






contains marker B73_8_ACC165 from B73 centromere 8. For
marker Mo17_5_TCG264, we directly sequenced the aberrantly
scored bands in the affected RILs IBM24 and IBM54. Both lines
contain the complete B73 centromere 5 haplotype as well as the
Mo17_5_TCG264 marker from Mo17 centromere 5.

We ruled out that crossover had occurred coincidently with
marker gain using our established centromere map positions [24].
For centromere 5 we used the following markers: umc40, mmp60,
rz87 - Cent5 - umc1591, umc2302, and umc1060. For centromere
8 we used bnlg1834, umc1157, umc1904 - Cent8 - AY110113,
gpm572b, and IDP334. Map scores for the flanking gene markers
have been previously published [13,45] and were obtained from
maizegdb.org.

FISH
FISH on mitotic cells was performed as described previously

[32]. The following four repetitive DNA sequences were included
in the probe cocktail: subtelomeric 4-12-1 (FITC labeled), CRM2
LTR (FITC labeled), CentC (Texas Red labeled), and knob180
(Texas Red labeled). The clones of 4-12-1, CentC, and knob180
were generously provided by Dr. James Birchler (University of
Missouri). The CRM2 LTR was PCR amplified from genomic
DNA using the following primer set: forward, 59-TCGTCAACT-
CAACCATCAGGT, and reverse, 59-GCAAGTAGCGAGAGC-
TAAACTTGA. All images were captured and processed using a
Zeiss Axio Imager microscope and SlideBook 4.0 software
(Intelligent Imaging Innovations, Denver, CO, USA).

Estimation of Gene Conversion Rate in IBM Lines
Assuming that all markers have equal likelihood of being

involved in an exchange event, and taking into account the
decrease in heterozygosity during the 11 generations involved in
preparing the mapping population, we can estimate the rate of

gene exchange as
x

M � G
, where x is the observed number of

exchanges,M the total number of markers, andG the effective
number of generations available for exchange. We observed two
exchange events, and scored 238 markers in each of the 93 lines
remaining after removing contamination. A further 696 markers
were removed because of contamination or inconsistent banding
patterns, such that the total number of markers wasM = 21,438.
In a randomly mating population, all 11 generations would
provide opportunities for exchange. But as RILs are inbred, each
generation possesses less heterozygosity and thus fewer opportu-
nities to observe an exchange event. Correcting for this, the
effective number of generations isG~ 1z

P 11
n~ 1

1=2ð Þn, and the
total rate is 1.866 102 4 exchanges per marker per generation.

LD and Simulation
Calculation of Rmin, pairwise r2, and ZnS utilized code from the

analysis and msstats packages of the libsequence C++ library [46].
We modeled the decay of LD with distance [37] and tested the
significance of the association between r• 2 and distance along
centromere 2 with 1,000 pairwise permutations. The significance
of the ZnS statistic for each centromere was compared to results
from 1,000 coalescent simulations under a bottleneck model
(similar to [47]) with no recombination. Simulations were
performed in ms [48] with the command line:

ms 53 1000 -t 500 -r 0 1000000 -cc 1000 -eN 0.00556 0.00544
-eN 0.00611 1.

Estimation of Gene Conversion in Diverse Inbreds
We used two independent methods to estimate gene conversion

rates. First, composite likelihood methods [39], as implemented in
the program maxhap (http://home.uchicago.edu/, rhudson1/
source/maxhap.html), were used to estimate the population gene
conversion ratec ( = 4Neg), where g is the gene conversion rate per
bp per generation. We assumed a gene conversion tract length of
1 kb, a population recombination rate ofr = 4Ner = 102 5 per kb,
where r is the recombination rate per bp per generation, and that
markers were evenly spaced across the centromere. Centromere
sizes were based on map estimates [24]. Physical map positions
from centromere 2 were utilized to verify that assumptions of
order and distance had little effect on the final rate estimation
(unpublished data). Using maxhap, we calculated the likelihood of
different rates across a grid of 10,000 values ofc/ r from 1 to 106

Figure 6. Haplotype estimation of gene conversion. Shown is the
expected number of haplotypes observed under varying levels of gene
conversion (c) from coalescent simulations of a maize domestication
bottleneck. The solid line indicates the mean number of haplotypes,
and the shaded region encloses the empirical 95% confidence intervals.
Horizontal dotted lines represent the number of haplotypes observed
from the centromeres indicated (m is the number of markers in that
centromere). The most probable gene conversion rates occur where the
dotted lines intersect with the solid lines. The last panel shows the
outcome if all centromere 8 data are considered together (from both
B73 and Mo17, such that m = 19).
doi:10.1371/journal.pbio.1000327.g006
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