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ABSTRACT

Motivation: Before performing a polymerase chain reaction
experiment, a pair of primers to clip the target DNA sub-
sequence is required. However, this is a tedious task as
too many constraints need to be satisfied. Various kinds of
approaches for designing a primer have been proposed in the
last few decades, but most of them do not have restriction
sites on the designed primers and do not satisfy the specificity
constraint.

Results: The proposed algorithm imitates nature’s process of
evolution and genetic operations on chromosomes in order to
achieve optimal solutions, and is a best fit for DNA behavior.
Experimental results indicate that the proposed algorithm can
find a pair of primers that not only obeys the design properties
but also has a specific restriction site and specificity. Gel elec-
trophoresis verifies that the proposed method really can clip
out the target sequence.

Availability: A public version of the software is available on
request from the authors.

Contact: wujs@mail.cse.nsysu.edu.tw

INTRODUCTION
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composition, 3termini, repeated and self-complementary
sequences and complementarity between members of a primet
pair. To ensure the primers will be efficiently annealed during E
each cycle of the PCR, the calculated values for the meltlng%
temperature of a primer pair should not differ by more than 5.
The primers lengths should be laid at intervals of 16—28 nt.
The lengths of the members of a primer pair should not dif-
fer by more than 3 bp. The GC content of the members of ag’
primer pair should be between 40 and 60%. The nature of3
the 3 end of the primers is crucial. If possible, theetd of 2
each primer should be G or C. Actual differences for these
criteria are aggregated by weighting sums. The prime desig
is to construct candidates and to select the best.

Various kinds of approaches in designing primers have been=
proposed in the last few decades. The manual primer desigr~
method can find a primer that fits the primer design constraints.3
However, it is too time consuming to find a good primer. ©
Besides, accuracy can easily be lost through human errors®
Since experiments are expensive, and a minor mistake may
cause the experimentto fail, the manual primer design methoo&
is considered to be potentially unstable. '(cDJ

To improve the efficiency in primer design, many primer g

UIO!q/LUOO

L/OZ/EfouJE/So 1

00

With the growing number of researches in bioinformatics,design software have been developed for DNA sequence§’
many biotechnologies have improved considerably. Howalready identified. However, if the designed primer does =
ever, most of them need to amplify the number of DNANot satisfy a users requirements, then it is up to the =
sequences, since the experimental results of the currentyser to modify the primers in order to meet the require-
used biotechnologies are not very clearly recognized by th&ents. The ‘GeneFisher’ system proposed by Meyeal.
naked eye when only a small amount of DNA is used. Con{1995, http://bibiserv.techfak.uni-bielefeld.de/docs/gf_paper.
sequently, DNA cloning is becoming increasingly important.html) first aligns the unknown DNA sequence with the
Polymerase chain reaction (PCR) is a method for the fast masggiown DNA sequence, which has the same functions, andi
duplication of DNA sequences (Mullis and Faloona, 1987).then designs the primer that can deal with the unknown >
Prior to performing a PCR, a pair of subsequences of DNAPNA sequence. The system Consensus- DEgenerate Hybri
called ‘primers’ must be found in order to clip the target in aOligonucleotide Primer (CODEHOP) proposed by Rets#.
long DNA sequence. (1998) can find primers for known amino acid sequences.%
Due to the properties of oligonucleotides that influencelt first calls upon a sequence alignment program, such as

the efficiency of the PCR amplification, the optimal primer FASTA, to find a similar sequence. Then it retransforms
design includes criteria (McPhersenal., 1993; Sambrook the amino acid sequences into DNA sequences, and designs

and Russell, 2001) such as melting temperatures, length, batite primer for the similar DNA sequences. Although these
systems have provided a convenient way for primer design,
most of them do not have restriction sites on the designed
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Primer design using genetic algorithm

primers. Singhet al. (1998) proposed the system ‘Primer acid code. The complementof Ais T and vice versa. Similarly,
Premier’, which provides a good performance on primerC and G are the complements of each other. For exarGple,
designs. It provides a restriction enzyme graph for the DNAwhich was described above, its compleméns is

sequences by finding the positions of the restriction sites L

on the aligned DNA sequences. According to the graph, Gp = TTAGCTGGTA. ...

it designs the primer that contains specific restriction sites

within the primers. However, it sometimes cannot find theThe forward primer ofG p is denoted as3 ¢, and is defined
solution, due to the fact that design properties may not b@s follows:

followed. Recently, Kémpket al. (2001) employed dynamic

programming to design primers. Their algorithm can solve By = {b; | i is the index ofG p betweenF; and F.},

the situation of designing multiple primers for multiple target

DNA sequences. But, they did not consider some necessaWherer andF, are, respectively, denoted as the start index
criteria of primer design, such as avoiding ‘T’ or ‘A’ at the and the end index aB in Gp. The reverse primer df p is

3 end. Besides, in order to reduce computational complexitydenoted as,, and is defined as follows:

the algorithm removes some potential solutions that may take . _ _

a long time to compute. B, = {b; | i is the index ofG p betweenR, andR.},

Since the search space of the primer design problem is

huge and complex, a better method to solve this problen‘{"here‘RS andR, are, respectively, denoted as the start index

is needed. Genetic algorithms (GAs) are well-known heur2ndthe endindexd, in G ». The individual of the proposed

istic algorithms based on the imitation of natural systems.algorithmis denote_:d asone pair of primers, whichis presented
Their effectiveness in search and optimization problems ha@S & Vector:, and is written as

received extensive attention. GAs imitate nature’s evolution-
ary process and the genetic operations on chromosomes in
order to achieve optimal solutions. In each run ofa search, Iéince the four components of the individual are dependent, if
generates a new and usually a better generation of solutions ; . =1
than the previous run (Goldberg, 1989: Jong, 1988). Due §ne ofthem is changed by the crossover or mutation process, its

the nature of the GA process being similar to the evolution O{P

DNA, itis sitable for solving the primer design problem. four components into an independent form. Hence, the indi-

In this paper, a new algorithm using 9 GA for designing . :
primers for PCR is presented. Since most of the design prop\{Idual is transformed from a dependent forf (Fe, R, Rc)

erties are treated as fithess rules, solutions that do not obey tmeto an independent for¥{, . , ), and is defined as

fitness rule are eliminated through competition. The proposed ,
. . . . epe o PtZ(ES‘ya!ﬁly);

algorithm also searches for restriction sites and specificity.

If the restrlcthn eres are closed to a user's requwements, the\ﬂherea, B andy are given as follows:

the rank of this primer is promoted so that it can be listed on
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the top of the solution ranking set. o= (F, —F,),
The rest of this paper is organized as follows. In the next

section, we present some essential definitions for the proposed B = (Rs — Fo),

algorithm. In the following section, we describe the process of ¥ = (Re — Ry).

the proposed algorithm for PCR primer design. Experimental
results are given in the succeeding section. Discussions arhe dependent form represents the actual position of the @
given in fifth section and finally conclusions are drawn in theprimer, and the independent form represents the relative pos-2

doisnr o yuswiedeq "S'N A9 €71L00€/0LLL/L

last section. ition. For example, the dependent form of individual is §
(145, 164, 989, 1011). Therefore, the independent fBfris 3

DEFINITION OF THE PROPOSED (145, 19, 825, 22). Since the dependence of the four compon-»

ALGORITHM ents are removed, one of the four components being change&;

Let G, be the DNA sequence template, which is denoted a&§l0€s not cause a violation. Suppdsés a primer ofGp, then

the template of the base-nucleic acid code sequence of DNADE length| Py| is the sum of the numbers of all base-nucleic 3

For exampleG p is represented as acid codes, and is written as

Gp = AATCGACCAT ..., |P1| = #G + #C + #A + #T.

where A, T, C and G are the base-nucleic acid codasis The melting temperature & is T (P1), which is areference
denoted as the complement code of the original base-nucletemperature for a primer to perform annealing and known as
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the Wallace formula, is written as
Tm(P) = #G+#C) x4+ (HA +#T) * 2.

The GC content, GQ{y), is the ratio of base-nucleic acid
codes G and C of sequen®e. GC(P,) is written as

#G + #C
GC(P)) = ﬁ x 100%.

The specificity of primerP; is denoted as Unif;), which is
to examine the annealing position of the prinfgiin G p, and
it is

0, if P appearinGp once,

Uni(Py) =
(P1) :1, if P1 appear inG p more than once.

The termination of primeP; is denoted as Tern®), which
is to examine whether thé 8nd of the primerP; is G or C,
and is defined as

0, if3endisG,C,CGorGC,

Term(Pp) =
MCP) {1, otherwise.

THE PROPOSED ALGORITHM FOR THE
PCR PRIMER DESIGN

The proposed algorithm for the PCR primer design consists ofesign.
the initialization process, evaluation process, crossover pro-

cess and the mutation process. Figure 1 shows the flowchaffhere ABS(.) denotes the absolute value. The evaluation pro
of the proposed algorithm and detailed steps of the proposeghss evaluates populatidrbased on the design propertiesthat =

GA for the PCR primer design.

Determine
parameters

I

| Create initial population

l

Evaluate fitness of each
individual in the population

Criteria
Satisfied?

No
Selection ( Stop )
Crossover

M utation

Fig. 1. The flowchart of the proposed algorithm for the PCR primer
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are considered as constraints. The first constraint, the meltingy

The initialization process randomly generates the initialemnerature, ensures that the primer pair will smoothly annealS

individuals of populationP, which is a set of 500 solutions
P;. In this phase, thé; of one forwardB in Gp is gener-
ated randomly. Thery andy are generated randomly within

18-26;8 is thus generated randomly around the length of the

target product. Then, variablés, «, 8 andy are recorded

in the matrix, in order to avoid the duplicate primer pair from

being generated in the population.

The evaluation process checks whether the solutions satisfy

the design constraints or not. When soluti®ns generated,
the length of each primeP, should be within 18-26. If the

lengthis<18, itis not easy to control the melting temperature.
Besides, if one wants to optimize the melting temperature,
then the primer must become GC-rich, which may cause a Uni(By) =0,

violation of specificity. Suppose that is the forward primer
of P, and B, is the reverse primer of;. The length check
function is denoted as leng() and is defined as

0, if18<|By|,|B,| < 26,
1, otherwise.

Besides, the length different function lengg) betweenB s
andB, must be<3mer, and itis

0, ifABS(|By¢| —|B,]) <3,

1, otherwise,

lengd P;) = {

to Gp at the same temperature. The temperature difference>
Tmd betweenB and B, is defined as

0, ifABS[TM(B;) — Tm(B,) < 5I,

Tmd(P;) =
(F1) {1, otherwise.

The GC content check function G@f P, is denoted as

0, if40%< GC(Br), GC(B,) <60%,
oy (7 =G0, ) <o

1, otherwise.

The specificity of the primers should be zero:

Uni(B,) =0,
Uni(P;) = Uni(By) + Uni(B,).
The termination of the primers should also be zero:
Term(By) =0,
Term(B,) = 0,
Term(P;) = Term(By) + Term(B,).

No inverted repeat sequence or self-complementary
sequence-3 bp in length should be allowed. Thetgrminal

220z 1snbny /| uo Jesn sonsnp Jo uswuedsq "'S'N Aq £f
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sequences of one primer should not be able to bind to any .
site on the other primer. Self-complementary sequences of Crossover
primers should be avoided: f

mutation

. . i | randomly generate an randomly select one
0, ifthereis no self-complementary | |integer mask, mask =16 component and
qut) — of Bf andB,, l : rearrange 1t

1 y otherwise. according to the mask

exchange the component
In a primer pair, one primer should not be the complement of |

the other one:

Criteria
Satisfied?

0, ifthere is no pair-complementary
PC(P;) = of By andB,,
1, otherwise.

Since the constraint termination should be obeyed, buFig.2. The flowchart of the crossover and the mutation processes of
because three or more Cs or Gs at thee3ds of primers the proposed algorithm.

may promote error annealing at G- or C-rich sequences, this e o
condition should be avoided. Restriction sites are situated al-" specific amplified sequences, so that the result affects the;

. . . . experiments that follow. Due to the time-consuming process S
the primer if possible. The proposed algorithm searches thé - S . L
oo n . . . L : .. of examining all individuals in order to reduce the possibility
individual to see if there is a similar restriction site on it. of Mis-priming. we use a matrix. which records the position
The typical restriction sites used in this paper are listed in the P 'd, We ' . P o)
following table: and the specificity fitness value of the position, to speed up the 3

examination process. Based on the simulation, with the use of%’-

Nno-olWapeoe//:sdny WoJj papeojumoq
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. the matrix the algorithm can run four to five times faster than ;\,
Restriction enzyme  Sequence the algorithm without using the matrix. 5
The fitness value is computed by the design constraintsg

Apal GGGCCC mentioned above, and is as follows: =
Avrll CCTAGG =
BamHl| GGATCC Fitnes$P;) = leng(P,) + 3 lengd P,) + 3+ Tmd(P;) 2
Balll AGATCT ]
+ 3% GCp(Pr) + 3 (Term(Bs) + Term(B =)

Dral TTTAAA P (P (Term(By) + Term(5,) 2
+ 50 Uni(P;) + 10% Sa(P,) + 10x PC(P;) &

(=3

. y o +Re(P) <

In order to recruit a specific restriction site, the proposed %)

algorithm first checks the individual fromi&nd to 3end for a Selection applies the Roulette Wheel method to allow the
proceed pattern match, and verifies whether the enzyme is dndividuals with a high weight to have a higher chance to
it or not. If there is a similar restriction site (the matched pat-be selected, and sends these two individuals into the mating3
tern’s length| P,,,| is less or equal to the length of the enzyme pool. The weight mentioned here is the inverse of the fitness =
L. and more or equal to the length of the enzyme minus 3yalue, which is calculated in the evaluation process. Figure 2 &
[(Le —3) < |Pu| < L.], then the proposed algorithm adjusts shows the flowchart of the crossover process and the mutationz

awedag

—

the fitness value to allow the individual most likely to passprocess. ®
the evaluation. The restriction site check functiofi /R) is The crossover process generates a random numlbeat @
denoted as is smaller than 16. It uses the binary formPfas a mask to §
. _ o decide which components of individuatsandY should be =

0, if there exists a restriction site exchanged. For example, a random numRes 1110 and >

Ri(Py) = of Bf or B,, its binary is 101%,. The first, third and fourth components of %

1, otherwise. individualsX andY should be exchanged. Then, the crossover ;

process examines the offspring individuals as to whether the§
In addition to the examination of the restriction site, the otheroffspring violate the constraints or not. Figure 3 shows an
time-consuming activity is specificity. For specificity there example of the crossover process.
is an attempt to find an actual position for a primer pair to The four components of are represented as (145, 19, 825,
anneal to. If there are several positions in the target that arg2); and the four components Bfare represented as (150, 23,
not mismatched to other positions of the target sequence f@93, 25). After crossover, offspringqs is (150, 19, 893, 25)
the primer pair to anneal to, then the product will consist ofand offspringYos is (145, 23, 825, 22). The mutation process
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1011 (phaC2) genes, complete cds aRdmo sapiens CDK2-

X X o associated protein 1 (CKD2AP1) coding DNAs (CDs) (Gen-

Bank acc. no. NM_004642; 523..870). One of the major
differences between these two DNA sequences is their length.

Preparation of cONAtemplates Total RNA was first extrac-
ted from the HeLa cell line. Reverse transcription into cDNAs
Fig. 3. An example of the crossover process. were followed. The cDNAs were then subjected to being &

ojum

quality checked, quantified and adjusted to an appropriatez

x| 150, 21893,20 150, 21.854.20 | X o concentration for further PCR reaction.

Dry dock experiments

Fig. 4. An example of the mutation process. The environment The proposed algorithm was run on a
Pentium 4, 1.5G Hz, 128 MB, Windows 2000 and jdk1.4.0
platform.

is to randomly change the four components of the selected
individual. First, it generates a random number to decideResultsof thedry dock experiments The proposed algorithm
which one component shall mutate. And then the mutatiorwas compared with three famous free primer design soft-5
process examines the individual as to whether that individualvare (Primer3, GeneFisher and SGD). In Table 1, the pnmerc
fits the constraints or not. Figure 4 shows an example of th@air, which the proposed algorithm finds, contains one similar 3
mutation process. restriction site on the forward primer. This similar restriction
The four components of individuxl are (150, 21, 893, 20). site can be corrected as‘GGATCC’, so that the enzBaraH|
Then, it randomly selects one component to mutate. In thisan be used and ‘CCTAGGA(rll) on the reverse primer.
example, the third component is selected and is changed férimer 3 finds a primer pair that satisfies the complementarys
854. Hence, the offspring o5 is (150, 21, 854, 20). sequence, but has the highest melting temperature. Genes
For the GA, there are three main parameters: max_#fen, Fisherfinds aprimer pairwhose productsize is the longest, but“:i
and pop_size. Parameter max_gen is the maximum number dfdoes not have specificity. SGD finds a primer pair, that con-
generations allowed for the GA process. Parameter pop_sizains the enzyme ‘AAATTT’ Dral) on the forward primer
is the size of the population, and is used for controlling theand ‘GGGCCC’ Apal) on the reverse primer, but it does
individual amounts. The mating pool is used for stocking thenot have specificity, and the complementary sequence is not!
new individuals produced by the crossover and the mutatiosatisfied.
process. After evaluation, the individuals are sorted, and only The results of the second experiment are listed in Table 2. 3
the pop_size amounts of individuals are reserved. Varitible Primer 3 finds a primer pair that has a minimum temperaturew
is used to control the size of the mating pool. If the size of thedifference between the pair of primers. Besides, the pr|mer<
mating pool is greater than the size of the original populationpair also satisfies the complementary sequence. The meltmg,,
then the advantage of the original generation might disappeatiemperatures of the two primers are around the optimal expero
There are also some minor parameters involved, sudh as imental temperature of 40-80. The PCR product amplified
and P,,. P, is the probability of performing the crossover from primers designed by Primer 3 is 267 bp in length. Gene-
process; if arandom number within 0 and 1 is smallerthan  Fisher finds a solution whose length is 252 bp. The melting
then the process crossover proceeds. Simild, 1P, isthe  temperatures are within 40-8D. The primer pair satisfies
probability of performing the mutation process; if a randomthe pair complementarity constraint, but it does not satisfy &
number within 0 and 1 is smaller tha,, then the process the self-complementary constraint, since the forward primer &
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crossover proceeds. The higheris, the faster the process forms a U-turn on the ‘3end. Besides, the length of each 2
is, but the more inexact the solution becomes. The higher primer is<18 bp. SGD finds a solution that has the longest é
is, the more precise the solution is, but the slower the procegyoduct size. =
becomes. There is an obvious trade-off between these two However, the solution does not satisfy the pair- »
parameters. complementary sequence and self-complementary constraint2
None of the three design software can satisfy the specificity. %
EXPERIMENTS The product size of the solution obtained from the pro- E
posed algorithm is 303 bp. The melting temperatures are

Materials within 40—-60°C. In addition, the primer pair found by the pro-
cDNAtemplates Two cDNA templates were used as our tar- posed algorithm also satisfies the complementary sequence.
gets for PCR amplification, and subjected to primer designs iThe temperature difference between the pair of primers is
our experimentsPseudomonas mendocina PHA synthase 1 the highest among all the design software, but still within an
(phaC1l), PHA depolymerase (phaz) and PHA synthase Acceptable range. Itis time consuming to find the primer pair
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Table 1. Comparisons of primer design among this study, primer3, GeneFisher and SGD for the first experiment

The proposed Primer 3 GeneFisher SGD
algorithm

Forward (F) primer TTTCATCCTGGTAACTCTG TGCCACTGCTGATCTTCAAC CTCGAACTGAAGAACGTCA AACCATTCGTATTCCGCA
(5—>3)

Reverse (R) primer ATCCGTCTAGAGACTTTCAT CTGGATTCTTCAGGCTCTGG AGCCGATTTGTAGCAGGA  TTTGGGCATTCATGAAGG
(5—>3)

Position (F) 1814-1832 1968-1987 231-249 1890-1907
Position (R) 2905-2924 3064-3083 1413-1430 2987-3005
Product size (bp) 1112 1116 1200 1116
Primer length 19/20 20/20 19/18 18/18
(F/R) (mer)
Melting temperature  54/56 60/62 56/54 51/51
(F/R) C)
Temperature 2 2 2 0
difference ¢{C)
GC content (F) (%) 42 50 47 44
GC content (R) (%) 40 55 50 44
3'-Terminus (F) G C A A
3-Terminus (R) T G A G
Self-complementarity No No Yes No
Pair-complementarity No No No No
Specificity Yes No No No
Restriction site ‘GGTACC’ BamHI)/ N/A N/A ‘AAATTT’ ( Dral)/
‘CCTAGG’ (Avrll) ‘GGGCCC'’ (Apal)

N/A, not available.

Table 2. Comparisons of primer design among this study, primer3, GeneFisher and SGD for the second experiment

The proposed algorithm Primer 3 GeneFisher SGD
Product size (bp) 303 267 252 348
Primer length (mer) 18/18 18/18 16/17 21/18
GC content (forward) (%) 39 61 63 47
GC content (reverse) (%) 50 56 53 50
Melting temperature (FYC) 50 58 54 53
Melting temperature (RYC) 54 56 52 56
Temperature difference in pait@) 4 2 2 3
Specificity Yes No No No
3-Terminus (F) C A A C
3-Terminus (R) T T A T
Self-complementarity No No Yes Yes
Pair-complementarity No No No Yes

that satisfies specificity and at the same time search for th@orward: 3-ATGTCTTACAAACCGAAC-3'; reverse: 5
primer pair that has a restriction site that can be recruited ICAGTCCTCTAGCGTGAAT-3) was used to perform the

the primers. However, the difference of the execution timePCR reaction. The forward and reverse primers spanned from

among the proposed algorithm and the other design softwafgases 1-18 and 285-303, respectively. Atotal gfl'eagent
is insignificant. consisting of 50 ng HelLa cell cDNA, 20 reaction buffer
1.5ul, dNTP (1.25 mM) 1.8.1, forward and reverse primers
] (10 mM) 0.5l each,Taq polymerase (5 WIl) 0.05ul and
Wet experiment deionized, distilled water, were mixed for PCR amplifica-
PCR amplifications One primer pair, designed using tion. A hot start PCR program was set up as follows:Q@%or
our proposed algorithm, and based on CDK2AP1CDs5 min; 95 Cfor45s,55Cfor45s, 72Cfor45sfor 35 cycles;

1715
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algorithms have been proposed in the last decade. However,
none of these provided a tool to recruit specific restriction sites
in a primer pair for further application in molecular cloning.
In this study, we propose a method using GA that considers all
these constraints. When compared with other primer design
software, our proposed algorithm is able to find a feasible
solution that follows all required properties in primer design. o
Besides, our two experiments show that no matter what the%
length of the DNA sequence is (long or short), the proposedg
algorithm is able to find a good solution.
One of the most critical properties in primer design is the 3
specificity. Other properties for primer design, such as the3
length of the primers, can be achieved by using the fixing%
method—insertion, deletion and replacement. One method is-
able to modify the primer pair by extending or decreasing the §
length of the primer. This method is referred to as the insertion &
and deletion method. Another process is called the replaces
ment method, and it relies on repairing the result. One cang
mutate the specific nucleic acid code of the primer to anotherg
nucleic acid code. For example, the nucleic acid code ‘A’ 2
mutates to ‘T’, hence, it cannot be reduced just in order to &
Fig. 5. The result of 1% agarose gel analysis in the seconoslp.e?d up the evaluation Process- In order to satiSfy.the spe%“
experiment (human CDK2AP1 complete CDs). cificity, the proposed algorithm loosens some constraints, likes
the 3 termination and the GC content.

If the proposed algorithm ignores the specificity and the =
72°C for 10 min or final extension and then ramped t€4 restriction site in the second experiment, then the execu-%
for 10 min. tion time can be reduced to 1 s. However, in our experi- S

ment, although the proposed algorithm consumes time on=
Agarose gel electrophoresis and amplified CDK2AP1 PCR  handling the specificity and the restriction site, the run-
product The amplified PCR products were analyzed inping time is about the same as the execution time of theS
1% agarose gel electrophoreses containing 0.1% ethidiuompeting software without handling the specificity and the S
bromide. Electrophoreses were conducted irkOTBE buf-  estriction site. 3
fer. After electrophoreses, the agarose gels were removed oy the optimal problem, GA usually converges all solutions <
from the gel boxes and visualized under the illuminationjntg one optimal solution in a short time by using mutation g
of UV light. Analysis of amplifiedCDK2AP1 PCR product  and crossover. Therefore, the redundant part can be reduced
(size= 303 bps is shown in the middle lane of Figure 5. by examining the matrix. The proposed algorithm uses theg

The wet experimental results Figure 5 shows the analysis matrix to record the position of the prim&; and the value of

of the second experimental PCR product, hurGi2AP1 Uni(P1). The restriction site checking process is similar to the
complete cDNAs. In Figure 5M shows’ a 100 bp lad- specificity process. It also records the position of the primer
der marker. Positive control (G3PDH) and negative controt’L and the value of the matched pattern’s lenigth| to the
(water) are also included. At the middle of the gel is the ampEN2YME Sequence.

lified PCR product. Its length, which is303 bp, can be

clearly observed. The positive control resultis at the left. Sinc%ONCLUSIONS

there is only one band in positive control, the experimenta] q laorith ina GA f . desi
result is acceptable. The negative control shows no bands lye presented a new algorithm using or primer design.

this experiment, hence it is certain that the experiment is not n€ _proposed algorithm met the design constraints .SL.JCh a
contaminated. melting temperatures, length, base compositidrteBnini,

repeated and self-complementary sequences and comple;\gJ

mentary sequences between members of a primer pair, espe-
DISCUSSIONS cially for recruiting specific restriction sites and specificity.
Primer design for PCRs is an extremely important issue inThe sequencing result showed that there was a product whose
any molecular biology laboratory. That is, the quality of the length was approximately the solution that we expected, thus
primers decides whether or not the experiment will be sucverifying the proposed method really can clip out the target
cessful. Many software for primer design based on differensequence.
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