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A rapeseed chromosomal region containing a gene 
(napA), which encodes the 1.7 S seed storage protein 
(napin), was isolated in  several overlapping recombi- 
nant clones from  a phage X genomic library. Following 
restriction enzyme mapping of the genomic region, a 
subclone containing the napA coding region as well as 
some 1.1 and 1.4 kilobases of  DNA from the 5‘ and 3’ 
regions, respectively,  was mapped and sequenced. The 
gene turned out to lack introns. Southern blotting anal- 
yses  utilizing a napin cDNA clone as a  probe revealed 
the presence of on the order  of 10 napin genes  in the 
rapeseed genome. The major polyadenylated transcript 
encoded  by these genes  was shown to  be an 850-nu- 
cleotide species, the initiation site of which was 
mapped onto the napA gene. The major initiation site 
for transcription is located some 33 nucleotides down- 
stream from a sequence perfectly conforming to the 
consensus sequence of a  TATA box. Further analyses 
of the sequence revealed  several features that may  be 
of relevance for the expression of the napin genes. 

Napin, or the 1.7 S protein, is one of the major seed storage 
proteins in Brassica nupw. It is expressed in a tissue-specific 
manner,  apparently under the influence of abscissic acid 
(Crouch and Sussex, 1981; Crouch et al., 1983). The mature 
protein, which is rather basic, consists of two subunit poly- 
peptides that are linked by disulfide bridges (Ericson et al., 
1986; Lonnerdal and  Janson, 1972). Comparison of amino 
acid sequences of the subunits with the sequence of a cDNA 
clone has shown that  the initial  translation product, a 20-kDa 
precursor, contains  both the subunit polypeptides as well as 
polypeptide stretches that  are removed during the maturation 
of the protein (Ericson et al., 1986). By analogy with other 
storage proteins, the final product is thought to reside in 
specialized organelles, protein bodies, within the seed cells 
(Larkins  and  Hurkman, 1978). As far  as is known, the sole 
function of napin is to serve as  a  nutrient source during 
germination and  initial development of the seedling. Confir- 
matory evidence that napin, like other storage proteins, pos- 
sesses minor heterogeneities in the amino acid sequence stems 
from protein  separation data (Lonnerdal  and  Janson, 1972) 
as well as  protein sequencing (Ericson et al., 1986) and  the 
analysis of cDNA clones (Crouch et al., 1983; Ericson et al., 
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1986). As an initial  step toward an increased understanding 
of the regulation of napin genes, we have isolated and  se- 
quenced a member of what turns  out  to be a small gene  family. 

MATERIALS AND METHODS AND RESULTS’ 

DISCUSSION 

We have isolated and sequenced a gene encoding napin. 
The gene is a member of a small family with some 10 genes. 
Transcription of an  as yet unknown number of these genes 
yields an 850-nucleotide-long mRNA, the cap site of which 
was mapped onto the napA sequence. We have compared our 
sequence with that of another  napin gene, pGNA, as well as 
with previously sequenced cDNA clones (Crouch et al., 1983; 
Ericson et al., 1986). The nupA sequence is completely iden- 
tical to  the  pNAPl cDNA clone that we have previously 
sequenced (Ericson et ul., 1986). This makes us  rather confi- 
dent  that we have sequenced an expressed copy of the napin 
gene family, although we have no formal proof that  this is the 
case. 

Comparison with the pGNA  gene sequence revealed that, 
apart from single nucleotide changes, a  quite frequently oc- 
curring divergence in the coding region is insertions of one or 
two triplets in pGNA relative to napA. These occur in four 
and two instances, respectively (data  not shown). Apart from 
one previously reported triplet deletion in the  pN1 cDNA 
clone (Crouch et al., 1983). These  are the first examples of 
differences that affect the length of the primary sequence of 
the  translated napin product. The number of nucleotide 
changes in  the coding region is also higher when comparing 
napA with pGNA than with any of the previously sequenced 
cDNA clones (data  not shown). It is interesting to speculate 
whether these observations may  be related to  the fact that B. 
napw is an amphidiploid of Brassica campestris and Brassica 
oleracae. It might be expected that  the genes derived from one 
of the respective parental species would  be  more  homologous 
to each other than when comparing across the  parental border. 
We are presently attempting to assign parentalship of isolated 
napin genes by comparison with Southern  blots of genomic 
DNA  from the  three species. Preliminary data’ indicate that 
the napA gene most likely is derived from B. oleracae. 

Portions of this paper (including “Materials and Methods,” “Re- 
sults,” and Figs. 3 and 4) are presented in  miniprint at  the end of this 
paper. The abbreviations used are: SDS, sodium dodecyl sulfate; kb, 
kilobase; dNTP, deoxynucleotide triphosphate; AMV, avian myelo- 
blastosis virus; hn, heterogenous nuclear. Miniprint is easily read 
with the aid of a standard magnifying glass. Full-size photocopies are 
available from the  Journal of Biological Chemistry, 9650 Rockville 
Pike, Bethesda, MD 20814. Request Document No. 86 “4366, cite 
the authors, and include a check or money order for $3.20 per set of 
photocopies. Full size photocopies are also included in the microfilm 
edition of the  Journal  that is available from Waverly Press. 

M. L. Ericson, unpublished data. 

12196 



Structure of a Napin Gene 12197 

A C G T R  -~ 
I 

. -  - 
M P H E B  

FIG. 1. Genomic restriction fragments hybridizing with na- 
pin cDNA sequences. Genomic DNA was cut with restriction 
enzymes. The generated fragments were separated and blotted onto 
nitrocellulose filters as described under  "Materials and Methods." 
Nick-translated pNAPl cDNA was used as a probe in hybridization 
to these filters. The enzymes used were B, BamHI;  E, EcoRI; H, 
HindIII; and  P, PuuII. The size marker (M) used was an end-labeled 
BstEII digest of phage X DNA. Sizes of the marker  bands were (from 
 to^ to bottom): 8454,  7242,  6369, 5687,4822,4324, 3675,  2323,  1929, 
1371, 1264, and 702 base pairs. 
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FIG. 2. Northern blotting and hybridization of rapeseed 
mRNA to pNAPl cDNA. mRNA was purified and separated  on 
denaturing agarose gels as described under  "Materials and Methods." 
After transfer  to nitrocellulose filters the immobilized mRNA was 
hybridized to a  nick-translated cDNA probe. R denotes the RNA 
lane; M, the marker lane. The marker used was a  denatured HinfI 
digest of pBR322. The autoradiogram reveals the marker  bands 
hybridizing to nick-translated pUC19. The sizes of the bands are 
1631 and 517/506 nucleotides, respectively. 

Y 

FIG. 5. Transcript cap site mapping of napin mRNA. An 18- 
mer oligonucleotide, complementary to a  napin sequence just down- 
stream from the initiation condon, was synthesized. This synthetic 
oligonucleotide, "P end-labeled and unlabeled in  the respective cases, 
was annealed to  either mRNA or M13 DNA covering this region on 
the minus strand.  In separate  reactions the primer was  allowed to be 
elongated to  the 5' end of the napin transcripts  or  to prime a standard 
set of sequencing reactions. The products were separated  on  a gradient 
sequencing gel. Lane R shows the terminated  forms that were elon- 
gated on the mRNA, lanes A, C, G, and T, the respective sequencing 
reactions. 

With regard to  the primary  translation  product, compari- 
sons of all the known sequences have made us aware of an 
interesting repeated structure  in  the removed parts of the 
napin polypeptide. All  of the previously sequenced cDNA 
clones and  the two genomic clones discussed here conform to 
this structure. It consists of a  stretch of 7 or 8 amino acids, 
X-X---(-)X, where X denotes hydrophobic and - negatively 
charged amino acids, respectively. These sequences in napA 
are shown boxed in Fig. 6. The negatively charged amino acid 
in brackets is only present  in  the  first copy of the repeat which 
occurs in  the amino-terminal part of the precursor sequence, 
before the small subunit. The second copy  of the repeat occurs 
within the removed sequence which is present between the 
small and large subunits.  These two repeats  in  fact carry 
almost all of the negative charges that  are contained in the 
processed parts of the precursor (Ericson et al., 1986). It is 
possible that these  repeats  are involved in processes relevant 
for the translocation,  intracellular  transport,  and/or deposi- 
tion of napin  into  protein bodies. Alternatively, they could 
serve as signals in the proteolytic processing steps necessary 
for the generation of mature  napin. However, confirmation of 
a possible role of these  repeats  in the above processes will 
have to await experiments directly aimed at these points. 

We have noted several interesting  features  in the sequence 
of nupA (and pGNA) that ma37 be of relevance to different 
aspects of gene regulation. It is tempting to speculate that the 
5' hairpin region and  the TACACAT repeat region  may be 
directly involved in  the transcriptional  activation of the gene 
and  that  the 3'  hairpin region may be involved in  the termi- 
nation of transcription.  There  is ample precedence in the 
literature for the former point, i.e. degenerate (or non-degen- 
erate)  repeats  as well as  alterations  in DNA topology (possibly 
manifesting itself in cruciform structures) have been implied 
in gene regulation in several systems (Gidoni et al., 1985; Hall 
et ul., 1982; Harland et  al., 1983; Serfling et al., 1985). I t  
appears more doubtful what role hairpin loops may play in 
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gene. The figure shows the sequence ,,f ~ A C C - ~ ~ C C ~ A ~ A C C A G A C C G ~ A C ~ A ~ A C = ~ G ~ M C A ~ C C C C M ~ A ~ G ~ C ~ C A G M ~ C C A ~ ~ C C T C = A =  
1570 1500 1590 1600 1610 1620 1630 1640 1650 1660 1670 1680 

F1~.6.Sequence of the napA ...E Q p n v s R I Y p T A T H L  P x v c N 1 P Q v s v c P F p K  T I P G p s Y * 

the 3.3-kilobase  HindIII-BglII  fragment. 

discussed in the  text. 

F The  symbols used are all described and ~ ~ C - C G - C C C T C G C G A T A T A ~ M C A C C A C A C ~ A ~ C C ~ A T M ~ ~ ~ A ~ A ~ ~ A ~ M ~  

MMITAGCACTACKCAT I V V U G A G A G C C T C ~ C K ~ ~ M T C A ~ A G ~ M ~ C T A C A ~ ~ C ~ - G - C A C C G ~ - ~  

1690 1700 1710 1720 1730 1140 1750 1760 1710  1780  1790 1000 

1810 le& 1830 1840 1850 1860  1870 1880 1890 1900 1910 1920 

~ ~ A r r M T C A U T A T A ~ ~ M G ~ ~ A ~ C C C C A T ~ A ~ ~ ~ ~ C M ~ ~ U ~ A ~ C G A ~ A C - - M ~ A C  
1930 1940 1950 1960 1970 1980 1990 2000  2010  2020  2030  2010 

~ ~ M A ~ A r r A ~ A C A T C M ~ C ~ M ~ A ~ A r r C A C M G ~ T M C A C A C A T C C A T C A ~ M ~ m C A ~  
2050  2060  2070  2080  2090 2100 2110  2120  2130  2140  2150  2160 

G T ~ m A C A ~ M C M C G ~ ~ A ~ A ~ A ~ ~ A r r C T ~ G ~ C T C f f i T A C C C ~ ~ ~ A G A ~ m C C M C T A C C ~ A C A C  
2170 2180  2190  2200 2210 2220 2230 2240  2250 2260 2270  2200 

~ ~ C C M G C M C C M ~ A ~ A C C ~ ~ M T A C A r r ~ A T A T A G A G f f A C A T M C A C C C M C T M G ~ ~ C T A C ~ A ~ C A C M ~ C C A C A T C A ~  
229D 2300 2310 2320 2330 2340 2350 2360 2370 2380 2390 2400 

C A C G C C C C A T I ~ M ~ A m ~ A T A T A T A G C A C A C ~ ~ C ~ A G A ~ ~ ~ A C A C A C A ~ - ~ T M ~ T  
2410  2420 2430 2440 2450 2460  2470  2480  2490 2500 2510 2520 

0 n 
~ C A ~ A ~ ~ ~ ~ ~ ~ ~ ~ ~ I T ~ A G ~ G ~ ~ T M T P C M C C M ~ ~ G A ~ ~ M G A ~ ~  

2530 2510  2550 2560 2570 2580  2590 2600 2610  2620  2630 2610 
0 . , . . . . . . . . . . . . . . . . . . . . . . . . . &d M C ~ A G C T A C C C A C T A ~ T A T C - ~ M ~ ~ ~ A ~ C C C C - ~ C A C A ~ C ~ A ~ ~ ~ A T  

2650 2660  2670 2600 2690 2100 2710 2720 2730  2740  2750 2760 

I I 
c G M T M C C A ~ A ~ ~ - ~ ~ ~ A T M C M f f i C C A ~ ~ C T a C A m ~ ~ ~ C  

2770 2700  2790  2800 2010 2020 2830 2B40  2050  2860  2870 2880 

I., , . , . . . . . . . . . . . 

H 
T P P P I T C ~ C A T P C ~ T I M ~ ~ T M C A G ~ T A C ~ ~ M T ~ ~ M C A I T A ~ C ~ ~ ~ M ~ A G - ~ ~ G A ~ ~  

2890 2900 2910 2920 2 9 3 0 2 9 1 0  2950 2960  2970  2980  2990 3000 - 
~ M G ~ G A C T M G - ~ A G ~ ~ ~ A ~ ~ A G T ~ C A ~ C C A ~ A T I C ~ A C G G ~ A ~ A ~ A ~ A ~ A ~ A ~ A T  

3010 3020 3030 3040 3050 3060 3070 3080 3090 3100 3110 3120 

F 
~ ~ A T P C ~ C C I ~ ~ P A T M A ~ M G ~ ~ C A T C A ~ ~ C T A T - G ~ ~ C ~ G A T C M C T A C C = C C C ~ ~ A G ~ ~ A C A T I C T A G T M G ~ C C M  

3130 1140 3150 3160 3170 3180 3190 3200  3210 3220 3230 3240 

M ~ A ~ ~ A C ~ C T C C A T A C C ~ A C ~ C A T C C A ~ C T C A ~ ~ - G A G A ~  
3250 3260 3270 3280 3290 

termination of RNA polymerase I1 transcripts  (Birnstiel et 
al., 1985), although  they may be  involved in the termination 
of specific sets of genes (Hentschel and Birnstiel, 1981). In 
this  context it is worth noting that  the m p A  gene has several 
A/T-rich  clusters downstream of the poly(A) addition site. As 
an  alternative,  these could fulfill a function as  terminator 
signals. 

The determination and analysis of the nucleotide sequence 
of the napA gene have revealed features which we suggest 
may  be related to gene regulation. Still, an increased under- 

standing of  gene regulation in  the case of napin will undoubt- 
edly have to await data regarding (a) co-regulated genes (e.g. 
cruciferin (Simon et al., 1985)), ( b )  a functional definition of 
the cis sequences by in vitro mutagenesis and  transformation 
studies, ( c )  a definition of transacting factors either by the 
study of regulatory mutants  or by studying DNA binding 
proteins,  and ( d )  studies  on how the abscissic acid response 
is mediated. The isolation and characterization of the napin 
gene described in  this paper  facilitate  studies aimed at solving 
some of these questions. 
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FIG. 7. Alignment of the napA 
promoter region and the promoter 
region of the pGNA napin gene. The 
nucleotide sequences of the promoter re- 
gions of napA and  the pGNA napin gene 
were aligned by use of the ALIGN pro- 
gram (Dayhoff et  al., 1979) run with the 
UN matrix, a break penalty of 2 and 100 
random runs. CAC trinucleotides are 
boxed and perfect or degenerate versions 
of the TACACAT repeats  are indicated 
by arrows. The TATA box and initiation 
ATG are boxed for reference. The major 
transcription cap site is indicated by an 
arrow. Brackets at  the 5'  end encompass 
sequences with a tendency to form hair- 
pin loops. 
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Supplementary  materlal to 

Structure Of a Gene Encoding  the  1.7s  Storage  Proteln,Napin, 
from  Brassica  napus 

by 

J05efSSOn.L-G.. Lenman,M.. ErIC50n.M.L..  and  RaSk,L. 

mTERIALS M D  METHODS 

Plants 
8.napu6i Seeds  of a dihaploid  variety Of "svensk  Karat" were 
genem~sly provided  by Dr. Lena Bengtssm, Svalav AB,  Sweden. 
This  rapeseed  line was used  throughout  these  studies. 

phase was retained  and  the  DNA  precipctated . The precipitate 
vas collected  by Centrifugation, rinsed  with  70%  ethanol, 
dried  lightly  and  resuspended in 8 m l  of TE (10 mM TrLS-HC1, 

mmutes at 37% after the addition of RNAS~ A to a final 
pH 7.511 mM EDTA).  RNA was degraded by an incubation for 30 

concentratLon  of 100 pglml. 0.2 volumes of a solutmn 
containing 50 mM Tris-HC1. pH  7.510.4 M EDTA/O.5%  SDS11  mglml 
DrOtelnaEe  K were then  added  and  the  mixture  incubated  at 

dlalysed  against TE. After  dialysis  the DNA vas extracted 
<O°C for 30 minutes. The mlxture was then  extensively 

The QNA was rinsed  Wlth  70%  ethanol. lwhtlv dried  and 
twlce  with Ch1o~OfoTm:lsoamylalcOhol and then precwitated. 

resuspended 1" TE. This pLOCedu;e iieided easlly 
restrictable  DNA  with a mean Size Of some 70 kb as determined 
by low voltage electrophoresis in a soft agarose gel. 

Southern  blotting 
10 ug portions  Of  rapeseed  DNA Were digested  to completion 
wlth  different  restrictlo"  enzymes  and  loaded on 0.7% agarose 
gels run with  the TBE (TriaIBoratelEDTAl  buffer  System 

bromide  the gel was lmersed in 0.25  M HC1 for 5 mlnutes. 
(Manlatir et & 19821.  After  light  stalnlng  wlth  ethldium 

After  the  depurination  the  DNA in  the gel Was denatured  and 

e t  &.1982).The  Subsequent  treatment  Of  the  filters Was also 
transferred to nitrocellulose  filters as described  IManLatLs 

according to Maniatis et e 119821. 
Isolation Of  mRNA  and Northern  blottinq 
mRNA was isolated as described  by  ErlCSon E &11986l. 
Denaturing agarose gels were prepared  and run according  to 
Manlatis &119821. 2 ug Of  denatured  mRNA were loaded on a 

Transfer  of  the  mRNA to nitrocellulose  filfers  and  the 
1% agaroselformaldehyde gel and  subjected to electrophoresis. 

subseauent  treatment of the  filters was accordma to  standard 

Nick-translation and  hybrldization  to  Southern  blots, 
Northern  blots  and screenlng filters 
0.1-0.2 ug portions  Of  pNAPl cDNA were nlck-translated  to 
obtal"  radioactivelv  labelled  nrobe.  Prehvbridiraclons  and 
hybrldizations  were'done with  fbmamide-co&inlng  Solutions 

Washing  of  filters was done  at  high  stringency, l.e. 3 mM 
according  to  standard  protocols  IManiatis et g.19821. 

sodium citrate-HC1, pH  7.1130 mM NaCl/O.S% SDS at  65OC.  two 
times 1 h.  Filters were exposed on X-ray  fllm  with 
intensifying screens at  -7OOC. 

construction  of genomlc library  and  screening  for  naoin 
Clones 
=ed DNA  1120 ug) was partially  degraded  with  MboI  under 
condiflona  that  predomlnantly  yielded  fragments In the  size 
range Of 15-25  kb.  DNA molecules of this slze Class were 
further  purified  by fractionation on 5-40% sucroQe gradients 
l n  iM  NaCl that were run for 6 h  at 39,000 rpm In a Beckman 
SU40 rotor. The fractions  containing  15-25  kb  DNA were 
pooled,  the  DNA  precipitated,  resuspended  and  phosphatase 
treated  to  further reduce the  r1Sk  Of  insert 
concatemeriaation  durlng  llgafian.  After removal Of  the 
phosphatase  by extractmn the  DNA was precipitated.  pelleted. 

uglul. The EMBL3 vector  DNA was double  cleaved  with B d I  and 
r~nsed and  resuspended  in TE to a concentration of 1.25 

EcoRI  and  the small linker-pieces removed by  1soProPano1 
precipltation of the  DNA I Frischauf g e. 19831.  It Was 

packaging Of  phage  lambda & l&~ were prepared according to 
resuspended  to a concentration  of 0.4 uglul.. Extracts  for 

Hohn  119791. 

COndltmns of  ligation  and  packaging  of lambda particles & 

ofrhe ILbrazy. The conditione  finally  chosen  for  the  library 
vltro were investigated on a small scale prior to preparatlm 

ConStTUCtion were the  following:  4 ug of vector  and  12.5 ug 
Of 15-25  kb  insert  DNA were ligated  and  packaged ln vitro 
after dividing  Into 10 mixes containing  each: 35 u1 buffer  A 

m~ EDTAI; 1.65 pg DNA (In 10 UI; 3 ui Q1 mix 16 mM TIiS-HC1, 
I20 mM TTiS-HC1, pH 8.015 mM MgCl I O  05% B-mercaptoethanolll 

pH7.5/60 mM spermidine118 mM MgC12115 mM ATP/O.2% B -  
mercaptoethanoll; 17.5 pl Sonication extract and  25 u1 
freeselthaw  lysate.  ThlS  yielded a total of 2.2X1O6 plaque 

on 10 large screening  places  of  23x23 cm. some 1.5~10 clones 
farming  units  lpful.  The  library was Subsequently yplified 

of  the  amplified  library were screened by  rpreadlng 7.5~10~ 

were prepared, and  pretreated as described  IManiafie et 
pfu on each screenlng plate.  Replica nitr~cellulose filters 

Recombinant phages were purified  by two Consecutive 
rescreenings on regular 10 cm  LBIagar  plates.  Growth  Of 
recombinant  phages  and  purification of phage  DNA were 
according to established  PrOtOCOlS  IManlatls &,1982l 

- a1.1982l.Conditions for hybrldlzation are given above. 

Ma ping  of  qenomic  clones  and  subcloning 

procedure  Of Rackwltz & 119841  with a set Of  COmPlete 
Lakda recomblnant clones were mapped  by cOmhlniW the 

digestions  Wlth  either Sal1 alone or with Sal1 together  with 
e~ther Of  six  other  restriction  enzymes.  Southern  blots  from 
gels on which  the  latter  digestions were analyzed Were 
prepared  and  hybridized  wleh  labelled  pNhP1  =DNA.  Subcloning 
of a fragment cantalnmg the e gene vas done  by 
purification  of  the  fragment on an agarose gel cast with low 
gelling temperature agarose. The purified  fragment w a r  
subcloned  into  puc19  IYanxsch-Perron et al, 1985l.The 
subclone was mapped  by conventional di~estlonldouble 
dlgesrlon  techniques Inamatis et &.1982l. 

m ~n of  the  transcri  Cion  start site 
AnP?8-$er Oligonucleot?de. S'AGGAAGIGCTEITCFCC 3 ' . V a S  [32PI 
end-labelled  with polynucleotide kinase  IManiatrs et G.19821 
Approximately 0.2 pmoles 170.000 opml Of the  labelled 
oligonucleotide were added tO 1 yg of  mRNA  in a 10 Y l  mix 

that  in  addltion  contained: 35 Y Human  placental  RNAre 

NaCl  and 6 mM f4gC12.  After  annealing  for 1 h  at m o m  
Inhibitor;  34 mM Tris-HC1.  pH 8.3 (measured  at  42OCl; 25 mM 

uM each  and 1.5 units  of Aw reverse transcriptase were 
temperature,  unlabelled  dNTPs  to a final  COnCentration of  200 

added. The sample was then  incubated  at  42%  for  20  mi"  and 
Subsequently  treated as a regular sequencing gel sample. 
ApprOYimafely 1 ul of the mixture I 5000 cpm) was loaded 
Onto  the gel and run alongside a reference  Set Of  sequencing 
reactions. 

Databases 
The three major data  bases  INBRF,  EMBL  and GENBWKI were used 
in the sequence comparisons. 

RESULTS 

Southern and  Northern  blotting analveee 

As an lnltlal  step  towards defming the Complexity of  the 
rapeseed  genome  with  regard  to napln genes we declded  to use 
pNAP1, d CDNA clone whlch  encodes  napin  IEricson 
- a1.19861, as a radioactive  probe in Southern  blotting 
analyses. 10 Y 9  portions  Of  total  rapeseed  DNA were In 
separate  reactlons  digested  to completion with  four  different 

DNA  fragments on agarose gels, the  fragments were denatured 
restriction  enzymes.  Following separation Of the  generated 

and  transferred to nitrocellulose  filters.  Hybridiratlon  to 
the  filters  Of  nick-translated pN-I =DNA  ylelded  the  pattern 
Shown  in  figure 1. The different  enzymes  yielded  between 8 
and 1 3 .  hybridizing  bands.  Since  it 1s not  known  to  what 
extent  the  enzyme.  may  Cut withln  individual  napln genes, 

Nevertheless,  consldering  the  data as a whole  it  appears 
there 15 no way, of deducing an exact gene number. 

reasonable to assume that  there are I" the  order  Of 10 genes 
for  napin. HOW many  of  these  hybrldizlnq  bands  that  represent 
expressed  napin genes is  at  present not clear. 
Irrespective of the  fact  that several  genes may be  expressing 
na~ln. one well defined. maior n a m n  mRNA  SceCies was evident 
when  rapeseed  embryonal & N A  ;as subjected  to  Northern 
blotting  wlth  the  CDNA  probe IFlgure 21. In addition to  the 
major 850 nucleotides  transcript, a diffuse  population of RNA 
species 15 also evldent.  This ranges in ElZe from  approxima- 
tely 900 to 1500 nucleotides, and as a whole constitutes 
mite a simifrcant fraction of the  total  hvbrldizina  mate- 
Fial. We cannot  at  present  determine  whether these-larger 
RNAs  represent a Vast  PopulatlOn Of  differently  poly- 
adenylated  species  Of  napin  transcripts or Simply are con- 
taminatlng  hnRNA  which  ha6  not  yet  been  polyadenylated. In 

more site specific  process  compared to that  of 
light  Of  the fact  that  palyadenylarron  appears to be a much 

transcriptional  termination  LBirnrfiel  &,1985l we favour 
the  latter  explanation. 

A  genomic  phage  library was constructed  With  DNA  from a 

with  the  pNAPl  CDNA clone as the  probe  yielded  eight  pOSltiYe 
dihaploid lme Of B.napys. Screening Of 1 . 5 ~ 1 0 ~  recombinants 

clones. DNA was meoared from  these clones after  they  had 
been  purlfled  by  two Consecutive reacreenings.Mapping o? the 
aenomic clones Showed  that  faur  of  the  Positive recombmanta 

. .  

the  pNAPl cDNA  probe was subcloned  lntO plasmid pUC19 

techniques  IManiatis g &,1982). Figure  4  shows  the  map 
IYanish-Perron et G,1985),and further  mapped  by  conventional 
that was Obtained  and a cornpar~son  with  the  PNAPI  cDNA 
restriction  map. 

It  has  been  Shown In Other  plant gene systems  that  the  cis 

usually are contamed within  sequences  that are located 
signals  involved  in  regulating  franscrlptional mitlatlon 

reasonably close to the  transcribed  part  Of  the gene (Kale" 

fhaiall the ImkeT sTquences involved I" transcriptional 
regulation w e r e  contained  in  th15  subclone  and  consequently 
declded to sequence the  whole  insert  of  the subclone.  

Sequenclnq  of  the  naPA gene 

The entire sequence Of the 3 . 3  kb fragment was determlned In 
overlapping sequence reactlons on both  Strands by a combma- 
tion  of  "Shotgun"  sequencing  and  sequencing  Of  individual, 
TeStrICtiOn  enzyme-derived 1113 subclones.  Both  the universal 

merst complementary to sequences  within  the  rubclonea were 
17-mer sequencing prmer and synthetic  OligOnUCleOtideS  118- 

used  to obealn the  complete sequence. The  requenclng  strategy 
is  represented  in a Schemaflc  fashion  below  the  restrlctlon 
map ~n Flgure 4 .  This  represents a minimal  estlmate Of 
sequence data  chat were collected. Sequences that were well 
represented in the  "shotgun" clones. the  transcribed  region 
I" partlc~ldr, were determined  wlth a lot  hlgher  frequency 
than 1s apparent  from  the  flgure. In addition,  many 
individual  reactions were performed more than once. 

- et  al.1986;Morelli  et  al.198Sl.Thus. we considered  It  1Lkely 

Mappinq  of  the initiation  site  for  transcription 

The  tranrcrlptlon  Cap-Elte  of  napin  mRNA was determined  by 
mRNA  dlrected  pilmer  extension. A Synthetic oligonucleotide, 
complementary to mRNA  sequences close to the  inltiation  ATG, 
was (32Pl end-labelled,  annealed  to  mRNA  and Subsequ'LntlY 
elongated  to  the 5' end  of  napin mRNAr by  the  lncorporatlon 
of  vnlabelled  nucleotides  aedrated  by Aw reverse 
transcriptase.  Figure 5 Shows  the  elongated  and termmared 
primer  alongside  the Sequence reactions  obtained by  letting 
the same oligonucleotide,  unlabelled  in  this Case. prlme 
sequencing  reactions on an MI3 shotgun  clone  that  covered 
this  region on the  minus  strand. When mapped  Onto  the 
sequence  of the gene the ma)or initiation  Site  is at the 
A in  posltion  1102. The  minor  bands  correspond  to  positions 
1098,  1112 and 1113. Thus,  the major Site  of  tranEcriptiOna1 
lnltlation  appears  to  be  located 33 nucleotides  downstream 
from a sequence which  ConfOrmS to the consensus Of a TATA  box 
(see below]. 

~ e n e r a l  features  of  the sequence 

Flgure 6 shows  the sequence of the  3295  nucleotides of the 
Hind111 - BglII subclone inserr. The rranalated  sequence of 
the  coding reglon is also Shown  above  the nucleotide sequence 

pNAP1 cDNA clone (Ericson g.19861 is Shown within 
in one letter code. The  sequence that  is contained in  the 

brackets  and IS absolutely  ldentlcal  to  that  of e. In 
thls c0n;e.t it 1s worth  noting  chat the pNAP1  =DNA Clone Was 
Isolated  from a =DNA  lLbrary  constructed  from  the Same 
dlhaplaid  rapeseed lme that was used for  these  studies.  A 

This is preceded  by an enbaxed TATA conforming Sequence 
thlck arrow Indicates  the major transcrlptlon  start  rite. 

imperfect  CAT  box  IBreathnach  and Chamhon.19811  Which 1s Iif 
IBreathnach  and  Chambon.1981). A  dotted  line  shows an 

It 1s at a l l  functionall  located  unusually close to the  TATA 
box. On the I '  side Of the c d ~ n g  region one poly A  addltlan 
szgnal IProUdfoot  and  Bxownlee.1976l is found (underlined by 
a solid  line). A dot  above nucleotide 1850 indicates  the 
actual slte where  the  poly A tall le added, as deduced  from a 
comparlSon  with  the  pN1  and  pN2  cDNA clones ICrOUCh &. 
19831.  figure  6 also Shows a second set Of  TIITAIpOlY A 
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addition signals (enboxed/underlined) at nwleotldes 2653 and 
2931, respectively. We presently do not knar whether this 
part of the sequence represents an expressed portion of the 
genome. Considering the size Of a hypothetical transcript 
and the relative positions of ATG'B and termination c d a n s  
within it, M think it is less h k e l y  that this sequence is 
expressed tat least at the protein level). H O M V ~ T .  we are 

On the Opposite strand there are several TATA boxes and polYA 
presently Settling this point by a direct examination. 

addition Signals. An A/T-rich sequence between positions 

closely spaced polyA addition signals. One additional polyA 
3078-3117 would on the opposite strand correswnd  to 6 

addition signal occurs at position 1963 (plus strand 

TATA boxes =cur at 695. 753 and 783 (plus strand numbering), 
numberingl. Towards the 3 '  end Of the minus strand three 

the two first of which are part Of a 14 bp direct repeat. 
Slightly further downstream on the minus strand are two 
additional polyA addition signals (306 and 388; PIUS strand 
numbering). Although we SeIiOusly doubt whether any Of  the 
above sequences constitute functional signals. we can at 
present not strictly rule it out. 

Hairpins. rewats and palindromes 

The major direct and Inverted repeats Of the sequence are 
indicated by arrows. pairwise connected as indicated by the 
lettering. solid arrows indicate perfect, dotted amows 

discussed previously IEricson s &,19861. In addition to  the 
imperfect repeats. The E repeat has been observed and 

overlapping direct repeats. A two-headed arrow lndicates a 
repeats s h m  in Figure 6 ,  the region 3078-3117 has several 

Firmre 3: Restriction map Of the genmic region contdmtmg 

mapped as described in Materials and Methods. me figure 
the e gene. Individual lambda recambinant clones were 

sh- the IMP Of the genomic reglon and the parts contained 
ln different recombinants. The measuring bar Corresponds to 5 

G=BglII; H=HindIII: S=salI and N=NruI. The hatched area 
kb of DNA. The'enzymes used were B=BamHI; C=SacIIi E l E C O R I :  

indicates the part that hybridized to pNAP1. 

Firmre 4: Restriction map of and sequencing strategy. 
The 3.3 kb Hind111 . BglII rubclone in pUC19 was mapped with 
conventional techniques. The figure s h w s  the  map Obtained 

Obtained for pNAP1 CDNA. Mearurrng bar corresponds to 1 kb Of 
for the insert and how it compared to the map previously 

DNA. The enzymes used were: A=SacI: C=SacII; G=BglII; 
H=HindIII; P=ApaI; T=PstI; X=XhoI and Y=NaeI. Below the map 
is a schematic representation Of the sequencing strategy, as 
discussed in the text. X denotes reactions primed by the 
universal 17-mer primer on either shotgun clones or 
restriction e n z m  derived 1113 8ubclone8. . denotes 
reactions primed by  synthetic 18-mer primers within different 
S"kl0"eS. 

~~ ~~~~~ 


