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Figure S1 Diagram of the development of a double cross population from four inbred lines A, B, C, and D, which
are highly homozygous at most loci. Assuming locus 1 and locus 2 were two linked polymorphism markers. A1-D;
were the four alleles at marker locus 1. A,-D, were the four alleles at marker locus 2. Linkage phases in the two

single crosses were known when the four inbred lines were genotyped.
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Figure S2  Five categories of polymorphism markers which can be used in genetic study in double cross
populations. In Category | or ABCD, each marker shows four identifiable alleles between the four inbred parents,
represented by A, B, C and D (see the four different colors in Figure S1). In the double cross population, four
genotypes can be identified, represented by AC, AD, BC and BD. In Category Il or A=B, one allele can be seen in
parents A and B, and two alleles can be seen in parents C and D. In the double cross population, only two
genotypes can be identified, represented by XC and XD, where X can be either A or B. In Category Il or C=D, two
alleles can be seen in parents A and B, and one allele can be seen in parents C and D. The two identifiable
genotypes in the clonal population are represented by AX and BX, where X can be either C or D. In Category IV or
A=CB=D, parents A and C show the same homozygous genotype, and parents B and D show the same
homozygous genotype. The two alleles in four parents are represented by A and B, and three genotypes in their
progenies are represented by AA, AB and BB. In Category V or A=DB=C, parents A and D show the same
homozygous genotype, and parents B and C show the same homozygous genotype. The two alleles in four

parents are represented by A and B, and three genotypes in their progenies are represented by AA, AB and BB.
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Figure S3 Combined, female, and male linkage maps of ten chromosomes in the actual maize population.

Kosambi mapping function was used to convert recombination frequency to genetic distance.
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Haploid A Haploid B Haploid C Haploid D Inbred A X Inbred B Inbred C X Inbred D
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Figure S4 Schematic representation on the difference and similarity between clonal F; and double cross. In
clonal Fy, the cross was made between two heterozygous parents. In double cross, the four parents were existing
homozygous inbred lines. Two F1 hybrids were firstly made from the four parents, and then the double cross was
derived from the two F; hybrids. Solid arrows represent the derivative relationship in practice. In clonal F4,
haploids of the two parents can be built from the genetic analysis in its progenies, after which four virtual

homozygous inbred lines may be determined. Dashed arrows stand for procedure where the four virtual lines
were derived.
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File S1

Newton-Raphson algorithm in estimating r in Scenario 4 in clonal F; progenies

For linkage phase |, using the theoretical frequencies of genotypes in Table 5, the likelihood function was given in

Eq. (S1).

~ nl 1 , ny+ny, 1 N, +Ng7 +Ng 1 n,+ny,
L—m{z(l—r) jl |:Z r(l—r)j| l:a r(l—r):| X

F rzrmm F (1—2r+2r2)r+n8, (s1)
4 4

where ni-ni; were observed sample sizes of the 12 genotypes, n;;is sum of n; to n;, and n was the total sample

size (i.e. n=n1.13). The logarithm of the likelihood was given in Eq. (S2).
logL=C+(2n,+n,+n, +ng, +ng+n, +2n,)log(l—r) +
(N, +2n, +n, +ng, + Ny + 20, +n,;)logr +(n, +ng)log(L—2r +2r%)  (s2)

It is impossible to acquire an analytic MLE of r by solving the likelihood equation. Steps of Newton-Raphson

algorithm to acquire a numerical solution of r were shown below.
Step 1: Assuming the initial value of r as 0.00001, and ¢ is the bearable error;

Step 2: Calculating the first derivative T ' (r) and the second derivative | ”(I’) as given in Eq. $3 and

S4, respectively.

dinL _n,+2n,+n,+Nng; +Ng +2np+ny;
dr r

f'(r)=

2n1+n2+n4+n6:7+n9+n11+2n12+ 4r -2 (ng+n,)
5 8

(3)
1-r 1-2r+2r?
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2InL _ n,+2n,+n, +Ng; +Ng + 20, + N,

d
f” —
") d?r r?

2n1 + n2 + n4 —2;57':;—2[]9 + nll + 2n12 + (1 _8;£1+_2rr)2 )2 (n5 + nS) (54)

Step 3: Updating r as follows: ri+1:ri_f (r,)/f (ri).lf |I’i+l—l’i|S8 thenlet T =T,

i+17
Otherwise, let I;,; =TI, and repeat step 2 until |I’iJrl — I’|| <g.
For linkage phase Il, the likelihood function and logarithm likelihood were given in Eq. S5 and S6,
respectively.
n! r 1 Ny+Ng - 1 Ny +N3+Ng+Ngo 1 N5 +Ng
L=—" 1 2a-rp| | Eea-n) Tra-n| o«
nt--n,l 4 | 4 2

1 Ne7 '1 N2+

2| |=@-2r+2r?) (55)

4 K ]

logL=C+(n, +n;+2n, +n,+ng+2n, + N,y +ny,) logL—r) +
(n, +n, +n, +2n,, +ng+2n,, +n,)logr+(n, +n,)log(l—2r +2r?)  (s6)

The first derivative T I(I’) and the second derivative f ”(I’) were given in Eq. S7 and S8, respectively.

dInL:n1+n3+n5+2n6:7+n8+n10+n12_+

f'(r)=
") dr r
nl+n3+2n4+n5+n8+2n9+n10+n12+ 4r -2 (n, +n,) (s7)
1-r 1-2r42r2 02 Y
f,,(r):dZInL:_nl+n3+n5+2n6:7+n8+n10+n12_.
d’r r?
My + N5+ 20, + N+ 0+ 205 + Ny + My 8r(1-r) (n, +n.) (s8)
2 o U2 Tl
@-r) (1-2r+2r?)

For linkage phase Ill, the likelihood function and logarithm likelihood were given in Eq. S9 and S10,
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respectively.

4 2

n! 1 5 N7 1 Ny +N3+N3o+Ngp 1 ng+ng
st [aeen] T gren]

1 ny+nNg 1 Ny+Ngq
=r? | [2(-2r+2r?) (59)
4 4
The logarithm of the likelihood is therefore,

logL=C +(n, + N, + N +2ng, +Ng + 20,5 +n;,) log(l—r) +

(n, +ny +2n, +ng+ng +2n, +ny, +n,)logr + (n, +ny,) log(L—2r + 2r?) (s10)

The first derivative | I(I’) and the second derivative T ”(I’) were given in Eq. 511 and S12,

respectively.

dinL _n +n;+2n, +n;+Ng +2n +Nyy + Ny,

f'(r)=
(") dr r
N +n,+n,+2n,,+Ng+n,+n, N 4r -2 (n, +n,,) (511)
1-r 1-2r+2r?
, d?InL  n +n,+2n,+n,+ng+2n, + Ny +N,,
f (r): 5 = — 2 —
d°r r
n1+n3+n5+2n6:7ern8+nlo+n12+ 8r(l—r) (n, +ny) (512)
L-r) (L-2r+2r?f

For linkage phase 1V, the likelihood function and logarithm likelihood were given in Eq. S13 and S14,

respectively.

2

~ n! 1 , Nz +Nyg 1 N, +Ng7 +Ng 1 Ny +nyy
S T O R TR
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1 l(1—2r+2r2) (513)
4 4

logL=C +(n, +2n,+n, +ng, + Ny +2n,,+n,,)log(Ll—r) +
(2n, +1n, +n, +Ng, +Ng+Ny, +2n,)logr +(ng +ng) logL—2r +2r?)  (s14)

The first derivative T I(I’) and the second derivative f ”(I’) were given in Eq. S15 and S16,

respectively.

dinL _2n,+n,+n, +Ng; +Ng + Ny +20;,
dr r

f(r)=

N, + 2N, + N, +Ng, +Ng + 2N, + Ny N 4r -2 (ng+ny) (515)
1-r 1-2r+2r
2
wen d7INL 20,40, 40, +Ng; +Ng +Ny; 420,
f'(r)= s — = — 5 -
d°r r
n,+2n,+n,+n., +nN,+2n,+n 8r(l-r
2 3Ty T Vg7 . 9 107, ( )2 . (n5+ns) (S16)
@-r) (L-2r+2r?)
L. Zhang, H. Li, and J. Wang
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File S2

Likelihood function, first and second order derivatives of the logarithm likelihood in estimating r in Scenario 9

for linkage phase I and IV in clonal F1 progenies

For linkage phase I, the likelihood function and logarithm likelihood were given in Eq. S17 and S18, respectively.

114 4

I n+ng N,+N,+Ng+Ng ng+n; ns
L:n'[l(l—r)z} [1r(l— r)} [1r2} {1(1—2r+2r2)} (517)
nt---ny! 2 2
logL=C+(2n,+n,+n, +ng+ng +2n)logl—r) +
(n, +2n,+n, +ng +2n, +ny)logr +n, log(L—2r +2r?) (518)
where ni1-ng were observed sample sizes of the nine genotypes.

The first derivative T I(I’) and the second derivative f ”(I’) were given in Eq. S19 and S20,

respectively.

dinL _n,+2n,+n,+n+2n,+n;
dr r

f(r) =

2n, +n, +n, +Nn, +Ng + 2N, N 4r -2
1-r 1-2r+2r°

Ns (s19)

2InL _ n,+2n,+n, +Nn, +2n, +n

d
fr(r)=
( ) dzr r2

20+, N, +Ng 414205 8r(1—r)

L-ry (1-2r+2r2f o

For linkage phase IV, the likelihood function and logarithm likelihood were given in Eq. S21 and S22,

respectively.

~ nl E v ng+n; 1 B Ny+N+Ng+Ng 1 , ny+ng E ) , ns 1
L_nl!---ng!{ (@ r)} [Zr(l r)} [ r} {2(1 2r +2r )} (521)

4 4

10SI L. Zhang, H. Li, and J. Wang



logL=C+(n, +2n,+n, +n,+2n, +ng) logL—r) +
(2n, +n, +n, +ng +ng +2n,) logr +ng log(L - 2r +2r?) (S22)

The first derivative T I(I’) and the second derivative f ”(I’) were given in Eq. S23 and S24,
respectively.

dinL _2n,+n,+n, +Ng+Ng +2n,
dr r

f/(r) =

n2+2n3+n4+n6+2n7+n8+ 4r -2

n (523)
1-r 1-2r+2r% °
f,,(r)_dzlnL_ 2n, +N, +N, + N, +Ng +2n,
d?r r?
n,+2n,+n,+n.+2n, +n 8r(l—r
2 3 4 6 7 8+ ( ) (524)

L-ry (-2r+2r2f °

L. Zhang, H. Li, and J. Wang
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File S3

Main steps for the combined algorithm of nearest neighbor and Two-opt algorithm of

Traveling Salesman Problem (TSP)

Nearest neighbor algorithm was one of the first constructive algorithms to generate an initial solution of TSP. Its

key idea was to visit the nearest neighbor each time. The main steps were as follows:

1. Select a city randomly.

2. Find the nearest unvisted city and go there.

3. If there are unvisited cities, repeat setp 2.

4. Return to the first city.

Although nearest neighbor algorithm was easy to understand and operate, it usually could not give the

optimal solution for TSP. Then Two-opt algorithm was used for improving the solution. The main steps were as

follows:

1. Generate a random initial solution T.

2. Select two cities i and k randomly and i<k. Then the modified solution was from city 1 to i-1, from city k

reversely to i, and then from city k+1 to the end. If the modified solution can achieve a shorter length, the

output solution was substuted by the modified solution.

3. If there are other pairs of i and k, repeat step 2.

4.  Cut off the cycle from the longest interval.

12 SI L. Zhang, H. Li, and J. Wang



File S4

Comparison with JoinMap, OneMap and R/qtl for linkage map construction in a simulated population with

distorted markers

A simulated population with distorted markers was generated to investigate the effect of distortion on map
construction. The original simulated population in Material and Methods was used as a start, among which none
markers showed distortion. The steps to generate the distorted simulated population with distortion were as
follows. Firstly, 50% marker points at Marker1l1 whose genotypes were AC or AD were set to be missing randomly.
Then all individuals harboring missing genotypes at Marker 11 were deleted. In other words, the distorted
population had only 150 individuals. Percentages of genotypes AC, AD, BC and BD at Marker11 were 16.7%, 19.3%,
33.3% and 30.7% whose P value of )(2 test for segregation was 0.0068. Markers 6 t0 9, 12, 14, 16 to 18 also

showed segregation distortion under the significance level at 0.05.

General information of the combined linkage maps of the distorted population built by GACD, JoinMap4.1,
OneMap and R/qtl were shown in Table S6. Similar to the original population, marker orders given by GACD,
OneMap and R/qtl were the same as the predefined order. However, marker order given by JoinMap4.1 was far
from predefined (Table S6). The true length was 100.13 cM. Lengths of the maps were 104.14 cM from GACD,
15203.82 cM from JoinMap, 102.92 cM from OneMap, and 104.38 cM from R/qtl. Time spent for building the
maps was 6 s by GACD, 40 s by JoinMap, 334 s by OneMap, and 56 s by R/qtl. Distortion has little effect on linage
map construction. Map lengths from GACD, OneMap and R/qtl were similar for this population, but OneMap and

R/qtl had higher computational complexity and were much more time consuming than GACD.

L. Zhang, H. Li, and J. Wang 13 SI



File S5

Comparison with JoinMap, OneMap and R/qtl for linkage map construction in a simulated clonal F; population

with 200 individuals and 200 markers belonging to Category IV

To investigate the effect of larger number markers on map construction, a simulated clonal F; population with 200

individuals and 200 markers was generated. All markers in this population belonged to Category IV. We

considered one chromosome each with 200 evenly distributed markers. Recombination frequencies between any

two neighboring markers were set at 0.099, equivalent to a genetic distance of 1.0 cM using Haldane mapping

function. The length of the chromosome was 200 cM. For simplicity, one population with 200 bi-parental F,

progenies was simulated by linkage map construction and QTL mapping software QTL IciMapping v4.0 (available

from the web http://www.isbreeding.net/). This population could be regarded as a clonal F; population with all

markers belonging to Category IV, or a double cross population with all markers belonging to Category V. Use

GACD, JoinMap4.1, OneMap and R/qtl for map construction. All parameters for ordering markers were set as

default.

General information of the combined linkage maps of this population built by GACD, JoinMap4.1, OneMap and
R/qtl were listed in Table S7. R/qtl could not give results in the same personal computer owing to the
computational complexity, and RGui showed the error message “Error: cannot allocate vector of size 438.4 Mb”.
All markers could be linked to the chromosome by GACD. However, 5 and 24 markers could not be linked by
JoinMap4.1 and OneMap respectively. Orders of all linked markers given by GACD, JoinMap4.1 and OneMap were
the same as the predefined order. The true length was 200 cM. Lengths of the maps were 199.28 ¢cM from GACD,
198.62 cM from JoinMap, and 198.18 cM from OneMap. Obviously, Length from GACD was the closest to the true
length. Lengths from JoinMap and OneMap were a little shorter than GACD, which may be caused by the fewer
number of markers on the chromosome. Time spent for building the maps was 0.5 min by GACD, 5 min by
JoinMap, and 517 min by OneMap. Obviously, GACD gives the most accurate linkage map for this population

using the shortest time.

14 S| L. Zhang, H. Li, and J. Wang



Table S1 Female and male gametes and their frequencies, and frequencies of their F; progenies. Assuming
four alleles can be clearly identified at each of the two linked loci. Genotypes of the female and male parents are
A1A,/B1B, and C1D,/C1D,, respectively. Recombination frequencies in the female and male parents are denoted as

reand ry, respectively.

Gamete and its Gamete and its frequency from the male F;

frequency from the
1 1 1

ac, 3(1-ry) b 3hy DG, 31y b, 1(1-1y)

female F;

ArAy, %(1_rF) %(l_rF)(l_rM) %(1_r|:)ryv| %(1_ rF)rM %(1_rF)(1_rM)

AiBy, L1 ir.@1-r,) Trery Trehy sr=1-r,)
BiAz, 3T Te@-ry) FTey 7Ty ie@A-ry)
BB, 3(1-1:) 11-r)1-r,) T@=r)r, 1(1-r)r, 11-r)1-1r,)

L. Zhang, H. Li, and J. Wang 15 S|



Table S2 Theoretical frequencies of the twelve identifiable genotypes in the double cross population for
Scenario 10. A;, B3, C; and D; are the four alleles at locus 1. A; and B; are the two alleles at locus 2.
Recombination frequencies in the female and male parents are denoted as rr and ry, respectively. The combined

recombination frequency is denoted as r. The last column gives the symbol of observed sample size of each

genotype.
Genotype Locus 1 Locus 2 Frequency Combined Sample size
recombination
frequency
1 A1Cy AA; 1@A-r)ry, ird-r) m
2 AG AzB; F-r)A-ny) +4rn, $@-2r+2r?) n;
3 A1Cy B,B, -1y sr@d-n) ns
4 A1Dq A)A; %(1_ r)(1-r,) Td- I’)2 ng
5 A1D: A2B; @y +il-r)  3r@-r) ns
6 A1Dy B.B, Lrery iyp? ne
7 BiCy AA; Lrery iyp? ns
8 B1G, AzB, FA-ro)n +4A-r)  Frd-r) ng
9 B1Cy BB, %(1_ r)(1-r,) T(d- I’)2 ng
10 BiD; AA; $1-1y) ir@-r nio
11 B1D: A2B; FA-r)A-ry) +3ren, t@-2r+2r?) N
12 B1D; B,B> %(1_ re )y Fr@-r) niz

16 S| L. Zhang, H. Li, and J. Wang



Table S3 Theoretical frequencies of the six identifiable genotypes in the double cross population for Scenarios
11 and 12. For Scenario 11, X; (=A; or B1), C; and D; are the three alleles at locus 1; A, and B, are the two alleles
at locus 2. For Scenario 12, A;, By, X1 (=C; or D;) are the three alleles at locus 1; A; and B, are the two alleles at
locus 2. Recombination frequencies in the female and male parents are denoted as rr and ry, respectively. The

last column gives the symbol of observed sample size of each genotype.

Genotype Locus 1 Locus 2 Frequency Sample size
Scenario 11 Scenario 12 Scenario 11  Scenario 12
1 X1C1 AX1 AA; % My %(1_ re) ny
2 X1C1 AiX1 AzB, " % nz
3 XiCy A B28B> Q- I N3
4 XiDx BiX: A, $d-n) i Na
5 X1D1 BiX1 A2B, " % ns
6 X1D1 BiX1 BB, % My %(1_ re) ne

L. Zhang, H. Li, and J. Wang 17 S|



Table S4 Theoretical frequencies of the nine identifiable genotypes in the double cross population for

Scenario 13 and 14. A; and B; are the two alleles at locus 1; A; and B; are the two alleles at locus 2. The

combined recombination frequency is denoted as r. The last column gives the symbol of observed sample size of

each genotype.

Genotype Locus 1 Locus 2 Expected frequency Sample size
Scenario 13 Scenario 14

1 AlA; AAz Fr@-r 1(1-r)? n
2 AlA; AzB; i@-2r+2r% ir@l-r) n,
3 AiA; B2B; ir@-r) %rz ns
4 A1By AA; i@-2r+2r% ir@l-r) na
5 A1B; A3B; rt-r) l1-2r+2r?) ns
6 A1B; B,B; i@-2r+2r% ir@l-r) ne
7 B1By AA; ir@d-r) %rz ny
8 B1B; AzB; i@-2r+2r% ir@l-r) ng
9 BiB: BB, $r@-r) Ta-n’ ng
18 Sl L. Zhang, H. Li, and J. Wang



Table S5 Combined recombination frequencies between 20 markers in a simulated clonal F; population. The upper triangular was theoretical recombination frequencies, and the lower

triangular matrix was estimated recombination frequencies.

Category Marker 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
1] 1 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36 0.37 0.39 0.40 0.41 0.42 0.42 0.43
1] 2 0.05 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36 0.37 0.39 0.40 0.41 0.42 0.42
[\ 3 0.06 0.04 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36 0.37 0.39 0.40 0.41 0.42
11l 4 0.08 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36 0.37 0.39 0.40 0.41
11l 5 0.11 0.03 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36 0.37 0.39 0.40
\Y 6 0.18 0.17 0.13 0.08 0.05 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36 0.37 0.39
11l 7 0.19 0.14 0.12 0.03 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36 0.37
| 8 0.22 0.21 0.18 0.16 0.14 0.09 0.04 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34 0.36
11l 9 0.20 0.17 0.15 0.06 0.06 0.03 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33 0.34
[\ 10 0.26 0.23 0.23 0.20 0.18 0.16 0.08 0.09 0.05 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31 0.33
| 11 0.31 0.30 0.26 0.24 0.22 0.18 0.13 0.12 0.08 0.05 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28 0.31
v 12 0.31 0.28 0.29 0.24 0.20 0.20 0.15 0.13 0.13 0.08 0.04 0.05 0.10 0.14 0.17 0.20 0.23 0.26 0.28
1] 13 0.36 0.35 0.26 0.22 0.20 0.13 0.07 0.04 0.05 0.10 0.14 0.17 0.20 0.23 0.26
| 14 0.39 0.38 0.34 0.31 0.30 0.26 0.23 0.23 0.20 0.18 0.13 0.10 0.04 0.05 0.10 0.14 0.17 0.20 0.23
1] 15 0.41 0.39 0.34 0.27 0.27 0.23 0.18 0.16 0.11 0.08 0.05 0.10 0.14 0.17 0.20
\Y) 16 0.45 0.44 0.39 0.38 0.37 0.30 0.25 0.28 0.24 0.26 0.21 0.17 0.15 0.09 0.06 0.05 0.10 0.14 0.17
| 17 0.44 0.42 0.40 0.36 0.35 0.34 0.28 0.30 0.26 0.29 0.26 0.22 0.22 0.15 0.13 0.07 0.05 0.10 0.14
11l 18 0.37 0.35 0.34 0.30 0.27 0.27 0.26 0.26 0.24 0.20 0.09 0.05 0.04 0.05 0.10
| 19 0.48 0.46 0.45 0.37 0.36 0.37 0.31 0.35 0.30 0.34 0.31 0.29 0.32 0.23 0.25 0.17 0.12 0.07 0.05
1] 20 0.49 0.47 0.48 0.41 0.42 0.36 0.35 0.29 0.32 0.32 0.26 0.23 0.17 0.08
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Table S6 Distance between the two markers (the upper triangular matrix) and LOD scores for detecting linkage (the lower triangular matrix) in the simulated clonal F; population. The

distance was calculated using Haldane mapping function.

Category Marker 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1] 1 5.3 6.5 22.6 29.0 374 47.1 489 619 735 830 116.1 102.0 160.9 175.3
1] 2 43.0 4.2 20.8 27.2 31.1 446 410 586 693 735 107.0 88.6 126.3 133.0
\Y 3 20.0 225 8.8 12.6 146 24.2 21.7 25.9 30.1 35.7 429 37.2 580 581 764 79.2 68.8 111.9 174.8
11l 4 17.7 2.6 8.7 16.4 19.3 20.8 255 32.7 32.0 48.4 72.3 63.6 60.2 674

11l 5 14.8 50.1 4.8 131 15.7 17.1 22.2 28.1 26.3 44.6 68.3 58.6 55.4 619

[\ 6 8.4 9.0 32.4 15.9 19.4 3.5 10.2 6.0 200 21.8 26.2 283 369 394 46.8 55.8 44.7  66.0 85.2
1] 7 8.8 25.0 29.2 20.8 4.2 6.4 9.2 15.1 17.9 30.8 35.6 41.0 38.8 484

| 8 14.4 15.6 23.0 220 258 420 456 3.1 9.8 141 15.7 247 303 378 404 45.2 38.8 60.2 88.6
1l 9 8.2 206 243 18.2 40.5 485 5.6 8.7 14.9 25.5 31.8 36.7 36.7 45.8

v 10 4.8 6.3 4.0 8.0 9.2 9.1 16.7 444 20.1 5.1 9.2 146 222 311 36.7 43.0 37.4 56.7 62.9

| 11 6.8 7.5 12.4 12.3 15.0 225 26.6 56.2 36.0 58.8 4.0 7.5 151 223 265 36.7 32.7 490 60.2
\Y) 12 2.9 4.1 1.4 5.9 7.6 5.4 10.9 317 125 0.0 63.6 4.5 10.8 195 211 29.5 26.3 434 43.5
1] 13 3.7 4.2 5.1 6.6 17.4 13.0 38.2 20.8 4.2 12.4 17.4 29.0 49.7 51.1

| 14 2.3 2.7 4.9 6.4 7.5 10.9 134 273 16.7 224 536 411 456 8.7 9.8 17.1 9.9 30.3 51.1
1] 15 1.6 2.3 2.1 4.1 10.0 6.3 19.3 10.2 30.1 36.0 6.3 15.1 33.7 36.7
\Y) 16 0.2 0.3 0.0 1.2 1.5 0.0 5.6 9.7 6.5 2.3 19.0 8.3 122  47.0 20.8 7.2 5.2 20.2 30.0

| 17 0.7 13 1.8 3.5 4.2 4.7 8.7 14.8 104 8.9 21.0 15.9 144  50.7 26.6 53.0 4.2 13.4 20.8
11l 18 1.4 4.0 4.8 33 9.5 9.5 104 4.8 123 7.6 33.9 22.0 45.6 7.5

| 19 0.1 0.3 1.0 3.0 3.7 3.5 6.4 8.6 7.2 5.0 13.0 8.9 6.1 30.3 11.9 26.5 57.6 38.2 8.1

1] 20 0.0 0.2 0.0 0.6 13 1.7 4.0 3.7 5.8 5.8 104 7.1 20.6 37.1
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Table S7 General information of the combined linkage maps of the two simulated populations with 20
markers built by GACD, JoinMap4.1, OneMap and R/qtl.

Software Order Length (cM)  Time (s)
Original population

GACD 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15, 16,17, 18,19,20 101.79 10
JoinMap4.1 12,8,5,3,4,6,7,9, 14, 15, 20,1, 2,10, 11,13,17,19, 16,18 15211.04 33
OneMap 1,2,3,4,56,7,8,9,10,11, 12,13, 14, 15, 16,17, 18, 19,20 103.83 455
R/qtl 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15,16, 17, 18,19,20 104.22 63
Distorted population

GACD 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15,16, 17, 18,19,20 104.14 8
JoinMap4.1 12,8,5,3,4,6,7,9, 14, 15, 20,1, 2,10, 11,13,17,19, 16,18 15203.82 45
OneMap 1,2,3,4,5,6,7,8,9, 10,11, 12, 13, 14, 15, 16, 17, 18, 19,20  102.92 334
R/qtl 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14, 15,16, 17, 18,19,20 104.38 56
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Table S8 General information of the combined linkage maps of the simulated population with 200 individuals
and 200 markers built by GACD, JoinMap4.1, OneMap and R/qtl.

Software No. of unlinked No. of linked markers in First Last Length Time
markers correct order marker marker (cM) (min)
GACD 0 200 Markerl Marker200  199.28 0.5
JoinMap4.1 5 195 Markerl Marker200  198.62 5
OneMap 24 176 Markerl Marker198 198.18 537
R/qtl -2 - - - - -

aR/qtl cannot give results for this population
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