
mass range make up the bulk of the dark 
matter and that the long tradition of con
sidering neutrino cold dark matter should 
come to an end. Constraints can also be 
imposed from the LEP experiments on 
supersymmetric dark-matter candidates 17 . 

Finally we should mention some pos
sible loopholes in our line of reason
ing. The errors in the LEP and SLC 
measurements are still large, and future 
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FIG. 2 Rei ic abundance of hypothetical fourth
generation neutrino as a function of the measured 
'number' of neutrino species for the Dirac and 
Majorana cases. The data points are the combined 
LEP and SLC results. The region where the neutrino 
relic abundance is appropriate to supply the bulk 
of the dark matter (!1 v = 0.1 and h = 0.5 to nv = 1 
and h = 1) is shown by dashed lines. 

results could move the data point enough 
to make it consistent with the relict abun
dance limits. Note from Fig. 1, however, 
that to allow the canonical dark-matter 
neutrino mass of 5-10 GeV, N must be 
close to 4, a value several standard devi
ations away from the present measure
ment. Also note that, contrary to claims 
in the literature, the relict abundance of 
extremely massive neutrinos ( m" » Te V) 
must again approach the critical density, 
if the neutrinos remain elementary par
ticles18. The existence of such particles is, 
of course, not constrained by the LEP 
experiment and they may make up the 
dark matter. Perturbation theory breaks 
down long before this limiting mass is 
reached, however, so it is not clear that a 
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theory with such heavy particles makes 
sense. Note that additional entropy gener
ated in the early Universe could change 
the results of our relict abundance calcula
tion, but in this case the abundance would 
be smaller than we claim, and neutrino 
cold dark matter would be even more 
unlikely. 
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Shedding light on 
PCR contamination 
SIR-The most pern1c1ous problem 
plaguing the widely used technique of 
polymerase chain reaction (PCR) is con
tamination of reagents with previously 
Effect of ultraviolet irradiatio~ S 1 
on PCR. A standard protocol 
was used to prepare 20-[!l PCR 
mixes, containing 50 mM KCI, 
10 mM Tris-HCI pH 8.3, 1.5 
mM MgCI 2 , 0.1% (w/v) gelatin, 
200 f!M each dNTP and 0.1 [!M 
of each of two PCR primers that 
amplify a 750-base pair region 
of human factor IX comple
mentary DNA. Linearized 

effective than if the 254-nm bulb is also 
used, should still be adequate for the 
levels of contamination that routinely 
occur in practice. 

In additional experiments, concen
trated stock solutions of buffer (xlO), 
oligonucleotide primers ( x 10), deoxy
triphosphates (x7), or Taq polymerase 
( X40) were contaminated with 1.5 pg ~l- 1 

of target DNA and irradiated for 5 
minutes with 254- and 300-nm ultraviolet 
light. In each case, the contaminant could 
not be amplified whereas 0.015 pg ~r' of 
target DNA added after irradiation was 
efficiently amplified. 

It was initially surprising that the 5-
min ultraviolet treatment reduced the 
efficiency of amplification from double
stranded DNA by more than 100,000-fold 
but preserved the functional integrity of 
the single-stranded oligonucleotide prim
ers in the PCR mix. However, this seems 
generally to be the case because 5-min 
irradiation of four additional unrelated 

8 s 9 16 s 

factor IX plasmid (6-kilobases in length) was added so that the amount of target DNA was as 
indicated below. The samples were irradiated for 5 (lanes 2-8) or 20 min, (lanes 10-16) and 
then denatured for 10 min. Taq polymerase (0.5 U) was added, and 30 cycles of PCR performed6

. 

Lanes: S- standards, Hind Ill digestion of ¢X17 4; 1, 9- no DNA and no ultraviolet; 2, 10- no 
DNA; 3, 11- 3 pg DNA; 4, 12- 30 pg target DNA; 5, 13- 300 pg target DNA; 6, 14- 3,000 pg 
target DNA; 7, 15 - 30,000 pg DNA; 8, 16 - ultraviolet irradiation before addition of 3 pg 
non-irradiated target DNA (positive control). 
Method of irradiation. The 20-[!l samples in a clear 0.5-ml polypropylene microcentrifuge tube 
were placed in direct contact with a glass platform of the Fotodyne 1000 transilluminator. 
Irradiation was performed with 254- and 300-nm ultraviolet bulbs in the standard instrument 
configuration. 

amplified material'-'. Care is essential in 
the routine handling of amplified samples, 
and heroic efforts are required if PCR 
from single cells is to be safely per
formed''. The following experiment 
illustrates how treatment with ultraviolet 
light directly before adding the template 
DNA can eliminate most sources of 
contamination. 

Between 3 and 30,000 pg of target DNA 
was added to 20 ~I PCR mix, which was 
then irradiated for 5 or 20 minutes with a 
combination of 254- and 300-nm bulbs and 
subsequently amplified with 30 cycles of 
PCR. As shown in the figure, even when 
the quantity of DNA was 10'-fold (5 min) 
or 106-fold (20 min) more than the mini
mum quantity of DNA that we routinely 
detect with PCR', no amplified product 
was seen. DNA added after irradiation of 
the PCR mix could still be amplified, indi
cating that irradiation of the PCR mix 
does not compromise the ability of the 
reagents to mediate efficient amplifica
tion. Irradiation with the 300-nm transillu
minator alone, though considerably less 

pairs of oligonucleotide primers did not 
reduce the intensity of the product ampli
fied from 250 ng of human genomic 
DNA. 
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