  f ragments  were  h y b r i d i z e d  w i t h  the  p r e c u r s o r  

rRNA, d i g e s t e d  wi th  S1 nuc lease  and the  DNA-RNA h y b r i d s  

were  a n a l y s e d  by e l e c t r o p h o r e s i s  on a 1.5% a g a r o s e  gel ( F i g . 2 ) .  

The s i g na l s  at 0.88 kb and 0.25 kb showed  tha t  t h e s e  f ragments  

were  f u l l y  p r o t e c t e d  aga ins t  $1 n u c l e a s e  d i g e s t i o n ,  wh i l e  the  

1.9 kb Hind l I I  f ragment  was not p r o t e c t e d .  In a d d i t i o n  to the  

0.88 kb f r agmen t ,  a f ragment  of 0.47 kb was p r o t e c t e d  which  

may be due to the  h y b r i d i z a t i o n  of the  mature  25S rRNA p r e s e n t  

in the  RNA p r e p a r a t i o n .  The 0.25 kb HindIII  f ragment  was f u l l y  

p r o t e c t e d ,  i n d i c a t i n g  tha t  the  p r e c u r s o r  rRNA ends  w i t h i n  t h i s  

f r agmen t .  When the  p r o t e c t e d  p o r t i o n  of the  0.25 kb HindIII  

f ragment  was a n a l y s e d  on a s equenc ing  ge l ,  two f ragments  of 

the  s i z e  248 and 244 n u c l e o t i d e s  were  seen ( F i g . 3 )  wh ich  may 

r e p r e s e n t  the  two 3' t e r m i n i  of the p r e c u r s o r  rRNA. 

The 0.88 kb EcoRi-HindIII and the 1.9 kb HindIII fragments 

were cloned in Ml3mpl8 and the 0.25 kb HindlII fragment was 

c loned  in M13mpl9 ( 16 ) and t r a n s f o r m e d  into E. c e l l  MV1190. 

o 

IJJ I :E I f D  

0 1 2 3 3 .3kb  

Fig.l: Restr ict ion s i tes  on the 3.3 kb fragment and the sequencing 
s t ra tegy.  The 3.3 kb EcoRI-BamHI fragment of the 9.8 kb DNA 
bearing the r D N A  was res t r i c ted  with HindIII, separated by 
1.5~ agarose gel e lec t rophores is  and the 25S rRNA gene was 
located by hybr id iza t ion  with labe l led  25S rRNA probe. The 
res t r i c t ion  fragments were cloned in M13mpl8 or M13mpl9 and 
sequenced to the extent and in the di rect ions  indicated,  
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F i g . 2 :  S~_ Nuclease mappin 8 of the  rDNA-nuclear rRNA h y b r i d s .  
The 3' [vZp ] end l a b e l l e d  0.88kb EcoRI-HindIII ,  0 .25kb and 
1 .gkb  HindIII  fragments ( F i g . l )  were h y b r i d i z e d  wi th  the nuclear  
rRNA, d iges t ed  with  S1 nuclease and ana lysed  by e l e c t r o p h o r e s i s  
on a l .  5% agarose gel .  The r a d i o a c t i v e  bands were de tec ted  
by au to rad iog raphy  and t h e i r  s i zes  were de te rmined  using 0x174 
HaeIII DNA fragments as molecular  s i ze  marke r s .  Hybr id  from : 
Lane 1, 0 .88kb;  2 ,0 .25kb  and 3, 1 .9kb  DNA fragments .  

F ig .3 :  Size of the p ro tec t ed  fragment~, of the 0.25kb HindIII 
f ragment -nuc lea r  rRNA h y b r i d .  The 3 ' [ -ZP]  end l a b e l l e d  0.25kb 
DNA was h y b r i d i z e d  with the  nuclear  RNA, d iges t ed  wi th  S1 
nuclease  and ana lysed  on a sequencing 8el ,  where  the  same 
DNA fragment was sequenced by the d i d e e x y  chain  te rminat ion  
method.  Lane 1: p ro t ec t ed  DNA fragment .  

T h e  p h a g e  was i s o l a t e d ,  t h e  DNA was p r e p a r e d  and s e q u e n c e d  

u s i n g  t h e  u n i v e r s a l "  p r i m e r  and [ ~ - 3 2 p ] d A T P  b y  t h e  d i d e o x y  

c h a i n  t e r m i n a t i o n  m e t h o d  (17)  in  t h e  d i r e c t i o n s  i n d i c a t e d  ( F i g . l ) .  

A s e q u e n c e  of 884 n u c l e o t i d e s  i n c l u d i n g  t h e  t e r m i n a l  35 n u c l e o t i d e s  

of  t h e  255 rRNA 8ene and 849 n u c l e o t i d e s  of t h e  3 '  f l a n k i n g  

r e g i o n  w e r e  o b t a i n e d  ( F i g . 4 ) .  T h e  3 ' f l a n k i n g  r e g i o n  i s  c h a r a c t e r i z e d  

b y  t h e  p r e s e n c e  of  3 long i m p e r f e c t  r e p e a t s  f rom 285 to 488, 

534 to 745, and t h e  75Znd n u c l e o t i d e  o n w a r d s .  T h e  l a s t  98 

n u c l e o t i d e s  seem to be  p a r t  of t h e  t h i r d  r e p e a t .  T h e  p r e s e n c e  

of  ion  8 r e p e a t s  in  t h e  n o n t r a n s c r i b e d  s p a c e r  i s  a f e a t u r e  common 
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-35 T C $I 50 
TC~A~TGAGA~CA~GC-G~CG~CGGATTCGTCCCTCC~CTCTCATGTG~GTAAAC~TCTAGGCTTAAAACATTTGAAAGTGT 

lO0 
TTCTAGTGAG~GTTTTTATGTTTGTGTCAAGTGA~GCTAAAAATTATACGAGTC~TAAGAATCAAAAATTGGCTAACTGGACGAAT 

150 200 
GAAGC~AGTGATG~TGGTTGAAA~ATGGCTGGTTGCTTGAG~GTATAAAAGAACATGAAGGATATTTTGCTTTATTTTGAAGT~CC 

250 300 
TTGATAGAGATAAAAAGGACATATGGAACATA~TACTGCGTTGCGGCCTTCCc~GGG~TGGAGAAAACAGACAGTTT#T~AAGAAA 

I HindIII 
350 & 

A~GTAT~CGA~GTCAC~GCC~AAAC~C~TT~CC~TTCC~GGG~G~C~GG~GG~GGG~GGT~GG~GC~T~GG~CG 

400 450 
GAGGGTATTCAGAGTAAACGTATGA~AACATGGGTGC~A~GGCG~AAGAAACGTCGTATCCGAA~GAGAACCATGATGTTGGATGG 

500 550 
CTCCTCAAGATCGCAATCCGG~G~TCCGGGCCGTCCCTAGCGCCTTGGTTCCAGAA~ACAGG~CAG~GT#TTTGA~GGT~AACCTG 

2 Hind Ill 
6oQ ~ ~ ~  659 

CCTAAAATCCGCTGCCTGAAATCCTGTG~GCATGG~TACCAG~GC~AGGCTGG~GCAAGGG~AGCTTGCAAGCCACAAAAAACGA 

700 
GGGATTTGGAGGAACCTATGAGACATGCATCACGGGA~ATCGAAAC~TCGTAT~G~TTGAGGCGGGkCCGTTGGATGG~TCCCTG 

809 
GAAAACAGACGGGTTTTAAGAGACAACAGCTCAAAAACACTGCCGAAATCATGTCTCCGGCCTACCCGGGCAT 

3 
84~ 

GCCGACAGGACCTGGTGTCGTGTTG 

Fig .4: Nucleot ide  sequence  of the  3 ' end and f lanking region 
of the 25S rRNA gene.  The cloned DNA fragments  ( F i g . l )  were 
s equenced  by the dideox~( 2 chain t e rmina t ion  method using the  
u n i v e r s a l  p r ime r  and [(~ JZP]dATP. The sequence  of nuc leo t ides  
were  read  from the l a d d e r  s equences .  The nuc leo t ides  a re  numbered 
from the  s t a r t  of the  3 ' - f l a n k i n g  reg ion .  Arrows ind ica t e  the  
S1 s i g n a l s .  The d e l e t e d  C and T from the  p u b l i s h e d  25S rRNA 
gene sequence  are  i n d i c a t e d .  The long r e p e a t s  " a re  under l ined  
and the pu ta t ive  t r a n s c r i p t i o n  t e rmina t ion  s ignal  is  boxed .  
The complementa ry  sequences  in the  25S rRNA gene and the  
f lanking region are  o v e r l i n e d .  

to m a i z e  ( 7 ) ,  w h e a t ,  ( 18 ) R a e h a n u s  s a t i v u s  ( 8 ) ,  V t c i a  f a b a  

( 1 9 ) ,  p e a  (20)  and  c u c u m b e r  (21 ] rDNAs .  T h e  n u c l e o t i d e s  a t  

t h e  n e a r  e n d  of  t h e  2nd Ion 8 r e p e a t  a r e  c o m p l e m e n t a r y  to  t h e  

3 ' e n d  of  t h e  25S rRNA g e n e .  

The 3'end of the 25S rRNA gene of the rice variety IR20 

was homologous to the 25S rRNA gene sequence of rice variety 

Mangetsumochi (22) except for the deletions of a C and a T 

at positions ii and 22 respectively upstream to the end of 

the 25S FRNA gene. The fully protected 0.47 and 0.88 kb DNA 

-nuclear FRNA hybrids (Fig.2) indicated the extent of protection 

up to the end of the 25S rRNA gene and the precursor FRNA 

transcription termination site on the rDNA, respectively. From 

the sizes of the protected 0.25 kb DNA-precursor FRNA hybrids 

(Fig.3), the two 3'termini of the precursor FRNA were mapped 

on the FDNA at positions 616 and 620 from the 3' end of the 

72 



Vol. 157, No. 1, 1988 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

25S rRNA gene ( Fig .  4 ).  The sequence  from the p o s i t i o n s  611 

to 628 b e a r s  e x t e n s i v e  homology in  the  r e v e r s e  o r i e n t a t i o n  

to the 18 nucleotide repetitive motif AGGTEGACCAGTA~NTCCG 

which  is  a s igna l  for  the t r a n s c r i p t i o n  t e r m i n a t i o n  of rDNA 

in mice (24) .  The 18 base p a i r  motif  in  the  r i c e  DNA is at 

the  m i d d l e  of the second r e p e a t  and spans  the j u n c t i o n  of the 

2 long s tems (da t a  not shown) ,  gene ra t ed  by  the  compute r  a n a l y s e s  

of the  3'  f l ank ing  reg ion  ( 23 ). The analogous 18 base  pa i r  

motif  i s  not p r e s e n t  in  the o t he r  two r e p e a t s .  Thus the  18 

n u c l e o t i d e  motif may r e p r e s e n t  the  s igna l  for t e r m i n a t i o n  of 

rDNA t r a n s c r i p t i o n  in  r i c e .  The 3' t e r m i n u s  of the  p r e c u r s o r  

rRNA in maize and Raphanus s a t i v u s  was found to be v e r y  near  

the  3'  end of the 25S rRNA gene ( 7 , 8 ] .  In mice the  p o l y m e r a s e  

seems to ha l t  at the 18 nuc l eo t i de  long c o n s e r v e d  motif loca ted  

at  565 n u c l e o t i d e s  downst ream to the  3' end of the  28S rRNA 

gene ( 7 , 8 ) .  In  Xenopus i t  does so at a p o s i t i o n  235 n u c l e o t i d e s  

downs t ream to the  3' end of the 28S rRNA (26) .  I t  has  been 

shown in  bo th  t he se  cases ,  t ha t  t r a n s c r i p t i o n  p r o c e e d s  t i l l  

i t  r e a c h e s  a s i m i l a r  s igna l  ad j acen t  to the  i n i t i a t i o n  s i t e ,  and 

t h i s  s igna l  has been  shown to be a pa r t  of the  p romote r  for 

rDNA t r a n s c r i p t i o n .  In the case of r a t ,  the SI nuc lease  mapping 

s t u d i e s  have shown m u l t i p l e  3' t e r m i n i  for the p r e c u r s o r  rRNA 

among which  two co inc ided  wi th  the  p r o b a b l e  t e r m i n a t i o n  s i t e  

in  v i v o  (27).  In  r i c e ,  a l l  the  rDNA t r a n s c r i p t i o n  may end around 

t h i s  t e r m i n a t i o n  s igna l  or t r a v e r s e  the  n o n t r a n s c r i b e d  s p a c e r  

before  t e rmina t i ng  a d j a s c e n t  to the  s i t e  of i n i t i a t i o n  of t r a n s c r i p t i o n .  
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