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Importance of the analysis of population structure and
linkage disequilibrium(LD) for breeding
* Exploring the breeding history

» Essential for the efficient organization and
utilization of germplasm

 |mportant to identify essentially derived varieties

 |dentifying potential target genes under selection

* Necessary for the design of association mapping
experiments



Population structure indicated by STRUCTURE and PCoA
based on modified Roger's distance (MRD) estimates

Genotyped with 23 SSR markers by KWS SAAT AG

Group N
Entire germplasm set 289
SG 1 115=
SG la 35
SG 1b 45
AD 1 35
SG 2 106 —>
SG 2a 55
SG 2b 31
AD 2 20
AD 68 =
Li et al. Euphytica, 2010,

175: 35-42

All inbreds were
from pollen
parent (PP)
heterotic pool

All inbreds were
from seed parent
(SP) heterotic
pool

5 inbreds were
from SP pool
and 63 from PP
pool
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As indicated by PCoA, most
of the inbreds from the SP
and PP pool are located In

two distinct clusters
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SP and PP heterotic pools of sugar beet

e Two important pools for hybrid breeding:
— SP heterotic pool (£): monogerm germplasm
— PP heterotic pool (3): multigerm germplasm

provided by
Olaf

Brinkman,
KWS

- SP pool was developed out of the PP pool in the late
seventies of the 20th century.

* Since then, two heterotic pools have been developed
separately.



Population structure indicated by STRUCTURE and
PCoA
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It indicates that only thirty years of recurrent reciprocal selection have the potential

to lead to differentiated populations



PC 2 (7.6%)

Genetic diversity within the elite germplasm set

Group N A I Gst

o | Entire germplasm set 289 5.0 0.60 -
o O%r ez, ﬁ SG 1 115 43 052 0.128
2] 0 25V e . P Rene SG 1a 35 36 055 0.019
S 45 29 030 0440
o AD 1 35 36 049 0.087
.l e i SG 2 106 30 042 0.309
Afsn e am 55 25 035 0170
. 31 25 033 0215
T wlee " AD2 20 27 039 0.070
o AD 68 44 059 0019

The results revealed that SG 1 and AD (mainly from PP pool) have a higher gene
diversity than SG 2 (from SP pool), while SG 2 is more divergent than the other two
groups



Materials

e 502 accessions of the PP heterotic pool of sugar beet

o Genotyped with 328 SNPs markers by KWS SAAT
AG

« Atotal of 26, 33, 41, 35, 40, 42, 39, 32, and 40 SNPs
were distributed on the 9 linkage groups



Population structure indicated by STRUCTURE

Yield type inbreds Sugar type inbreds
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Two subgroups were identified by STRUCTURE. SG 1 mainly consits of inbreds
from sugar type and SG 2 mainly from inbreds of yield type

In production, because there is almost invariably a negative correlation between root yield
and sugar percentage, there are yield and sugar types of sugar beet (Bosemark 2006)


http://www.biomedcentral.com/1471-2164/12/484/figure/F1?highres=y

PC 2 (5.4%)

Population structure indicated by PCA, PCoA,

LAPSTRUCT, and MCLUST
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Correspondence

Comparison of different numbers of SNPs for detecting
population structure
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Correspondence increased as the number of SNP markers increased. When
SNPs reached about 100 SNPs, not much further gain could be obtained. The
correspondence could be even higher when the SNPs were selected with

respect to their PIC values




Comparison of different numbers of SNPs for detecting
population structure
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CV for MRD decreased as the number of SNP markers increased. When
SNPs reached about 100 SNPs, not much further gain could be obtained



Genome-wide distribution of genetic diversity for yield
and sugar type inbreds

Entire set: 0.338
O  Yield type: 0.199
@ Sugar type: 0.365

Gene diversity
Oio Oil 0i2 Oi3 0i4 0i5

OiO Oil Oi2 0i3 0i4 0i5

Gene diversity
Oio Oil 0i2 Oi3 0i4 0i5

Linkage group G Linkage group H Linkage group |

For most genome regions, sugar type inbreds showed higher gene diversity than
yield type inbreds



MRD between yield and sugar type inbreds across the

genome
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Different degree of divergence was found across genome, which might

be due to artifical selection
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\
0.93% of
r2>0.8

18.97%
linked loci

J
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Genetic distance (cM)

LD decays to the Qg threshold at about 7.4cM. 18.97% linked loci pairs
are in significant LD



Extent of LD for all linked loci pairs within 5cM (7

Intervals across the genome
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We observed different LD levels along the linkage groups. This observation
suggests that different numbers of markers are required in different genome regions



Effective population size (Ne) inferred from the decay of LD

Effective population size (Ne) for the entire germplasm set, yield type
Inbreds, and sugar type inbreds across all linkage groups

A B C D E F G H I All
Entire
germplasm set 1374 680 629 892 230 528 283 573 80.0 52.7
Yield type 471 307 168 316 155 123 165 292 236 212
Sugar type 2107 874 918 833 36.0 927 482 66.2 816 727

Ne was higher for sugar type than yield type inbreds and varied among linkage
groups
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Summary

1.

Two distinct subgroups related to the SP and PP heterotic pools were
identified, which indicated that the SP pool are clearly sparated from
PP pool despite only 30 years of separation

Furthermore, two distinct subgroups were identified for the inbreds
from PP heterotic pools, which is in accordance to breeding history

MCLUST analysis had high correspondence with the germplasm types
and STRUCTURE results

. About 100 SNPs could identify the same population structure as the

whole SNPs set did

Gene diversity and MRD varied considerably across genome and
between pools

The percentage of marker pairs with r? > 0.8 was low and, thus, more
markers for genome-wide association mapping are required

Li et al. BMC Genomics, 2011,12: 484
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Numbers of subgroups identified by MCLUST based on
PCA component, PCoA coordinate, and Lapvectors

.

Principal components

The number of subgroups
identified by MCLUST
varied from 1 to 9 when
1-150 PC, PCo, or
Lapvectors were applied.
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Correspondence between the known germplasm types and
the assignment by MCLUST
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Principal components

When the number of . | MR
subgroups was set to

two, we observed for 10-
40 PC, 10-50 PCo, and
1-100 Lapvectors >95%
correspondence with the
germplasm type

Principal coordinates

Our observation
suggested that it
should be carefully
Inferred the number
of subgroups
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Extent of LD for yield and sugar type inbreds
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LD (r?) for linked loci pairs vs. genetic distance within yield (a) and sugar (b)
type inbreds . Dashed line Is Qg5 , and red line is nonlinear regression

LD decays to threshold at about 45.1cM for yield type inbreds, and about 20.6cM
for sugar type inbreds. 31.8% and 32.0% linked loci in yield and sugar type
Inbreds are in significiant LD. Percentage for r2 > 0.8 are 6.2% and 0.7%
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