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Identification of Genes Involved in Low Temperature Germination in the
Dark in Arabidopsis by Mapping Quantitative Trait Loci
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Abstract: Low temperature germination is an important agricultural trait. Improvement of crop tolerance to low
temperature and identification of target genes are a major goal for crop breeders worldwide. By testing seed germination
of over 300 Arabidopsis accessions we identified a natural variation in germinability at low temperature in the dark a—
mong these accessions and compared the germination characteristics between Bay-0 and Shahdara. This natural varia—
tion was exploited to identify genetic loci responsible for cold-tolerant and dark germination. The molecular markers
and a quantitative trait loci approach were used on recombinant inbred lines of a cross between Bay-0 and Shahdara.
Six distinct quantitative trait loci were identified three of which were major loci responsible for 61% of this natural
variation. Validation of the three major loci using heterogeneous inbred families confirmed the feasibility of fine map—
ping and cloning the genes at the quantitative trait loci responsible for cold+olerant and dark germination.
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1
Table 1 Arabidopsis accessions capable of germinating in the cold and dark

Code 3 25 46 107 110 116 119 168 170 180 181 236 255 271
Biotype Arg-4 Jea Ko2  KI=2 Bs Do-0  Li2 Su-0  Mc-0 Blhd  Blh-2 Shahdara Niigata Shahdara
6C (%)
66 +4 64+3 42+3 28+3 26+4 98=xl1 36x1 64+3 45+3 89x5 T0+6 54x1 95+2 28x2

Germination at 6°C in

the dark + SE)

3 3

Germination percentages are means of three individual measurements. Similar results were obtained in three individual experiments
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Fig.1 Effects of light and low temperature on the germination of Bay-0 and Shahdara
a: 6°C 25C b: 6°C o o
F, (asb) 3 4 (4°C 30% ) (a).
Bay-0: ; Shahdara: ; DAS: o SE  (n=3)

a. Germination rate was determined after incubation at either 6°Cor 25°C in the dark. b. Germination rate was determined after incubation
at 6°C under constant light. Rates were scored based on the number of seeds with protruding radicles compared to the total number of seeds
sown. Seed lots were obtained from plants cultivated with F; RILs( a and b) or had been stored for after+ipened(4°C 30% relative
humidity) ( a) 3 years( open symbols) or 4 years( closed symbols) . Bay-0 circles; Shahdara squares; DAS days after sowing. Error bars

represent standard errors( n =3) and where not visible are smaller than the data symbol
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Table 2 Characteristics of mapped QTLs that account for germination at low temperature in the dark in the Bay-0 x Shah-

dara population

QTL LOD LOD (%)
QTL Chr. Markers Interval( cM) LOD score Percentage of variance Additive effect
CDGH 1 MSATIH0 9 ~14 32 25 -33.6
CDG=2 2 MSAT236 21 ~37.5 24.3 19 -29.2
CDG3 4 MSAT445 35 ~41 22.3 17 ~28.4
CDG4 3 MSAT3-21 43 ~63 3.3 2 -10.2
CDGS 5 MSAT5-9 44 ~58 3.3 2 +9.4
CDG-6 4 MSAT4-8 0~12.5 2.3 2 +9.2
67
CDG: . « ) 1 . Shahdara ~ Bay-0

CDG: cold-tolerant dark germination. The position in centiMorgans( ¢M) is that from the first marker on the chromosome. The additive effect represents the

mean effect in germination( %) of the replacement of both Shahdara alleles by Bay-0 alleles at the QTL
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Fig.5 Confirmation of the major QTLs CDG4 CDG-2 and CDG-3 by comparison of
the phenotypes of near-isogenic lines derived from heterogeneous inbred families
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. o (d) (a-e) (HIF) 6C HIF
Bay-0  Shahdara . SE  (n=3) ) 5% o 0.1%

(a-c) Fg recombinant inbred lines( RILs) from the Bay-0 x Shahdara cross which show residual heterozygosity in the region of the QTL for CDG-

CDG2 and CDG3 respectively. Black lines represent chromosomes with markers and intervals indicated to the right. Marker positions and identity can be

found at www. inra. fr/vast/ in the MSAT database. Numbers designate the RIL with the hatched bar beneath indicating the region which is still heterozy—

gous. Recombination breakpoints delimiting heterozygous regions are arbitrarily depicted in the middle of the marker interval. ( d) Comparison of germina—

tion at 6°Cin the dark for HIFs which segregated in the region shown in( a) to( ¢) and had been fixed for the Bay-0 or the Shahdara allele. Error bars repre—

sent standard errors( n =3) . Single and triple asterisks indicate significance in t-tests at the levels of 5% or 0. 1%
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