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Table S1. Neurospora crassa strains used in this study

	[bookmark: _Hlk499192455]Strain
	Genotype
	Source/reference

	WT
	[bookmark: OLE_LINK3]mata, ras-1bd
	Laboratory stock

	Wild-type 
	matA, 74A-OR23-1A (#4200) 
	FGSC4200

	[bookmark: OLE_LINK4]wc-1RIP
	ras-1bd, wc-1RIP
	Laboratory stock

	[bookmark: OLE_LINK5]Δwc-2
	matA, ras-1bd, Δwc-2bar
	Laboratory stock

	cog-1
	[bookmark: OLE_LINK2]mata, ras-1bd, cog-1
	(Nsa et al. 2015)

	[bookmark: OLE_LINK1]Δcry
	mata, ras-1bd, Δcryhyg
	Laboratory stock

	Δvvd
	mata, Δvvdhyg
	FGSC11555

	[bookmark: OLE_LINK6]Δnop-1
	matA ,Δnop-1hyg
	FGSC15897

	wccDKO
	ras-1bd, wccdko
	Laboratory stock

	frq10
	ras-1bd, frq10
	Laboratory stock

	fwd-1RIP
	ras-1bd, fwd-1RIP,his-1
	Laboratory stock

	Δphy-1
	matA, phy-1AF1
	(Chen et al. 2009)

	Δphy-2
	mata, phy-1AF1, phy-2 AF1
	(Chen et al. 2009)

	Δphy-1, Δphy-2
	mata, phy-1AF1, phy-2 AF1
	(Chen et al. 2009)

	Δcry, cog-1
	[bookmark: OLE_LINK7][bookmark: OLE_LINK8]matA, Δcryhyg, cog-1
	(Nsa et al. 2015)

	Δvvd, cog-1
	matA, ras-1bd, Δvvdhyg, cog-1
	(Nsa et al. 2015)

	Δwc-1, cog-1
	matA, ras-1bd, Δwc-1bar, cog-1
	(Nsa et al. 2015)

	Δcry, cog-1
	matA, ras-1bd, Δcryhyg, Δvvdhyg
	(Nsa et al. 2015)

	Δcry, Δwc-1
	matA, ras-1bd, Δcryhyg, Δwc-1bar
	(Nsa et al. 2015)

	Δvvd, Δwc-1, cog-1
	matA, ras-1bd, Δvvdhyg, Δwc-1bar, cog-1
	(Nsa et al. 2015)

	Δcry, Δvvd, cog-1
	matA, ras-1bd, Δcryhyg, Δvvdbar, cog-1
	(Nsa et al. 2015)

	Δcry, Δvvd, Δwc-1
	matA, ras-1bd, Δcryhyg, Δvvdhyg, Δwc-1bar
	(Nsa et al. 2015)

	Δcry, Δwc-1, cog-1
	matA, ras-1bd, Δcryhyg, Δwc-1bar, cog-1
	(Nsa et al. 2015)

	Δcry, Δwc-1, Δvvd, cog-1
	matA, ras-1bd, Δcryhyg, Δwc-1bar, Δvvdhyg, cog-1
	(Nsa et al. 2015)






Fig. S1

[image: ]
Figure S1 Conidiation rhythms of the FGSC4200 strain in LD1:1 and DD conditions. Represent results (n≥3) are shown. The strains were grown under white light and the light intensity was 5000 lux.

Fig. S2
[image: ]Figure S2 The FRQ protein levels under different LD routines. The replicate western blot results. showing the FRQ protein levels. The LD routines are LD12:12 for 48h (A, B), LD6:6 for 48 h (C, D), LD3:3 for two cycles (E, F), LD3:3 for 48 h (G,H), LD2:2 for two cycles (I, J) and LD2:2 for 48 h (K, L), respectively. The black and white bars denote different LD regimes. Membranes (mem) stained with Amino Black were used as loading control. The densitometric analysis of FRQ levels are shown at the bottom of each panel. 

Fig. S3


Figure S3 Scheme for the mathematical model of Neurospora circadian rhythm. The core negative feedback loop drives the autonomous oscillation of circadian clock, in which frq is negatively auto-regulated by inducing the degradation and phosphorylation of WCC. In addition, light depended WCC (LaWcc) promotes the transcription of VVD. In return, VVD accelerates the degradation of light depended WCC, which closes another negative feedback loop. Light can affect the circadian clock by inducing the transfer rate from phosphorylated WCC to light depended WCC.

Fig. S4
[image: ]
Figure S4 Impact of light sensors on the adaptation to short LD cycles. Race tube results of indicated strains under indicated LD cycles including LD6:6 (A) and LD12:12(B). Represent results (n≥3) are shown. The strains were grown under white light and the light intensity was 5000 lux.

Fig.S5
[image: ]

Figure S5 The conidiation rhythms of Neurospora strains in short LD cycles. The conditions were RD6:6 (A), RD3:3(B), RD2:2 (C), BD6:6 (D), BD3:3 (E) and BD2:2(G), respectively, the strains were grown under red or blue light and the light intensity was 5000lux. The condition was BD3:3(F), the strains grown under blue light and the light intensity was 1000lux. H: The race tube results of indicated strains grown under temperature cycles (25.5℃6h: 24.5℃6h) for 4 days. Represent results (n≥3) are shown. Triangles denote the conidiation bands.


Fig. S6
[image: ]
Figure S6 Growth phenotype and conidition rhythms of indicated strains. (A) Different mycelia color of indicated strains grown on slants showing. Represent results (n≥3) are shown. The strains were grown under white light and the light intensity was 5000 lux. (B) Conidiation rhythms in low white light (1000 lux). A,B: Race tube results of conidiation rhythms of indicated strains in LD12:12. Triangles denote the conidiation bands.

Supplemental protocol and parameters for modeling
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11]In the past few years, a number of mathematical models of Neurospora circadian rhythm have been built (Goldbeter 1995; Glossop et al. 1999; Gonze and Goldbeter 2000; Gonze et al. 2000; Gin et al. 2013). Gonze et al constructed a 3-varible mathematical model to describe the dynamics of frq and explained the mechanism of autonomous oscillation in Neurospora circadian clock (Gonze et al., 2000). Furthermore, Elan et al. presented a detailed model to explore the entrainment of Neurospora circadian clock by the light (Gin et al. 2013). Here, we proposed a simpler model to explore how the Neurospora circadian clock responses to different light dark cycles.
The mathematical model schematized in Fig 3A can be turned into differential equations. As Fig 3A shown,the transcription of frq can be positively regulated by the phosphorylated WCC (denoted wccp) and light dependent WCC (denoted lawcc). Therefore the concentration of frq mRNA (mfrq) can be determined by the following equation.

After that, frq mRNA is translated into the corresponding protein and FRQ protein further enter the nucleus (denoted FRQn). Since some intermediate biological processes are required for translation and the entry of the FRQ protein into the nucleus, the concentration of the nucleic FRQ protein is determined  hours ago. 

The regulation of wc-1 mRNA (mwcc) is also involved in this model.The transcription of wc-1 can be promoted by the light dependent WCC. Thus, we can use the following equation to describe the variation of wc-1 mRNA.

Following the translation of wc-1 mRNA into the corresponding protein, we considered two states of WCC complex: phosphorylated and light dependent. The degradation of the phosphorylated WCC can be induced by the nucleic FRQ protein. Therefore, a core negative feedback loop is formed between frq and phosphorylated WCC (Schafmeier et al. 2005; He et al. 2006). Also, based on the experimental data, VVD can promote the degradation of light dependent WCC. The two states of WCC complex can transfer to each other.Inaddition, light can accelerate the transfer rate from the phosphorylated WCC complex to light dependent form. 



We also introduce VVD into the model, which forms a negative feedback loop with light depended WCC. VVD promote the degradation of light depended WCC as we mentioned above. In return, the light depended WCC positively regulate VVD (Hunt et al., 2010; Chen et al., 2010; Malzahn et al 2010). Thus, the concentration of VVD can be determined by the following equation.


Table S2 Parameters of the mathematical model
	Parameters
	Value
	Parameters
	Value

	
	1
	K1
	1.8

	
	6
	K2
	0.5

	
	0.4
	K3
	5

	
	0.2
	K4
	0.02

	
	0.2
	K5
	1

	
	0.001
	K6
	0.18

	
	0.001
	kd1
	1

	
	5
	kd2
	0.6

	
	1
	kd3
	0.18

	
	0.5
	kd4
	0.02

	
	2
	kd5
	0.05

	
	2
	L
	0, when dark

	
	5
	
	0.2, when light

	
	1
	
	





RNA-seq methods and parameters

The isolated RNA samples isolated from duplicates (repeat #1, repeat #2) were processed to prepare the mRNA-seq library using the standard Illumina protocol. The sequencing was performed on an Illumina HiSeq 2000 at Forevergen, Guangzhou, China. The number of clean reads (repeat #1, repeat #2) of strains (△cry,△vvd,△wc-1) at DD24h, (△cry,△vvd,△wc-1) 45 min after light pulse (1000lux), (△cry,△vvd,△wc-1) 45 min after light pulse (5000 lux). The mapping ratios of these strains (replicates) were: (79.2%, 78.5%), (80.3%, 80.4%), (81.5%,79.6%), respectively. Tophat was used as the aligner to map the reads to the reference genome [N. crassa OR74A (NC12)]. Cufflinks was used to reconstruct the transcripts and estimate the gene expression levels (Trapnell et al. 2010).

REFERENCES
[bookmark: _ENREF_11][bookmark: _ENREF_2]Chen, C. -H., B. S. DeMay, A. S. Gladfelter, J. C. Dunlap, and J. J. Loros, 2010 Physical interaction between VIVID and white collar complex regulates photoadaptation in Neurospora. Proc. Natl. Acad. Sci. U S A 107: 16715-16720.
Chen, C. -H., C. S. Ringelberg, R. H. Gross, J. C. Dunlap, and J. J. Loros, 2009 Genome-wide analysis of light-inducible responses reveals hierarchical light signalling in Neurospora. EMBO J. 28: 1029-1042.
[bookmark: _ENREF_7][bookmark: _ENREF_4]Gin, E., A. C. Diernfellner, M. Brunner, and T. Höfer, 2013 The Neurospora photoreceptor VIVID exerts negative and positive control on light sensing to achieve adaptation. Mol. Syst. Biol. 9: 667.
Glossop, N. R., L. C. Lyons, and P. E. Hardin, 1999 Interlocked feedback loops within the Drosophila circadian oscillator. Science 286: 766-768.
[bookmark: _ENREF_3][bookmark: _ENREF_5]Goldbeter, A., 1995 A model for circadian oscillations in the Drosophila period protein (PER). Proc. Biol. Sci. 261: 319-324.
Gonze, D., and F. A. Goldbeter, 2000 Entrainment versus chaos in a model for a circadian oscillator driven by light-dark cycles. J. Statist. Phys. 101: 649-663.
[bookmark: _ENREF_6]Gonze, D., J. -C Leloup, and A. Goldbeter, 2000 Theoretical models for circadian rhythms in Neurospora and Drosophila. C R Acad. Sci. III 323: 57-67.
[bookmark: _ENREF_9]He, Q., J. Cha, J., Q. He, H. -C. Lee, Y. Yang et al., 2006 CKI and CKII mediate the FREQUENCY-dependent phosphorylation of the WHITE COLLAR complex to close the Neurospora circadian negative feedback loop. Genes Dev. 20: 2552-2565.
[bookmark: _ENREF_10]Hunt, S. M., S. Thompson, M. Elvin, and C. Heintzen, 2010 VIVID interacts with the WHITE COLLAR complex and FREQUENCY-interacting RNA helicase to alter light and clock responses in Neurospora. Proc. Natl. Acad. Sci. U S A 107: 16709-16714.
[bookmark: _ENREF_12]Malzahn, E., S. Ciprianidis, K. Káldi, T. Schafmeier, and M. Brunner, 2010 Photoadaptation in Neurospora by competitive interaction of activating and inhibitory LOV domains. Cell 142: 762-772.
[bookmark: _ENREF_1]Nsa, I. Y., N. Karunarathna, X. Liu, H. Huang, H., B. Boetteger et al., 2015 A novel cryptochrome-dependent oscillator in Neurospora crassa. Genetics 199: 233-245.
[bookmark: _ENREF_8]Schafmeier, T., A. Haase, K. Káldi, J. Scholz, M. Fuchs et al., 2005 Transcriptional feedback of Neurospora circadian clock gene by phosphorylation-dependent inactivation of its transcription factor. Cell 122: 235-246.
Trapnell, C., B. A. Williams, G. Pertea, A. Mortazavi, G. Kwan et al., 2010 Transcript assembly and quantification by RNA-Seq reveals unannotated transcripts and isoform switching during cell differentiation. Nat. Biotechnol. 28:  511–515.

3

image2.tiff
A

LL
LD1212 Co— ————
Samp. time:

12h 12h

4 8 12 16 20 24 28 32 36 40 44 48hrsinlLD

8 12 16 20 24 28 32 36 40 44 4g8hrsinlD

4

D

J

2
<
§ 2000
g
& 16000
&
o
2
£ 5000
]
o
od
0 4 8 12 16 20 24 28 32 36 40 44 48 hrsinLD
LL 6h 6h
LD56 — ——
Samp.tme: 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlD
LL 4 8 1216 20 24 28 32 36 40 44 48 frsinlD
| 25000
3
§ 20000
£ 15000
&
210000
kS
T 5000
o
0
074 8 12716 20 24 28 32 36 40 44 48 hrsinLD
LL3n 30
LD33
Samp time: 4 8 12 16 20 24 28 32 36 40 44 48 hrsinLD
LL 4 8 12 16 20 24 28 32 36 40 44 48 frsinlD
adalnininl | el Bl Ll
‘Mem
30000
2
<
§ 25000
o 20000
o
L 15000
o
2
£ 10000
& s000
0
0 4 8 1216 20 24 28 32 36 40 44 48 hrsinLD
L 2h 2h
1022 (O — ]
Samp.time: 40 80 120160200 0 40 80 120160 200240 minin LD
LL 40 80 120160200 0 40 80 120160 200240 minin LD
Ea bkl T 1 FRQ
EEScosccrEEEE -
32000
0
3
B 24000
g
&£ 16000
o
2
® 38000
]
o

0 40 80 120160200 0 40 80 120160 200240 mininLD

B

L 12n 12n
LD12:12
Samp.time: 4 & 12 16 20 24 28 32 36 40 44 48nrsinLD
LL 4 8 1216 20 24 28 32 36 40 44 48hrsinlD
i ;mﬁ FRQ
u e
20000
i
2 15000
3
2 10000
[
2
£ 5000
°
o
0
0 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlD
3h 3n 3n 3n
LD33
Samp. time: 1 6 7 8 9 1011 12hrsinlD
L1 6 7 8 9 1011 12hrsinlD
- £ EE R
| T e
32000
o
2 24000
3
2 16000
[
2
£ so00
]
o
0T T T T T T T T T T T T T
01 2 3 45 6 7 8 9101112 frsinlD
I I LL3h 3n
D33
Samp.time: 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlD
LL 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlD

L LETTTTY TTTEE g

P FE P B B B P e Y O Mem

o
2 32000

k]

g 24000

&

& 16000

2

]

5 s000

o

04
04 8 1216 20 24 28 32 36 40 44 48 hrsinLD

K LL2h2h

(bl 5 B B B B N NS NS N N

Samp.time: 4 8 12 16 20 24 28 32 36 40 44 48 hrsinLD

LL 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlLD

FEECET ST T

24000
20000

16000
12000
8000

Relative FRQ levels

=
<]
3
o 2

0 4 8 12 16 20 24 28 32 36 40 44 48 hrsinLD

C

LL 6h 6h
D66 o — — —
Samp.time: 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlD
LL 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlD
[ 5 o o g e iy i ey e g | M
300004
©
)
250004
3
o 200004
o
Lt 150004
0
2
5 10000+
T
o 50004
0
04 8712716 20 24 28 32 36 40 44 48 hrsinLD
3h 3h 3h 3h
LD3h:3h
Samp.time: 1 2 3 4 5 6 7 8 9 1011 12hrsinlD
L 1 2 3 4 5 6 7 8 9 1011 12hsinlD

FRQ

[ o ot o o ] o ] ] e

32000
»
]
B 24000
I}
& 16000
°
2z
B 8000
©
o
01 2 3 45 67 8 9 1011 12 hrsinlD
I L 2h 2h
1022 [ a—
Samp.time: 40 80 120160200 0 40 80 120160 200 240 mininLD
LL 40 80 120160200 0 40 80 120160 200240 minin LD
36000
P
°
B 27000
I}
& 15000
°
2
& 9000
©
o
04
0 40 80 120160200 0 40 80 120160 200240 mininLD
L LL2hoh
[ B B B B S EEE SN NN
Samp time: 4 & 12 16 20 24 28 32 36 40 44 48 frsinLD
LL 4 8 1216 20 24 28 32 36 40 44 48 hrsinLD
10000
»
°
& 7500
g
T 5000
°
2
® 2500
°
o
04

0 4 8 12 16 20 24 28 32 36 40 44 48 hrsinlLD




image3.tiff
et o+ [N W
oy o1 T R Y W TN
.

o ot I TR R T
PRI & & e m—
I < 5 § § 8 § e

., — |
o v 101 [ ]
oy, e, cog-1 I T
oy

LD 12:12 DD

vt cop-1 [ VI PRI
sy w1 cog-1 I
e w1 cog-1 [ S S
Sary S cog-1 T
oy e R T gy
oy wo-1 cop- R




image4.tiff
RD6:6 (5000lux)

conicos1 IR
PO |

ery, Aswe-1,cog-1 | M

Aoty Avd cog-1

Aary, Avvd, Awe-1
2wd, Awe-1,c0g-1
ety Awd, Awe-1,00g-1

< nop-1 A ]
D &6
. §§ RD6:6 (5000lux)
m—
wr gt
wr ISR
wee oro I S
we-1#
ove I
v s . S
cog-1 A
e A e
o IRk
cov IR
s - |
ey tne
Avvd, Acog-1

EEEE]

ey
|

con s |

Aery. Awd, Awe-T &< 3

Awd, Awe-1,00g-1 Dory v, Awe-1,c0g-1 [T
Aary.svvd, Awe-1.cog-1 | I Aphy-1 er—— =
R & o] oy | ]
aphy2 oy -2
Lphy1, Aphy-2 + op-1 ]
Zunop-1 - e

G

Aoty
Awe-1,c09-1
Aoty swe-T
Awd Lcog-1
Aary.cog-1

Acry, Avvd cog-1
1y, Awd, Awe-1

2vdl Awo-1,cog-1
2Ly Awd, 2we-1,c0g-1
Lphy-1

Aphy-2
Aphy-1,5phy-2

2nop-1

Aary. £swd, £ we-1,00g-1

<
&0

o
| &8 RD3:3 (5000 lux)
s = B B B B = B ]

v 9]
3

Tight-tight

53
%
%

g

H

L

Lery
we-1,c0g-1
. we-1

Awd fcog-1
Aory.cog-1

s,
H

Loy Awet,cog-1

Ay, vdcog-1
Aoy, v, e T
Awd, £ we-1,c0g-1

Aphy-2
nop-1
E
0¥
| 28 BD3:3 (5000 lux)
[ MEEEEEEE
v
.
o EREREREY
w EERETTWT]

g
3

JRPRPORY =« |
Aoy, Lwe-1
2w scog-1
tcryoop-t
oy - ]
tary et cop-1 [
tory v cog-1 [
Doyt Lowe-1 P R ]
2w, we-1,c0g-1

RD2:2 (5000lux)

Aory, Asvvd cog-1
Aory, 2wvd, Awe-1
Awvd, Awe-1,00g-1

21y, Avvd, we-1,00g-1

Aphy-1

Lphy-2 [ it
2phy-1, 0phy-2 i g

anopt

Blue 3h
Dark 3h

BD3:3 (1000lux)

g‘

¥

Loy

Lwe-1,c0g-1
seryower [0
£wd Acog-1

Lerycogt

%
H

Loty Awe-, cog1

Loy A cog-1
Loy Awd Ave-d
£ Awe- cog1

Dery, v, Awe-1,c0g-1

” ophy-1 [

Lphy-2
2ot

4days

e

Awe-1,c0g-1
sry, Aswo-1

Awd, Acog-1
Acry.cog-1

Lory, Awd

2oy, Aswe-1,00g-1
Aary, Avvd cog-1

[£% B ap w |
EET 35 o5 3
EREE S TEFTRTTE
e e
B =
Aoty Avvd, Awo-t
2vvd, Awo-1,00g-1
Lory, Awd, 2Awe-1,00g-1
Lphy-1
Lphy-2
Aphy-1, £phy-2
Anop-1




image5.tiff
LD12-12 1000 lux DD

WT’

oy

LWC-1 Lery r
/\wvd,cog-1 -m
Lery,cog-1 [
Lery,2wd IS DR
cry,Aswe-1,cog-1 RSN
Aery,/svvd,cog-1 T . L G e
cry, Avvd, A we-1 [ |
Lwd, 2we-1,c0-1 T
Aery, 2w, Aswe-1,cog-1 IS R
—phy-1 e T,
- phy-2 [ T L
/\phy1,/phy-2
nop-1 I T SRCI J]





image1.tiff
A A A A A A A A
e ]
T
R TL L |
N T, A,
3 S Sers ]




