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<Key questions>

‘  Are there any materials that can be used for
speed breeding?



A common breeding constraint | NS
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long time for a new variety
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1 year : rice, wheat, soybean (annuals)
, onion, carrot (biennials)




Biennials need long cold for seed
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<Life cycle of sugar beet>

Initiates flowers by

Long cold period
(vernalization)

bolting seeds

flowering

1st yar
(sugar producing field)

Hypothesis

2nd years
(seed producing field)



Shortened to 4 mos. without vernali. ﬁ
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Conventional method (biennial)

(sowing)

X (long period)
' ' Vernalization

2 years
(biennial)

Conventional fast method (biennial)

1 year

(biennial)

(short

ij

period)
SPR SMR AUT WTR SPR SMR AUT (annual)
Sugar
production

biennial beet annual beet



A unique locus can avoid a long cold period
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BLOND (Bolting by LOnger than Natural Daylength)

Nat. Day All Day
(non-bolting) (bolting)
Act as biennial Act as annual

4 mnths
Vegetative Reproductive
Sugar production Speed breeding

(O) (O)

Supplemental
light 200W
incandescent



Test progenies for bolting segregation ( %k&éﬁ

(control)

P1L x P2 Pl” X P2 P1” X P2

(BLOND) (Biennial) (BLOND) (Biennial)  (Annual) (Biennial)
NK-420mm-O NK-310mm-O  NK-422mm-O  NK-310mm-O  TA-33BB-O  NK-310mm-O

or NK-377mm-0O or NK-377mm-0O or NK-377mm-0O
\ ]\ ]\ J
Y Y Y
Fl X P2 Fl X P2 F1l X P2
F2 BC1F1 F2 BC1F1 BC1F1

Phenotyping (bolting)
* Field (natural daylength): April ~ September
* Glasshouse (24h daylength): April ~ August / November ~ February
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All day* - Bolting without vernalization

LD SD

Long day Short day
(24h)  (10-16h)

¥
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bolting non-bolting bolting non-bolting

non-bolting

Biennial BLOND

*24-h daylength, with daytime F1& F2 (Biennia|
sunlight (~ 100,000 Ix) and
nighttime illumination (300 Ix) X BLOND)




All day (Number of bolting plants) | A

RO
Materials Summer greenhouse Winter greenhouse H$
2014 2015 2013 2014
N Ng Ny Ng Ny Ng N Ng
BLOND iNK420mmO 8 8 7 TR 6 6 27 21 | 100
(Bd) NK-422mm-O._______ 3636 _11_____] 1 R 22 .21 2T . 271 0.66
... F; (NK-377xNK-420 45 45 : - - -
Biennial 1 ( X ) }'=.84~100%(Dominant,F1)
S« BLOND 1 (NK-377xNK-422) 45 38 - - - - - - -
F, (NK-310 X NK-420) - - 139 115"* e { 270 169* -
F, (NK-310 x NK-422) - - 149 146* = 262 193 ns -
BC,F, (NK-377 x NK-420 x NK-310) - - 149 82ns5 7 11 (BC1 { 90 48 ns -
BC,F, (NK-377 x NK-422 x NK-310) - - 147 71 ns = (B 90 42 ns -
Annual  (TASSBBIO |1 %6 %624 B B2l -
(B) Biennial strains 18 0 18 0 18 0 27 0 -
BLOND i

‘Bd” # known annual gene ‘B’



All day (Number of days to bolting) ﬁ%Aﬁ%%

Materials Summer green-  Winter green-
house house

2014 2015 2014 2015

4 months
Reproductive

BLOND (Bd) {

NK-420 mm-O 36.0°! 35.0*° 48.6*° 4232

NK-422 mm-O 36.52 37.0° 55.8°  48.0°

F,; (NK-377 X NK-420) 37.0% - - -

F, (NK-377 x NK-422) 40.8° - - -
Annual (B) TA-33BB-O 36.0° 35.1*  51.9%  45.6%

Biennial x Annual F; (NK-377XTA-33BB) 36.6* - - -

Biennial x BLOND {

BLOND annual beet



Field natural day - non-bolting
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non ’ non
-bolting -bolting

- F1 & F2
(Biennial x BLOND)

_ bolting
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' Annual
=
(Biennial x Annual)




Field natural day = root enlargement @%hﬁ%ﬁ

F1 (Biennial x BLOND) BLOND Annual
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Field natural day (Number of bolting plants) @%kﬁ%ﬁ

Act as biennial
- \# Materials Bolting tendency Weight/root (g)
2014 2015 2014

Vegetative Ny Np Ny Np average sd
'NK-420mmo 1 o o 0o ! 773 4 496,85
BLOND (Bd) | NK-422 mm-O 30 0 _ o 735.1 620.8"
. . | F, (NK-377 x NK-420 ~ o 1084.4 518.0°¢
Biennial !¢ 5 ) o N : .
| F; (NK-377 X NK-422) 30 0 ~ - 12742 927.7
X BLOND | .
| F, (NK-310x NK-420) ~ - 120 0 - -
| F, (NK-310 X NK-422) - - 120 0 - -
' BC,F, (NK-377 x NK-420 X NK-310) - - 120 0 _ _
| BC,F, (NK-377xNK-422xNK-310) ________— _________—=_______ .8 0 __i - -
Annual (B) {TASBBO. LN s s 542 19.4°
Biennial strains 30 0 38 0 _ _
Biennial _ 395.5 259.7%
xAnnual ¥ B| OND biennial _
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<Key questions>

‘ Do these materials shorten the breeding period?
(A case study on breeding for VY resistance)
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Speed breeding using the ‘BLOND-MAS’ method @%kﬁ%ﬁ

Optionl Option2 Option3 (new)
Conventional Conventional fast Speed breeding
1 generation 1 generation 2 generations

* / year
mi

1 year 4 months 4 months
S ':‘ MAS F
BLOND-MAS method

n+1
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A targeted trait: Virus Yellows (VY)* resistance @%k@éﬁ

(4znd meeting) * Virus Yellows (Beet Leaf Yellowing Virus)
30 P1' Genotypes E
— (0.7) OA OH HB
w 20 V
> | "‘ d 5
= P2 & TS
-y, . g 3
g 10 ”Target\\ Negative (2.8) 1y
o ] control X SOR
Q \_genotype | \ 4 )
Strong 0.5 1.0 1.5 2.0 2.5 3.0 Weak
resistance Yellowing index resistance
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Speed breeding project

RN
7 NARO

————————————————————————————————————————————————————————————————————————————————————————

BLOND-MAS (speed breeding)

Progeny A Progeny B
P1 P2 P1 P2’
BLOND Biennial BLOND Biennial
-VY (weak) +VY (strong) -VY (weak) +VY (strong)
\ . J
! 2 generations / year
—| F1 < | ri )
A BLOND I PLOND
i F¢2 s F¢2 - +
L >~ + v
~ © MAS (VY
z F¢3 MAS (V) : F¢3 3 (VY)
F4 _J LN -
> Field -] e } F|eld-
~ | F5 } o evaluation

________________________________________________________________________________________

————————————————————————————————————————————

Conventional (fast)
Progeny C

P1” P2”’

Biennial Biennial
-VY (weak) +VY (strong)

1 generation / year

—_ ri

o

o

N > MAS (VY
= F2 (V)
e

© l _/

2 Field
~ | [F3 evaluation




VY resistance in progenies selected with DNA markers @ NARO

RIS

(Severe)
3.0
X
Q
"_C__’ 2.0
(eT0]
£
3
= 1.0
O
Virus Yellows
(Beet Leaf 0.0
Yellowing Virus) (No)

Medium (M)

~ “
.
’

Strong (S)

Few or r:co (negative (= 7
e control) 1 ”Hl
disease

o)

- e

BT i
T &H&yﬁ

J

Y
BLOND-MAS BLOND-MAS MAS
(F1->F5: (F1->F4: (F1->F3:
2 years) 1.5 years) 2 years)
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<Key questions>

‘ Do these materials shorten the breeding period?
(A case study on breeding for VY resistance)

Yes
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Summary @ NARS

Controlled by single dominant gene

Biennial | BLOND | Annual
7N\

Nat. Day %
(root) 7 O
Enlarged root '(A]\C:LDWaeyr) X O ) ‘ Early flowering

[ 4

2 generation / year

1 generation / year
(BLOND-MAS method: Speed Breeding)

(Conventional fast method)
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