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ABSTRACT excisional recombination activities unlike, for example, the
members of the Tn3/Hin family of the site-specific recombinases
(10,11). The Cre recombinase has been successfully used to
activate, or inactivate, genes that had been integrated into genomic
DNA of plant cells {2-15) or mouse cells1,17). Seed-specific
gene activation mediated by the @re/system has also been
demonstrated in transgenic tobact8).(The same recombination
system was used to assure uniform expression of foreign DNA in
mouse cells 1(9), or to assist in gene targeting experiments by
removing unwanted DNA sequences from a targeted [B0u27).

The Cre protein can recombiex sites located on separate
chromosomes thus rearranging the chromosomal structure of a
eukaryotic genome2).

FLP recombinase was shown to work in higher eukaryotic cells
including Drosophila mouse, maize, riceArabidopsis and
tobacco cells 34-29). But subsequent application of the FLP
recombinase for gene targeting experiments in mouse cells was
only partially successful3Q,31). Research groups have exper-
ienced difficulties in the isolation of recombination products
resulting from the excisional activity of the FLP protein. It has not
been, however, clearly established whether this difficulty was
because of the intrinsic properties of the FLP recombinase or
whether it was due to other factors affecting the overall efficiency
INTRODUCTION of the recombination process.

The FLP recombinase of thei® plasmid of yeast, being a member _ Here, we report on genomic recombination activities of the
of the Int family of site-specific recombinase} 6hares a number FLP/FRT site-specific recombination system in maize cells. We
of structural and functional features with the other well characteriz8§0W that re-transformation of maize protoplasts with the FLP
recombinases including bacteriophage P1 Cre protein, phageBXPression vector can lead to successful deletion of a selectable
integrase, or yeast R proteig).( Oligomerization of protein ma_1r|_<erpreV|oustmtegra_ted_mto genomic DNA. The_fldellty_and
monomers, each containing the invariant arrangement of Arg_Hgtﬂmency of the process is high; thus, this observanc_)n validates
Arg-Tyr amino acid residues,f), is required to form an active site. (N use of the FLFRT system for future genomic DNA
The first step in the recombination reaction involves protein bindirf§arrangements in maize plants.
to the recognition target sites (théd=RT sites consist of dyad
symmetry elements and the core region) followed by cleavage of iATERIALS AND METHODS
phosphodiester bond at the border of the core region by ; ; ;
nucleophilic attack of the active site tyrosine hydroxyl gré) Plasmid constructions and transformation procedure
The subsequent strand exchange reaction generates a tran§iemstruction of the pUbIiFLP vector was described previously
Holliday intermediate—another common feature of the Int proteif27). The vector pUFNeoFmG, containingengene bordered by
family (8,9). The exchange of the second pair of DNA stranda full-length and a modifieBRT site and the promoterlegasA
completes the recombination reaction. gene (a recombination marker), was constructed from pUFRTG
The FLPFRT system of yeast and the @mg/system of (27) by replacement of trgusAcoding sequence (ti8ma—Sad
bacteriophage P1 are the primary candidates for applicationsfingment) with theneo coding sequenceBanH| fragment of
genetic studies of higher eukaryotes. They represent a simpl€O77) to give pUFRTNeo vector. TBanHI-EcdR| fragment
two-component (recombinase and its target site) recombinatiofthe pU2FRTmMGZ7) comprising a promoterlesgisAgene,
system which does not discriminate between the integrative atie first intron of maiz&bi-1 gene, and a modifideRT site was

Molecular evidence is provided for genomic recom-
binations in maize cells induced by the yeast FLP/  FRT
site-specific recombination system. The FLP protein
recombined FRT sites previously integrated into the
maize genome leading to excision of a selectable
marker, the neo gene. NPTII activity was not observed
after the successful recombination process; instead,
the gusA gene was activated by the removal of the
blocking DNA fragment. Genomic sequencing in the
region of the FRT site (following the recombination
reaction) indicated that a precise rearrangement of
genomic DNA sequences had taken place. The func-
tional FLP gene could be either expressed transiently
or after stable integration into the maize genome. The
efficiency of genomic recombinations was high
enough that a selection for recombination products, or

for FLP expression, was not required. The results
presented here establish the FLP/ FRT site-specific
recombination system as an important tool for con-
trolled modifications of maize genomic DNA.
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pUFMNeaFmG electrophoresed in a 0.8% agarose gel. Southern blot analysis was
i Jrzg_l Sack performed using vacuum transfer to Hybond-N membrane
FRT FRIm - (Amersham, Arlington Heights, IL), UV membrane irradiation,
wbi promoey .W fmn  gaid | puiya and hybridization to the radioactigasAcoding sequence probe

exclslon 5.5 kb NPTITTGUS

according to standard procedur@g)( The probe was prepared
using the Rediprime Random Primer labeling kit (Amersham,
Arlington Heights, IL). PCR analysis for detection of the

PCR amplification praduct | FLP recombinase ] . X
A lml_rhiﬂ_p] recombination products was pgrfqrmed using the primers com-
Kbl R Sk plementary to the' &@nd of the ubiquitin promoter'{ECCCAA-
gmrmr— J'|"’ [ CCTCGTGTTG-3 and to the Send of thegusA coding
N RN m— sequence (BCGCGATCCAGACTGAATGC-3. The length of
ki prossoies £ NPTIFGUS* the amplified fragment should be 1.2 and 2.8 kb for the product and
— 12k o substrate of the recombination reactions, respectivebaue of
¥l 28K _— its size, efficient amplification of the 2.8 kb fragment was not
Apat 2 - g expected. DNA (100-200 ng) was subjected to 30 cycles of

amplification of three steps each {@ 1 min; 60C, 1 min;

72°C, 2 min) in PCR buffer (10 mM Tris—HCI, pH 8.4; 50 mM
Figure 1. Strategy for testing FLP-mediated genomic deletions. The fragmentKCl; 1.5 mM MgCb; 0.01% gelatin) containing 0.2 mM of each
of the pUFNeoFmG vector to be excised contains the intron aneldbeding dNTP, 0.1 nM of each primer, and 1.25 U naffiagf DNA

sequence flanked by tweRT sites (black boxes). A successful recombination i
should generate the actigesAgene, changing the phenotype from NPTII- pOIymerase (Perkm Elmer, Norwalk, CT)' PCR prOdUCtS were

positive and GUS-negative (NPTBUS) to NPTII-negative and GUS-positive ~ @nalyzed by gel eleqtrODhoreSis in 1.0% agarose gels.
(NPTIFGUS'). pUbIFLP is the FLP-expression vector that provides FLP  For DNA sequencing, the 1.2 kb PCR amplified fragment was

protein both transiently and after stable integration into the genome. Thqohosphorylated with T4 DNA kinase (New England BioLabs,
originathd—Sad_frqgme_nt of 5.5 kb in length is_truncated aft_er recombination Beverly I\/IA) and then blunt-end Iigated into 84 site of the

to 3.25 kb. Restriction sites only relevant to this study are indicated. pGEM?Zf(+) vector (Promega, Madison, WI). The insert was
sequenced using the T7 promoter primer (Promega, Madison,
WI) by modification to the Sanger dideoxy meth&@)(and

subsequently blunt-end ligated into tBeR| site of the fluorescent chain terminating reactioBs)( Sequence data were
pUFRTNeo vector to form pUFNeoFmG. A diagram of this 9 d

vector is presented in Figurand the sequences of thefull-lengthanalyzed using a DuPont Genesis 2000 DNA Analysis System.
and modified~RT sites are provided in Figu#e All plasmids o
used for transformation were purified by CsCl equilibriumGUS and NPTII activity assays

density gradient centrifugations2. . Samples of transgenic calli were sonicated for 5-10 s in GUS
The detailed descrlp_tlon _Of procedures_ used for maizgqaction buffer containing 0.1% Triton X-10B8). After
A188xBMS protoplast isolation, transformation, culture, an entrifugation for 5 min at 16 0Qf) the supernatant was used

selection can be found iAF). Briefly, 1x 107 protoplasts in 1 ml direct] o - o
. ) y for GUS activity and protein assays. GUS activity was
of transformation medium [100 mM MES (pH 5.5), 0.2 Massayed using a fluorogenic substrate (MUG; 4-methyl-

mannitol, 80 mM Ca@] were mixed with 5Qul of plasmid DNA mberife ; ;
O i . ryl B-b-glucuronide) and a Perkin Elmer LS50B
(1 mg/ml) and 1 mi of 50% PEG (MW = 8000; Sigma Chem'Cail]:uorometer essentially as described &8)( Reactions were

L rmin imed intervals, an ivity w lcul
room temperature followed by the PEG dilution and protopla: ated at timed intervals, and GUS activity was calculated

o . om the slope of the line generated from time points and
washing in protoplast culture medium, transformed protoplasfmajized to the protein content. NPTII activity was assayed
(0.2 ml of protoplast suspension a 10F viable protoplasts per

. i X using the dot-blot method as previously descril3&)l Callus
1 mi) were plated onto Millipore filters (Oj@m pore size) that o, racts (prepared as for the GUS activity assay) were incubated

overlay feeder cells. One week later, the Millipore filters Werg o reaction buffer containing 67 mM Tris—HCI (pH 7.1), 42 mM
transferred onto fresh feeder plates amended withu0@l gClp, 0.4 M NH,CI, 0.01 mM ATP, 0.03 mM neomycih ’10 mM
kanamycin sulfate for selection of transgenic calli. After one weegi 3 1" o mci /m|?[2|5] ATP Aliquots’ of the reaction mixture were
the microcalli were transferred onto Murashige and Skoog medi ttéd onto Whatman |581 paper. The blot was washed with
containing 2 mg/l 2,4-dichlorophenoxyacetic acid supplementefy .\ phosphate buffer (pH 7.5), dried, and washed again with
with 100pg/ml kanamycin sulfate for further selection. the same buffer at 8C for 10_1é min., The P81 paper was
exposed to X-ray film from one to several hours (exposure time
depended on NPTII activity) at room temperature.

Co., St Louis, MO) in F-solutior8{). After 30 min incubation at t

Southern blot analysis, PCR and DNA sequencing

Genomic DNA was isolated from callus tissue by grindingiQ

[B00 mg of tissue in 5 ml of DNA extraction buff&b). After ESULTS

15 min incubation at 6, an equal volume of phenol was addedynegration of recombination test vector into maize

and the homogenate was centrifuged to separate aqueous @@Homic DNA

organic layers. DNA was precipitated from the aqueous phase

adding an equal volume of isopropanol, and after centrifugation thevector, pUFNeoFmG, used to assay the FLP activity in maize
DNA pellet was dissolved in TE buffer. Subsequent steps of Cs€tlls is shown in Figurg It provides a fully functionaleogene
density gradient centrifugation were performed as previoustp select stably transformed cells and a promotegles&gene
described 2). Genomic DNA (5ug) was digested and whose subsequent activation should indicate an FLP-mediated
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Figure 2. GUS and NPTII activities in hygromycin-resistant line number 122.
Line number 122 was generated from the original line number 56 after
re-transformation with the pUbiFLP vector. PCE (Protoplast Culture E) is the
untransformed suspension cell line. Lines RT9 and RT10 are derivatives of line
122 that were re-transformed with the pUbiFRTNeo vector r{#zegene
expression vector).
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excision of theneogene. The twERTsites flanking theeogene

are different. The modifieBRT site €RTm) contains only two kb
symmetry elements. This modification does not substantially =
affect the function of the FLP recombinag@40,41). However,

as discussed later, two structurally diffefeRT sites provided a
means to clearly distinguish site-specific recombination products
from possible artifacts generated by other genomic DNA an—
modifications. Transgenic kanamycin-resistant maize calli were

screened for a simple vector integration pattern and GUS activity

to identify NPTIFGUS" phenotypes. One of the callus lines, -

No. 56, containing a single 5.5 Khd-Sad genomic DNA L=
fragment hybridizing to thgusAprobe was selected (Fig). -

Introduction of the FLP recombinase into maize cells

10—

A suspension culture of line 56 was established. Protoplasts of .
this line were re-transformed with equimolar amounts of
pUbIFLP and pHyg (a vector containing thg gene driven by i fe=
the 35S CaMV promoter). One hundred and ninety hygromycin-. . . o

. . A ure 3. (A) Southern blot analysis of FLP-mediated recombination in
resistant calli were selected and scrgened_ for activation of G gromycin-resistant maize callus, Genomic DNA i@was digested with
expression. Most of th_e.hygromycm-re5|stant re-transformegtha andsad and probed with theeocoding sequences (left panel) orgsA
calli showed GUS activity at the level of 0.0630.003  coding sequences (right panel). The DNA from untransformed callus is
fluorescence units (Corresponding to the background GUSescribed as PCE. Line number 122 was generated from the original line

TR ; ; number 56 after re-transformation with the pUbiFLP vector. A 5.5 kb band
aCt.IVIty In Ime. 56 of 0.01& 0.006 .”m"' MU/mln/mg prOtem)’ .. hybridized to both probes as predicted; a band of 3.2 kb which is the product
while 58 calli showed GUS activity >0.1 fluorescence unit.of 5 sjte-specific recombination reaction mediated by the FLP protein,
Activation of the gusA gene expression should indicate the hybridized only with thgusAprobe (Fig. 1). Numbers on the right indicate the
excisional activity of the FLP protein. These callus lines were natizes of DNA molecular marker&)(PCR analysis. DNA sample designations
screened for the presence of the FLP protein, thusB086 of are analogous to the Southern blot (Fig. 3A). Lane P shows the product of the

. - . pUbIFRTGUS vector DNA (expected product of site-specific recombination
the hygromycin-resistant calli were expected to express FLP_reaction) and lane M indicates position of DNA markers. The primers used are

the average co-trans_formatiqn efficiency in our systéin The  described in Materials and Methods and shown in Figure 1. The recombination
DNA excision reaction in line 122 led to the NPQAUS' product should generate a 1.2 kb amplification fragméntSeuthern blot
phenotype (Fig2). Protoplasts of line 122 re-transformed with analysis of genomic DNA isolated from the GUS-positive/FLP transiently-
f ; ooy ; transformed maize callus lines. DNA from transgenic maize suspension
tl\fllgq_ﬁoe)(tpre SS_IOdI‘_l Vet.(:tortﬂlrl[et?] RT?)and RTlfqdl]n E’)\Igs_?l?me? . presented in lane 4 (Fig. 5) was additionally digestedSeithandXhd, Apd
activity indicating that the absence of the activity ang pst to verify the recombiantion event. The size of the fragments

in line 122 was not related to changes in physiological status @fbridizing to theyusAprobe (3.2, 2.8 and 1.8 kb, respectively) was as expected
these cells. from the product of the site-specific recombination event (Fig. 1).
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Figure 4. Sequence of tHeRTsites integrated into the maize genome befoyraitd afterB) site-specific recombination. The tW&Tsites in line 56 share a region

of 39 bp identity. The sequences are different outside of this region (underlined nucleotides). Any conservative DNA recombination within the 39 bp identical reg
of theFRT sites, including the site-specific recombination, should exchange flanking DNA segments producing chimeric FRT site shown at the bottom of (A). T
actual sequence of tR&T site in line 122 is shown in (B). This sequence corresponded exactly to the predicted product of the site-specific recombination reactic

Analysis of GUS-positive clones into chromatin structures (fig. 6 in ref3). Accordingly, proto-
Several GUS-positive clones were selected to analyze tREStS isolated from pUFNeoFmG stably transformed line were
FLP-mediated excision processxXim—Sad digests of genomic re-transformed only with the FLP expression vector (pUb|FLF_>).
DNA from these clones, the expected 3.2 kb fragment hybridizirfgrotoplasts were allowed to grow without selection and resulting
to the gusA probe was detected (data not shown). This ignini-calli were randomly picked up for GUS activity analyss. In
illustrated for the callus line designated as 122 (derived from lifBese experiments, a frequency of FLP-mediated activation of the
56) which shows only the 3.2 kb band hybridizingusAand no  GUS expression was 2-3% (24 GUS-positive calli among 940
DNA sequences hybridizing to timeo probe (Fig.3A). PCR analyze_d). The hlg_h frequency of recombinase-mediated excisions
analysis further confirmed the presence of the recombinatiéh@kes it easy to find the events by PCR (100 PCR assays could

product in genomic DNA of line 122 (FigB). provide 2—3 positive samples), although we have not tested such
a possibility directly. Activation of GUS expression was also
Verification of the FLP-mediated recombination reaction correlated with the rearrangement of the DNA fragment

containing theneoand thegusAgenes in a similar manner as in

Although very unlikely, there was a possibility thatrtbecoding : . )
. _stably transformed line 122 (FigC). A Southern blot analysis
sequence could be removed by a spontaneous recombmatE#?bNA from two GUS-positive calli did not show evidence of

process involving theepeated _ubiquitin intron sequences in fron(Ehe FLP coding sequences in genomic DNA suggesting that
of both theneoand thegusAcoding sequences. Intrachromosomal eed, site-specific recombinations were the result of transien:[
homologous recombinations between intron sequences co@é’ ' P

yield a product analogous to the site-specific recombinatiqlnn:192eznesglcet(':\;g'§zr(1':r']@'r:)nmccz:?:f?gr?&?r’]i%enr?]rgé?u?nNﬁ‘J;?;?ne d
reaction product (FigdA). If this was the case, however, the ' ygromy 9 i

product of recombination would contain the origiRRT site sequences hybridizing to the FLP probe (Bidane 122). The

positioned in front of the ubiquitin intron sequence, whereas ﬂ%her hygromycin-resistant, GUS-positive line 61 was apparently

product formed by FLP-catalyzed site-specific recombinatioﬁ_?t stably co-transformed with the pUbiFLP vector, indicating

reaction would contain a chimeR@&RT that originated from the
recombination of thERTand the=RTm sites. A genomic DNA
fragment amplified by the PCR reaction (F8), consisting of
the B-untranslated sequence of tngsAgene in line 122, was pscyssioN
subcloned into pGEM7(z) vector and itsehd containing the

FRTsite was sequenced. The structure of the integrik@dite

was indeed chimeric and exactly as expected from FLP—mediatEBediCtable modifications of the genome of higher eukaryotes
site-specific recombination reaction (F4@). ave become reality due to the applications of homologous and

site-specific recombinations—for recent reviews seelrefs’.

The results presented in this paper prove that genomic recombina-
tions can be efficiently induced in maize cells by application of
Transient expression of tl&_P gene might provide sufficient the yeast FLIFRTsite-specific recombination system. Recombi-
FLP protein to recombirteRTsites that were previously integrated nations take place when the FLP gene was stably integrated and

at the FLP-mediated excision also occurred without the FLP
gene integration into the genome.

Removal of a selectable marker
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A earlier studiesAQ3), the FLP protein functions effectively in maize
at B PO T 132 61 pURGFLE cells. In tobacco cross-breeding experiments, 17.5% of progeny
R, seedlings showed the hygromycin-sensitive phenotype instead of
the expected 25% (i.e. 70% efficiency) if the introduced FLP gene

b . had been 100% effective?@). These results correspond to
[b0-90% efficiency for the Cre-mediated excision in tobacco
- - il plants (2,15).

The fidelity and precision of site-specific recombinations is
high because of the nature of the catalytic mechanism and the
conservative character of this reaction. Indeed, it has been
demonstrated that Cre-mediated chromosomal recombinations
yield predominantly accurate recombination produtl1).
Based upon genomic sequencing, we found a high fidelity for the

PCES 4 122 61 pUbIFLP recombination reaction mediated by the FLP recombinase in
B 510 &5 maize cells as well (Fig). This precision, although expected, is
vital in order to further utilize FLP in practical applications of
genomic engineering.

O'Gormanet al (25) reported 70-80% genomic recombi-
nation events in mammalian cells transiently transformed with
theFLP gene. But subsequent application of the FER/system
to eliminate a selectable marker in gene targeting experiments
produced only one deletion out of 192 colonies tested (with a
transient transformation efficiency [@%) (31). The use of the
same pOG44 FLP recombinase expression vector by Féeahg
(30) did not produce a single deletion in 548 transiently
transformed mouse clones. However, in the plant system studied
here, transient expression of f#leP gene produced deletions of
_ _ _ theneogene in 2—3% (24 out of 940) of the screened calli. These
Figure 5.(A) Genomic Southern blot of DNA isolated from callus that had been | oq It are comparable with the @re/site-specific recombi-
treated with the pUbIiFLP vector. Transformation resulted imétegene . . . .
excision by transient expression of the FLP gene. Lanes 3 and 4 show that tR&tion system which yielded 2—4% deletions ohtfmgene from
FLP gene had not integrated into the genome. Lanes 122 and 61 show DNAOuse targeted interleukin 2 receptor geity). (We used the
isolated from calli stably transformed with pUbiFLP. A DNA fragment, 1.4 kb same modified coding region of the FLP gene from the pOG44
in length, comprising the FLP coding sequence was expected after digestion Qfector in maize experiments; although, it seems that these

genomic DNA (1Qug) withSma/Sad restriction enzymes. The same FLP gene o L . .
fragment was used as a probe. PCE indicates DNA isolated from untransformerE'Od'flcatlonS are not necessary for ach|eV|ng a h'gh activity of

suspension line. The pUbIFLP vector DNA, digested Siitid/ Sad restriction the FLP gene ir_1 plant Ce"§€0- We did u_se_altereERT SiteS,_
enzymes, was loaded into lanes 5, 10 and 25 (5, 10 and 25 pg, respectivellowever. Transient expression assays indicated a lower yield of
(B) The picture ohgarose gel, used for the Southern blot, sﬁaine_d with ethidiumayxcision products when two fuII-IengEIRT sites were used as
bromide to verify the amount of DNA loaded. The lane designations correspon%ompared with one full-length and one modiffeRIT site 7).
to the Southern blot. s . : . .
The modified FRT site contained only two binding sites for the FLP
protein. Indeed, it has been implied that the presence of additional

expressed in maize cells, or under conditions when only transiérP protein units at the site of crossing-over may adversely affect
expression of the FLP gene occurred (Bigad4). the resolution of recombination intermedia@s (

Re-transformation with the FLP-expression vector was used tolt seems that a strong expression of the FLP gene controlled by the
obtain molecular evidence of site-specific genomic recombibiquitin maize promoter (one of the strongest promoters available
nation events in maize cells. Approximately one per foufor monocot cell transformations) significantly contributed to the
hygromycin-resistant calli showed GUS activity, indicative of thefficient recovery of recombinant eveni/’), FLP-mediated
site-specific recombination process. The product of site-specifiecombinations depend on the amount of FLP protein produced
recombination was identified in all GUS-positive maize cells testeth cells. This has been demonstrated in transient assays both in
Most of them, however, contained additional DNA rearrangementgouse and plant cells as well as in transgenic FLP-expressing
which resulted in novel DNA fragments hybridizing todglisAor  animals £8). It is also possible that the chromosomal location of
the neo probe. This could indicate that recombination was ndhe targeFRT site in line 56 was readily accessible to the FLP
complete, or that the reaction took place after the first mitotienzyme. The location of the target sites was observed to have an
division of re-transformed cells (producing chimeric material), oeffect on recombination rates in other recombination sysiiefns (
that the excised fragment integrated again into anotherApplication of site-specific recombination systems will lead to
chromosomal location. Such ‘experimental noise’ is an intrinsigore sophisticated control of the genetic transformation process,
property of all site-specific recombination systems testednd an important consequence could be the production of
(13,18,25) and needs to be taken into account if the experimentahvironmentally safer transgenic plants with the antibiotic- or
objective is to completely eliminate a selectable marker rathierbicide-resistance genes removed. Current procedures, how-
than just to activate a silent gene. Nevertheless, complete DN&er, require time-consuming methods such as cross pollination and
excision events were easily identified within a pool of resubsequent genetic segregation of transgeniclidiz). On the
transformed material. Based on experiments presented here atiter hand, the use of transient expression of the FLP recombinase

kb =
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procedure presented in this paper uses a re-transformation stepZindiSanto, J.P., Miler, W., Guy-Grand, D., Fischer, A. and Rajewski, K.
depends on a highly efficient transformation protocol. In the future (&995)'?20-'_’7'3“- ACS?(- Sf'-bUEALZv/_f”‘dﬁl-nh 1D, (1988 N
this can be simplified further by using regulated expression of 8 A::;eéci'bs?agzn'lzbié—fzgﬁ A and Marth, J.D. (1985, Nat.
recombinase gené$,49-51). After successful transformation and 53 qin, M., B'ay|ey’ C.. Stockton, T. and Ow, D.W. (199a)c. Natl. Acad.

selection, the activated recombinase could cleanse the transgenicsci. USA91, 1706-1710.

genome from any unwanted foreign DNA sequences, including tA¢ Golic, K.G. (1991Bcience252 958-961.
recombinase gene itself. 25 O’Gorman, S., Fox, D.T. and Wahl, G.M. (198t)ence251,
1351-1355.
26 Lloyd, A.M. and Davis, R.W. (1994Jol. Gen. Genet242, 653-657.
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