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Fig. 1. (A) Genetic map of the VRN1 region on chromosome 5A™ of T. monococcum. Genetic distances are in
cM (6,190 gametes). (B—D) Physical maps of the colinear VRN regions in rice, sorghum, and wheat. Regions
indicated in red have been sequenced. Double dot lines indicate gaps in the current physical maps.(B) Sequence
of the colinear region in rice chromosome 3. (C) S. bicolor BACs 170F8 (AF503433) and 17E12 (AY 188330).
(D) T. monococcum physical map. Black dots indicate validation of BAC connections by hybridization. (E) Gene
structure of two MADS-box genes completely linked to the VRN1 gene (AY 188331, AY 188333). Bars represent
exons. (Yan et al., 2003)
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Fig. 2. (A) RT-PCR experiment using T. monococcum G3116 (winter growth habit) and AP1-, AGLG1-, and
actin-specific primers. The PCRs for the three genes were performed by using the same cDNA samples. Lanes
1-5indicate leaves. Lane 1, before vernalization; lanes 24, 2, 4, and 6 weeks of vernalization, respectively; lane
5, 2 weeks after vernalized plants were returned to the greenhouse; lane 6, unvernalized apices; lane 7, 6-week
vernalized apices; and lane 8, young spikes. (B) AP1 transcription levels in leaves relative to actin measured by
quantitative PCR. Lanes 1-5, leaves from plants at the same vernalization stage as samples 1-5 in A. Units are
values linearized by usingthe2 = " method, where CT is the threshold cycle. (Yan et al., 2003)
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Fig. 3. (A) Genetic map of the VRN2 region on chromosome 5Am of T. monococcum, based on 5698 gametes.
The number of crossoversin the critical recombinant plantsis indicated in the boxes. (B)Physical map of the
wheat VRN2 region in T. monococcum and in colinear regions from barley and rice. BAC clonesindicated in red
have been sequenced (438,828 bp, AY 485644). Additional information for the markers used in thisfigure is
available inthe supporting online material. (Yan et al., 2004)
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Fig. 4. (A) RT-PCR from leaves of unvernalized (U) or vernalized (V) G3116 winter wheat plants.RNA samples
from the vernalized plants (6 weeks at 4°C) were collected 5 days after the plants were returned to room
temperature. Among the three genes completely linked to VRN2, RNA levels of ZCCT1 and ZCCT2 were
down-regulated by vernalization and those of AY485644.3 were not affected by vernalization. In the same cDNA
samples, AP1 RNA levels were up-regulated by vernalization. M, molecular-weight DNA marker. (B and C)
Quantitative PCR of leaves and apices. (B) Transcript levels of ZCCT1 (red scale) and AP1 (blue scale) relative
to UBIQUITIN in G3116; averages of five plants +SE are shown. On the x axis, 0 indicates the time before
exposure to 4°C; w , weeks at 4°C; 2w out, 2 weeks at room temperature after vernalization. (C) Transcript
levels of ZCCT1, ZCCT2, and AP1 (wheat VRN1) relative to ACTIN in G3116, showing the averages of three
pools of apices from five plantseach SE. U, unvernalized; V, 3 to 5 days at room temperature after 6 weeks of
vernalization. Units are values linearized with the 2¢ ™ method, where CT is the threshold cycle. (Yan et al.,
2004)
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Fig. 5. A moddl of the regulation of flowering initiation by vernalization in wheat. (Y an et al., 2003)
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Table 1. Haplotype variation at the VRN gene in cultivated T. monococcum (15.7-kb).
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Figure 6. Time course transcription profiles of VRN1 (red line, filled diamonds) and VRN2 (blue line, open

diamonds). Initial samples (0 week) were collected immediately before transferring unvernalized G3116 plants
grown under LD for 7 weeksto SD (20 ). Plants were grown under SD for 6 weeks and samples were collected

every week (1st week to 6th week). Finaly, plants were transferred to LD for 5 weeks (1% week to 5th week).
Note the delay in VRNL transcription until the transfer to LD. (C-G) Units for the Y-axis are linearized values
using the 2-2*“") method, where CT is the threshold cycle (Livak and Schmittgen, 2001).(Dubcovsky et al.,

2006)
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Figure 7. Sequence differences among VRN alleles. Top: 74-bp segment of the VRN1 promoter showing the
location of the putative CArG box in blue and the CAP signal for transcriptional initiation underlined. Middle:
schematic representation of the VRN1 gene in T. monococcum. Bottom: repetitive element inserted in VRN1
first intron in Pl 306540 (Vrnlh) and Pl 503874 (\frnlf). (Dubcovsky et al., 2006)

12



(A VIEMT transcripl levels _
. Gwaeks al 50 in T, monocecowm vrn-1h vrnl

15000 (Fig. 8A)
12000 T
S000 - T. monococcum

3000 (Fig. 8B)

Kt Vg vmth vmi wmi
Vi wWnah Vin? WLAD WA

(B)
i VARMT transcript lewels in T, monococcwm, € wasks in S0
E:"\.'.-TI =

THENE}
i Eini]
SO0

i l?

N
2

Pl Ma4Ga '

Lo
Pl 503874 -1

Pl

PL s
PLIOETS
Pl Rkl
Pl 418582
Pl 33

(TR ra TRy N |
Pl 28l |
PLETTI40 0
P SRR )

23

o

i Vmig Wim ] w1 wmT
rad wnah WD Wmza ¥

Figure 8. (A) VRNL transcript levels in T. monococcum spring lines carrying Vrnlf (Pl 503874, 1-bp deletion),
Vrnlg (Pl 349049, 34-bp deletion), Vrnlh (Pl 306540, intron one insertion), and recessive vrnl alleles combined
with recessive vrn-2b (Pl 323437) and vrn2a (DV92) adleles.(B) VRN transcript levels in additional T.
monococcum lines carrying different vernalization alleles. (A—B) Units for the Y -axis are linearized values using
the 2-++C;)method, where CT is the threshold cycle (Livakand Schmittgen, 2001). (Dubcovsky et al., 2006)
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Figure 9. Comparison of apex development in T. monococcum
plants. (A—B and E) Winter G3116 (vrnl); (C and F) Pl 306540
(Vrnlh); (D & G) Pl 266844 (Vrnif). (A) Continuous LD,
vegetative stage. Under the same conditions lines with the
dominant Vrnlh and Vrnif aleles had already headed (not
shown). (B, C, D) Continuous SD. (E, F, G) 10 weeks at SD and
4 weeks at LD (SD-LD). Note the more advanced development

4
G3116 (vrnl) (Fig. 9E)

Pl 306540 (Vrnlh) (Fig. 9F)

of the inflorescence in Vrnif relative to vrnl and Vrnlh in both
SD and SD-LD.White bars represent 0.5 mm. (Dubcovsky et
al., 2006)

Pl 503874 (Vrn1f) (Fig. 9G) Pl 503874 (Vrnif)

(SD-LD)
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Triticum monococcum VRN1 VRN2

(Dubcovsky et al., 2006)
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