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Table 2.1: Comparison of CDT, each mutant was compared to the respective controls
statistical analysis was performed using the D values50

CDT 1

D50 std err T50 Col Ler Ws vtc1-1 tt4-1 cad2-1 ats cat1 cat3

vtc1-1 = (d)#

cad2-1 = (d)#

tt4-1 3.58 0.23 =

ats 3.05 0.43 =

cat1 cat3 + (d)

tt4-1 vtc1-1 (1) 2.55 0.34 - (d)# - - (d) -

tt4-1 vtc1-1 (2) 2.92 0.65 - (d)# - - (d) -

tt4-1 cad2-1 (1) 4.88 0.18 + (d)# + + + (d)#

tt4-1 cad2-1 (2) 5.21 0.37 + (d)# + + + (d)#

ats vtc1-1 (1) 4.19 0.47 + (d)# + + (d) +

ats vtc1-1 (2) 4.72 0.13 + (d)# + + (d) +

ats cad2-1 (1) 6.27 0.56 + (d)# + + (d)# +*

ats cad2-1 (2) 3.72 0.37 + (d)# = + (d)# +

ats cat1 cat3 (1) 4.88 0.62 + + (d) + + (d)#

ats cat1 cat3 (2) 2.33 0.32 - - (d) - - (d)#

tt4-1ats 2.61 0.49 - - -

CDT 2

Col Ler Ws vtc1-1 tt4-1 cad2-1 cat1 cat3

vtc1-1 3.95 0.28 -

cad2-1 6.21 0.56 =

tt4-1 1.92 0.20 -

cat1 cat3 - (d)#

cad2-1cat1 cat3 (1)

2.15 0.09

- = (d)# - = (d)#

cad2-1cat1 cat3 (2)

2.70 0.20

- = (d)# - = (d)#

vtc1-1 cat1 cat3 (1)

4.15 0.35

-* - (d)# -* - (d)#

vtc1-1 cat1 cat3 (2)

4.53 0.60

-* - (d)# - - (d)#

vtc1-1 cad2-1 2.77 0.38 -* - -*

tt4-1 cat1 cat3 (1) 3.94 0.41 + = (d)# +* = (d)#

tt4-1 cat1 cat3 (2) 2.60 0.42 = - (d)# + - (d)#

-: indicates a worse germination of the mutant in the column compared to the respective genotype
at the top. =: no difference in germination was observed; +: a better germination was observed; n.d.: not
determined due to dormancy.

*indicates a

statistical significant difference. #: indicates no statistical analysis was performed using this data;
(d): indicates dormancy was present in this line so statistical comparison is not possible. A correction
to the P value for multiple tests was made: CDT1 P < 0.008 and CDT2 P < 0.012 was considered different
D values for L are CDT1: 3.62 ± SE of 0.15 and CDT2 2.49 ± SE of 0.07 and

Col in CDT 2 6.08 ± SE of 0.41
50 er

If dormancy was present germination differences were estimated based
on day 5 and 7 of treatment. Statistical analysis was performed using the D values:50

n.d.

n.d.

n.d.

n.d.
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Table 2.2: Comparison of germination percentages and statistical analysis of all mutants and double mutants after storage

at 32% and 60%RH and subsequent germination at 0.3%H O .2 2

Col Ler Ws vtc1-1 tt4-1 cad2-1 ats cat1 cat3

storage condition (%RH) 32 60 32 60 32 60 32 60 32 60 32 60 32 60 32 60

vtc1-1 = +

cad2-1 - +

tt4-1 -* -

ats -* -*

cat1 cat3 = +

cad2-1cat1 cat3 (1) - + - - = = - -

cad2-1cat1 cat3 (2) - = - - = - - -

vtc1-1 cat1 cat3 (1) = + - + = + - =

vtc1-1 cat1 cat3 (2) - + - = - + - -

vtc1-1 cad2-1 - + = + = +

tt4-1 vtc1-1 (1) - - - - - - - -

tt4-1 vtc1-1 (2) -* - - - -* -* - -*

tt4-1 cad2-1 (1) - - - - - - - -

tt4-1 cad2-1 (2) - - - - - - - -

tt4-1 cat1 cat3 (1) -* - -* -* - - -* -*

tt4-1 cat1 cat3 (2) -* -* -* -* -* - -* -*

ats vtc1-1 (1) -* -* -* -* -* -* u u

ats vtc1-1 (2) -* -* -* -* -* -* u u

ats cad2-1 (1) -* -* -* -* -* -* u u

ats cad2-1 (2) -* -* -* -* -* -* u u

ats cat1 cat3 (1) -* -* -* -* u u -* -*

ats cat1 cat3 (2) -* -* -* -* u u -* -*

tt4-1ats -* -* -* -* u u

u: indicates that no differences can be detected because these seeds did not germinate at 0.3% H O .2 2 At the top of the table all genotypes

the comparison was made to; -: indicates a lower germination; +: indicates a better germination;=: indicates that no difference in
germination could be observed and *: indicates a significant difference. Statistical analysis was performed with probit transformed data,
the P < 0.005 (corrected for multiple tests) was considered significant.
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Table 4.1: New markers used in mapping mutants and modifiers

chr marker BAC primer 1 (5' to 3') primer 2 (5' to 3') Polymorphisms

1 F3F19 F3F19 CGTCCAGACACTGACATTGGTTTTAGG CCACTCACGTTCAGTGGGGTTAAACT Col, Sei, Eil, Wa, Gu, Sha Genetics

4 FRI F6N23 CATGTCGTAATCATGCAACC GAAGATCATCGAATTGGC Col, Sei, Eil, Wa, Gu, Sha Tony Gendall

5 FLC T31P16 CATTGGATAACTAATCTTTGAGC CAGGCTGGAGAGATGACAAAA Wa, Sei, Sha Tony Gendall

5 MBD2 MBD2 TCACCGAACCTCTGCTTTCTC AAAGTAGGACCGGCGACGAG Col, Eil Genetics

5 mwf20 MBD2B ATTTGGGCCATGTAACTAATGC AAAGTCAATGCAACCGTACAAC Col, Sei, Eil Genetics

5 mln MLN1 GGCTGTTGCTCTCGTCCTTG CCAGTCACCAGAACCAGCTTG Col, Wa, Gu Genetics

5 K9D7 K9D7 GCTGTTGTAATTTGTGATAGGG CATATGCCACGTTTCTTAATAG Col, Sei, Eil, Wa, Sha Genetics

5 K8A10 K8A10 AATGCCAAGGATCAAAAGTGTT GATGATCGGAGGAAAATGAAAA Sha Genetics

Genetics: marker was developed at the laboratory of genetics

Polymorphism accession with different product length from L are mentioned (some might not have been tested with all accessions used)er

Marker provided by Tony Gendal (Gazzani et. al., 2003)

Origin
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Table 5.2: Trait values for L , Sha and reciprocal F2 of L x Sha and Sha x L , along with the range of trait values
for individual RILs and calculated heritabilities.

er er er

trait Ler Sha F2 (Ler x Sha) F2 (Sha x Ler) range heritability

CDT (D ; days)50 1.3±0.1 2.8±0.2 1.3±0.1 1.6±0.0 0.5-5.1 0.82

Salt germ. (%) 8.7±1.2 21.2±0.4 13.7±2.1 12.8±6.3 0-79 0.82

Mannitol germ. (%) 97±1.6 79±6.6 83±3.4 82±8.2 10-100 0.79

Heat germ (%) 12±2.4 94±2.1 82±4.6 nd 1.3-100 0.93

H O germ (%)2 2 4.9±2.1 24±17 9.7±7.7 16±6.4 0-74 0.78

ABA germ (%) 57±18 97±0.8 82±17 93±2.4 59-100 0.60

Germ speed (%) 67±3.7 89±1.3 73±5.4 77±4.9 48-97 0.68

Natural aging (%) 89±2.0 96±1.4 86±8.2 89±3.9 64-100 0.69

Dormancy (DSDS ; days)50 9.6±1.0 31.8±7.4 19.0±3.5 29.4±4.0 3.4-80.5 0.88

Sucrose (µg/mg) 19.7±1.1 20.2±2.1 22.9±0.5 19.0±1.1 12.3-28.7 nd

Stachyose (µg/mg) 0.6±0.1 0.4±0.3 0.2±0.0 0.5±0.1 0-1.3 nd

RSO/suc. 0.06±0.01 0.06±0.02 0.03±0.00 0.05±0.01 0.01-0.11 nd

nd: not determined

Table 5.1: Map features per chromosome and entire genome

chrom total (cM) kb/cM avr. dist. /marker (cM) gaps > 10 cM

1 92.3 308 6.2 4

2 61.7 293 4.7 3

3 74.1 311 7.4 4

4 72.6 239 4.8 1

5 77.7 339 6.0 2

total 378.5 299 5.7 14

Map distances were calculated with the JoinMap program

Physical distances were calculated using the center of the BAC in which the primer is situated
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Table 5.3: Characteristics of QTLs detected in L /Sha RIL populationer

QTL Percentage Confidence

Trait chromosome position
a

LOD variance explained Interval (cM)
b

QTL effect
c

days

CDT (D )50 1 nF21M12 3.9 8.3 3-20 -0.41

3 nga172 12.5 35.4 0-5 -0.81

4 nga1111 4.3 10.1 1-26 -0.46

total 48.9

% germ

Salt germ 1 nF21M12 12.1 27.4 6-16 -17

3 nga172 5.2 10.1 0-5 -10

3 msat3-32 2.8 5.1 34-49 7

5 nga129 10.5 23.1 48-60 17

58.6

% germ

Mannitol germ 5 k9D7 16.8 49.4 46-53 28

total 49.4

% germ

Heat germ 1 nF21M12 3.7 11.5 3-31 -15

2 msat2-41 2.6 7.9 28-60 -14

4 msat4-14 2.9 8.8 36-73 -15

total 30.1

% germ

H O germ2 2 3 nga6 8.7 29.4 69-74 -18.7

total 29.4

% germ

ABA germ 3 nga172 2.8 11.2 0-23 -6.0

total 11.2

% germ

Germ speed 1 nF21M12 4.3 13.9 0.5-17 -7

3 nga172 5.0 16.5 0-6 -7

total 28.6

% germ

Natural aging 3 nga172 4.6 17.4 0-6 -6

total 17.4

days

Dormancy (DSDS )50 1 T27K12 4 8 35-50 -11

2 msat2-5 4 8.1 0-10 -10

3 msat3-32 14.4 36.4 39-46 -21

5 nga129 6.3 13.4 45-60 -14

total 54.9

µg/mg

Sucrose 3 nga172 6.9 25.3 0-4 -3.44

total 25.3

µg/mg

Stachyose 1 GENEA 3.9 11.7 56-85 0.21

4 FRI 6.6 20.9 0-10 0.28

interaction
d

GENEA x FRI 4.8

total 35.1

ratio

RSO/suc 1 CIW12 3 9.8 30-48 -0.013

1 GENEA 6.6 22.9 57-77 0.02

interaction
d

CIW12 x GENEA 3.3

total 28.1
a
co-factor nearest to highest LOD score: also co-factor fixed

b
Positions given correspond to 2-LOD confidence intervals

c
QTL effect of untransformed data

d
interaction between QTLs calculated as indicated in "Materials and Methods"

total
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Table 5.4: New markers used in genotyping the L /Sha RIL populationer

chr marker name BAC primer 1 (5' to 3') primer 2 (5' to 3')

1 F3F19 F3F19 CGTCCAGACACTGACATTGGTTTTAGG CCACTCACGTTCAGTGGGGTTAAACT Genetics

1 F6D8-94 F6D8 GTCATTGGTTGCAATACGAGAGC GCTGCCTCTTCCTTGTAAAGCC Indel

2 F3P11-6b F3P11 TTCAATCTTCTCTACTGTCTTCG AGCAGGAAGTAGTAAGTGGAATA Alonso Blanco

3 F8J2 F8J2 GTGACCCAAGTGGGATCTCTC ACGTGTGGGCAATCTTTTAAT Genetics

4 FRI F6N23 CATGTCGTAATCATGCAACC GAAGATCATCGAATTGGC Tony Gendall

4 C6L9-78 C6L9 TGCTTTGTGAAAGTCTCTCATGCC CCCTTTGATTGCTCAGTGATATCG Indel

4 M4I22-22 M4I22 CGCTTTTAGGGGTAATATCGTCAC CTGTGTGATCAGGCAAAACCAGT Indel

5 FLC T31P16 CATTGGATAACTAATCTTTGAGC CAGGCTGGAGAGATGACAAAA Tony Gendall

5 K9D7 K9D7 GCTGTTGTAATTTGTGATAGGG CATATGCCACGTTTCTTAATAG Genetics

5 K8A10 K8A10 AATGCCAAGGATCAAAAGTGTT GATGATCGGAGGAAAATGAAAA Genetics

Genetics: primers developed by co-workers in genetics department.

Indel: primers developed based on L and Col indel as found in the Cereon database (Jander et al., 2002).er

Alonso Blanco: primers were a gift from Dr. Alonso Blanco.

Tony Gendall: primers were a gift from Dr. Tony Gendall (Gazzani et al., 2003).
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