
O
tober 2007TempoFsThis note do
uments the usage of the TempoFs program for estimating geneti
drift and e�e
tive population size under the temporal method. TempoFsimplements Jorde & Ryman's (2007) estimator, Fs, whi
h should provideunbiased estimates also for highly polymorphi
 lo
i with many alleles in lowfrequen
y, in
luding mi
rosatellites. Both sample plans 1 and 2 (sensu Nei &Tajima 1981; Waples 1989) are supported.Installing TempoFsThe downloaded zip �le 
ontains the exe
utable program (TempoFs.exe forWindows/Dos and TempoFs for Linux) and sour
e 
ode (TempoFs.
).Input dataAllele frequen
y data must be given blank-separated one lo
us at a time, andwith samples in 
hronologi
al order for ea
h lo
us, and should be entered intoa �le formatted as follows.Line 1: number of samples (integer), number of lo
i (integer), and optionally:any textLine 2: number of alleles at ea
h lo
us (integer)Line 3 - onwards: allele frequen
y (real) for the �rst lo
us, number ofsamples genes (2x number of diploid individuals; real), name of lo
us(text) and generation (real).Line 3 is repeated for this lo
us for ea
h additional sampleLines 3+samples are repeated for ea
h additional lo
us, keeping sampleorder as beforeExample data �le:3 9 Data are from Begon, Krimbas & Loukas (1980): Heredity, 45: 335-350.3 6 3 4 3 4 3 5 50.289 0.674 0.037 380.0 EST3 10.325 0.621 0.054 500.0 EST3 80.255 0.689 0.056 670.0 EST3 100.000 0.026 0.405 0.527 0.021 0.021 380.0 EST5 10.016 0.068 0.300 0.523 0.093 0.000 500.0 EST5 80.011 0.057 0.374 0.503 0.049 0.006 670.0 EST5 100.058 0.010 0.932 380.0 EST7 10.029 0.003 0.968 500.0 EST7 80.047 0.000 0.953 670.0 EST7 100.000 0.453 0.547 0.000 380.0 APH 10.010 0.568 0.412 0.010 500.0 APH 81



0.012 0.532 0.442 0.015 670.0 APH 100.042 0.921 0.037 380.0 PGM 10.055 0.930 0.015 500.0 PGM 80.033 0.940 0.056 670.0 PGM 100.005 0.400 0.492 0.103 380.0 HK1 10.003 0.385 0.509 0.103 500.0 HK1 80.003 0.405 0.473 0.119 670.0 HK1 100.016 0.947 0.037 380.0 ME 10.015 0.941 0.041 500.0 ME 80.013 0.924 0.062 670.0 ME 100.021 0.142 0.674 0.116 0.047 380.0 XDH 10.012 0.097 0.768 0.091 0.032 500.0 XDH 80.020 0.118 0.724 0.092 0.046 670.0 XDH 100.116 0.237 0.547 0.053 0.047 380.0 AO 10.080 0.188 0.600 0.088 0.047 500.0 AO 80.093 0.158 0.599 0.092 0.059 670.0 AO 10A 
orre
tly formatted input �le may be generated from individual genotypedata in GENEPOP format using the in
luded GPtoSU utility.Running TempoFsThe program (TempoFs or TempoFs.exe) takes the name of the input �le onthe 
ommand line:TempoFs mydata.txtor, if no �le name is given, ask for it during exe
ution. In the latter 
ase theprogram also ask for the name of an output �le to write the results (otherwisethe name of the output �le defaults to <input.name>.OUT):Enter name of data file: mydata.txtEnter output file name: mydata.resultFinally, the program asks for whi
h sample plan was used [1 or 2: see Nei &Tajima (1981) and Waples (1989) for details℄. In the 
ase of plan 1, the a
tualnumber of individuals in the population is also requested:Enter sample plan (1 or 2): 1Enter a
tual (
ensus) population size, N: 100Note that the program will generate an error during exe
ution if allelefrequen
ies do not add to unity at any lo
us (+/- a small quantityAlleleFreqToleran
e allowing for minor rounding errors). Su
h an error willbe generated for the example data above:Error in indata file: allele frequen
ies sum to 1.029000 at lo
us 5 insample 3In su
h 
ir
umstan
es it may be possible to adjust AlleleFreqToleran
e inthe sour
e 
ode upwards to a

ommodate reasonable rounding errors and2



re
ompile the program. However, in this parti
ular 
ase there is probably atypographi
al error in the original paper and it would probably be best to tryto weed out errors in the data before attempting to estimate anything fromthem.OutputThe program estimates geneti
 drift, F_s' (
orre
ted for sampling a

ording tothe appropriate sample plan), and e�e
tive population size per generation, Ne,assuming that time (the last 
olumn in the input �le) is given in generations.Estimates are 
al
ulated as des
ribed in Jorde & Ryman (2007), separately forea
h 
onse
utive sample interval in the 
ase of more than two samples.The program reports Fs (un
orre
ted), Fs' (
orre
ted for sampling a

ordingto the appropriate sampling plan), and Ne (per generation) separately for ea
hlo
us and over all lo
i, for ea
h sample interval. Also reported are the numberof alleles at ea
h lo
us (K), the sample sizes (S1 and S2), the number ofgenerations (t) between the two samples, and des
riptive notes. Exampleoutput:Output from TempoFs (version O
t. 22. 2007)Data are from from file begon_etal.datNote: Effe
tive size (Ne = t/2Fs') is estimated under the assumptions that:- the organism is diploid- generations are dis
rete- time is measured in generations- only geneti
 drift affe
ts allele frequen
y dynami
s- samples are from a single population, drawn a

ording to plan 2- multiple sample intervals are 
omputed separatelyEstimated drift (Fs') and Ne over the interval from 1 to 8:Lo
us K S1 S2 Fs Fs' t NeEST3 3 190 250 0.0090706 0.0044273 7.0 791EST5 6 190 250 0.0314322 0.0266087 7.0 132EST7 3 190 250 0.0228744 0.0181490 7.0 193APH 4 190 250 0.0621295 0.0566610 7.0 62PGM 3 190 250 0.0052271 0.0005899 7.0 5933HK1 4 190 250 0.0008857 -0.0037535 7.0 -932ME 3 190 250 0.0005019 -0.0041380 7.0 -846XDH 5 190 250 0.0260117 0.0212546 7.0 165AO 5 190 250 0.0126601 0.0080046 7.0 437All lo
i 36 190.0 250.0 0.0217239 0.0170090 7.0 206Ja
kknife over 9 lo
i (assumed independent):Mean: 0.0217174 0.0170202 7.0 206SE: 0.0081071 0.008051395% Confiden
e intervals (Mean -/+ 1.96*SE):Lower ( 2.5%) limit: 0.0058274 0.0012397 107Upper (97.5%) limit: 0.0376074 0.0328008 28233



Estimated drift (Fs') and Ne over the interval from 8 to 10:Lo
us K S1 S2 Fs Fs' t NeEST3 3 250 335 0.0196921 0.0161271 2.0 62EST5 6 250 335 0.0130169 0.0094963 2.0 105EST7 3 250 335 0.0073427 0.0038425 2.0 260APH 4 250 335 0.0043171 0.0008211 2.0 1218PGM 3 250 335 0.0165233 0.0129822 2.0 77HK1 4 250 335 0.0033053 -0.0001902 2.0 -5257ME 3 250 335 0.0058442 0.0023466 2.0 426XDH 5 250 335 0.0062545 0.0027563 2.0 363AO 5 250 335 0.0020697 -0.0014260 2.0 -701All lo
i 36 250.0 335.0 0.0081840 0.0046817 2.0 214Ja
kknife over 9 lo
i (assumed independent):Mean: 0.0081908 0.0046925 2.0 213SE: 0.0025569 0.002552995% Confiden
e intervals (Mean -/+ 1.96*SE):Lower ( 2.5%) limit: 0.0031793 -0.0003112 103Upper (97.5%) limit: 0.0132024 0.0096961 -3213WhereK = number of allelesS1, S2 = number of genotyped individuals in ea
h of the two samplesFs = observed allele frequen
y shift over the sample intervalFs' = d.o. 
orre
ted for expe
ted 
ontribution from samplingt = number of generations between the two samplesNe = estimated varian
e-effe
tive population size per generationNote that negative estimates (F ′

s and Ne) imply that the observed temporalallele frequen
y shift was less than that expe
ted from random sampling errorsalone, and su
h estimates should be interpreted as la
k of eviden
e for geneti
drift, implying an in�nite estimate of Ne. Some negative estimates areunavoidable in any unbiased estimator when the parameter is 
lose to zero.The TempoFs program uses the standard delete-one ja
kknife over lo
i toevaluate un
ertainty in the estimates (as suggested by Weir & Co
kerham1984). Reported are the mean (Mean) and standard error (SE) of the ja
kknifeestimates of Fs and F ′

s. Mean should be 
lose to the original All lo
iestimate. The ja
kknife Mean and SE are used to put a 95% 
on�den
einterval (CI) for mean Fs and F ′

s, assuming that they are normally distributed.A 95% CI for the estimated Ne is then is 
al
ulated from the lower and upperlimits for F ′

s. In the example above, the point estimates for Ne is 206 pergeneration during the �rst interval (generation 1 to 8) and 213 for the se
ondinterval (generation 8 to 10). The 
orresponding 95% CIs are very wide,however, ranging from 107 to 2823 and from 103 to in�nity, respe
tively.Given the similarity of point estimates for the two intervals it may bereasonable to assume that Ne remains 
onstant over time and to 
ombine thetwo into a single estimate over the 9 generations. One way of 
ombining data4



for the two intervals are to weight ea
h interval by the number of generationsbetween the two samples. The rationale for su
h a weighing s
heme is thatdrift a

umulates over generations and the longer interval should be moreinformative than the shorter one.First, we 
al
ulate average amount of drift per generation for the two intervals:Fs'(1-8) = 0.0170202/7 = 0.002431457 and Fs'(8-10) = 0.0046925/2 =0.00234625. The weighted mean (per generation) is Fs'(1-10) = (7/9)*Fs'(1-8)+ (2/9)*Fs'(8-10) = 0.0170202 + 0.0046925 = 0.0024125. An estimate fore�e
tive size over the entire period then be
omes Ne = 1/(2*Fs'(1-10)) =1/(2*0.0024125) = 207.3.The standard error of the 
ombined estimate may be 
al
ulated from thevarian
e of a weighted sum of varian
es (
f. Sokal & Rohlf 1981, p. 135,equation 7.1), making the (questionable) assumption that the two estimatesare independent. The varian
e for the average F ′

s per generation for ea
h ofthe two periods is: Var(1-8) = (0.0080513/7)2 = 1.322927e−6, and Var(8-10) =
(0.0025529/2)2 = 1.629325e−6. Thus, the varian
e for the entire period isVar(1-10) = (7/9)2 ∗ 1.322927e−6 + (2/9)2 ∗ 1.629325e−6 = 8.807498e−7, andthe standard error is the square root of this varian
e: SE(1-10) = Var(1-10)1/2= 0.00093848. Using the normal assumption as before yields the 95% CI forthe average F ′

s per generation: Fs'(1-10) -/+ 1.96*SE(1-10), or from 0.0005731to 0.0042519. The 95% CI for Ne over the period is therefore 1/(2*0.0042519)to 1/(2*0.0005731), or from 117.6 to 872.4. The CI is still quite wide, but
onsiderably improved relative to the two separate estimates, parti
ularly forthe upper limit.CitationTo 
ite this program refer to Jorde & Ryman (2007).Per Erik JordeUniversity of OsloDepartment of BiologyCentre for E
ologi
al and Evolutionary SynthesisP.O. Box 1066 BlindernN-0316 OsloNorwayE-mail: p.e.jorde�bio.uio.no
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