Answers to the PCR practice problems:
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1. The two primers should flank the target sequence and should be oriented so that their 5™
t0-3' orientations drawn as arrows should point to cach other (with the 3 ends towards
the centes). This requirement reflects the fact that DNA polymerase adds nuclcotides
sequentially to the 3' ends of the primers. You want DNA polymerse to extend the
primet into the sequence being amplified. Only set b satsfies these critera

12, a. If human DNA were a random sequence of equal proportons of A, C, G and T (aot
entirly accurate, but close nough), then the chance that cither primer would
anneal to a random region of DNA would be (1/4)%, or about 1 chance in 7 X
100, Tn other words, any pariculr 18 base sequence would occur at andom only once
inevery 70 billon nucleotides. As the human genome is 3 billion nucleoride pairslong,
its very unlikely that even one of the primers will anneal anywhere cle except to the
CITR gene. The probability s even much lower that foth primers would anneal
10 other random stretches of DNA that happen to be close cnough together to
allow the formation of a PCR product. (This probabily is hard to calculae exactly
because of the variaion in the possible distance between the two primers)

b. The lower limit on the size of the primers is governed by several factor. The most
important is that the primers must anneal to the genomic DNA.  Hydrogen bonding
berween 15 nucleotde pairs i ordinarily required o allow DNA to be double stranded
suably. A second factor i tht the primers need to be sufficienty long 5o that the PCR
amplifics specificlly only the tasges DNA. Using the same logic as we did in part (3,
the chance that one primer of 16 nucleotides would anneal to random DNA is (1/4)16
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= one in 4 biion. As there are only 3 billion nucleorides in the human haploid genome,
216 bp primer will likely hybridize to only one sequence in the human genome.
A partcular 15 bp primer (a5 opposed to a 16 bp primer) vill be present every (1/4)15
bases, which is about 1 time every 1 billion bp. That means that a 15 bp primer
sequence is likely to be in the 3-billion bp human genome 3 times. The chance
that two such primers would anneal to random DNA close enough together for PCR
amplification is extremely low, as discussed in part (). However, because a primer that
s at least 16 bp primer is likely to hybridize to 2 unique genomic sequence, most
researchers would view 16 bp as the lower limit

Interestingly (though not asked in the problem), very long PCR primers (more than
40 or so nucleotides) can also create some problems. In particular, the longer primers
‘might hybridize with genomic DNA sequences to which they are not perfectly matched.
(Internal mismatches are tolerated and hybridization can occur as long as there are
enough surrounding base-paired nucleortides, partcularly at the 3 end of the primer)
Thus, very long primers might amplify regions of the genome other than the target.
Long primers might also form hairpin loops that would decrease their usabiliy.
You would be more likely to obtain a PCR product if the mismatch were at the
5' end. The ' end of the primer s the business end, where DNA polymerase adds
additional nucleorides to the chain. Thus, mismatches at the ' end would prevent DNA
polymerase from adding any new nucleotides, but this is not true of the other end of
the primer. (Note that this question is important because it means you can add
nucleotides unrelated o the template to the 5' ends of PCR primers. In this way, for
example, you could add a restriction enzyme recogaition site to the ends of the PCR
‘product to facilitate cloning))




