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Supplementary Fig. S1. Relationship between day-length and latitude 

in different months in several locations (cities) of China. The day-length 

do not include the dawn and twilight. The day-length information is based on 

https://www.51240.com/, and latitude information is based on 

http://www.gpsspg.com/maps.htm

https://www.51240.com/
http://www.gpsspg.com/maps.htm


Supplementary Fig. S2. Identification of Hd1 as the factor conferring the 

non-heading phenotype under sustained long-day conditions in a 

segregating population. 

(a) Morphologic phenotypes of NHLD and nhld plants (90-day old) under natural 
short day (NSD), natural long day (NLD conditions in Guangzhou

23.13°N/113.27°E).  Bars indicate 25 cm.

(b) Heading date of NHLD and nhld plants under NSD, NLD, and sustained 
artificial long day (ALD) conditions in Guangzhou. Data are mean ± standard 
deviation (n = 50). “**” indicated the significances at P<0.01 by Student’s t test.

(c) Genetic mapping of the target gene controlling the differential heading dates 
of the population in NLD conditions. The marker 9338 was derived from a 4-bp 
insertion/deletion in the Hd1 and hd1 alleles. All 260 early-heading (nhld-type) 
plants in the mapping population completely co-segregated with 9338-

homozygotes.

(d, e) Functional complementation by transformation of nhld plants with 
transgenes from I7 (Hd1-I7) and Nipponbare (Hd1-Nip, with a deletion of 36 bp 
in the first exon, see Supplementary Fig. S10a).  The T2 lines (and nhld plants) 
were grown in NSD and ALD conditions, respectively. Bars indicate 25 cm. Data 
are mean ± standard deviation (n = 20). “**” indicated the significances at
P<0.01 by Student’s t test compared to nhld.
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(a)

AACGTGTTCGACCAGGAGGTtgg

1   864  1502  1861 bp

Hd1
Target 1  Target 2

GGGTATAGTACCAGACAGCAcgg

hd1-1
AACGTGTTCGA-------GTtgg
AACGTGTTCGA-------GTtgg

AACGTGTTCGACCAG--GGTtgg
AACGTGTTCGACCAG--GGTtgg

GGGTATAGTACCAGAC-GCAcgg
GGGTATAGTACCAGAC-GCAcgg

AACGTGTTCGACC----GGTtgg
AACGTGTTCGACC----GGTtgg

GGGTATAGTACCAGA--GCAcgg
GGGTATAGTACCAGA--GCAcgg

AACGTGTTCGACCAGGaaAGGTtgg
AACGTGTTCGACCAGGaaAGGTtgg

GGGTATAGTACCA---AGCAcgg
GGGTATAGTACCA---AGCAcgg

GGGTATAGTACCA----GCAcgg
GGGTATAGTACCA----GCAcgg

WT: 

------------------GGTtgg
------------------GGTtgg

AACGTGTTCGACCAGGAaGGTtgg
AACGTGTTCGACCAGGAaGGTtgg

GGGTATAGTACCAGACAaGCAcgg
GGGTATAGTACCAGACAaGCAcgg

GGGTATAGTACCAGA---------
GGGTATAGTACCAGA---------

(b) 1  444  2090   2419 bp

Ghd7
Target 1

ATTTATCGTTCATGTCGATggg

ATTTATCGTTCATGTCaGATggg
ATTTATCGTTCATGTCaGATggg

ATTTATCGTTCATGT-GATggg
ATTTATCGTTCATGT-GATggg

Target 2

GATACTCACGATGGTGGCGCtgg

GATACTCACGATGGaTGGCGCtgg
GATACTCACGATGGaTGGCGCtgg

-----------------CGCtgg
-----------------CGCtgg

WT: 

ATTTATCGTTCATGTCGATggg
ATTTATCGTTCATGTCGATggg

ATTTATCGTTC-----GATggg
ATTTATCGTTC-----GATggg

GATACTCACGATGGTgGGCGCtgg
GATACTCACGATGGTgGGCGCtgg

GAT---------------------
GAT---------------------

(c) 1   894 bp

DTH8
Target 1

GGCACTTGCTGAGCCCGGTggg

GGCACTTGCTGAGCCCaGGTggg
GGCACTTGCTGAGCCCaGGTggg

GGCACTTGCTGAGCCCagGG-ggg
GGCACTTGCTGAGCCCagGG-ggg

GGCACTTGCTGAGCCC-----------
GGCACTTGCTGAGCCC-----------

GGCACTTGCTGAGCCCcgGG-ggg
GGCACTTGCTGAGCCCcgGG-ggg

WT: 

GGCACTTGCTGAGCCCaGGTggg
GGCACTTGCTGAGCCCaGGTggg

23-bp deletion

31-bp deletion

19-bp deletion

64-bp deletion

T1 line 

hd1-2

hd1-3

hd1-4

hd1-5

hd1-6

ghd7-1

T1 line 

ghd7-2

ghd7-3

ghd7-4

T1 line 

dth8-1

dth8-2

dth8-3

dth8-4

dth8-5

ghd7

Target 2

ACGGCGGCGTCAGGGAACAagg

ACGGCGGCGTCAGG--------
ACGGCGGCGTCAGG--------

8-bp deletion

ACGGCGGCGTCAGGGcAACAagg
ACGGCGGCGTCAGGGcAACAagg

ACGGCGGCGTCAGGG-ACAagg
ACGGCGGCGTCAGGG-ACAagg

ACGGCGGCGTCAGGG-ACAagg
ACGGCGGCGTCAGGG-ACAagg

-----------------ACAagg
-----------------ACAagg

698-bp deletion

Supplementary Fig. S3. CRISPR/Cas9-mediated targeted mutagenesis of Hd1 (a), 

Ghd7 (b), and DTH8 (c) in NHLD plants. Top: diagram of the Hd1, Ghd7, and DTH8 
genes showing the target sites. Exons and introns are represented by black boxes and 

lines, respectively. The protospacer adjacent motifs (PAMs) are indicated in green. T1 

plants with homozygous mutations for each gene targeted were selected by sequencing. 

Three lines (hd1-6, ghd7-2 and dth8-3) were used in the present study.
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Supplementary Fig. S4. Phenotypes of  the CRISPR/Cas9-based knockout 

lines of Hd1, Ghd7 and DTH8. 

(a) Mophology phenotypes of plants (left, NSD 90-day-old; right, ALD 130-day-old)

of NHLD, nhld, and  the knockout T1 lines. Bars indicate 25 cm.

(b) Heading dates of NHLD, nhld, and the knockout T2 lines grown under NSD

and ALD conditions. Data are mean ± standard deviation (n = 20).



Supplementary Fig. S5. Expression levels of Ehd1, Hd3a and RFT1 of the eight 

isogenic lines (58 day-old plants) under ALD (a) and ASD (b) conditions. DTH, 
days to heading; ZT, zeitgeber time.  Data are shown as means ±standard 
deviation(n = 3). Error bars represent standard deviation of three biological replicates.

Genotype:  Hdg-7   HgD-3 HGD-1 HGd-4 hgD-6 hgd-8 hGd-5 hGD-2

DTH (ASD):   52.7       57.6      59.9     62.9    65 .4     66.7     70.6     71.5

Genotype:   Hdg-7 hgd-8 hGd-5 hgD-6      HgD-3     hGD-2     HGd-4     HGD-1

DTH (ALD): 63.2         78.6    82.1    82.3     93.0    107.4   136.0 >250
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Supplementary Fig. S6. Comparison of the expression of Ehd1, Hd3a and RFT1 in the eight isogenic 

lines (58 day-old plants) between ASD and ALD.  (a) HGD-1, (b) HGd-4, (c) HgD-3, (d) hGD-2 , (e) hgD-6, 

(f) Hgd-7, (g) hgd-8, (h) hGd-5. ZT, zeitgeber time. Data are shown as means ±standard deviation (n = 3). 
Error bars represent standard deviation of three biological replicates.

(a)

HGD-1

mPSIa >3.17  

RFT1Hd3aEhd1

SD    LD  SD    LD  SD    LD  

HGd-4

mPSIa 1.15

HgD-3

mPSIa 0.61

hGD-2

mPSIa 0.51

hgD-6

mPSIa 0.25

Hgd-7

mPSIa 0.19

hgd-8

mPSIa 0.18

hGd-5

mPSIa 0.16

(b)

(c)

(d)

(e)

(f)

(g)

(h)



Supplementary Fig. S7. Expression of Ghd7 (a), DTH8 (b) and Hd1 
(c) in the seven isogenic lines (58-day-old plants) under ASD and 
ALD conditions. ZT, zeitgeber time. Data are shown as means

±standard deviation(n = 3). Error bars represent standard deviation of 
three biological replicates.
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Supplementary Fig. S8. Test of the interaction of Hd1 with the Ghd7-promoter region. 

(a) Fragments of the Ghd7-promoter region used to test the interaction with Hd1 using yeast-

one-hybrid assays.

(b) Results of the yeast one-hybrid assays. Yeast cells were applied to the media in three

dilutions. Fragments shown in red had self-activation activity. G4 (red dashed line) showed a

weak interaction with Hd1.
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Supplementary Fig. S9. Verification of the interactions among Hd1, 

DTH8 and Ghd7.  

(a) AD-Hd1 interacted with BD-DTH8 in yeast two-hybrid assays. The empty

vector expressing the AD domain alone was the negative control. SD-LW,

SD-Leu-Trp. SD-LWH, SD-Leu-Trp-His. SD-LWHA, SD-Leu-Trp-His-Ade.

(b) BiFC assays for the interaction of Ghd7 and DTH8 in rice protoplasts.

Scale bars represent 20 mm.
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Line Hd1 Ghd7 DTH8 PS

NHLD (i) Type3 Type1 Type1 Strong

nhld (i) Type4 Type1 Type1 Weak

9311 (i) Type9 Type2 Type5 Weak

MH63 (i) Type4 Type2 Type4 Weak

ZS97 (i) Type3 Type16 Type9 Weak

Nip (j) Type12 Type1 Type1 Moderate

Zhongjia 8 (j) Type1 Type1 Type1 Moderate

O. rufipogon Type13 Type17 Type5 Strong

Supplementary Figure 10. Haplotypes (Type) of Hd1 (a), Ghd7 (b), and DTH8 (c) in rice 

(and O. rufipogon), and a summary of haplotypes and PS in several representative 

cultivated and wild rice lines (d). F.S, frame-shift; NF, non-functional (red); F, functional 

(underlined and bolded haplotypes with references cited are those functionally-tested). The 

amino acid changes in type 13 of Hd1 (a) and type 4-6, 9-13, 17 of Ghd7 (b) were predicted as 

neutral mutation via SIFT (http://sift.jcvi.org).  

Haplotypes and PS groups of  several representative 

cultivated and wild rice lines

Note: non-functional types are in red

(a)

(b)

(c)

(d)

http://sift.jcvi.org/
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Heading date

ASD-Ehd1 ASD-Hd3a ASD-RFT1 ALD-Ehd1 ALD-Hd3a ALD-RFT1

ZT0 0.306 -0.493 -0.183 -0.931** -0.933** -0.781*

ZT4 -0.431 -0.169 0.160 -0.903** 0.023 -0.933**

ZT8 -0.038 -0.080 -0.140 -0.895** -0.680 -0.721*

ZT12 -0.570 -0.331 -0.332 -0.595 -0.721* -0.932**

ZT16 -0.610 -0.798* -0.640 -0.879** -0.505 -0.932**

ZT20 0.320 -0.582 -0.362 -0.980** -0.705 -0.932**

RNA levels in leaves of 58-day-old plants were determined by real-time RT-PCR and are 

shown as natural logarithms. 

“* and **” indicated the significances at 5% and 1% level, respectively.

Supplementary Table S1. Pearson’s correlation coefficient between heading time and gene expression 
level.



Supplementary Table S2. lnformation of65 landraces, 61 modern indica andjaponica varieties, and a wild rice accession analyzed in the study. 

No. Variety (landraces) ALO 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

XiangZhan >156.0 

Hua Ke Nuo > 156.0 

Gan Mi 

Hong Ke Nuo 

Shen Xian Song 

Dong Zhan 

Wu Ke Zhan 

Zhu Zhan Hong 

Sha Zhan I 

Ril462 

Shuang Long Zhan 

GuangZhan 

Hou La Li 

Da Gu You Zhan 

Pu Tao Huang 

Hong NuoGu 

Wen Ming Nan Xiong 

Zhan 

Kl 

Fil I 

Xi Chuan Huang Liu 

Xun Dian Hai Pai Gu 

8692 

Sha Zhan 2 

HuangZhan 

Guang Fu I 

Bing Shui Gu I 

Yll 128 

You Zhan 

Xian Shan 37 

Bai Ke Ai 

MaZaoGu 

Zao Wu Ke 

Da Hong Gu 

Fil217 

Bai Zhan Zai 

Han Ha 

Wu Shi Xi Yang 

ChangXuNuo 

Tie Jiao Zhan 

Yil 117 

I-long J iao Zhan 

CII 180 

Chao Yang Qing Zhong 

Fll 134 

Ai Zai He 

Er Bai Gu 

Yi Yang Mi Ma Gu 

Hou Zhan Lao 

Xin HuaZhan 

Shuang Gui 

Dular 

Bei ErNuo 

Xi Chou Dong You 

Xiang Ma 

Hei Gu 

Hei Du Si Hao 

A258 

Yong Ning Da Zhang 

Liu Gu 

Bai Ke Da He 

Da Chuan Huang Liu 

A256 

Liu Shi Ri 2.ao 

Gan nong 5636 

Liu He 

Long Ya Zhan 19 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

>156.0 

79.0 

74.0 

74.0 

73.0 

72.0 

72.0 

72.0 

72.0 

65.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

NSD mPS!b 

60.0 1.60 

60.0 1.60 

61.0 

61.0 

62.0 

62.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

64.0 

64.0 

65.0 

65.0 

66.0 

66.0 

67.0 

67.0 

68.0 

68.0 

72.0 

72.0 

74.0 

74.0 

74.0 

75.0 

75.0 

75.0 

76.0 

79.0 

79.0 

81.0 

85.0 

85.0 

94.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

63.0 

1.56 

1.56 

1.52 

1.52 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.48 

1.44 

1.44 

1.40 

1.40 

1.36 

1.36 

1.33 

1.33 

1.29 

1.29 

1.17 

1.17 

I.II 

I.II 

I.II 

1.08 

1.08 

1.08 

I.OS 

0.97 

0.97 

0.93 

0.84 

0.84 

0.66 

0.25 

0.17 

0.17 

0.16 

0.14 

0.14 

0.14 

0.14 

0.03 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

Hdl 

Type Function 

Type3 F 

Type3 F 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Typel/Gbz 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type3 

Type6 

Type4 

Type2 

Type4 

Type4 

Type4 

Type!! 

Types 

Type3 

Type4 

Type4 

Type2 

Type4 

Type3 

Type3 

Type3 

Type3 

Type3 

Type2 

Type4 

Type2 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

F 

F 

NF 

NF 

NF 

NF 

F 

F 

F 

F 

F 

NF 

NF 

NF 

Ghd7 

Type Function 

Type2 F 

Type!3 F 

Type2 

TypeS 

Type2 

Type12 

Type2 

Type2 

Type4 

Type6 

Type!! 

Type12 

Type I/Nip. 

Type2 

Type2 

TypeS 

Type JO 

Typel/Nip. 

Type2 

Type2 

Type3 

Type2 

Type? 

Type2 

Type6 

Type2 

Type6 

Type2 

Type9 

Type2 

Type? 

TypeS 

Type6 

Type9 

Type2 

Type2 

Type6 

Type2 

Type2 

Type? 

Type4 

Type2 

Type2 

Type2 

Type2 

Typel4 

TypeS 

Type? 

Type2 

Type8 

Type I/Nip. 

Type I/Nip. 

Type2 

Type2 

Type2 

Type8 

Type14 

Type2 

TypeS 

Type12 

Type12 

Typel4 

TypeS 

Type8 

Type8 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

WF 

F 

F 

F 

F 

WF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

WF 

WF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

DTHB 

Type 

Type3 

Type2 

Type3 

Type3 

Type3 

Type3 

Type6 

Type3 

Type2 

Type3 

Type3 

Type3 

Type I/Nip. 

Type2 

Type2 

Type2 

Type2 

Types 

Type6 

Type I/Nip. 

Type3 

Type3 

Type3 

Type2 

Type I/Nip. 

Type3 

Type3 

Type3 

Type2 

Type I/Nip. 

TypeS 

Type2 

Type2 

Type2 

Type I/Nip. 

Type I/Nip. 

Type2 

Type2 

Type2 

Type2 

Type2 

Type2 

Type2 

Type6 

Type4 

Type2 

Type4 

Type2 

Type2 

Type2 

Type2 

Type? 

Type? 

Type3 

Type3 

Type3 

Type3 

Type? 

Type4 

Type? 

Type4 

Type? 

Type? 

Type4 

Type4 

Function 

F 

F 

F 

F 

F 

F 

NF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

NF 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

F 

NF 

NF 

F 

NF 

F 

F 

F 

F 

NF 

NF 

F 

F 

F 

F 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

NF 

Subspecies 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

japonica 

indica 

indica 

japonica 

indica 

japonica 

indica 

indica 

indica 

indica 

japonica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

indica 

japonica 

indica 

indica 

indica 

indica 

indica 

japonica 

indica 

japonica 

indica 

indica 

indica 

indica 

indica 

>156 days was recorded as the heading date of these non-heading plants 

Location 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

North China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

South China 

Middle China 

South China 

South China 

South China 

South China 

Middle China 

South China 

South China 

South China 

lndia 

South China 

South China 

South China 

South China 

South China 

Middle China 

South China 

South China 

South China 

Middle China 

South China 







Primer Sequence (5–3)

608814-F ATGTTCGGAGGACGACCGTGCAAAT

608814-R TCGTTCTAGGCTCTGAATCT

609659 F GATGGCCAAGGGACATCTGGTGC

609659 R TAGTACCACCTCACCAATAGT

609338 F CCAGGAAGTTTGAGAAGACAA

609338 R GAAACGGCCCTTGATCCGGGG

609138 F GGAATCTCTAATCAGGAGTTAGG

609138 R GAGCTAATTTTACGCAAAC

609977-F GTGACTTCATGTATCATCAAA

609977-R TCTCCGTTCTCACGTTGCGTT

610365-F TTCCTTGATCGATGCTGCTTTTACTC

610365-R AATTGTCCCGTTCACATCAGTT

Supplementary Table S3. Primers used in this study.

Primer sequences for mapping and genotyping

Primer Sequence (5–3)

1300-Hd1-F GGAAACAGCTATGACCATGATTACGAATTCCCACAGCATAACAAACTCAATTCATC

1300-Hd1-R GCATGCCTGCAGGTCGACTCTAGAGGATCCCCTTAGATATTTGGTGAATGCTCCA

Hd1-T1-F ggcAACGTGTTCGACCAGGAGGT

Hd1-T1-R aaacACCTCCTGGTCGAACACGT

Hd1-T2-F gccGGGTATAGTACCAGACAGCA

Hd1-T2-R aaacTGCTGTCTGGTACTATACC

Ghd7-T1-F ggcATTTATCCGTTCATGTCGAT

Ghd7-T1-R aaacATCGACATGAACGGATAAA

Ghd7-T2-F gccGATACTCACGATGGTGGCGC

Ghd7-T2-R aaacGCGCCACCATCGTGAGTAT

DTH8-T1-F gccGGGCACTTGCTGAGCCCGGT

DTH8-T1-R aaacACCGGGCTCAGCAAGTGCC

DTH8-T2-F gttgACGGCGGCGTCAGGGAACA

DTH8-T2-R aaacTGTTCCCTGACGCCGCCGT

Hd1-T1-F GTAGAGGAACAGGAGAAGAC

Hd1-T1-R ACTCCTTTTGCATCTCCTGC

Hd1-T2-F CTTTAGGCAGACCAGTTGAC

Hd1-T2-R CACAGATTGTCTAGAACTAC

Ghd7-T1T2-F CAAGTGACCTCACCTGCTAT

Ghd7-T1T2-R GACGAGGAGGATCGATGAAT

DTH8-T1T2-F GAGCATCACCACTCCATCCT

DTH8-T1T2-R GGGCCAAACTACACATATCTG

Cas9-F CTGACGCTAACCTCGACAAG

Cas9-R CCGATCTAGTAACATAGATGACACC

Primers for complementation and CRISPR/Cas9 vector construction and sequencing



Primer Sequence (5–3)

Hd1-His-F CTCGGTACCCTCGAGGGATCCATGAATTATAATTTTGGTGGCAAC

Hd1-His-R AGACTGCAGGTCGACAAGCTTGAACCATGGAACAGTACCAT

Ghd7-GST-F CTGGTTCCGCGTGGATCCATGTCGATGGGACCAGCA

Ghd7-GST-R TCGAGTCGACCCGGGAATTCCCTATCTGAACCATTGTCC

Hd1-MBP-F GAGGGAAGGATTTCACATATGATGAATTATAATTTTGGTG

Hd1-MBP-R TTAATTACCTGCAGGGAATTCTCAGAACCATGGAACAGT

Ghd7-MBP-F GAGGGAAGGATTTCACATATGATGTCGATGGGACCAGCA

Ghd7-MBP-R TTAATTACCTGCAGGGAATTCCTATCTGAACCATTGTCC

DTH8-MBP-F GAGGGAAGGATTTCACATATGATGAAGAGTAGGAAGAGCTAT

DTH8-MBP-R TTAATTACCTGCAGGGAATTCCTAATTAGTATTCCTCTT 

Primer Sequence (5–3)

Hd1-GFPN-F AGCTTCGAATTCTGCAGTCGACGGTACCTCATGAATTATAATTTTGGTGGCAAC

Hd1-GFPN-R CACCATCAGGATCCCGGGCCCGAACCATGGAACAGTACCATAGC

Hd1-GFPC-F CAAGCTTCGAATTCTGCAGTCGACGGTACCATGAATTATAATTTTGGTGGCAACG

Hd1-GFPC-R TCTAGATCAGGTGGATCCCGGGCCCTCAGAACCATGGAACAGTACCAT

Vc-Ghd7-F GAACACGGGGGACTCTAGGATCCATGTCGATGGGACCAGCAG

Vc-Ghd7-R TCTTCTGCTTGTCGGCAAGCTTTCTGAACCATTGTCCAAGCTC

Vn-DTH8-F GAACACGGGGGACTCTAGGATCCATGAAGAGTAGGAAGAGCTATGG

Vn-DTH8-R CGCCCTTGCTCACCATAAGCTTATTAGTATTCCTCTTTAGTC

Primer Sequence (5–3)

Actin1-QT-F ACCACAGGTAGCAATAGGTA

Actin1-QT-R CACATTCCAGCAGATGTGG

Hd1-QT-F GTGGTACCTTCACAGATCACAA

Hd1-QT-R CTGTTGCTGATGGAATCTGTGTA

Ghd7-QT-F AATCCGGTACGCGTCCAGA 

Ghd7-QT-R CCAAGCTCAAGCCTACTAGG

DTH8-QT-F AAGGAGTCGAAGGAGACGGT

DTH8-QT-R TCGAACCCCAGCGTGGTCAT

Ehd1-QT-F GGATGCAAGGAAATCATGGA

Ehd1-QT-R AATCCCATCGGAAATCTTGG

Hd3a-QT-F GCTCACTATCATCATCCAGCATG

Hd3a-QT-R CCTTGCTCAGCTATTTAATTGCATAA

RFT1-QT-F TTCCTGGTACCACTGGAGCA

RFT1-QT-R GTCTCAGCTTAGCTATAGCT

Oligo dT（20） TTTTTTTTTTTTTTTTTTTT

Primers for Real-time PCR

Primers for subcellular localization and BiFC vector construction 

Primers for prokaryotic expression vector construction



Primer Sequence (5–3)

Hd1 1-407 BD -F GGCGGAATTCATGAATTATAATTTTGGTGGCAACG

Hd1 1-407 BD -R CGACGGATCCTCAGAACCATGGAACAGTACCAT

Hd1 97-407 BD-F GACCTGCATATGGCCATGGAGGCCGAATTCATGCTGTGCGTGGCGTGCGACGTGCA

Hd1 39-407/97-407 BD-R TAGTTATGCGGCCGCTGCAGGTCGACGGATCCTCAGAACCATGGAACAGTACCATA

Hd1 39-407 BD-F GACCTGCATATGGCCATGGAGGCCGAATTCATGGCGGCGCCGAGCGTGGTGTACTGCCG

Hd1 1-305/1-352 BD-F GACCTGCATATGGCCATGGAGGCCGAATTCACCACAAGCAAGGCTACTTCGTTCATGA

Hd1 1-305 BD-R AGTTATGCGGCCGCTGCAGGTCGACGGATCCTCATATCACCGTGCTGTCTGGTACTATA

Hd1 1-352/60-352 BD-R AGTTATGCGGCCGCTGCAGGTCGACGGATCCTCACCTGGCCTTCTTCTTCTCCCTGTAC

Hd1 60-352 BD-F GACCTGCATATGGCCATGGAGGCCGAATTCATGCGGGTGCACGCGGCCAACCGCGTGG

Hd1 277-407 BD-F GACCTGCATATGGCCATGGAGGCCGAATTCATGGGCGTCAGTGCTTACACAGATTCC

Hd1 277-407 BD-R TAGTTATGCGGCCGCTGCAGGTCGACGGATCCTCAGAACCATGGAACAGTACC

Hd1 1-116 BD-F GACCTGCATATGGCCATGGAGGCCGAATTCACCACAAGCAAGGCTACTTCGTTCATGA

Hd1 1-116 BD-R GTTATGCGGCCGCTGCAGGTCGACGGATCCTCACTGGTGGCGCCTGGCGAGCGGGTTC

BD-DTH8-F GAGGAGGACCTGCATATGGCCATGGAGGCCGAATTC ATGAAGAGTAGGAAGAGCTATG

BD-DTH8-R TGCTAGTTATGCGGCCGCTGCAGGTCGACGGATCC CCTAGCTAGCTAATTAGTATTCC

Hd1 1-116 AD-F GCCAGTGAATTCATGAATTATAATTTTGGTGGCAACG

Hd1 1-116 AD-R GCTCGATGGATCCTGGTGGCGCCTGGCGAGCGGGTTC

Hd1 277-407 AD-F GCCAGTGAATTCCGTCAGTGCTTACACAGATTCCATCAG

Hd1 277-407 AD-R GCTCGATGGATCCTCAGAACCATGGAACAGTACCATAGCT

Primer Sequence (5–3)

pGhd7-1-F AAAAATGATGAATTGAAAAGCTTCCAAATCCATCCACAGATCG

pGhd7-1-R ACATACAGAGCACATGCTCGAGCGACATGAACGGATAAATC

pGhd7-2-F AAAAATGATGAATTGAAAAGCTTATGAGAATTGCTTTAACAA

pGhd7-2-R ACATACAGAGCACATGCTCGAGCGATCTGTGGATGGATTTGG

pGhd7-3-F AAAAATGATGAATTGAAAAGCTTTAATTTGATAGAGATAA

pGhd7-3-R ACATACAGAGCACATGCTCGAGTTGTTAAAGCAATTCTCAT

pGhd7-4-F AAAAATGATGAATTGAAAAGCTTTTAGCTTAGAGTGCATCTTA

pGhd7-4-R ACATACAGAGCACATGCTCGAGTTATCTCTATCAAATTA

pGhd7-5-F AAAAATGATGAATTGAAAAGCTTGTTGTCGGTACGGTCAAAACC

pGhd7-5-R ACATACAGAGCACATGCTCGAGTAAGATGCACTCTAAGCTAA

pGhd7-6-F AAAAATGATGAATTGAAAAGCTTCCGCCGCTAGGCCAACAAAGGAACACAGAA

pGhd7-6-R ACATACAGAGCACATGCTCGAGGGTTTTGACCGTACCGACAAC

pGhd7-7-F AAAAATGATGAATTGAAAAGCTTCTAACCGGAAATATTTTAAG

pGhd7-7-R ACATACAGAGCACATGCTCGAGTTCTGTGTTCCTTTGTTGGCCTAGCGGCGG

pGhd7-8-F AAAAATGATGAATTGAAAAGCTTGACACCTGCACGTGAAAATC

pGhd7-8-R ACATACAGAGCACATGCTCGAGCTTAAAATATTTCCGGTTAG

pGhd7-9-F AAAAATGATGAATTGAAAAGCTTGGCATCAGCGATCGATGTGA

pGhd7-9-R ACATACAGAGCACATGCTCGAGGATTTTCACGTGCAGGTGTC

pGhd7-10-F AAAAATGATGAATTGAAAAGCTTTGCCCTTGCATATCCGGTGGA

pGhd7-10-R ACATACAGAGCACATGCTCGAGTCACATCGATCGCTGATGCC

Primers for yeast-one hybrid vector construction

Primers used for yeast two hybrid vectors construction


