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Rapid selection and classification of positive clones
generated by mRNA differential display
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Differential display of mRNA (DDRT-PCR) is a recently able to distinguish between clones containing cDNA fragments
developed techniquél,@) which allows the identification and from constitutively expressed genes and clones containing cDNA
molecular cloning of genes differentially expressed at two stat@@gments from differentially expressed genes.

in a given tissue. Using specifically designedar&hored  \We use DDRT—PCR to identify genes which are differentially
oligo(dT) primers, the mRNA populations of the two states argxpressed during mycorrhizal colonization of bean roots. Total
divided into subpopulations and reverse transcribed. TheRNA from mycorrhizal and non-mycorrhizal control roots was
fragments of the two cDNA populations are amplified using th@jated by a hot phenol method and DNase treated using the
same set of ‘@nchored primers in combination with short,1essageClean Kit (GenHunter Corporation). Differential display
arbitrarily chosen'gprimers, and the PCR products are separated Q@+, one-base anchored primers flanked at then8 by an
denaturing polyacrylamide gels. Bands with differential appearange  Ji1 restriction site 1), was performed according to the

in DDRT-PCR reactions from the two states of the tissue, e\ racturer's instructions (RNAimage Kit, GenHunter Corpor-

‘differentials’, are candidates for cloning and further analysis. tion) with 30 cycles of PCR, with a final concentration of
One of the problems intrinsic to the published method is t . 0 25yM d 'th,l Ci 1a-33P1dATP (DuPont
rather high rate of ‘false positives’ among cloned differentials> -Primer of 0.25uM, and with 1uCi [a->P] (DuPon

which cannot be confirmed by Northern blot analy®isl§ part, EN, 2000 _C'/ mmol). Bands of interest were cut out from the
this could be attributed to factors such as bad PCR tdpes (Polyacrylamide gel, and the eluted and reamplified cDNA
degraded RNA or contaminating DNA. One major additionairagments cloned into the pCR-TRAP vector (GenHunter Corpor-
problem, however, is the fact that a single band on the gel candi@n) according to the manufacturer’s instructions. Tetracycline-
composed of more than one cDNA fragment. Even though thei@sistant colonies were screened for plasmids with inserts by PCR
are reports that one band represents only one Geitdgcomes  Using Lgh and Rgh primers (GenHunter Corporation), and six to
increasingly evident in the literature that single bands displayéen colonies containing inserts of correct size were chosen for
on the gel are additive products of distinct cDNA fragmés.(  further analysis. To differentiate between colonies containing
Some of these cDNAs may be derived from differentiallcDNA inserts of constitutively expressed genes and those
expressed genes, others from constitutively expressed genes.dattaining cDNA inserts of differentially expressed genes, inserts
further characterization, it is of interest to select only the clonegere amplified using the Lgh and Rgh primer combination and
that are derived from differentially expressgd genes. To differentixamined by DNA slot blot analysi8)( Approximately 100 ng

ate between the two classes of genest lal. (3) proposed to  of denatured PCR product each was applied in duplicates to a
screen cDNAs generated by DDRT-PCR by Northemn blg{yion membrane. After baking for 2 h aP&in a vacuum oven,
affinity capturing. This method is applicable only when larggne membranes were equilibrated n®SC, and prehybridized
quantities of MRNA are available. An alternative approach fof,. ot jeast 1 h at 6€ in 6x SSC. % Denhardt's solutiong}
selecting clones containing differentially expressed cDNA§ 5o/ 5ps and 100y/ml denature'd salmon sperm DNA (Si,gma
consists of spotting plasmid DNA of several clones obtained fr%%—lGZG). For hybridization, one duplicate membrane was

one differential onto a nylon membrane which then is hybridiz -
to a portion of the original differential eluted from the polyacryl- ybridized to the PCR products from control samples,. the other
amide gel ). This method may work well if the bulk of the one to the PCR products from treated samples. For this purpose,

radioactivity in the original differential is derived from the actuaﬂ5 % of the original PCR reaction performed in the presence of
differentially expressed gene. However, it will fail if the 0-""PIdATP was denatured and added to a fresh aliquot of
differential is a composite of several constitutively expressddyPridization solution. For best results, PCR reactions from two
genes, or if one constitutively expressed gene contributé® thrge reactlons_ co_ntalnlng the d|fferer_1t|al of interest were
predominantly to the band. To circumvent this problem, we ha®mbined. Hybridization was done overnight at@@nd the
developed a new method in which the original DDRT-PCRnembranes were washed three times for 30 min eackxis 8@,
reactions from control RNA and the RNA source of interest ar@.2% SDS at 60C. The membranes then were exposed for 4-8 h
hybridized to several individual clones obtained from onéo aBioRad GS-250 Molecular Imager high sensitivity screen and
differential. By comparing the hybridization patterns, we wer¢he hybridization patterns compared.
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plasmids with cDNA inserts of differentially expressed genes. As
shown in Figurel, half of the colonies contained cDNA inserts
of genes which were up-regulated in mycorrhizal roots, the other
five cDNAs were from genes equally expressed in control and
mycorrhizal roots. To determine whether the up-regulated
sequences were homologous, the insert of pMyc 4.7, one of the
plasmids containing a differentially expressed cDNA, was
amplified using the original PCR primer combination (HE&T
and H-AP3), labelled with a random primed DNA labelling kit
(Boehringer Mannheim), and hybridized to a membrane that had
been charged with Lgh and Rgh PCR products of all other pMyc 4
Figure t- Selection ?\Jf Crlt%nes vk\]/:tfl cDNlA inserttls from ggfsrTen;ié"g eXpéeSfed clones. As shown in Figugf, Myc 4.7 hybridized to the PCR
genes by reverse Northern biot analysis utiizing —FLk products aproducts of all clones containing differentially expressed cDNAs,
hybridization probes. 100 ng of PCR amplified inserts of 10 indivigcali Y . .
cglonies obtaieled by transfgrmation withpthe differential Myc 4 {fGTand |nd|cat|ng th,at these, Sequences, are highly h_om_OIOQOUS' Differen-
H-AP3) were immobilized in duplicate sets onto nylon membranes andtial expression of this gene during mycorrhization of bean roots
hybridized with the original3P PCR product from control root&)(or from was also verified by Northern blot analysis (i2B).
mycorrhizal roots E). The_ order of inserts is from I_eft tc_) right _starting with When our Screening method was applied to eight cloned
Zlugmiralreaiﬂﬂifgtﬂggbywifﬂo'lb’?ber 10. Clones with differentially expressedyittarantials identified by DDRT-PCR, in three cases all clones
tested contained differentially expressed cDNAs, in three cases
cloning of the differential revealed a mixed population of
T constitutively and differentially expressed cDNAs, and in two
cases none of the clones tested proved differential (data not
shown). Representative positive clones were tested as probes in
Northern hybridizations. Five of the six cDNAs were confirmed
to be differentially expressed, with two of them representing low
abundant messages, and one cDNA probe failed to detect any
signal in Northern blots (data not shown).

In conclusion, the two-step method presented allows a fast
identification and classification of clones with differentially
expressed cDNAs derived from the mRNA differential display.

' This helps to cut down the number of false positives generated by
Clome: Number DDRT-PCR, making this method even more appealing for the
rapid identification and characterization of differentially expressed
genes.
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