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S03.	B.	distachyon	reduced	set	STRUCTURE	plots	for	k=2	
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S0ͷ. �in�age dise��i�i�ri�m ȋ�DȌ across the B. distachyon genome 
�op Ȃ �D as ca�c��ated across the five chromosomes ȋChȌǢ Bottom Ȃ �D at representative section of the genome.
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Figure S6:​ Dynamic growth conditions mimicking current and future climates. From top to 
bottom, for each simulated climate: mean daily temperature (℃), and diurnal temperature 
range; mean daily relative humidity (%) and diurnal range; daily maximum solar radiation 
(Watt/m​2​); photoperiod (hours daylight); photo-thermal time (degree-days above 2℃ with 
non-zero solar radiation); cumulative photo-thermal time over the growth season. An 
exploration of relevant climate change models is included as Table S11. Full SolarCalc 
output files are available at https://doi.org/10.6084/m9.figshare.7028039.v1  
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S0ͺ. 	�o�ering time e�periment across ʹ͸͸ B. distachyon accessions ȋB��00͵ʹȌ



S09	-	Phenotypic	correlation	of	traits	from	the	early	vigour	validation	

experiment	

A. Experimental design 

10 replicates of 10 lines: 
● Bd21
● Bd21-3
● ABR5
● ABR2
● Bd30-1
● Bdis23-05
● BdTR11a
● BdTR2n

No.	

Leaves	

No.	

Tillers	

Leaf	

#3	

Width	

Leaf	#3	

Length	

Total	

Leaf	

Area	

Seedling	

Height	

AGBM	

Days	to	

Germination	

-
0.12**	 -0.00	 -0.07*	 -0.09*	 -0.14**	 -0.07*	 -0.12**	

No.	Leaves	 0.05	 0.16**	 0.06*	 0.41**	 0.21**	 0.42**	
No.	Tillers	 -0.08*	 -0.07*	 0.13**	 -0.04	 0.02	
Leaf	#3	

Width	 0.53**	 0.29**	 0.50**	 0.46**	
Leaf	#3	

Length	 0.35**	 0.66**	 0.48**	
Total	Leaf	

Area	 0.56**	 0.88**	
Seedling	

Height	 0.74**	
Table	B.	Phenotypic	correlations	(r2)	between	surrogate	early	vigour	
measurements	and	destructive	harvest.	AGBM	–	above	ground	biomass	dry	
mass;	**	p<0.01,	*	p<0.05	

Leaf	

No	

Tiller	

No	

Leaf	#3	

Width	

Leaf	#3	

Length	

Total	

Leaf	

Area	

Height	 Biomass	

h2accession 0.43	 0.45	 0.60	 0.64	 0.33	 0.74	 0.51	

Table	C.	Heritability	of	early	vigour	traits	from	trait	validation	study.	All	
results	highly	significant	p<0.001	



S13.	Heritability	of	traits	of	interest	from	2015	temperature	and	2050	temperature	
climate	experiment	(BVZ0055)	

Trait	Group	 Trait	 Heritability	-	
2015	temperature	

Heritability	-	2050	
temperature	

Early	Vigour	 Early	Growth	Rate	1	 0.44	 0.43	
Early	Growth	Rate	2	 0.08	 0.13	
Early	Vigour	–	Huan	Stage	 0.56	 0.49	
Early	Vigour	-	#	Tillers	 0.15	 0.30	
Early	Vigour	–	Leaf	3	Width	 0.53	 0.48	
Early	Vigour	–	Leaf	3	Length	 0.70	 0.63	
Early	Vigour	–	Seedling	Height	 0.79	 0.84	

Energy	 Photosynthetic	Efficiency	 0.24	 0.26	
Respiration	(per	unit	area)	 0.14	 0.15	
Respiration	(per	unit	DM)	 *	 0.21	
Energy Use Efficiency 1 0.15 0.23 

Energy Use Efficiency 2 0.62 0.56 

Energy Use Efficiency 3 0.42 0.32 

Energy Use Efficiency 4 0.61 0.57 

Ear	
Emergence	

Ear	Emergence	(days)	 0.92	 0.88	
Ear	Emergence	(TT)	 0.92	 0.89	
Ear	Emergence	(PTU)	 0.92	 0.89	

Growth	and	
Development	

Biomass	at	Ear	Emergence	 0.62	 0.53	
Height	at	Ear	Emergence	 0.57	 0.57	
Tiller	Number	at	Ear	Emergence	 0.48	 0.37	
Seedling	Emergence	(TT)	 0.21	 0.18	
Phyllachron	Interval	(TT)	 0.46	 0.42	
Phyllachron	Interval	(PTU)	 0.45	 0.44	
Final	Growth	Efficiency	1	
(g/unit	TT)	

0.40	 0.17	

Final	Growth	Efficiency	2	(g/PTU)	 0.39	 0.38	
NB: Heritability calculations for BVZ0055 calculated from all data	



S14.	Histograms	of	all	traits	in	2015	temperature	and	2050	temperature	climate	
experiment	
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Ear	Em
ergence	Q

TLs	
Q
TL	

Locus	ID	
LO

D	score	for	conditions	and	traits	w
here	Q

TL	is	significant	

2015	Tem
perature	

2050	Tem
perature	

Tem
perature	G	x	E	

Days	
TT	

PTU	
Days	

TT	
PTU	

Days	
TT	

PTU	

EarEm
erg

_Q
TL2.1	

s2_31474143	
4.81	

4.56	

EarEm
erg

_Q
TL3.1	

s3_00392324	
4.46	

EarEm
erg

_Q
TL4.1	

s4_02984287	
4.44	

EarEm
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4.44	

EarEm
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TL4.3	
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EarEm
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5.22	

EarEm
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TL5.2	

s5_09698141	
5.22	

EarEm
erg

_Q
TL5.3	

s5_20347474	
5.06	

5.01	
5.01	

S1ͷ. �ist of ��� identified for traits of interest in ʹ01ͷ temperat�re and ʹ0ͷ0 temperat�re c�imate e�periment
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D	score	for	conditions	and	traits	w
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TL	is	significant	
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S16. M
anhatten Plots for all traits in 2015 tem

perature and 2050 tem
perature clim

ate experim
ent 
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perature	Clim
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perature	Clim

ate	
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Early	Grow
th	Rate	2	
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2015	Tem
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ate	
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perature	Clim
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Photosynthetic	Efficiency	
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perature	Clim
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G	x	E	

Respiration	(per	unit	area)	

	
	

	

Respiration	(per	unit	DM
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S17. List of candidate genes for strong ear em
ergence Q

TL	
Q
TL	

Candidate	Gene	
Gene	
Location	
(bp)	

Distance	
from

	Q
TL	

(bp)	

Description	
Rice	Protein	
Hom

ologs	
Arabidopsis	
Hom

ologs	

EarEm
erg_

Q
TL5.3	

Bradi5g16900	
20307500	-	
20312116	

35	358	
Glycosyl	hydrolase	(GH),	
subfam

ily	GH32	
LO

C_O
s04g45290.1	-	glycosyl	

hydrolases,	putative,	expressed	
(61%

)	

AT1G62660.1	-	Glycosyl	hydrolases	
fam

ily	32	protein(62.7%
)	

Bradi5g16910	
20326042	-	
20328526	

18	948	
YABBY	transcription	
factor	

LO
C_O

s04g45330.1	-	YABBY14	
protein,	putative,	expressed		
(76%

)	

AT2G45190.1	-	Plant-specific	
transcription	factor	YABBY	fam

ily	
protein	(45.3%

)	

Bradi5g16917	
20332204	-	
20335948	

11	526	
No	apical	m

eristem
	

(NAM
)	protein	

LO
C_O

s02g42970.1	-	NAC	
dom

ain	containing	protein,	
putative,	expressed	(67%

)	

AT1G12260.1	-	NAC	007	(66.8%
)	

Bradi5g16930	
20342797	-	
20343495	

3	979	
RRM

	dom
ain	containing	

protein	sim
ilar	to	

putative	RNA	recognition	
m
otif	containing	protein	

LO
C_O

s06g13839.1	-	RNA	
recognition	m

otif	containing	
protein,	putative,	expressed	
(59%

)	

AT1G71800.1	-	cleavage	stim
ulating	

factor	64	(17.7%
)	

Bradi5g16935	
20345479	-	
20345819	

1	655	
Expressed	gene	

None	available	
None	available	

Bradi5g16940	
20349458	-	
20350336	

1	984	
AUXIN-REGULATED	
PRO

TEIN-RELATED	
LO

C_O
s02g42990.1	-	O

sSAUR11	-	
Auxin-responsive	SAUR	gene	
fam

ily	m
em

ber,	expressed	(30%
)	

AT3G60690.1	-	SAUR-like	auxin-
responsive	protein	fam

ily	(24.9%
)	

Bradi5g16950	
20354677	-	
20357924	

7	203	
CYSTEINE-RICH	REPEAT	
SECRETO

RY	PRO
TEIN	

LO
C_O

s04g45460.1	-	cysteine-
rich	repeat	secretory	protein	
precursor,	putative,	expressed	
(66%

)	

AT3G60720.1	-	plasm
odesm

ata-located	
protein	8	(45.7%

)	

Bradi5g16960	
20357202	-	
20362127	

9	728	
HEM

O
GLO

BINASE	
FAM

ILY	M
EM

BER		
LO

C_O
s04g45470.1	-	vacuolar-

processing	enzym
e	precursor,	

AT1G62710.1	-	beta	vacuolar	processing	
enzym

e	(59.6%
)	



putative,	expressed	(72%
)	

Bradi5g16970	
20364622	-	
20368114	

17	148	
HSP70-HSP90	
O
RGANIZING	PRO

TEIN	1-
RELATED	

LO
C_O

s02g43020.1	-	heat	shock	
protein	STI,	putative,	expressed	
(89%

)	

AT1G62740.1	-	stress-inducible	protein,	
putative	(81.5%

)	

Bradi5g16980	
20367655	-	
20372866	

20	181	
GTPase	activity	

LO
C_O

s04g45490.1	-	elongation	
factor,	putative,	expressed	(87%

)	
AT1G62750.1	-	Translation	elongation	
factor	EFG/EF2	protein	(85.4%

)	

Bradi5g16990	
20375286	-	
20376509	

27	812	
ferrous	iron	
transm

em
brane	

transporter	activity	

LO
C_O

s04g45520.1	-	integral	
m
em

brane	protein,	putative,	
expressed	(53%

)	

AT3G43630.1	-	Vacuolar	iron	
transporter	(VIT)	fam

ily	protein	(48.8%
)	

Bradi5g17000	
20378484	-	
20384475	

31	010	
nuclear	horm

one	
receptor	binding	

	LO
C_O

s04g45570.1	-	expressed	
protein	(79%

)	
AT3G49590.2	-	Autophagy-related	
protein	13	(35.4%

)	

Bradi5g17010	
20389545	-	
20389880	

42	071	
Auxin	responsive	protein	

LO
C_O

s10g36703.1	-	CPuO
RF40	-	

conserved	peptide	uO
RF-

containing	transcript,	expressed	
(32%

)	

none	

Bradi5g17020	
20390119	-	
20395891	

42	645	
plus-end-directed	
m
icrotubule	m

otor	
activity	

LO
C_O

s04g45580.1	-	kinesin	
m
otor	dom

ain	containing	
protein,	expressed	(88%

)	

AT2G21300.2	-	ATP	binding	m
icrotubule	

m
otor	fam

ily	protein	(62.8%
)	



S18. List of candidate genes for strong early vigour Q
TL

	

Q
TL	

Candidate	Gene	
Gene	
Location	
(bp)	

Distance	
from

	Q
TL	

(bp)	

Description	
Rice	Protein	Hom

ologs	
Arabidopsis	Protein	Hom

olog	

EarlyVigour_Q
TL1.1	

(s1_00506881)	
Bradi1g00567	

453524	-	
460935	

45946	
W
D40	REPEAT	PRO

TEIN	//	
SUBFAM

ILY	NO
T	NAM

ED	
LO

C_O
s03g64300.1	-	THIO

N30	
-	Plant	thionin	fam

ily	protein	
precursor,	expressed	(87.9%

)	

AT2G32700.6	-	
LEUNIG_hom

olog	(68.1%
)	

Bradi1g00580	
461063	-	
467208	

39673	
protein	kinase	fam

ily	protein,	
putative,	expressed,	subfam

ily	
Raf	

LO
C_O

s07g25680.1	-	protein	
kinase	dom

ain	containing	
protein,	expressed	(71.2%

)	

AT1G79570.1	-	Protein	kinase	
superfam

ily	protein	w
ith	

octicosapeptide/Phox/Bem
1p	

dom
ain	(57.5%

)	

Bradi1g00587	
469432	-	
472049	

34832	
DIM

ETHYLANILINE	
M
O
NO

O
XYGENASE	//	

SUBFAM
ILY	NO

T	NAM
ED	

LO
C_O

s07g25540.1	-	flavin	
m
onooxygenase,	putative,	

expressed	(66.6%
)	

AT1G04610.1	-	YUCCA	3	
(59.3%

)	

Bradi1g00600	
479483	-	
480393	

26488	
AW

PM
-19-LIKE	FAM

ILY	
PRO

TEIN	
LO

C_O
s07g24000.1	-	AW

PM
-

19-like	m
em

brane	fam
ily	

protein,	putative,	expressed	
(73.7%

)	

AT1G04560.1	-	AW
PM

-19-like	
fam

ily	protein	(60.3%
)	

Bradi1g00607	
482858	-	
497592	

9289	
M
YO

SIN	
LO

C_O
s03g64290.1	-	m

yosin,	
putative,	expressed	(90.6%

)	
AT1G04160.1	-	m

yosin	XI	B	
(78.1%

)	

Bradi1g00620	
498552	-	
500965	

5916	
ISG15	ligase	activity,	
ubiquitin-protein	ligase	
activity	

LO
C_O

s10g31000.1	-	ubiquitin-
conjugating	enzym

e,	putative,	
expressed	(86.6%

)	

AT1G63800.1	-	ubiquitin-
conjugating	enzym

e	5	(74.7%
)	

Bradi1g00625	
500986	-	
501500	

5381	
No	description	

None	
None	

Bradi1g00630	
501413	-	
501868	

5013	
No	description	

None	
None	



Bradi1g00642	
505289	-	
506860	

21	
No	description	

None	
None	

Bradi1g00654	
514295	-	
517374	

7414	
Eam

A-like	transporter	fam
ily	

LO
C_O

s08g31130.1	-	integral	
m
em

brane	protein	DUF6	
containing	protein,	expressed	
(79.1%

)	

AT1G44800.1	-	nodulin	
M
tN21	/Eam

A-like	
transporter	fam

ily	protein	
(52.9%

)	

Bradi1g00666	
519685	-	
521001	

12804	
ethylene-responsive	
transcription	factor	1	(ERF1)	

LO
C_O

s03g64260.1	-	AP2	
dom

ain	containing	protein,	
expressed	(25.4%

)	

AT3G
23240.1	-	ethylene	

response	factor	1	(29.9%
)	

Bradi1g00672	
521910	-	
523129	

15029	
No	description	

None	
None	

Bradi1g00678	
523410	-	
527774	

16529	
THYRO

ID	RECEPTO
R	

INTERACTING	PRO
TEIN	

RELATED	

LO
C_O

s03g64250.2	-	expressed	
protein	(32.2%

)	
AT2G20410.1	-	RNA-binding	
ASCH	dom

ain	protein	
(30.3%

)	

Bradi1g00690	
531773	-	
534582	

24892	
m
yosin	phosphatase	activity	

LO
C_O

s03g16110.1	-	Ser/Thr	
protein	phosphatase	fam

ily	
protein,	putative,	expressed	
(77.6%

)	

AT2G39840.1	-	type	one	
serine/threonine	protein	
phosphatase	4	(76.4%

)	

Bradi1g00700	
539495	-	
542936	

32614	
inorganic	phosphate	
transm

em
brane	transporter	

activity,	m
anganese	ion	

transm
em

brane	transporter	
activity	

LO
C_O

s04g10690.1	-	inorganic	
phosphate	transporter,	
putative,	expressed	(78.6%

)	

AT3G54700.1	-	phosphate	
transporter	1;7	(75.6%

)	

Bradi1g00710	
544048	-	
547886	

37167	
Leucine-zipper	of	ternary	
com

plex	factor	M
IP1		

LO
C_O

s03g64230.1	-	expressed	
protein	(55.6%

)	
AT5G60720.1	-	Protein	of	
unknow

n	function,	DUF547	
(40.2%

)	

Bradi1g00720	
549976	-	
553622	

43095	
O
TU	DO

M
AIN	CO

NTAINING	
PRO

TEIN	
LO

C_O
s03g64219.1	-	O

TU-like	
cysteine	protease	fam

ily	
AT5G04250.2	-	Cysteine	
proteinases	superfam

ily	



protein,	putative,	expressed	
(54.1%

)	
protein	(42.9%

)	

Bradi1g00730	
553623	-	
558060	

46742	
ATPase	activity,	coupled	

LO
C_O

s03g64210.1	-	T-
com

plex	protein,	putative,	
expressed	(86.2%

)	

AT2G28000.1	-	chaperonin-
60alpha	(84.5%

)	

Bradi1g00740	
555382	-	
558935	

48501	
Enoyl-CoA	hydratase	2	/	ECH2	

LO
C_O

s05g09370.3	-	kinase,	
pfkB	fam

ily,	putative,	
expressed	(70.6%

)	

AT5G60335.1	-	Thioesterase	
superfam

ily	protein	(62.9%
)	

EarlyVigour_Q
TL3.1	

(s3_03204480)	
Bradi3g04580	

3154480	-	
3156693	

47787	
sugar	transm

em
brane	

transporter	activity	
LO

C_O
s02g06540.1	-	

transporter	fam
ily	protein,	

putative,	expressed	(84.7%
)	

AT1G11260.1	-	sugar	
transporter	1	(70.1%

)	

Bradi3g04585	
3158304	-	
3160486	

43994	
W
ound-induced	protein	

LO
C_O

s06g46970.1	-	w
ound	

induced	protein,	putative,	
expressed	(78.3%

)	

AT4G10265.1	-	W
ound-

responsive	fam
ily	protein	

(47.8%
)	

Bradi3g04590	
3161033	-	
3162956	

41524	
F-Box	

LO
C_O

s01g32640.1	-	O
sFBX9	-	

F-box	dom
ain	containing	

protein,	expressed	(32.0%
)	

AT3G20620.1	-	F-box	fam
ily	

protein-related	(20.6%
)	

Bradi3g04598	
3165923	-	
3169372	

35108	
No	description	

LO
C_O

s01g41950.1	-	expressed	
protein	(46.8%

)	
None	

Bradi3g04604	
3170333	-	
3170731	

33749	
No	description	

None	
None	

Bradi3g04611	
3173051	-	
3175042	

29438	
No	description	

None	
None	

Bradi3g04617	
3183006	-	
3184040	

20440	
No	description	

None	
None	

Bradi3g04620	
3184172	-	

17484	
F-Box	

LO
C_O

s01g32640.1	-	O
sFBX9	-	

AT3G17530.1	-	F-box	and	



3186996	
F-box	dom

ain	containing	
protein,	expressed	(41.4%

)	
associated	interaction	
dom

ains-containing	protein	
(31.4%

)	

Bradi3g04630	
3187661	-	
3192603	

11877	
CAM

K	includes	
calcium

/calm
odulin	

dependent	protein	kinases	

LO
C_O

s02g06570.1	-	
CAM

K_KIN1/SNF1/Nim
1_like.1

3	-	CAM
K	includes	

calcium
/calm

odulin	dependent	
protein	kinases,	expressed	
(78.9%

)	

AT5G07070.1	-	CBL-interacting	
protein	kinase	2	(68.8%

)	

Bradi3g04640	
3192668	-	
3196846	

7634	
Rho	GTPase	binding	

LO
C_O

s02g06580.1	-	form
in,	

putative,	expressed	(72.5%
)	

AT5G54650.2	-	form
in	

hom
ology5	(35.8%

)	

Bradi3g04650	
3198706	-	
3204772	

0	
ATPase	activity,	coupled	

LO
C_O

s02g06584.2	-	zinc	
finger	C-x8-C-x5-C-x3-H	type	
fam

ily	protein,	expressed	
(78.1%

)	

AT3G21810.1	-	Zinc	finger	C-
x8-C-x5-C-x3-H	type	fam

ily	
protein	(30.6%

)	

Bradi3g04655	
3206978	-	
3212873	

2498	
No	description	

None	
None	

Bradi3g04660	
3207821	-	
3210064	

3341	
Leucine-rich	repeat	protein	//	
Ras	suppressor	protein	

LO
C_O

s02g06600.1	-	receptor-
like	protein	kinase	2	precursor,	
putative,	expressed	(52.1%

)	

AT1G35710.1	-	Protein	kinase	
fam

ily	protein	w
ith	leucine-rich	

repeat	dom
ain	(51.6%

)	

Bradi3g04671	
3211145	-	
3215539	

6665	
PRO

PRO
TEIN	CO

NVERTASE	
SUBTILISIN/KEXIN	

LO
C_O

s09g30250.1	-	O
sSub58	-	

Putative	Subtilisin	hom
ologue,	

expressed	(54.4%
)	

AT2G04160.1	-	Subtilisin-like	
serine	endopeptidase	fam

ily	
protein	(56.2%

)	

Bradi3g04681	
3216712	-	
3220903	

12232	
Leucine	Rich	Repeat	

LO
C_O

s02g06600.1	-	receptor-
like	protein	kinase	2	precursor,	
putative,	expressed	(48.8%

)	

AT1G71400.1	-	receptor	like	
protein	12	(43.3%

)	

Bradi3g04690	
3222059	-	
3227339	

17579	
serine-type	endopeptidase	
activity	

LO
C_O

s02g10520.1	-	O
sSub12	-	

Putative	Subtilisin	hom
ologue,	

AT2G04160.1	-	Subtilisin-like	
serine	endopeptidase	fam

ily	
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Bradi3g11140	
9570245	-	
9575774	

25934	
phosphatidylcholine	
transm

em
brane	transporter	

activity	

LO
C_O

s10g03400.2	-	
phosphatidylinositol	transfer,	
putative,	expressed	(84.2%

)	

AT4G39170.1	-	Sec14p-like	
phosphatidylinositol	transfer	
fam

ily	protein	(65.7%
)	

Bradi3g11145	
9583051	-	
9584271	

17437	
No	description	

LO
C_O

s02g25820.1	-	B3	DNA	
binding	dom

ain	containing	
protein,	expressed	(25.8%

)	

AT4G01500.1	-	AP2/B3-like	
transcriptional	factor	fam

ily	
protein	(19.3%

)	

Bradi3g11150	
9588169	-	
9590496	

11212	
S-ADENO

SYL-L-M
ETHIO

NINE-
DEPENDENT	
M
ETHYLTRANSFERASE	

DO
M
AIN-CO

NTAINING	
PRO

TEIN	

LO
C_O

s03g03470.2	-	expressed	
protein	(37.5%

)	
AT5G63100.1	-	S-adenosyl-L-
m
ethionine-dependent	

m
ethyltransferases	

superfam
ily	protein	(50.8%

)	

Bradi3g11156	
9591855	-	
9592133	

9575	
No	description	

LO
C_O

s02g24240.1	-	expressed	
protein	(46.7%

)	
None	

Bradi3g11163	
9592708	-	
9593625	

8083	
No	description	

None	
None	

Bradi3g11170	
9596208	-	
9597278	

4430	
No	description	

LO
C_O

s01g15610.1	-	expressed	
protein	(38%

)	
None	

Bradi3g11175	
9605941	-	
9606524	

4233	
Expressed	protein	

none	
none	

Bradi3g11180	
9608962	-	
9615936	

7254	
CYCLIN-T1-3	

LO
C_O

s02g24190.1	-	cyclin-T1-
2,	putative,	expressed	(76.3%

)	
AT4G19600.1	-	Cyclin	fam

ily	
protein	(33.5%

)	

Bradi3g11191	
9628090	-	
9633334	

26382	
SENTRIN/SUM

O
-SPECIFIC	

PRO
TEASE	

LO
C_O

s06g13890.1	-	expressed	
protein	(49.9%

)	
none	

Bradi3g11197	
9637041	-	
9644509	

35333	
PHO

SPHATIDYLINO
SITO

L/PHO
SPHATIDYLCHO

LINE	TRANSFER	
PRO

TEIN	SFH6-RELATED	

LO
C_O

s02g04020.1	-	expressed	
protein	(73.3%

)	
AT2G21520.1	-	Sec14p-like	
phosphatidylinositol	transfer	
fam

ily	protein	(71.7%
)	



Bradi3g11200	
9645536	-	
9650291	

43828	
No	description	

None	
None	

 



S19. List of candidate genes for strong energy Q
TL

	

Q
TL	

Candidate	Gene	
Gene	Location	(bp)	

Distanc
e	from

	
Q
TL	

Description	
Rice	Protein	Hom

ologs	
Arabidopsis	Protein	Hom

olog	

Energy_Q
TL1.4	

(s1_02600962)	

Bradi1g03853	
2583581	-	2584374		

16588	
Expressed	protein	

NA	
NA	

Bradi1g03856	
2585071	-	2586838	

14124	
Differentially	upregulated	
in	nitrogen	Roots	vs.	Shoots	
com

parison	

NA	
NA	

Bradi1g03860	
2586981	-	2591146	

9816	
am

inopeptidase	activity	
LO

C_O
s03g60460.1	-	

am
inopeptidase,	putative,	

expressed	(94.9%
)	

AT5G13520.1	-	peptidase	M
1	

fam
ily	protein	(78.1%

)	

Bradi1g03867	
2595174	-	2592606	

8356	
Coexpressed	along	w

ith	
genes	transcribed	in	shoot	
tissue	during	night	

LO
C_O

s12g27790.1	-	O
sFBX443	

-	F-box	dom
ain	containing	

protein,	expressed	(14.7%
)	

NA	

Bradi1g03880	
2600038	-	2603789	

0	
Coexpressed	along	w

ith	
genes	transcribed	in	shoot	
tissue	during	night	

LO
C_O

s03g60430.2	-	AP2	
dom

ain	containing	protein,	
expressed	(62.6%

)	

AT2G28550.3	-	related	to	
AP2.7	(42.2%

)	

Bradi1g03890	
2608441	-	2611283	

7479	
BRICK1,	putative	

NA	
AT2G22640.1	-	BRICK1,	
putative	(76.5%

)	

Bradi1g03900	
2613615	-	2617812	

12653	
DNA-dependent	ATPase	
activity	

LO
C_O

s03g60390.1	-	PHD	
finger	protein,	putative,	
expressed	(78.1%

)	

AT5G05610.2	-	alfin-like	1	
(66.8%

)	

Bradi1g03910	
2622358	-	2625266	

24304	
aldo-keto	reductase	
activity,	carbonyl	reductase	
(NADPH)	activity,	steroid	
dehydrogenase	activity,	
acting	on	the	CH-O

H	group	

LO
C_O

s03g60380.1	-	
cinnam

oyl	CoA	reductase,	
putative,	expressed	(83.3%

)	

AT5G58490.1	-	NAD(P)-binding	
Rossm

ann-fold	superfam
ily	

protein	(63.4%
)	



of	donors,	N
A
D
	or	N

A
D
P	as	

acceptor	

Energy_Q
TL1.5	

(s1_11783844)	
	Bradi1g14810	

11754643	-	
11756133	

27711	
zinc	ion	binding	

	LO
C_O

s03g41110	-	C2H
2	

zinc	finger	protein,	expressed	

(61%
)	

	

A
T1G

24625	-	zinc	finger	
protein	7	(27%

)	

Bradi1g14815	
11756698	-	
11759061	

24783	
N
o	annotation	

none	
none	

Bradi1g14820	
11759343	-	
11761732	

22112	
CYCLIN

,	subfam
ily	CYCA

3	
LO

C_O
s03g41100	-	cyclin,	

putative,	expressed	(62%
)	

A
T1G

47230	-	CYCLIN
	A
3;4	

(60%
)	

Bradi1g14830	
11764332	-	
11771956	

11888	
Protein	of	unknow

n	
function	(D

U
F760)		

LO
C_O

s03g41080.1	-	seed	
m
aturation	protein	PM

23,	
putative,	expressed	(93.9%

)	

A
T2G

14910.1	-	(1	of	8)	
PF05542	-	Protein	of	unknow

n	
function	(D

U
F760)	(60.3%

)	

Bradi1g14835	
11777417	-	
11777940	

5904	
Expressed,	Coexpressed	
along	w

ith	genes	
transcribed	in	shoot	tissue	
during	night	

LO
C_O

s08g31460.1	-	G
TPase	of	

unknow
n	function	dom

ain	
containing	protein,	putative,	
expressed	(83%

)	

none	

Bradi1g14840	
11782056	-	
11785989	

0	
ferrous	iron	
transm

em
brane	

transporter	activity	

LO
C_O

s12g39180.1	-	natural	
resistance-associated	
m
acrophage	protein,	putative,	

expressed	(80.4%
)	

A
T1G

47240.1	-	N
RA

M
P	m

etal	
ion	transporter	2	(72.8%

)	

Bradi1g14845	
11786471	-	
11787344	

2627	
EXTEN

SIN
,	PRO

LIN
E-RICH

	
PRO

TEIN
,	Coexpressed	w

ith	
genes	dow

nregulated	
during	drought	stress	

LO
C_O

s03g55290.1	-	G
A
SR3	-	

G
ibberellin-regulated	

G
A
SA

/G
A
ST/Snakin	fam

ily	
protein	precursor,	expressed	
(44.4%

)	

A
T1G

10588.1	-	G
ibberellin-

regulated	fam
ily	protein	

(41.7%
)	



Bradi1g14850	
11800558	-	
11803295	

19451	
Protein	of	unknow

n	
function	(DUF620),	
Coexpressed	along	w

ith	
genes	transcribed	in	shoot	
tissue	during	day	

LO
C_O

s03g40930.1	-	
expressed	protein	(79.9%

)	
AT3G19540.1	-	Protein	of	
unknow

n	function	(DUF620)	
(69.5%

)	

Bradi1g14855	
11810840	-	
11813999	

26996	
Expressed	protein	

none	
none	

Bradi1g14860	
11819372	-	
11823066	

35528	
SF335	-	SUBTILISIN-LIKE	
PRO

TEASE,	Coexpressed	
w
ith	genes	in	flow

er	
specific	coexpression	
subnetw

ork	

LO
C_O

s03g55350.1	-	O
sSub31	

-	Putative	Subtilisin	
hom

ologue,	expressed	(72.3%
)	

AT5G67360.1	-	Subtilase	fam
ily	

protein	(66.1%
)	

Energy_Q
TL1.10	

(s1_53853254)	
	Bradi1g55216	

53796314	-	
53807134	

46120	
GENERAL	TRANSCRIPTIO

N	
FACTO

R	3C	PO
LYPEPTIDE	4	

LO
C_O

s01g50690.1	-	W
D	

dom
ain,	G-beta	repeat	dom

ain	
containing	protein,	expressed	
(78.4%

)	

AT3G49400.1	-	
Transducin/W

D40	repeat-like	
superfam

ily	protein	(53.4%
)	

Bradi1g55230	
53824245	-	
53829688	

23566	
M
EM

BRANE	RELATED	
PRO

TEIN-LIKE	
LO

C_O
s07g08760.1	-	START	

dom
ain	containing	protein,	

putative,	expressed	(88.4%
)	

AT4G14500.1	-	Polyketide	
cyclase/dehydrase	and	lipid	
transport	superfam

ily	protein	
(61.6%

)	

Bradi1g55240	
53840201	-	
53849470	

3784	
protein	kinase	fam

ily	
protein,	putative,	
expressed,	subfam

ily	RLCK-
IXb	

LO
C_O

s03g31000.1	-	protein	
kinase,	putative,	expressed	
(71.4%

)	

AT2G45910.1	-	U-box	dom
ain-

containing	protein	kinase	
fam

ily	protein	(41.9%
)	

Bradi1g55245	
53853949	-	
53856846	

695	
SERINE/THREO

NINE-
PRO

TEIN	KINASE	
LO

C_O
s07g38530.2	-	

STE_PAK_Ste20_Slob_W
nk.4	-	

STE	kinases	(62.7%
)	

AT3G04910.1	-	w
ith	no	lysine	

(K)	kinase	1	(54.4%
)	

Bradi1g55250	
53857279	-	
53869489	

4025	
ATP-dependent	DNA	
helicase	activity	

LO
C_O

s07g08729.1	-	ATP-
dependent	DNA	helicase	2	

AT1G16970.1	-	KU70	hom
olog	

(71.8%
)	
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R
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ro
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Bradi3g01419	
908671	-	911574	

27186	
F-box-like	

LO
C_O

s07g36870.1	-	O
sFBX252	

-	F-box	dom
ain	containing	

protein,	expressed	(32.1%
)	

none	

Bradi3g01427	
914646	-	915980	

22780	
Expressed	protein	

LO
C

_O
s09g17530.1 - 

O
sFBX321 - F-box dom

ain 
containing protein, expressed 
(7%

) 

none 

Bradi3g01440	
917087	-	918352	

20408	
nucleoside-triphosphatase	
activity	

LO
C

_O
s02g02380.1 - 

suppressor of phythchrom
e A, 

putative, expressed (47%
) 

AT5G
23730.1 - 

Transducin/W
D

40 repeat-like 
superfam

ily protein (41.3%
) 

Bradi3g01450	
921226	-	926408	

12352	
N
U
CLEIC	ACID-BIN

DIN
G,	

O
B-FO

LD-LIKE	PRO
TEIN

	
LO

C
_O

s02g02390.1 - S1 R
N

A 
binding dom

ain containing 
protein, expressed (71.1%

) 

AT1G
12800.1 - N

ucleic acid-
binding, O

B-fold-like protein 
(49.7%

) 

Bradi3g01460	
925843	-	933040	

5720	
protein	kinase	fam

ily	
protein	

LO
C

_O
s03g28980.1 - W

D
40-

like Beta Propeller R
epeat 

fam
ily protein, expressed 

(45.9%
) 

AT1G
21680.1 - D

PP6 N
-

term
inal dom

ain-like protein 
(31.4%

) 

Bradi3g01470	
939007	-	941921	

247	
am

inoacylase	activity,	
catalase	activity	

LO
C

_O
s02g02400.2 - catalase 

isozym
e A, putative, expressed 

(86%
) 

AT1G
20630.1 - catalase 1 

(79%
) 

Bradi3g01477	
942486	-	946497	

3726	
HEAT	SHO

CK	PRO
TEIN	

70KDA	
LO

C
_O

s02g02410.1 - D
naK

 
fam

ily protein, putative, 
expressed (87.4%

) 

A
T5G

28540.1 - heat shock 
protein 70 (H

sp 70) fam
ily 

protein (84.5%
) 

Bradi3g01483	
948294	-	952294	

9534	
general	transcription	
factor	IIIA	(GTF3A)	

LO
C

_O
s02g02424.1 - ZO

S2-02 
- C

2H
2 zinc finger protein, 

expressed (88.4%
) 

AT1G
72050.2 - transcription 

factor IIIA (59.3%
) 

Bradi3g01489	
952729	-	954585	

13969	
PPR	repeat	(PPR)	

LO
C

_O
s10g26070.1 - 

pentatricopeptide, putative, 
expressed (53.6%

) 

AT5G
59200.1 - 

Tetratricopeptide repeat (TPR
)-

like superfam
ily protein (52.5%

) 

Bradi3g01497	
955118	-	957532	

16358	
O
PT	oligopeptide	

transporter	protein	(O
PT)	

LO
C

_O
s02g02450.1 - 

transposon protein, putative, 
unclassified, expressed (81.3%

) 

AT3G
17650.1 - YELLO

W
 

STR
IPE like 5 (57%

) 



Bradi3g01510	
959098	-	961116	

20338	
Protein	of	unknow

n	
function,	DUF594	
(DUF594)	

LO
C

_O
s07g16930.1 - 

expressed protein (53.5%
) 

AT5G
45480.1 - Protein of 

unknow
n function (D

U
F594) 

(41.2%
) 

Bradi3g01515	
961177	-	963366	

22417	
No	description	

none 
none 

Bradi3g01520	
965015	-	967462	

26255	
O
PT	oligopeptide	

transporter	protein	(O
PT)	

LO
C

_O
s02g02460.1 - 

transposon protein, putative, 
unclassified, expressed (82.8%

) 

AT3G
17650.1 - YELLO

W
 

STR
IPE like 5 (68.9%

) 

Bradi3g01527	
968355	-	972729	

29595	
O
XIDO

REDUCTASE	FEY3-
RELATED

	
		

LO
C

_O
s02g02470.1 - 

oxidoreductase, short chain 
dehydrogenase/reductase 
fam

ily dom
ain containing 

protein (76.9%
) 

AT4G
27760.1 - N

AD
(P)-

binding R
ossm

ann-fold 
superfam

ily protein (69.5%
) 

Bradi3g01540	
971365	-	974693	

32605	
bHLH	transcription	factor	

LO
C

_O
s02g02480.1 - basic 

helix-loop-helix D
N

D
-binding 

dom
ain containing protein, 

expressed (75.6%
) 

AT1G
51070.2 - basic helix-

loop-helix (bH
LH

) D
N

A-binding 
superfam

ily protein (49.2%
) 

Bradi3g01550	
974981	-	978786	

36221	
PRO

TEIN	LO
W
	PSII	

ACCUM
ULATIO

N	3,	
CHLO

RO
PLASTIC	

L
O

C
_O

s02g
02520.1 - 

exp
ressed

 p
ro

tein
 (75.7%

) 
A

T
1G

73060.1 - L
o

w
 P

S
II 

A
ccu

m
u

latio
n

 3 (65.9%
) 

Bradi3g01560	
979803	-	980696	

41043	
DNA-directed	RNA	
polym

erase	activity	
LO

C
_O

s02g02510.1 - D
N

A-
directed R

N
A polym

erase II 
subunit R

PB4, putative, 
expressed (92.9%

) 

AT5G
09920.1 - R

N
A 

polym
erase II, R

pb4, core 
protein (86.5%

) 

Bradi3g01570	
980681	-	984906	

41921	
galacturonate	binding	

LO
C

_O
s02g02500.1 - rem

orin 
fam

ily protein, putative, 
expressed (84.6%

) 

AT2G
02170.2 - R

em
orin fam

ily 
protein (53.5%

) 

Bradi3g01577	
985013	-	989900	

46253	
Protein	kinase	dom

ain	
(Pkinase)	//	Leucine	rich	
repeat	(LRR_8)	

LO
C

_O
s02g02490.1 - 

phytosulfokine receptor 
precursor, putative, expressed 
(66.5%

) 

AT2G
02220.1 - phytosulfokin 

receptor 1 (53.9%
) 



Energy_Q
TL3.6	

(s3_07106643)	
Bradi3g08946	

7058804	-	7059487	
47156	

N
o	annotation	

none	
none	

	
Bradi3g08960	

7075456	-	7079656	
26987	

1-phosphatidylinositol-4-
phosphate	5-kinase	activity	

LO
C_O

s02g13890.1	-	FYVE	zinc	
finger	dom

ain	containing	
protein,	expressed	(82.3%

)	

AT1G29800.2	-	
RIN

G/FYVE/PHD-type	zinc	
finger	fam

ily	protein	(61.5%
)	

	
Bradi3g08961	

7080630	-	7081434	
25209	

N
o	annotation	

none	
none	

	
Bradi3g08963	

7080630	-	7081425	
25218	

N
o	annotation	

none	
none	

	
Bradi3g08967	

7083882	-	7087443	
19200	

BES1/BZR1	HO
M
O
LO

G	
PRO

TEIN
	4	

LO
C_O

s06g35900.1	-	
BES1/BZR1	hom

olog	protein,	
putative,	expressed	(61.1%

)	

	AT1G78700.1	-	BES1/BZR1	
hom

olog	4	(55.3%
)	

	
Bradi3g08974	

7091746	-	7092224	
14419	

N
o	annotation	

none	
none	

	
Bradi3g08981	

7094905	-	7095887	
10756	

N
o	annotation	

none	
none	

	
Bradi3g08990	

7097643	-	7106185	
458	

N
HL	repeat	(N

HL)	
LO

C_O
s02g13950.1	-	N

HL	
repeat-containing	protein,	
putative,	expressed	(88.4%

)	

AT3G14860.2	-	N
HL	dom

ain-
containing	protein	(62.1%

)	

	
Bradi3g09000	

7110846	-	7113041	
4203	

U
-box,	subfam

ily	
LO

C_O
s02g13960.1	-	spotted	

leaf	11,	putative,	expressed	
(75%

)	

AT1G29340.1	-	plant	U
-box	17	

(48.8%
)	

	
Bradi3g09005	

7116111	-	7118594	
9468	

Protein	kinase	dom
ain	

(Pkinase)	//	D-m
annose	

binding	lectin	(B_lectin)	

LO
C_O

s02g13965.1	-	lectin	
protein	kinase	fam

ily	protein,	
putative,	expressed	(83.9%

)	

AT4G32300.1	-	S-dom
ain-2	5	

(46.9%
)	

	
Bradi3g09010	

7120985	-	7127846	
14342	

N
AD(P)-BIN

DIN
G	

RO
SSM

AN
N
-FO

LD	
SU

PERFAM
ILY	PRO

TEIN
	

LO
C_O

s02g13970.1	-	Com
plex	I	

interm
ediate-associated	

protein	30	dom
ain	containing	

AT4G18810.1	-	N
AD(P)-binding	

Rossm
ann-fold	superfam

ily	
protein	(72.7%

)	



protein,	putative,	expressed	
(87.9%

)	

	
Bradi3g09013	

7128096	-	7129751	
21453	

No	annotation	
LO

C_O
s02g13980.1	-	

expressed	protein	(45.6%
)	

AT4G15140.1	(32.2%
)	

	
Bradi3g09015	

7131557	-	7134272	
24914	

No	annotation	
none	

none	

	
Bradi3g09017	

7138006	-	7142112	
31363	

No	description	
LO

C_O
s03g58930.1	-	

expressed	protein	(74.6%
)	

AT1G20890.1	(63.5%
)	

	
Bradi3g09020	

7141024	-	7141755	
34381	

No	annotation	
none	

none	

	
Bradi3g09030	

7142735	-	7145347	
36092	

large	subunit	ribosom
al	

protein	L11e	
LO

C_O
s02g14059.1	-	ribosom

al	
protein	L5,	putative,	expressed	
(97.2%

)	

AT5G45775.2	-	Ribosom
al	L5P	

fam
ily	protein	(97.2%

)	

	
Bradi3g09032	

7149154	-	7149795	
42511	

No	annotation	
none	

none	

	
Bradi3g09034	

7149796	-	7150700	
43153	

No	annotation	
none	

none	

	
Bradi3g09037	

7151497	-	7153629	
44854	

actin	related	protein	2/3	
com

plex,	subunit	3	(ARPC3)	
LO

C_O
s02g14000.1	-	actin-

related	protein	2/3	com
plex	

subunit	3,	putative,	expressed	
(96%

)	

AT1G60430.2	-	actin-related	
protein	C3	(83.3%

)	

Energy_Q
TL3.8	

(s3_16587273)	
Bradi3g18077	

16562829	-	
16581852	

5421	
RING/FYVE/PHD	ZINC	
FINGER	DO

M
AIN-

CO
NTAINING	PRO

TEIN	

LO
C_O

s08g12680.1	-	zinc	
finger	dom

ain,	LSD1	subclass	
fam

ily	protein,	expressed	
(84.1%

)	

AT1G79350.1	-	
RING/FYVE/PHD	zinc	finger	
superfam

ily	protein	(80.9%
)	

	
Bradi3g18090	

16582021	-	
16585513	

1760	
protein	serine/threonine	
phosphatase	activity	

LO
C_O

s04g52000.1	-	protein	
phosphatase	2C,	putative,	
expressed	(84.9%

)	

AT4G28400.1	-	Protein	
phosphatase	2C	fam

ily	protein	
(67.6%

)	



	
Bradi3g18100	

16586176	-	
16587906	

633	
Expressed	protein	

LO
C_O

s03g21600.1	-	
expressed	protein	(47.4%

)	
none	

	
Bradi3g18120	

16588308	-	
16594496	

1035	
No	description	

LO
C_O

s01g20110.1	-	
expressed	protein	(72.4%

)	
AT1G36320.1	(52.2%

)	

	
Bradi3g18130	

16594488	-	
16597664	

7215	
W
AK	receptor-like	protein	

kinase,	expressed,	
subfam

ily	W
AKL-O

S	

LO
C_O

s11g35120.1	-	
O
sW

AK116	-	O
sW

AK	receptor-
like	cytoplasm

ic	kinase	
O
sW

AK-RLCK,	expressed	
(72.5%

)	

AT1G21230.1	-	w
all	associated	

kinase	5	(57.4%
)	

	
Bradi3g18135	

16597670	-	
16598858	

10397	
Expressed	protein	

none	
none	

	
Bradi3g18140	

16598165	-	
16606217	

10892	
beta-am

yrin	synthase	
activity,	alpha-am

yrin	
synthase	activity,	lanosterol	
synthase	activity	

LO
C_O

s02g04710.1	-	
cycloartenol	synthase,	
putative,	expressed	(73.3%

)	

	AT2G07050.1	-	cycloartenol	
synthase	1	(71.6%

)	

	
Bradi3g18150	

16621900	-	
16630426	

34627	
protein	kinase	fam

ily	
protein,	putative,	
expressed,	subfam

ily	Raf	

LO
C_O

s08g12750.1	-	
serine/threonine-protein	
kinase	HT1,	putative,	
expressed	(89%

)	

AT2G24360.1	-	Protein	kinase	
superfam

ily	protein	(80.1%
)	

	
Bradi3g18160	

16630479	-	
16634862	

42206	
FAD	binding	

LO
C_O

s08g02230.1	-	FAD-
binding	and	arabino-lactone	
oxidase	dom

ains	containing	
protein,	putative,	expressed	
(73.9%

)	

AT2G46750.1	-	D-arabinono-
1,4-lactone	oxidase	fam

ily	
protein	(64.2%

)	

	
Bradi3g18170	

16636799	-	
16638547	

49526	
FAD	binding	

LO
C_O

s04g29210.1	-	FAD-
binding	and	arabino-lactone	
oxidase	dom

ains	containing	
protein,	putative,	expressed	
(71.0%

)	

AT2G46760.1	-	D-arabinono-
1,4-lactone	oxidase	fam

ily	
protein	(63.5%

)	



TS=40ms 
; Quenching protocol with Actinic1 & Actinic2 8mins + dark 3 mins 
; Protocol: Quenching-without-FR1-Lucam.p modified by Keng  
;version September, 2015 
;high-resolution CCD 
; 
include default.inc  ;Includes standard options, do not remove it ! 
include light.inc  ;Includes standard options, do not remove it ! 
Shutter=3 
Sensitivity=50 
Act1=100 
Act2=100 
Super=100 

;-------------------------------------------------------------------------------
------------------------------ 
;*** Fo Measurement 
********************************************************************************
********** 
;-------------------------------------------------------------------------------
------------------------------ 
F0duration = 5s 
F0period = 1s 
<0,F0period..F0duration>=>mfmsub 
; 
;Fo definition 
<0s>=>checkPoint,"startFo" 
<F0duration - F0period>=>checkPoint,"endFo" 
; 
;-------------------------------------------------------------------------------
------------------------------ 
;*** Saturating Pulse & Fm Measurement 
*********************************************************************** 
;-------------------------------------------------------------------------------
------------------------------ 
PulseDuration=800ms;##### 
a1=F0duration + 2*mfmsub_length;##### 
; 
<a1>=>SatPulse(PulseDuration) 
<a1>=>act1(PulseDuration) 
<a1>=>act2(PulseDuration) 
; 
<a1>=>mpulse 
; 
;Fm definition 
<a1 + mfmsub_length>=>checkPoint,"startFm" 
<a1 + PulseDuration - mfmsub_length>=>checkPoint,"endFm" 
; 
;Visual frame definition                                               ## Image 
shown in pre-processing window 
<a1 + PulseDuration/2 + TS>=>checkPoint,"timeVisual" 
; 
;-------------------------------------------------------------------------------
------------------------------ 
;******* Dark Relaxation Measurement 
************************************************************************* 

Sʹ0. �rotoco� for meas�ring phenotypic parameters �sing a ���



;-------------------------------------------------------------------------------
------------------------------ 
DarkRelaxation1=17s;##### 
b1= a1 + PulseDuration + 2*mfmsub_length;##### 
b2=2s;##### 
<b1, b1 + 200ms .. b1 + b2>=>mfmsub 
<b1 + b2 + 200ms, b1 + 2*b2 .. b1+DarkRelaxation1>=>mfmsub 
; 
;-------------------------------------------------------------------------------
------------------------------ 
;******* Kautsky Effect Measurement 
************************************************************************** 
;-------------------------------------------------------------------------------
------------------------------ 
; 
;******* Actinic light Exposure ************************************** 
ALPeriod=450s;##### 
c1= a1 + PulseDuration + DarkRelaxation1 + mfmsub_length;##### 
<c1>=>act1(ALPeriod) 
<c1>=>act2(ALPeriod) 
; 
;*******Fast Kautsky kinetics**************************************** 
c2=3s;##### 
; 
<c1 + TS, c1 + TS + mfmsub_length.. c1+c2>=>mfmsub; 
; 
;*******Slow Kautsky kinetics**************************************** 
c3=4s;#####                                                                           
period of slow measurement 
; 
<c1 + c2 + c3/10, c1 + c2+ c3/5, c1 + c2 + c3/2>=>mfmsub 
; 
<c1 + c2 + c3, c1 + c2 + c3 +12s .. c1 + ALPeriod>=>mfmsub; 
; 
;Fp definition 
<c1>=>checkPoint,"startFp" 
<c1 + c2 + c3>=>checkPoint,"endFp" 
; 
;-------------------------------------------------------------------------------
------------------------------ 
;******* Saturating Pulses - Fm' Quenching Analysis 
********************************************************** 
;-------------------------------------------------------------------------------
------------------------------ 
; 
;******* Saturating Pulses - Fm_L1 *********************************** 
f1=c1+<18s>;##### 
f11=f1#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f11=>mfmsub 
f1 + mfmsub_length=>checkPoint,"startFt_L1" 
f1 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L1" 
; 
f2=f1 + PulseDuration;##### 
f2=>SatPulse(PulseDuration); 
f2=>mpulse 
f2+PulseDuration/2=>checkPoint,"startFm_L1" 
f2 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L1" 
; 



;******* Saturating Pulses - Fm_L2 ********************************** 
f3=c1+<38s>;##### 
f31=f3#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f31=>mfmsub 
f3 + mfmsub_length=>checkPoint,"startFt_L2" 
f3 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L2" 
; 
f4=f3 + PulseDuration;##### 
f4=>SatPulse(PulseDuration); 
f4=>mpulse 
f4 + PulseDuration/2=>checkPoint,"startFm_L2" 
f4 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L2" 
; 
;******* Saturating Pulses - Fm_L3 *********************************** 
f5=c1+<58s>;##### 
f51=f5#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f51=>mfmsub 
f5 + mfmsub_length=>checkPoint,"startFt_L3" 
f5 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L3" 
; 
f6=f5 + PulseDuration;##### 
f6=>SatPulse(PulseDuration); 
f6=>mpulse 
f6 + PulseDuration/2=>checkPoint,"startFm_L3" 
f6 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L3" 
; 
;******* Saturating Pulses - Fm_L4 *********************************** 
f7=c1+<78s>;##### 
f71=f7#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f71=>mfmsub 
f7 + mfmsub_length=>checkPoint,"startFt_L4" 
f7 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L4" 
; 
f8=f7 + PulseDuration;##### 
f8=>SatPulse(PulseDuration); 
f8=>mpulse 
f8 + PulseDuration/2=>checkPoint,"startFm_L4" 
f8 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L4" 
; 
;******* Saturating Pulses - Fm_L5 *********************************** 
f9=c1+<98s>;##### 
f91=f9#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f91=>mfmsub 
f9 + mfmsub_length=>checkPoint,"startFt_L5" 
f9 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L5" 
; 
f10=f9 + PulseDuration;##### 
f10=>SatPulse(PulseDuration); 
f10=>mpulse 
f10 + PulseDuration/2=>checkPoint,"startFm_L5" 
f10 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L5" 
; 
;******* Saturating Pulses - Fm_L6 *********************************** 
f11=c1+<118s>;##### 
f111=f11#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f111=>mfmsub 
f11 + mfmsub_length=>checkPoint,"startFt_L6" 
f11 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L6" 



; 
f12=f11 + PulseDuration;##### 
f12=>SatPulse(PulseDuration); 
f12=>mpulse 
f12 + PulseDuration/2=>checkPoint,"startFm_L6" 
f12 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L6" 
; 
;******* Saturating Pulses - Fm_L7 *********************************** 
f13=c1+<148s>;##### 
f131=f13#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f131=>mfmsub 
f13 + mfmsub_length=>checkPoint,"startFt_L7" 
f13 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L7" 
; 
f14=f13 + PulseDuration;##### 
f14=>SatPulse(PulseDuration); 
f14=>mpulse 
f14 + PulseDuration/2=>checkPoint,"startFm_L7" 
f14 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L7" 
; 
;******* Saturating Pulses - Fm_L8 *********************************** 
f15=c1+<178s>;##### 
f151=f15#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f151=>mfmsub 
f15 + mfmsub_length=>checkPoint,"startFt_L8" 
f15 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L8" 
; 
f16=f15 + PulseDuration;##### 
f16=>SatPulse(PulseDuration); 
f16=>mpulse 
f16 + PulseDuration/2=>checkPoint,"startFm_L8" 
f16 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L8" 
; 
;******* Saturating Pulses - Fm_L9 *********************************** 
f17=c1+<238s>;##### 
f171=f17#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f171=>mfmsub 
f17 + mfmsub_length=>checkPoint,"startFt_L9" 
f17 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L9" 
; 
f18=f17 + PulseDuration;##### 
f18=>SatPulse(PulseDuration); 
f18=>mpulse 
f18 + PulseDuration/2=>checkPoint,"startFm_L9" 
f18 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L9" 
; 
;******* Saturating Pulses - Fm_L10 *********************************** 
f19=c1+<298s>;##### 
f191=f19#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f191=>mfmsub 
f19 + mfmsub_length=>checkPoint,"startFt_L10" 
f19 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L10" 
; 
f20=f19 + PulseDuration;##### 
f20=>SatPulse(PulseDuration); 
f20=>mpulse 
f20 + PulseDuration/2=>checkPoint,"startFm_L10" 
f20 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L10" 



; 
;******* Saturating Pulses - Fm_L11 *********************************** 
f21=c1+<358s>;##### 
f211=f21#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f211=>mfmsub 
f21 + mfmsub_length=>checkPoint,"startFt_L11" 
f21 + PulseDuration - mfmsub_length=>checkPoint,"endFt_L11" 
; 
f22=f21 + PulseDuration;##### 
f22=>SatPulse(PulseDuration); 
f22=>mpulse 
f22 + PulseDuration/2=>checkPoint,"startFm_L11" 
f22 + PulseDuration - mfmsub_length=>checkPoint,"endFm_L11" 
; 
;******* Saturating Pulses - Fm_L12 *********************************** 
f23=c1+<448s>;##### 
f231=f23#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
f231=>mfmsub 
f23 + mfmsub_length=>checkPoint,"startFt_Lss" 
f23 + PulseDuration - mfmsub_length=>checkPoint,"endFt_Lss" 
; 
f24=f23 + PulseDuration;##### 
f24=>SatPulse(PulseDuration); 
f24=>mpulse 
f24 + PulseDuration/2=>checkPoint,"startFm_Lss" 
f24 + PulseDuration - mfmsub_length=>checkPoint,"endFm_Lss" 
; 
;-------------------------------------------------------------------------------
------------------------------ 
;*** Dark relaxation after actinic light period 
************************************************************** 
;-------------------------------------------------------------------------------
------------------------------ 
DarkRelaxation2=180s;##### 
h=c1 + ALPeriod +mfmsub_length;##### 
; 
;******** Relaxation measurement************************************** 
; 
<h, h+DarkRelaxation2/10..h+DarkRelaxation2>=>mfmsub 
; 
;******* Saturating Pulses - Fm_D1 *********************************** 
g1=h + <28s>;##### 
g11=g1#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
g11=>mfmsub 
g1 + mfmsub_length=>checkPoint,"startFt_D1" 
g1 + PulseDuration - mfmsub_length=>checkPoint,"endFt_D1" 
; 
g2=g1 + PulseDuration;##### 
g2=>SatPulse(PulseDuration) 
g2=>act1(PulseDuration) 
g2=>act2(PulseDuration) 
g2=>mpulse 
g2 + PulseDuration/2=>checkPoint,"startFm_D1" 
g2 + PulseDuration - mfmsub_length=>checkPoint,"endFm_D1" 
; 
;******* Saturating Pulses - Fm_D2 *********************************** 
g3=h + <58s>;##### 
g31=g3#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 



g31=>mfmsub 
g3 + mfmsub_length=>checkPoint,"startFt_D2" 
g3 + PulseDuration - mfmsub_length=>checkPoint, "endFt_D2" 
; 
g4=g3 + PulseDuration;##### 
g4=>SatPulse(PulseDuration) 
g4=>act1(PulseDuration) 
g4=>act2(PulseDuration) 
g4=>mpulse 
g4 + PulseDuration/2=>checkPoint,"startFm_D2" 
g4 + PulseDuration - mfmsub_length=>checkPoint,"endFm_D2" 
; 
;******* Saturating Pulses - Fm_D3 *********************************** 
g5=h+<118s>;##### 
g51=g5#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
g51=>mfmsub 
g5 + mfmsub_length=>checkPoint,"startFt_D3" 
g5 + PulseDuration - mfmsub_length=>checkPoint,"endFt_D3" 
; 
g6=g5 + PulseDuration;##### 
g6=>SatPulse(PulseDuration) 
g6=>act1(PulseDuration) 
g6=>act2(PulseDuration) 
g6=>mpulse 
g6 + PulseDuration/2=>checkPoint,"startFm_D3" 
g6 + PulseDuration - mfmsub_length=>checkPoint,"endFm_D3" 
; 
;******* Saturating Pulses - Fm_D4 *********************************** 
g7=h+<178s>;##### 
g71=g5#<mfmsub_length,2*mfmsub_length ..PulseDuration - mfmsub_length>;##### 
g71=>mfmsub 
g7 + mfmsub_length=>checkPoint,"startFt_D4" 
g7 + PulseDuration - mfmsub_length=>checkPoint,"endFt_D4" 
; 
g8=g7 + PulseDuration;##### 
g8=>SatPulse(PulseDuration) 
g8=>act1(PulseDuration) 
g8=>act2(PulseDuration) 
g8=>mpulse 
g8 + PulseDuration/2=>checkPoint,"startFm_D4" 
g8 + PulseDuration - mfmsub_length=>checkPoint,"endFm_D4" 
; 
;END ****************************************************************** 


