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Abstract

Differential display analysis by cDNA fractionation, collection of differentially expressed fractions of interests and their
downstream characterization is demonstrated. cDNA pools from two strai@eabfiobolus heterostrophus fungus were
generated by specific restriction digestion and selective ligation. Micropreparative separation and isolation of differentially
expressed transcript representatives were accomplished by high-performance capillary gel electrophoresis. The collected
individual DNA molecules were polymerase chain reaction amplified and sequenced to create expressed sequence tags for
the genes of interests. High resolving power and sensitivity of capillary gel electrophoresis enabled fast and automated
processing of minute amounts of cDNA samples with high precision.
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1. Introduction Recent developments in capillary electrophoresis
instrumentation made possible collection of closely
Capillary gel electrophoresis (CGE) was originally migrating peaks with enhanced precision using mi-
developed as a separation tool for biopolymer analy- crofluidic adapters and their combinations with long
sis, however, recent reports emphasized applicability separation capi[lskies
of this method to micropreparations, especially in The simplest fraction collection approach in capil-
genomics and transcriptomics applicatiofis—3]. lary gel electrophoresis employs constant electric
The high performance of gel or polymer solution field during both the separation and fractionation
filed narrow bore channels enable separations of processes. Collection timing and duration are defined
DNA molecules of very similar size with sequencing by the migration velocity of the detected peak of
grade, i.e., single base resolution up to several interest, column length, and analyte zone width in
hundred bases in fragment size. Moreover, microp- time units, respectively. To accommodate the high
reparative CGE readily provides enough material for peak capacity of CGE, voltage programming was
downstream sample processing by polymerase chain introduced to improve fraction collection precision
reaction (PCR), cycle sequencing and cloniwdg. by maintaining high electric field for the separation

but slowing down the electrophoretic migration

, , _during collection [6]. Sheath flow support was
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column outlet. Later, other approaches were intro-
duced to increase collection precision, such as dou-
ble point detectiorf8]. A simple time interval based
collection also proved to be a feasible approach. For
large-scale applications, 96-well plate format was
used with voltage interruption for time-based mi-
crofractionation followed by consequent downstream
fraction processing and characterizatifgj. Please
note that this approach did not require detection
during fractionation but the collected samples were
subject to PCR amplification followed by either high
throughput agarose gel electrophoresis or fluorescent
staining in conjunction with a microplate reader to
identify the wells containing amplified fragments. To
further increase fractionation capabilities, a mul-
ticapillary system was introduced by Minarik et al. to
accommodate collection of hundreds to thousands of
DNA fragments in predetermined time intervals at
various stages of the separati¢hO]. To prevail
interruption of the electric field between the sepa-
ration and collection cycles in large-scale collection
of multiple DNA fragments, they introduced agarose
microwell plates that enabled continuous fractiona-
tion without high-voltage interruption.

Collection of multiple DNA fragments is very
important during gel electrophoresis based expressed
sequence tag (EST) library generation processes.
Apparent problems with conventional EST method-
ologies are redundancy of highly expressed tran-
scripts, difficulty to monitor low abundance tran-
scripts, and the high cost associated with mapping
non-model organisms. cDNA microarrays and
genechip technology, widely used for EST gene-
ration, however, both require apriori sequence in-
formation [11]. Serial analysis of gene expression
(SAGE) is not based on sequence knowledge, but

capabilities in 96-well plate format eliminating exci-
sion and extraction steps.
Southern corn leaf blight disease is caused by the
fun@aehliobolus heterostrophus, that has two
nearly isogenic straifiexof and Tox” [15]. The
high virulenceTok” strain to Texas male sterile
corn (T-corn) is caused by the preseforl of

locus generating T-toXih6]. Since theTox  strain

lacksTinel locus, it does not produce the toxin,
therefore, exhibits only weak virulence. Polyketide
synthd#€37) and decarboxylas®EC1) [17] are
among the most important genes directly associated
with T-toxin production. Another gene, reductase

REQ1), was also found to be tightly linked to

DEC1, but not necessary for toxin synthesis. All

three genes are present Tothestrain but absent
inTthe strain of C. heterostrophus.

In this paper we present a methodology for

differential gene expression analysis using microp-

reparative capillary gel electrophoresis. Transcription

profiles of e and Tox” strains ofC. hetero-
strophus were generated and analyzed. The differen-

tially expressed gene transcripts were then collected,

processed by PCR amplification and sequenced.

2. Materials and methods

2.1. Sample preparation

Total RNA was extracted from two near isogenic
strains, Tox and Tox”, of the plant pathogenic
fungus C. heterostrophus according to our earlier
published procedurd17]. RNA quality and con-
centration were assessed by capillary electrophoresis

generates only short sequence tags, thus, necessita[18]'

ting extensive follow-up verification steg$2]. The
methods of choice for studying genomes with un-
known sequences are amplified fragment length
polymorphism (AFLP)[13] and differential display
analysis[14]. While none of these techniques require
apriori sequence information, high-resolution sepa-

2.2. Ligation specificity based differential gene
expression analysis

Double-stranded cDNA was first synthesized from

ration and fractionation capabilities are needed to C. heterostrophus total RNA, using the Superscript

establish libraries. Traditional approach employs
time consuming slab gel electrophoresis followed by
tedious manual band excision and DNA extraction.
Novel methodologies take advantage of capillary
electrophoresis with automated fraction collection

cDNA synthesis kit (Life Technologies), followed by
digestion Bsd | (C/CNNGG) in a combination

with a six-base dettdR | (G/AATTC) restriction
enzymes, resulting in four-base sticky overhangs.
Both enzymes were from New England Biolabs
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(Beverly, MA, USA). Each reaction mixture con- 2.3. Capillary gel electrophoresis separation and
tained 40 ng cDNA, 1 uniEcoR | and 4 unitsBsaJ fraction collection
I, 1X restriction buffer with bovine serum albumin

(BSA), in a final volume of 34ul. The reaction was Amplified PCR products (cDNA fingerprints) were
incubated at 37C for 1.5 h, followed by an addi- size separated using a P/ACE MDQ system (Beck-
tional 1.5 h at 60C. The digested double-stranded man Coulter, Fullerton, CA, USA) under reversed
cDNA fragments were then ligated to double polarity settings (anode at the detection side and
stranded specially designed adapters. To accommo- cathode at the injection end). Separations were
date DNA fragment overhang ends, formedHgoR monitored on-column by laser-induced fluorescence
cleavage, the upper strand of the adapter was de- (LIF) with an Ar-ion laser at 488 nm excitation and
signed to prevent restoring the restriction enzyme 520 nm emission wavelengths. The data were ac-

recognition site after the ligation (5 quired and processed by the P/ACE MDQ 32 Karat
GCTGCTAGTGTCCGATGT/A-3). The lower software package (Beckman Coulter). A bare fused-

strand comprised a common sequence, complemen- silica capillary w5 I.D., Polymicro Tech-

tary to the upper strand, and the enzyme specific nologies, Phoenix, AZ, USA) was used, with the
restriction site sequence. For the ligation of over- total length (from the injection to the collection vial)
hangs generated bysal | digestion, the upper of 60 cm (50 cm to the detection window). The
adapter sequence was '-5  sieving polymer POP-5 was introduced into the
GATCTCCTAGAGTCGTGA-3, while the lower capillary by pressure (80 p.s.i.; 1 p=s6894.76 Pa)

one was complementary to the upper strand, plus the and replaced after each run. The capillary cartridge
restriction site sequence. Due to the two-base degen- was thermostated #0.40@ by active liquid

eracy in the recognition sequence, 16 different ends cooling. The applied electric field during the sepa-
(N’=16) were generated bpsaJ | digestion, i.e., ration and collection steps was 175 V/cm. Fragments
there were 16 different ligation reactions (sub-pools) were collected based on their migration velocity and
for each double-digested cDNA pool. In each liga- the calculated time as they are supposed to reach the
tion sub-pool, the six-base cutter enzyme adapter end of the cdWinithe fractions were collected

was paired with one of the 16 different adapters, into individual 2D@iicrofuge tubes containing 5

matching perfectly one of the possiiBsal | subset wl 0.1X TBE buffer. Tris, boric acid and EDTA for
combinations. Each reaction contained 1-2.5 ng tkeTBE buffer (89 nM Tris, 89 nM boric acid,
digested cDNA, 0.1 pmoEcoR | enzyme adapter, 2 Wh EDTA-Na,, pH 8.4) and formamide were
0.1 pmol ofBsaJ | adapter (one of the sixteen kinds), from ICN (Costa Mesa, CA, USA). A Genescan 500
1.5 Weiss units T4 DNA ligase (New England ROX fluorophore labeled sizing DNA ladder, POP-5

Biolabs) and X ligation buffer, in a final volume of sequencing sieving matrix and run buffer were from

8 pl. Following the addition of T4 DNA ligase, the Applied Biosystems. All buffer solutions were fil-
reaction mixtures were incubated at I® for 2 h. tered through a 0.2m filter before use (Schleicher

The ligated fragments were then PCR amplified with and Schuell, Keene, NH, USA). Samples were
a set of common primers containing sequences dissolved in 85% formamide and denaturéd at 95
identical to the upper strand adapters, with one of the for 5 min prior to electrokinetic injection at 10 kV
primers labeled at the '5end with fluorescein for 10-60 s. Re-injection analysis of the collected
(Applied Biosystems, Foster City, CA, USA). Each and PCR amplified DNA fragments was carried out
PCR contained 1-2.5 ng of adapter-ligated cDNA, under the same settings.

1X PCR buffer, 1.5 i MgCl,, 200 uM deoxy-

ribose nucleotide triphosphate (dNTP), 6% di- 2.4. Amplification and sequencing of the collected
methylsulfoxide (DMSO), 20 pmol of each primer, fragments

and 2.5 units Tag DNA polymerase (Life Tech-

nologies), in a total volume of 2pl. Thermocycling For the amplification of the collected differentially
program started with a 5 min denaturation step at expressed DNA fragmenid, BCR master mix,
94°C, followed by 25 cycles of 94C for 30 s, 60°C containing 45ul Platinum PCR supermix (Invit-
for 30 s and 72C for 60 s. rogen, Carlsbad, CA, USA) andul of each PCR



32 A. Guttman et al. / J. Chromatogr. A 1014 (2003) 29-35

primer at 10nM concentration, was added tou3 of mented with a carefully selected restriction enzyme
each fraction. The sequences of the PCR primers pakfcoR | and BsaJ | and ligated with specific
were as follows: adapters, reducing in this way the typical cDNA
5" - GAAACAGCTATGACCATGGCTGCTAGT- population by two to three orders of magnitude, to
GTCCGATGT-3 and B3-TGTAAAACGACGGCC- the complexity level suitable for CGE-based analy-
AGTGATCTCCTAGAGTCGTGA-3. sis. This was followed by amplification of the ligated
Thermal cycling conditions were the same as in cDNA fragments using fluorescein labeled primers.
Section 2.1. PCR products were first analyzed by High-resolution separation and detection of the re-
CGE (conditions were the same as in Section 2.2) sulted DNA fragments was accomplished by auto-
and then sequenced on an ABI 3700 instrument mated capillary gel electroph&igsi® exhibits
(Applied Biosystems) using M13 forward and re- CGE traces of a typical ligation specificity based
verse primerg17]. expression analysis sample (lower trace), and a DNA

sizing standard (upper trace) for accurate fragment
length assignment.
3. Results and discussion To identify differentially expressed genes, tran-
scription profiles of the two strains of. hetero-
The open architecture ligation specificity based strophus were generated by ligation specificity based

expression profiling technique used for differential expression analyss. 3 compares a selected
display analysis is schematically outlined fing. 1. portion of the two profiles ofox™ (upper trace) and
Please note that this method did not require any Tox” (lower trace) strain samples. Quantitative
apriori sequence information about the species of signal intensity comparison was accomplished auto-
interest. First, a cDNA library was generated from matically using the data acquisition and processing
the relevant mRNA pools of thdox” and Tox capabilities of the CE instrument, i.e., fluorescent
strains of C. heterostrophus. cDNA was then frag- signal was normalized to the maximum signal in-

tensity among the samples. Height and area of each
individual peaks, representing different gene expres-
sion levels were compared to controls and peaks with
more than twofold differences were considered as
" Reverse Transcription differentially expressed. As one can observe, the
¢ upper trace inFig. 3 shows only one major peak
% (F2), while the lower trace has two major fragments
‘ (F1 and F2), suggesting differential expression of the
genes associated with these transcripts, between the
e — Ligation Specificity based two species studied. Both F1 and F2 fragments were
Dustermukia-Digelagnaaiyis collected by the above described micropreparative
. ! CGE procedure for re-amplification and sequencing.
Fraction collection was accomplished, based on
___AJ.\_ CGE Separation the measured migration times of the peaks of interest
4

at the detection point. When the onset of the analyte
zone of interest was expected to reach the capillary

- = Precise collection of differentially outlet, the capillary end was transferred from the

fim im e L L buffer reservoir to the corresponding collection vial.

‘ The precise timing of the vial switch was calculated

based on the migration velocity of the peak to be

...GCTGCTAGTGTCC ... |  Characterization by sequencing collected and the total to effective (to the detection

point) capillary length ratio. The duration of the
Fig. 1. Schematics of the open architecture ligation specificity Collection step corresponded to the band-width (in
based differential gene expression profiling technique. time units) of the sample zone of interest. Collection
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Fig. 2. Comparison of the capillary gel electrophoresis profiles of ROX-labeled sizing ladder (upper trace) to a fluorescein-labeled ligation
specificity based differential gene expression analysis sample (lower trace). Capillary: bare fused-silica, 60 cm (50 cm from injection to
detectionk 75 um I.D., LIF detection: 488 nm excitation/520 nm emission. Denaturing sieving matrix: POP-5. Separation temperature:
40°C. Samples were prepared in 85% formamide (@B5 min). Electrokinetic injection: 10 kV for 10 s. Separation voltage: 10.5 kV
(reversed polarity). Numbers above the peaks correspond to base numbers.

steps were performed under the same applied voltage analysis processes. TradeigA 4ndepicts the
as used for separatiorFig. 4 demonstrates the corresponding electropherogram section of the liga-
separation, fraction collection, re-injection and purity tion specificity based differential expression analysis

sample, containing the two fragments of interest.
Fractions were collected for the time intervals shown
F2 above trace A, i.e., 35 and 45 s for F1 and F2,
respectively. Verification of the successful collection
I0.0IRFU process was accomplished by re-injection of the
fractions. Traces B and C show the electrophero-
grams of the re-injected fractions, demonstrating the
Tox- purity of the collected DNA fragments showing no
cross-contamination. Please note that since the
HM”WW“WW} amount of the collected and re-injected DNA by
F2 CGE was miniscule, for better visualization, the
signal of traces B and C was scaled up 20-fold. The
collected samples were then PCR amplified to con-
firm feasibility of downstream sample processing,
F1 after micropreparative CE fractionation. Since all
Tox™ ligated DNA fragments possessed the same flanking
Ao A J J sequences, the very same primer set was used in all

PCRs. Traces D and E show the electropherograms

— T T T of the amplified products, matching well to F1 and
40 45 Time (min) F2 fragment sizes. A blank PCR sample was also
Fig. 3. Differential display analysis of tHEox ~ and Tox” strains injected as a negative amplification control (trace F).

of Cochliobolus heterostrophus fungus by CGE. Separaton 1he collected and amplified fractions (F1 and F2)
conditions as irFig. 2. were sequenced on an ABI 3700 system, and were
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Fig. 4. Fraction collection and purity verification by capillary gel electrophoresis. (A) Electropherogram section of a ligation specificity
based differential gene expression analysis sample containing two peaks of interest (F1 and F2). Collection times: 35 s for F1 and 45 s for
F2. (B, C) Re-injection of the collected fractions F1 and F2, respectively (signal scaled up 20-fold). (D, E) PCR amplification products of
the collected fractions F1 and F2, respectively. (F) Blank PCR (no template) sample as a negative control. Separation condRign2.as in

apparently long enough (114 and 122 base pairs, collection of individual differentially expressed tran-

respectively) to be used as expressed sequence tagscript representatives at microscale by CGE, and

for bioinformatics based homology searches. their further downstream processing by PCR and
characterization by sequencing. The method intro-
duced here overcame the limitation of microarray

4. Conclusions techniques in distinguishing between the variation of
species of a gene family, as well as the cross-

Micropreparative capillary gel electrophoresis has hybridization by gene family members, thus pro-

been app“ed to collect and sequence differentia”y vided flexible differential gene expression method.

expressed gene transcript fragments, providing a Since each fragment in the profile had a defined

method for monitoring gene expression levels from length and sequence, it could be readily linked to

samples of different environmental, developmental Other genome databases electronically.

and physiological conditions. cDNA pools were

generated by an open architecture sub-pooling meth-
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