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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 

wrr.u)? gene contained base substitution mutations. The cumulative frequency of mutation after 30 polymerization cycles was 

estimated to be one in 500 bp. 

_-- _- 

iN’I‘RODUCTION 

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 
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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 2.4.1.1 l), has been well investigated. Most KV~.\-J’ 

mutants exhibit varying levels of amylosc 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 MIU;UL’ gene expression level may 

be a valuable tool for breeders to improve the quality of rice 

grains. In the case of the VVULJ 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 wuxy genes were previously cloned and 

their nt sequences were determined (KIBsgen 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 a]npIi~ed by PCR. 

In this paper, we report the rapid isolation of the rice 

~~YLY_I~ 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 cufture, to perform explicit lysis steps, or to carry out 

DNA extraction or pree~pita~ion steps. 

EXPERIMENTAL AND DISCUSSION 

(a) A rapid and simple methud for the selection of recomhi- 

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 (9%9il’C). Under such conditions, any 
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Fig. I. Agarose gel analysis of PCR products starting from Intact cells. 

Cells containing pSS3C (Sugita et al., 1987), pRP4-3, pRP4-8, PRPl-4 

(Shimada et al., 1989) and pUCl19 (Vi&a and Messing, 1987) were 

used in lanes I-5, respectively. Lane 6 contains HiFzdIff/l DNA and 

NrieIfI/$Xl73 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 werecarried out, each consisting ofdenaturation (W°C, I mm), 

annealing (6O”C, 2 min) and extension by Tny DNA polymerase (72°C 

3 mm). 

E. co/i cells present in the solution should be lysed or made 

permeable, and would allow DNA to leak out, especially 

small ~~ulticopy 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 (5’-GTTTTCCCAGTCAC- 

GAC and 5’CAGG.AAACAGCTATGTGAC from 

Takara Shuzo Co., Japan) were used for the PCR amplifi- 

cation. Fresh transforn~ant colonies grow17 on seiectitc 

medium plates were picked using round toothpicks. tach 

toothpick was stabbed into a second agar piatc prior to 

transfer into a tube containing 50 ~1 of reaction mixture. 

The small number of ~railsf~)r~le~~ ceils v\:as found not to 

inhibit subsequence steps of the PGR. Prior to DNA 

synthesis cycles, a IO-min incubation at 90’ C was added to 

ensure sufficient DNA leakage from the cells. After PCR, 

5 /II from each reaction was examined by agarose gel elec- 

trophoresis, 

All reactions gave distinct bands on agarosc gcis. con- 

sistent with the presence of various inserts (Fig. I>. Eased 

upon the ethidium bromide staining intensity, al1 reactions 

yielded approximately the same mass of DNA product. A 

3.4kb control insert was also precisely amplified, indicating 

that such large inserts present no i~~sl~rI~~~untable obstacle 

to al~pii~ication. Colonies more than three days old, how- 
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Fig. 2. Amplification ofthe rice waxl~sequence. Lane 1 contams the same 

size marker as in Fig. I. Lanes 2-7 show the results ofthe reactions using 

pairs of primers (see Fig. 3) HVW-2 and HVW-4R, HVW-2 and 

HVW-6R, HVW-2 and HVW-7R, HVW-3 and HVW-JR. HVW-3 and 

HYW-6R. and HVW-3 and HVW-7R, respectively. PCR was performed 

using 1 pg of rice genomie DNA in each reaction. Genonric DNA was 

extracted from leaves of 2 weeks old rice (Oryz~ surivu I.. (Japonica)) 

plants according to the method of Rogers and Bendich ( 1985). 
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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, wa,uy 

genes contain sequences highly conserved at least among 

some grass species. An alignment of waxr 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 wax~l sequences five different primers, 

designated as HVW-2, HVW-3, HVW-4R, HVW-6R and 

HVW-7R, 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 .O 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 SmaI site of pUC13 after making it 

blunt-ended using T4 DNA polymerase. Transformed bac- 

terial colonies were analyzed by the PCR method described 

in section a. From 40 transformants, three independent 

clones, designated pWX12, pWX15 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 results 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 rca,~y 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 wux_r~ 

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 MYKYJ~ gene product. 
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HVW-2 - 
TCTTCCACTGCTACAAGCGCGGAGT 

# 
1’CMGGTCGCTGACGAGTACGAGAGGGI’GAGGTTCTTGCGCGGA~rGG 
‘I’Ct~GATGGGAGACG(;GTACGAGACG(;1’C.4GGTTCTTCCACTGCTACMGCGCGGAGTGC 

tvt 
T-GCG’I‘GACCGATTC?‘CGTCG 

**** l ***** l l **** l * 
!j 1 2 ACCGTGTCTTCATCGACCATCCGTCATTCCTGGAGAA TCGAG’I’C-ATC~~-TAE1’1;‘T.; 

: 
‘rC-G,1’1‘CGATCCtlTCAAGC’rA’I’CTCTTT~fCCTACAM’I’TCCAAACTC~GCTGCATCG 
CTCGATA---C(:--CAATTACCACCCC.4TTGTMGCAGTT---------ACAGTGAGC-- 

l ** l l l ** l 

....................... 

......... 
I 

CCAAGGA(;MGATCTACGGG(: 

It: 
CCMGGAGMGtZ?‘C’I’ACGGGCCCGACGCCGGCACAGACTATGA(;(;ACMCCAGCAGCGC’I’ 
CCCAGGAGAAGATCTACGGGCCTGTCGCTGGAACGGACTA(:AGGGACMCC,4GCTGCGGT 
l ** l ************* l *** l l *** l l * l *** l ******** l *** l 

H 12 ~:C~;GTCAGMGAl’~:‘I‘ACGGACCTGA~:A~:’I‘GGAG1”1‘~;ATTACAAAGACMCC~\~;ATGCG’I”I‘ 
RlS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._........._ 
1127 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

It: 
‘I‘~~~~~~~~~‘I’~~‘L’~;~~~~,~-~-~~~~~-___-~~~~~~~--~~~-~~-----~~~--~-_- _~~~ 
‘I’C/ZGCCTGCTATGCCA(;GTCAG-G.4’1’(;~~----~~~~----~~(;C’~I’GG---’TAC’I’ACM 
l ****** ************** l l l *** 

K 12 T(:AGCCTTCTTTGCCAGGTCAGTGAT.I’A(:’I.TCTATC?’GATGATGGTTGGMGC~TC~~G;; 
Rl:S . .._.............__.........__........_.........__.....__... 
K27 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._ 

! C’I”I‘(:A-‘TATCATCTG’I’AT(;CA-GCA(;’I’A’I‘ACACTGA’I’GAGAA~~(;CATGCTG’I‘TCTGCAG 
l l * l **** 

RI 2 (, 1 i 1 ~cc~~AG~~~E’;.~~~G~CT~~,~~CT~~~~~CG~~- -‘L‘ATTG-ATccTA-c~;~~~~~;; . .z :, , 

RI5 . . . .._...............~................ . .._. ,...,. _,..,I. 

! 
GCAGCAC’~C(;AGGCACCCAGGATCCTCMCCTCMCMCMCCCCTACTTT’I’CTGGTCCC 
GCAGCACTTGAAGCTCCMGGATCCTGAGCCTCMCMCMCCCATA~rTC’rCCGGACCA 
l ******** l * l **** l ******** l ********************* l ** l 

ti 12 GCAGCAC1’CGAGGCTCC?‘I\GGATCCT,4I\CCTCAGCAACT 
;;.; . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._. 

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

Fig. 3. Alignments of the rice, maize and barley wcl.x>’ sequences. Lines marked by B, M, R12. R15 and R27 indicate the sequences of barley, maize. 

and rice clones pWX12, pWXl5 and pWX27, respectively. In rice clones pWXl5 and pWX27, nt identical to that in the pWXI2 clones are shown as 

small dots. Primer sequences used in this experiment are indicated above or below the lines, labeled HVW-2, HVW-3, HVW-4R, HVW-6R or HVW-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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CCCCGTGTCGTTCTTC-----GCCGTGCA-GCJGGMGACGTGGTGTTCGTG?'C,CMCGAC 
GCTGCTGC---TCTTCGTCCATCCATACAAG~GGAGGACGTCGTGTTCGTCTGCMCGIZC 

l l ***************** 
T~-CT~C~~--GG;~;_"~~~TAC~GA~G~~-~~~T~~~~~T~~,~~~GTTCGTCTGC~,~:~;,~~~ 
....... ................. 
....... .............. A .. ::::::::::::::::::::::::::::::: 

I:::::::::::$ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

! 
'TATA'I'ATATATATTGTTGTCCA'I"I'C'I‘GAACTTACCCC'I‘GGA.4---~~----------~~~ 
(;TATATACCTCGT--CTG(;TAGTGGTGCTGCT'I'CTCTGAGAMC'~.4AC'~GAAACTGAC'I'(; 

l ** l * l l ******* 
;;z AAATCTGCAT---~~~-------------~~-A~A~~~CATTCTCTT(:AGAMCTGA~~~ 

RZY :::::::::: 
. . . . . . . . . . . . . . . . . . . . . . 
. . . . . . . . . . . . . . . . . . . . . . . . 

l ******* l **** 

RI2 TCATCCTTCGATTTCATCGACG ->. - TATCAGTMGATTCTM~A~TAAC;'?'AC~&~h, 
K(13 , . . . . . . 
_I._ 

..I................................,,.,. 
KZI . . 

AGCAGGM&?i%ti6iti~~ 
. ..I................................. 

- HVW4R 

ii ---CATTCATGAATGGTMCCCACMCTGTTCGCG-TCCTGCTGGTTCATTA-~~'I'(:'I'GA 
*** l * l l l * l l l l * l l l l l * l * 

Ejz CGCCATATATCGACTCMTCCAAGA1'CCTTTTGAGCTGAC.4ACCCTGCAC'~AC'~~~~C~41 
Kl3 

RZ7 :::::::::::::~:::::::::::::::::::::::::::::::::::::::::::::: 

l * l * x l ** l **** l ** l ************ 
TATGACACCC(:(;(;TGGAGGGCAGGMG~I'(:.4r\(:'l'(: 

........................ 

........................ I:::::::::::::::::::::::::::::::::::: 
GATGMGGCCGGGATCCTGCAGGCC(:ACMGGTGCTGACCC'r(;AGCCCC'TACTACGCT(;A 

l *********** l **** l * l ********** l ******* l **** l ********** 
GATGMGGCCGGRATCCTGGAAGCCGACAGGG1'(;C'TrA(~rA(:G(:C(;A 

GGAGCTCATCTCTGGCGMGCCAGGGGCTGCGAGCTCGACAACATCATGCGCC'rCACGGC 
CGAGCTCATCTCCGGCATCGCCAGGCGCTGCGAGCTCGACAACATCA'I'GCGCCTCAC(:(;(; 
*******C******t*****************~***************** 
GGAGCTCATCTCCGGCATCGCCAGGCCCTGCGAGCGAGCTCGACAAC~rCATGC 
,................................................._ 
. . . . . . . . . . . . . . . . . . . . . . . . 

GATCACCGGAATCGTCMCGGCATGGACGTCAGTGAGTGGGACCCCACCAAGGACAAGTl 
CATCACCGGCATC(;TCMCGGCATGGACGTCAGCGAGTGGGACCCCAGCAGGGA(~A~~GTA 

TTAGCAGTTGCCGTACCTGCAGTCA 
c HVW-7R 
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