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Rapid isolation of a rice waxy sequence: a simple PCR method for the analysis of recombinant plasmids

from intact Escherichia coli cells
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SUMMARY

Polymerase chain reaction (PCR) is an efficient method for obtaining a desired nt sequence if both required primers can
hybridize to the target DNA molecule specifically. A rapid and simple PCR-based method for analyzing plasmids using intact
cells was established. An attempt to target a rice waxy sequence by PCR using homologous primers was also carried out.
In three cases, specific fragments were amplified and their nucleotide sequences were determined. However, the cloned rice
waxy gene contained base substitution mutations. The cumulative frequency of mutation after 30 polymerization cycles was

estimated to be one in 500 bp.

INTRODUCTION

PCR is an in vitro method for the enzymatic synthesis of
specific DNA sequences, using two oligo primers that can
hybridize to opposite strands and flank the region of inter-
est in the target DNA (Saiki et al., 1988). A repetitive series
of cycles are carried out that involve template denaturation,
primer annealing, and the synthesis of a specific DNA
fragment whose termini are defined by the 5’ end of the
primers. Using this method, a particular fragment of DNA
can be specifically amplified and then cloned.

The amylose content of endosperm starch strongly

Correspondence to: Dr. H. Shimada, Mitsui Plant Biotechnology Research
Institute, 2-1-6 Sengen, Tsukuba 305 (Japan) Tel. (81)298-58-6115;
Fax (81)298-58-6191.

* Present address: Plant Biotechnology Laboratory, Mitsui Toatsu
Chemicals, Inc., 1144 Togo, Mobara 297 (Japan) Tel. (81)475-25-6729.

Abbreviations: bp, base pair(s}; kb, kilobase(s); nt, nucleotide(s); oligo,
oligodeoxyribonucleotide; PCR, polymerase chain reaction; RFLP,
restriction fragment length polymorphism; waxy, gene encoding UDP-
glucose starch glycosyl transferase.

0378-1119/91/803.50 @ 1991 Elsevier Science Publishers B.V. (Biomedical Division)

affects the taste of rice. Many mutants involved in starch
synthesis have been isolated (Yano et al., 1988), suggesting
that a set of genes in combination controls starch synthesis.
Among them, the waxy gene which encode a major starch
synthesizing enzyme, UDP-glucose starch glycosyl trans-
ferase (EC 2.4.1.11), has been well investigated. Most waxy
mutants exhibit varying levels of amylose and amylopectin
in their endosperms, depending upon the allele (Sano et al.,
1986). This observation suggests that the affected enzyme
may control the amylose content of endosperm starch.
Therefore, manipulation of waxy gene expression lcvel may
be a valuable tool for breeders to improve the quality of rice
grains. In the case of the waxy gene, it may be possible to
use antisense RNA to down-regulate gene expression and
thereby reduce amylose content in the endosperm starch.

Maize and barley waxy genes were previously cloned and
their nt sequences were determined (Klosgen et al., 1986,
Rohde et al., 1988). It was suggested that the rice sequence
might also be similar to the maize sequence {Okagaki and
Wessler, 1988). The fact that the maize and barley
sequences have highly conserved regions suggests that the
same sequences should be conserved in rice. Using primers
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based upon the barley sequences within these highly con-
served regions, it was expected that rice genomic sequences
could be amplified by PCR.

In this paper, we report the rapid isolation of the rice
waxy sequence from genomic DNA. In addition, we also
describe a rapid, efficient PCR-based method for analyzing
plasmids, that bypasses the necessity to grow up bacteria in
liquid culture, to perform explicit lysis steps, or to carry out
DNA extraction or precipitation steps.

EXPERIMENTAL AND DISCUSSION

{a) A rapid and simple method for the selection of recombi-
nant plasmids

Various procedures for identifying specific DNA within
intact cells all contain some steps for cell lysis and/or DNA
extraction (e.g., Kim and Smithies, 1988). Therefore, a
protocol omitting the DNA extraction step would shorten
the procedure.

The denaturation step of PCR is normally carried out at
a high temperature (90-94°C). Under such conditions, any
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Fig. . Agarose gel analysis of PCR products starting from intact cells.
Cells containing pSS3C (Sugita et al., 1987), pRP4-3, pRP4-8, PRP1-4
{Shimada ct al., 1989) and pUCI19 (Vieira and Messing, 1987) were
used in lanes 1-5, respectively. Lane 6 contains HindIf/2 DNA and
Haelll/¢X174 DNA (size marker). Numbers to the left indicate sizes of
insert DNA corresponding to each plasmid. The standard solution for
PCR was prepared according to Innis and Gelfand (1990). The reactions
were performed in a Perkin-Elmer-Cetus (Norwalk, CT) DNA thermal
Cycler. After an initial 10 min incubation at 90°C, 30 cycles of DNA
synthesis were carried out, each consisting of denaturation (94°C, t min),
annealing (60°C, 2 min} and extension by Tag DNA polymerase (72°C,
I minl

E. coli cells present in the solution should be lysed or made
permeable, and would allow DNA to leak out, especially
small multicopy plasmids. Thus, we tried to simplify the
procedure for analyzing the DNA fragments inserted in the
pUC plasmid vector. Commercially available forward and
reverse sequencing primers {(3'~-GTTTTCCCAGTCAC-
GAC and 5 -CAGGAAACAGCTATGTGAC from
Takara Shuzo Co., Japan) were used for the PCR amphfi-
cation. Fresh transformant colonies grown on selective
medium plates were picked using round toothpicks. Each
toothpick was stabbed into a second agar plate prior to
transfer into a tube containing S0 ul of reaction mixture.
The small number of transformed cells was found not to
inhibit subsequence steps of the PCR. Prior to DNA
synthesis cycles, a 10-min incubation at 90°C was added 1o
ensure sufficient DNA leakage from the cells. After PCR,
5wl from each reaction was examined by agarose gel elec-
trophoresis.

All reactions gave distinct bands on agarose gels, con-
sistent with the presence of various inserts (Fig. 1). Based
upon the ethidium bromide staining intensity, all reactions
yielded approximately the same mass of DNA product. A
3.4-kb control insert was also precisely amplified, indicating
that such large inserts present no insurmountable obstacle
1o amplification. Colonies more than three days old, how-
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Fig. 2. Amplification of the rice waxy sequence. Lane 1 contains the same
size marker as in Fig. 1. Lanes 2-7 show the results of the reactions using
pairs of primers (see Fig. 3) HVW-2 and HVW-4R, HVW-2 and
HYW-6R, HVW-2 and HVW-7R, HVW-3 and HVW-4R, HVW-3 and
HYW-6R, and HYW-3 and HVYW-7R, respectively. PCR was performed
using 1 ug of rice genomie DNA in each reaction. Genomic DNA was
extracted from leaves of 2 weeks old rice {Oryza sariva L. {Iaponicaj)
plants according to the method of Rogers and Bendich (1985}



ever, were found unsuitable for this method. These results
were consistently obtained over the course of many experi-
ments, suggesting that heating for 10 min at 90°C prior to
PCR releases a sufficient amount of plasmid DNA from the
bacteria. DNA isolation and purification steps can be
replaced by a simple heating step carried out in the complete
PCR reaction mixture. This protocol should facilitate rapid
screening of recombinant plasmids.

In addition, we examined whether this procedure could
be applied to a mixture of clones. Reaction mixture com-
posed of five independent clones whose inserts varied in
size between 0.2 kb and 3.4 kb, showed distinct bands of
each fragment on agarose gels, but mixtures with ten clones
did not (data not shown). In the case of mixtures composed
of plasmids containing both small inserts (less than 0.6 kb)
and longer ones (more than 1.0 kb), longer inserts occa-
sionally resulted in only faint bands on the gels. Never-
theless, our results indicate the usefulness of this procedure
for rapid screening of plasmids carrying inserts of at least
up to 3 kb in length.

(b) Amplification of the rice waxy sequence

In PCR, selection of primers is important. If both primers
can hybridize to the expected sites, even if only at low
stringency, a DNA fragment will be amplified. Thus, a low
level of mismatch may be tolerated for the amplification of
specific sequences. As described in the Introduction, waxy
genes contain sequences highly conserved at least among
some grass species. An alignment of waxy genes indicated
that, except for exon-1, exon sequences were highly con-
served (data not shown). These results suggested that the
sequence of PCR primers could be based upon the
sequences in the exons.

For targeting rice waxy sequences five different primers,
designated as HVW-2, HVW-3, HVW-4R, HVW-6R and
HVW-TR, were synthesized (Fig. 3). The 5’ ends of the
oligos were phosphorylated using polynucleotide kinase.
HVW-2 HVW-4R and HVW-6R are completely identical
to both the barley and maize sequences, while HVW-3 and
HVW-7R were taken from barley sequence. PCR reactions
pairing either HVW-2 or HVW-3 with either HVW-6R or
HVW-7R yielded single bands near 1 kb in size as judged
by gel electrophoresis (Fig. 2). Reactions primed with
HVW-4R failed to yield detectable product. Next, amplified
fragments were analyzed for size on agarose gels (Fig. 2).
The major product obtained in each reaction was consistent
in size (between 1.0 and 1.2 kb) with that predicted from the
barley and maize sequences.

(c) Cloning and sequence analysis of PCR products

The fragment amplified between HVW-2 and HVW-6R
was inserted into the Smal site of pUCI13 after making it
blunt-ended using T4 DNA polymerase. Transformed bac-
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terial colonies were analyzed by the PCR method described
in section a. From 40 transformants, three independent
clones, designated pWX12, pWXI15 and pWX27, were
selected.

Sequences of pWX12, pWX15 and pWX27 were shown
to vary from each other, presumably due to nt misincorpo-
ration during the PCR (Fig. 3). Over the 1024-bp sequence,
there were six positions at which one sequence deviated
from the other two. Assuming that the altered nt resulted
from misincorporation, this gives a 0.2%, error frequency in
the final PCR amplification product. This value is com-
parable with the resuits of Saiki et al. (1988) who found an
overall error frequency of 0.25%.

Comparison of sequences shows a high level of sequence
identity between the rice sequence obtained by PCR and the
maize and barley sequences, especially in the regions of the
putative exons. Therefore, it seems that our cloned PCR
sequences are derived from the rice waxy gene. Though it
has been reported that two introns were lost from the barley
sequence, the rice sequence contains both putative introns
at the same positions as in maize.

The priming sites of HVW-3 and HVW-4R were con-
tained within the amplified region. Comparison of these
artificial primer sequences with the actual genome
sequences revealed three differences in the case of HVW-3
and two differences in the case of HVW-4R (Fig. 3). Since
amplification with HVW-3 was successful while amplifica-
tion with HVW-4R was not, it seems that the number of
mismatches may not have been the decisive factor in their
ability to function. The most serious obstacle to effective
priming by HVW-4R may have been self-hybridization of
the primer due to a local palindromic structure.

(d) Conclusions

We have developed an efficient PCR-based method for
screening recombinant plasmids. The primary constraints
limiting the number of plasmid clones which can be
screened by an investigator in a single day are the availa-
bility of wells in a thermocycler and the number of gel slots
available.

Using this procedure, we successfully screened the clones
in a rice genomic waxy PCR amplification library. Though
PCR occasionally resulted in base-substitution mutations
in the derived clones, PCR enabled us to rapidly isolate the
target sequences. Such amplified fragments may be used as
probes in Southern-blot analysis, as homologous RFLP
markers or in the construction of antisense genes. Using
one of the isolated waxy clones as probe, a distinct waxy
band was detected on a Southern transfer of rice genomic
DNA (data not shown).

We anticipate that the low level of base substitutions will
not seriously impair the use of our clones in antisense
strategies to reduce the level of the rice waxy gene product.
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HVW-2 -

TCCACTGCTACAAGCGCGGAGT
B 1LAAGGTCGCTGALGAG[ALGAGAGGGIGAGGTTCTTCCACTGCTAC GCGCGGAGTGG
M TCAAGATGGCAGACGGGTACGAGACGGTCAGGTTCTTCCACTGCTACAAGCGCGGAGTGG
LA RS EEEE R R EE SRR R R RS R L]

R12 TCTTCCACTGCTACAAGCGCGGAGTCG

B ACCGCGTGTTCATCGACCACCCGTGG T TCCTGGAGAAGGT- GCGTGACCGATTCTCGTCG
M ACCGCGTG1FLGTTGACCACCCA(TGTTCCTGCAGAGGGT GAGAC GAGAT CTGATCA
EEER ERRERE K N HRERRREERE KR KA

R

R

ACLGTGTGTTCAT(GA(CATCCGTCAFTQLTGGACAAGGTGGAG]L AFCAT TAGWTTA

B TC- GATLGAICGATCAAGLIAILILTTTG[LLlACAAATlLQAAACT(AAAGGTGCAlQb

Al LTCG A~4~CG——CAATTACCACLCCATTGTAAGCA TT--------- ACAGT F‘*
* * EEXE X X XEE *

R1Z LCFFI[1~17TG 1FFIIA~77CTGAAIIATTAACAGI —————————— GCATTTAGCAG

— HVW-3 — _

AAGA

B TCAlleFGTCAOTGAAIL1IIGTTI(IGLTCCTT ACAAFFFLIAGGTCCGGGGCAAGA
M TTT ——————————— CCLQLCGGC*vCTGGTC GCTGGTTTCAGGTTTGGGGAAAGA,
LR AL ERS AL 22X R R R ESR]

TTGGACT 77777777777 L\G(llAGC*-IILLACTCCT(AFT?CAG'TTTGGGGAAAGA

CCAAGCAGAAGAICTACGCG(

B CCAAGGAGAAGATCTACGGGCCCGACGCCGGCACAGACTATGAGGACAACCAGCAGCGCT
M CCGAGGACAAGATCTACGGGCFTGTCGCTGFAACGGACTALACCGACAACCACCTGCGCT
1

* % % HRERERXERRERRE REXE X XRRR * R ERFE LA EE R EE SR E RS SN

Y (CGGTGAGAAGAW(IACCGACCTFA(AFIQGAqub TTACAAAGACAACCAGATGCGTT

B [LCAGCCTTCICTGECAGE ~ =~ =~ == === = m oo oo
M [TCACCCTGCTATGCCACGTCAG-GATG- -~ ==~ — == ===~ —— GCTTGG---TACTACAA
e AR EE R R SEESSEREELEES RS * * R RER * LE R
2 [TCAGCCTTCTTTGCCAGTCAGTGATTACTTCTATCTGATGATGGTTGGAAGCATCACGA

CTTCA-TATCATCTGTATGCA- GCAGIAIALALTGAIGAGAAATGLAFGLTGTTLIGLAG

KR KRR R EEREER X RN EOEE REENN RN
GFTTACCATAGTAFG[AIGCACTCATAALTAATTLGTG*'qAFTG ATGCTA-CCTGCAG

T =T
=—
e

GCAGCACTCGAGGCACCCAGGATCCTCAACCTCAACAACAACCCCTACTTTTCTGGTCCC
GLAGCACTTCAAGCTCCAAGGATLLTGAGCC?CAACAACAACCCATACTTCTCCGGALCA
FRFEXEEERE HX XRERE RRERRERRE XEERERERERERREERERRRN

GCAFCACTLGAGGCTCCIAbbATCFTAAALCTCAACAACAACCCAFACTTCAAAGGAACT

TR =T
NS —
~Une

B TA(GGT\AGA*IFAALLALALLFLCIALLILAAALIAGAQIGLAAIGTGLALI(TGAA(A
M 'TACGGTAAGAGTTGCAGTCTTCCTATA- -~ - - TATAT-CTG--TTGAGCTC-----~~ ¢

* % RpPE X LEE X B 3 2 LA 5 IR X X ]

TATGGT == GAGTTACAA - === mmme oo oo TTGATCTC- -~ -~ A

Fig. 3. Alignments of the rice, maize and barley waxy sequences. Lines marked by B, M, R12, R15 and R27 indicate the sequences of barley, maize,
and rice clones pWX12, pWX15 and pWX27, respectively. In rice clones pWX15 and pWX27, nt identical to that in the pWX12 clones are shown as
small dots. Primer sequences used in this experiment are indicated above or below the lines, labeled HYW-2, HVYW-3, HVYW-4R, HYW-6R or HYW-7R,
accordingly. Hyphens indicating gaps are introduced to maximize homology. The nt identical between maize and pWX12 are denoted with asterisks.
Computer-aided analysis of the nt sequences was carried out using the GENETYX program (Software Development Co., Japan) on an NEC PC9801
computer.
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AGTTGAAA———TTGAGAGCAA CGGATGATCACCATTTTTCTTGTATCTTGGTGCCGCCG

————— ATCTTCACAGGAAGCGGCCCATCAGACGGACTGTCATTTTACACTGALIAC1
** LR R X * KR R EREE ¥ * * % * * O REREE X
AG------ ATCTT------ ATAACTTTCTTC GAAGGAAT-CCATGATGATCAGACTAAT

CCCCGTGTCGTTCTTC vvvvv GCCGTGCA-GGEGGAAGACGTGGTGTTCGTGTGCAACGAC
TGC-——TCTTLGTCCATCCATACAAGGGGAGGACGTCG1GTTCGTCTGCAACGA(
* % XX LA AR N L R LIS SRR SRR X

TC CTTCC*vaCTTTGTTALFGACGAC AGGTGAGGATGFIGTGTTCGTCTGCAA(GA(

TGGCACACGGGCCTTCTGGCCTGCTACCTCAAGAGCAACTACCAGTCCAATGGCATCTAL
TGGCACACCGGCCCTCTCTCGTGCTACCTCAAGAGCAACTACCAGTCCCACGGCATCTAC
ERRRERRE RRBER RH RE REERRRR R EEE HE FEEREEE KR F REEEERREER

TGGCACACTGGCCCACTGGCGAGCTACCTGAAGAACACCTACCAGACCAATGGCATCTAC

AGGACGGCCAAGGTTTTGAAATTTGCA-TCTTTTGAATCTACATATTCTCTCTGCATATA
AGGGACGCAAAGGTTGCCTTCILTGAACTGAA——CAALGLLGTFTTCGTTCTCCAFbL[L
LR R IR I R X R R R * ¥ % * % X
AGGAATGCAAAGG-------- TCT———AIG ———————— GTTCTT([TGCCATACFAA(H

TATATATATATATTGTTGTCCATTCTGAACTTACCCCTGGAA~ -~ — -~ - - — - - —— =~ —
GTATATACCTCGT--CTGGTAGTGCGTGCTGCTTCTCTGAGAAACTAACTGAAACTGACTG

X ® o® % X EEE EOAEEREEES
AAATCTGCAT -~ ---—---- - - = -~ ~ CC ACACTGCATTCTGTTCAGAAACTGA-——
————— CCATCTGCTT =~ === ~~—~—~~-TTGCTAGGTGGCCTTCTGCATCCACAACATCTCG
CATGTCTGTCTGACCATCTTCACGTACTACCAGACCGCTTTCTGCATCCACAACATCTCC

ERERRERE EREER ERE  EEX EERRRRRRR AR EEERR R XN

————— CTGTCTGA--ATCTT-TTTCACT-CCAGGTTGCTTTCTGCATCCACAACATCTCC

TACCAGGGCCGCTTCTCCTTCGACGACTTTGCGCAGCTCAACCTGCCCGACAGGTTCAAG
[ALLAGGGCCGGTTCGCCF?CTCCGACTACCCGGAGCTGAACCTCCCCGAGAGATTLAAG
LA A AR R E R E R BN EREE ] *R RREEE KERRXRERREERE O ERERE RXEX *
FACLACGGCCGTTTCGCTTlLGAGGATTACCCTCAGCTGAACCTCTCCGACACGT1CAbb

TCGTCCTTCGACTTCATTGACG
TCGTCCTTCGATTTCATCGACGGGTCT---~--- GTTTFCCTGCG****TGCA[GFGAA**
HE RREERERERRRRRRRR RN R R * EEE AR

TCATCCTTCGATTTCATCGACG TATGAGTAAGATTCTAAGACTAACTIACTGT(AAIY

AGCAGGAAGCTGAAGTAACT
< HVW-4R

v~—LAITCATGAATGGTAACCCACAACTGTTLGLG TCCTGCTGGIICATTA~* WLIGA

* % % * % * K F XN
FCCCATATATCGACTFAATCCAAGAFCCTTTTGAGCTGACAACCCTGCAClALIGIFCAT

———————————————————————— CTACGACAAGCCCGTGGAGGGGCGCAAGATCAACT()
L———LFGAT——TGCATTATTGCAGCTACGAGAAGCCCGTGGAAGGCCGGAAGATCAACTG
* ¥R ERR| XX RER R OREE EEEEE XER REEEERREERERX
(‘GTTCAAA’] (/(,(;(, I'"TAAATTTCAGGTATGACACGCCGGTGGAGGGCAGGAAGATCAACTG

GATGAAGGCCGGGATCCTGCAGGCCGACAAGGTGCTGACGGTGAGCCCCTACTACGCTGA
GATGAAGGCCGGGATCCFLGACGCCGACAGGGTCCTLALLGTCAGCCCCTACWA(G(CGA
(RS A AR EEEEEEEELIEEZIIEZEZZ SIS EE SIS BEEEEEETREE SRR XY R RS
GATGAAGGCCGGAATCCTGGAAGCCGACAGGGTGCTCACCGTGAGCCCGTACTACGCCGA

GGAGCTCATCTCTGGCGAAGCCAGGGGCTGCGAGCTCGACAACATCATGCGCCTCACGGG
GGAGCTCATCTCCGGCATCGCCAGGGGCTGCGAGCTCGACAACATCATGCGCCTCACCGG
I3RS AR R R RS R R R R X R RS REASRERR R R RS R0 X X
GGAGCTCATCTCCGGCATCGCCAGGGGCTGCGAGCTCGACAACATCATGC

CCGACGCTCCAGCTCTTGTAGTACG
- HVW-6R

CATCACCGGAATCGTCAACGGCATGGACGTCAG[GAGTGGGACCCCALLAAGGA(AAGTF
CATCACCGGCATCGTCAACGGCATGGACGTCAGCGAGTGGGACCCCAGCAGGGACAAGTA
TTAGCAGTTGCCGTACCTGCAGTCA

-« HVW-7R
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