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METHODOLOGY

Optimization of PCR amplification of maize microsatellite loci*

Juliana Bernardi Ogliart, Raquel L. Boscariéf and Luis E.A. Camargo

Abstract

Maize Zea mays.) microsatellite loci are useful as genetic markers because they are numerous, occur in every chromosome, and ha
a high content of polymorphism information. Furthermore, they can be amplified by PCR and the resulting fragments regafesd on a
gels. A major problem, however, is that the primers used in their amplification often have different length and nucleieatid co
requiring optimization of PCR amplification programs for each locus. We developed “touchdown” PCR programs successfitig used in
amplification of a set of 125-maize microsatellite loci, chosen as representative of all chromosomes. The programs ivenédtiooth

to the annealing temperature (Tm) and primer concentration. Primers could be divided into four groups. A large grougimergied p

that amplified well in a basic previously published amplification program but with different primer concentrations. A seqoachgh-

fied in alternative programs in which the annealing temperatures were changed so as to include the Tm of either botthprimggrsstr

Tm of the primer pair estimatédsed on their nucleotide composition. A third group included primers that amplified in programs with Tm
higher than those estimated, and in a fourth group, with just two pairs of primers, the opposite situation prevailed.

INTRODUCTION bought directly from specialized companies at a low cost.
Despite these advantages, there are some practical diffi-
Variations in DNA sequences have been explored asulties. Microsatellite alleles may differ by as few as one
molecular markers for mapping important genes in plantsbase pair, thus requiring samples to be run in high-resolu-
and animals, during the last two decades. With the advention agarose or polyacrylamide gels. Most importantly,
of the polymerase chain reaction (PCR), new classes ohowever, is that PCR conditions need to be optimized for
markers emerged that combined the desired characteriseach locus, since primers used in their amplification vary
tics of being highly polymorphic and cost effective, such both in size and nucleotide composition. To circumvent
as RAPD, AFLP, and, more recently, microsatellites. Thethese problems, Seniet al. (1996) proposed a “touch-
latter consist of 1- to 6-bp nucleotide motifs repeated 10down” thermocycling program, where the annealing tem-
to 50 times in tandem. They can be amplified by PCR, properature (Tm) is gradually decreased as the reaction takes
vided the non-repetitive sequences that flank them becomelace; however, this does not work well for various loci
known. Microsatellites are present in eukaryotic genomesand for this reason other variables, such as primer con-
(Hearneet al, 1992) and were described in various plant centration, must be considered. We developed optimal am-
species, such as soybeans (Akkayal, 1992) Arabi- plification conditions for a set of 125 microsatellite loci
dopsis thaliangBell and Ecker, 1994), grapes (Browers chosen for their ample distribution over all maize chro-
etal, 1996), sugar beets (Morchetal, 1996), rice (Wu  mosomes.
and Tanksley, 1993), and tropical trees (Condit and Hubbell,
1991). MATERIAL AND METHODS
Microsatellites abound and are useful as molecular
markers in maize because they can be found in allchromo- ~ PCR optimization was performed using DNA ex-
somes and contain a high-polymorphism information con-tracted from the maize cultivar LHHHt and the inbred
tent (Senior and Heun, 1993; Cleiral, 1996). Moreover,  lines L3MHtHt, L30Htht, and L3Mitht, kindly provided by
they are inexpensive and very easy to handle since they resementes Agroceres S/A (Uberlandia/MG). The latter three
quire small amounts of template DNA. Finally, information lines, nearly isogenic for a gene that confers resistance
about primers that amplify them either can be found in theagainstExserohilum turcicumwere developed by back-
Maize Database (http:\\www.agron.missouri.edu) or can becrossing using the cultivar as the donor parent. DNA was
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extracted according to Hoisingtebal.(1994) and quan- RESULTS AND DISCUSSION
tified by fluorometry.
Amplification reactions were done in PTC-100 (MJ Of the 125 primers tested, 63% successfully ampli-

Research, USA) thermocyclers in a final reaction volumefied microsatellite loci using the PCR program 1 (Table II)
of 30 pl containing 10 ng of DNA template, 0.1 mM of described by Senior et al. (1996), even though the predicted
each dNTP, 1 U cfagDNA polymerase (Promega, USA), Tm of some primer pairs, calculated according to Newton
1X reaction buffer (50 mM KClI, 1.5 mM Mg& 100 mM and Graham (1997), were different from the ones used (e.qg.,
Tris-HCI, pH 9, and 0.1% Triton X-100), additional 0.5 bngl109 and phi029).
mM MgCl,, and varying concentrations of primers (0.165, The remaining 46 primers either did not amplify or
0.33, 0.5, 0.67 or 1.0M). Amplification reactions were  did poorly under the conditions of program 1. For these,
optimized for 125 maize MapPaditgprimers (Research alternative programs were tested using the estimated an-
Genetics, USA), that amplify microsatellite loci from all nealing temperatures as a starting point in addition to vary-
maize chromosomes. Primer sequences were obtaineithg primer concentrations. Thirty-seven pairs of such prim-
from the Maize Database (http:\\www.agron.missouri.edu). ers gave good amplification products when used in programs
A two-stage touchdown amplification program was which included annealing temperatures of both primers (18
designed for each locus based on the Tm of both primersgases, e.g., bngl652 and bngl609) or just one primer (19
calculated accordingto Tm =R (A +T) + £C (C+ G) - cases, e.g., phi078 and bngl244), often the one with highest
5°C] (Newton and Graham, 1997) so that, when possible,Tm. A third group, comprised of seven pairs of primers,
both Tm were included in the program. An initial denatur- showed good amplification products only when amplified
ation step of 3 min at 9€ was used in all programs, fol- in programs with Tm higher than those estimated for either
lowed by a first stage in which the Tm was gradually de- primers (e.g., phi055 and phi094); the opposite situation
creased by “C following every 2 cycles. This treatment applied to the remaining two primers bngl653 and phi095
was followed by a second stage consisting of either 19 ofTable II).
29 amplification cycles, in which the lowest Tm remained Some primer pairs (bngl603, bngl371, bngl609,
constant. Denaturation and elongation steps were held corbngl244, MAGT01D06, bngl137, bngl279, bngl652, and
stant for 1 min at € and 2 min at ?Z, respectively, = MACTO02EO01) revealed multiple bands (stutter bands), ir-
during both stages. An elongation step of 6 min &€72 respective of the program used (not depicted). In these
was performed in all programs after stage 2 (Table ).  cases, the optimal program was defined as that which re-
Prior to electrophoresis 8 of loading buffer (0.25%  sulted in fewer fragments as well as in a strong signal inten-
bromophenol blue, 0.25% xylene cyanole, and 30% glyc-sity fragment, assumed to be the desired amplicon. Stutter
erol diluted in HO) was added to the samples. Amplified bands result from slippage of DNA polymerase over the
fragments were resolved in 3% agarose gels (Boehringetemplate DNA and it is common when the amplicon is com-
Mannheim GmbH) containing ethidium bromide at a con- prised of dinucleotide repeats (Browhal., 1996), as is
centration of 0.5ug/ml of gel. Gels were runin 1X TBE at the case for the primers mentioned above.
80V for 3-5 h and photographed with Polaroid film. A significant improvement of the amplicon quality
was seen when the concentration of primers increased
using program 1. However, increased signal strength of
the fragment was accompanied by increases of the smear
Table | - Number of cycles and annealing temperatures (Tm) of PCR just below it; th-IS could be due,to Spu”f)us dimeric PCR
programs used to amplify maize microsatellite loci. An initial denaturing  Products resulting from annealing of primers, a common
step was conducted at°@4for 3 min before stage 1 in all programs. situation in cases where there is a complementary se-
In stages 1 and 2, denaturing and elongation conditions were held quence between or within primers at the 3’ end. This pro-
constant at €/1 min and 7Z/2 min, respectively. blem was solved by increasing the Tm to 70 &0&Bro-
PCR Programs gram 2).
Annealing temperatures estimated on the basis of
1 2 8 4 5 6 7 8 Newton and Graham’s (1997) formula did not always cor-
Stage 1 respond to the best Tm observed, based on the signal
strength of the amplicon. This was not unexpected, be-
Cycles 2 1 1 2 1 1 u U cause the authors had acknowledged that their formula
Tm(Cy 6585 70-65 65-60 60-50 80-75 60-55 70-75 5550 a5 developed based on hybridization experiments con-

Stage 2 ducted at a higher salt concentration (1 M) and that the
resulting Tm might need adjustments for nucleotides
Cycles 19 29 29 19 29 29 29 2§ longer than 20 bp, often the case in microsatellites. Nev-

Tm(°C) 55 65 60 50 75 55 70 50

ertheless, the formula provided a starting point to de-

a = Annealing temperatures were decreased®yfdllowing every two Ve_|0p optimized gmplification programs for numerous
cycles in all programs. microsatellite loci.
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Table Il - PCR programs, primer concentrations and estimated annealing tempet@turesieen parentheses) of 125 maize microsatellite loci.

PCR Primer[] Microsatellite loci (annealing temperatures)
program
1 0.165uM bngl109 (77/77), bngl176 (63/67), bngl439 (67/77), bngl421 (55/57), bngl615 (75/79), MAGEO1F06 (53/59),

bngl100 (61/65), phi011 (63/63), bngl504 (67/67), bngl131 (55/63), phi064 (71/71), bngl257 (64/64), brig381
(55/61), bngl108 (59/61), phi083 (67/69), bngl166 (55/55), bngl180 (51/59), bngl602 (69/69), phi029 (77/77),
phi073 (69/77), bngl420 (57/57), MAGO1A03 (53/53), bngl197 (57/57), phi072 (67/75), phi021 (75/81),
phi074 (65/71), bngl490 (63/65), bngl252 (79/87), MTTGBO2 (49/53), phi092 (59/61), phi077 (65/67),
phi006 (61/63), NC012 (53/57), bngl589 (77/81), phi024 (69/71), bngl345 (57/65), bngl143 (61/69), phil13
(59/67), phi057 (61/61), bngl105 (59/61), bngl150 (51/55), bngl155 (57/61), bngl339 (57/61), MACEO1GO1
(57/57), bngl278 (57/57), MACEOLFO7 (47/61), phi082 (53/57), bngl118 (53/55), bngl389 (57/57), bnglg69
(69/69), bngl386 (55/61), bngl119 (57/61), phi075 (67/77), bngl238 (73/79), phil15 (65/65), phi0l4 (69/77),
phi059 (61/67), bngl162 (73/75), bngl210 (57/57), bngl240 (57/61), phi062 (63/65), phi015 (63/67),
MACTO02B08 (55/59), phi065 (67/67), bngl127 (57/61), bngl430 (61/69), bngl128 (61/65), MACT02B10
(55/59), MAG1CO5 (55/63)

1 0.33uM bngl149 (57/65), phi097 (63/67), bngl398 (57/57), bngl434 (55/57), phi063 (55/65), phi071 (65/67),
phi084 (63/67)

1 0.50uM bngl125 (57/61), bngl107 (73/77)

1 1.00uM phi034 (61/63)

2 0.165uM phi001 (65/69), phi055 (59/61), phi081 (59/65)

2 0.33uM bngl652 (67/69), phi094 (59/63), bngl469 (63/65), bngle53 (71/73), phi060 (63/67), phi033 (67/69),
bngl244 (63/69), bngl153 (57/59)

2 0.50uM bngl609 (67/69), bngl640 (69/71)

3 0.33uM bngl400 (57/59), bngl371 (55/59), bngl198 (57/65), bngl480 (65/65), bngl572 (59/61), MAGBOL1 (55/59)

3 0.50uM phi056 (59/63), bngl121 (61/65), phi085 (61/63), phi078 (61/69), phi070 (59/63), bngl236 (65/65)

3 1.00uM MAGTO1HO7 (57/57)

4 0.33uM MAGEOS5 (53/59), MACEO1A03 (49/50), MACEO1CO1 (53/57), bngl279 (55/55)

5 0.50uM bngl594 (69/79)

6 0.165uM NC007 (53/55)

6 0.33uM MAGO1F03 (55/59), phi008 (55/59)

6 0.50uM bngl147 (57/79), bngl372 (57/61), bngl292 (57/61), bngl557 (55/61), MACE01CO8 (55/55),
bngl137 (55/55), MAGO1A01 (53/55)

7 0.50uM phi095 (69/77), bngl603 (67/73)

8 0.50uM MACE00BO3 (49/53), MACT02E01 (51/61), MAGTO1D06 (51/53)

See Table | for definition of PCR programs.
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