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Genes Controlling Heading Date in Yuelianggu Landrace
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Abstract The major genes involved in rice flowering have been identified. However, the molecular mechanism for promoting the
diversity of flowering time in cultivated riceis still unknown. In this paper, the genome re-sequencing of Yuelianggu, the partial data
quoted frompapers written by Takahashi et al. in PNAS in 2009 and by Xue et al. in Nature Genetics in 2008, are used to study the
nucleotide polymorphisms of 4 genes (Hd3a, Hdl, Edhl and Ghd7) in the rice flowering pathway. The results indicate that
nucleotide polymorphisms in the Hd3a promoter region are different from what was reported previously. 5 specific SNPs for
Yuelianggu are distributed at the locations of —1 851 bp, —1 720 bp, —=700 bp, -681 bp and -1 607 bp. 1 specific InDel for Yuelianggu
was found at the location of -523 bp. A high polymorphism in the Hd1l coding region was indentified. There are 6 specific
SNP/InDels for Yuelianggu, including 4 frame shift 1 insert and 1 delet. Hd1 is a nonfunctional allele in Yuelianggu. The nucleotide
polymorphisms in the Ehd1 coding sequence are similar to previously reported data. Ghd7 is a functional allele in Yuelianggu and
belongs to previously reported Ghd7-1. The complicated polymorphisms of the genes related to the flowering time in Yuelianggu,
may have some relations with its habitat, Ailao mountain region, which has sharp elevation and is diversiform in climate. On the
other hand, this could be the molecular basis for its tolerance to disease, pest and cold, and its wide adaptation.

Keywords Oryza sativa L. landrace; Gene; Heading date; Single nucleotide polymorphisms (SNP); Hani terrace
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Xue et al., 2008; ## 4 P45, 2009). 4l GHD7 A
JPA AT LA Ghd7 2 Ky 5 NS IER, 5 E
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b SR VL AR B R R (B Ol P A, 2009) o i
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Figure 1 Nucleotide polymorphisms in the Hd3a promoter region

Note: a-g: Type 1 to type 7; h: 9311; i: Nipponbare; j: Yuelianggu-1; k: Yuelianggu-2; Red arrows indicate ARR1 binding elements,
the blue arrow indicates the CCAAT box, and the yellow arrow indicates the TATA box; Deletion and insertion sites are shown by
open and closed arrowheads, respectively; AGA repeat sequence is indicated by gray arrowhead; The 5'-untranslated region is
colored in red; Polymorphic nucleotides are indicated by different colors; The data before 9311 is quoted from Takahashia et al.

(2009)
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F.S RN [ AR, TR 2 A AR R SR 7R ; 9311 HT i 51 A Takahashia 45(2009)

Figure 2 A high polymorphism in the Hd1 coding sequence

Note: a-q: Type 1 to type 17; r: 9311; s: Nipponbare; t: Yuelianggu—1; u: Yuelianggu-2; Deletion and insertion sites are shown by
open and closed arrowheads, respectively; F.S. is frame shift; Polymorphic nucleotides are indicated by different colors; The data

before 9311 is quoteg from Takahashiaet al. (2009)
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G219R

3 Ehd1 gl X 1% R 2 a5 1

a-gr M1 FEHMAT; h: 9310; i HARE 1 H5E8-1 k
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Figure 3 Nucleotide polymorphisms in the Ehdl coding
sequence

Note: a-g: Type 1 to type 17; h: 9311; i: Nipponbare; j:
Yuelianggu—1; k: Yuelianggu-2; Asp (D1, D2) and Lys (K)
residues are indicated by yellow lines; A single amino acid
substitution in the GARP domain, found in cv; DANYU, is
shown in red; Polymorphic nucleotides are indicated by
different colors; The data before 9311 is quoted from
Takahashia et al. (2009)
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Ghd7-1 D MEMGPAACEGCCLCGADGCECCSEHRHDDDGFPFVFPPSACOGIGAPAPPVHEFQFFGND @ 60
Ghd7-2 D MSMGPAACEGCCLCGADGCECCSEHRHDDDGFPFVFPPSACOGIGAPAPPVHEFQFFGND @ 60
Ghd7-3 D MEMGPAACEGCCLCGADGCECCSEHRHDDDGFPFVFPPSACOGIGAPAPPVHEFQFFGND @ 60
Ghd7-0 D : 0
Ghd7-0a @ MSMEPAACGEGCCLCGADGCGCCSRHRHDDDGFPFVEFPPSACOGIGAPAPPVH- - —————- :52
9311 ¢ MSMGPAACEGCCLCGADGCECCSEHRHDDDGFPFVFPPSACOGIGAPAPPVHEFQFFGND @ 60
Yueliang-1 @ MSMEPAACGEGCCLCGADGCECCSREHRHDDDGFPFVFPPSACOGIGAPAPPVHEFQFFGND @ 60
NIP ¢ MSMGPAAGEGCGLCCADCGRCCSEHRHDDDGFPFVFPPSACOGIGAPAPPVHEFQFFGND ¢ 60
Yueliang=2 @ MSMEPAACGEGCCLCGADGCGCCSREHRHDDDGFPFVFPPSACOGIGAPAPPVHEFQFFGND @ 60
Ghd7-1 ! GEGDDAESVAWLFDDYPPPSPVAAAAGMHHROPPYDGVVAPPSLFRRNTGAGGLTFDVEL @ 120
Ghd7-2 ! GEGDDAESVAWLFDDYPPPSPVAAAAGMHHROPPYDGVVAPPSLFRRNTGAGGLTFDVEL @ 120
Ghd7-3 ! GEGDDAESVAWLFDDYPPPSPVAAAAGMHHROPPYDGVVAPPSLFRRNTGCGGLTFDVEL @ 120
Ghd7-0 e : 0
Ghd7-0a e : 52
9311 ! GEGDDAESVAWLFDDYPPPSPVAAAAGMHHROPPYDGVVAPPSLFRRNTGAGGLTFDVEL @ 120
Yueliang-1 :  @EGDDGESVAWLFDDYPPPSPVAAAAGMHHROPEYDGVVAPPSLFRRNTGAGGLTFDVEL @ 120
NIP : GGEDDEESVEWLFDDYPPPSPVAAAAGMHHROPPYDGVVAPPSLFRRNTGEGELTFDVSL ;120
Yueliang=2 @  @EGDDGESVAWLFDDYPPPSPVAAAAGMHHROPEYDGVVAPPSLFRRNTGCGGLTFDVEL @ 120
Ghd7-1 ! GGRPDLDAGLALGGGSGRHAEARASATIMSYCCSTFTDAASSMPREMVAAMADVGESILNE @ 180
Ghd7-2 ©  GERPDLDAGLGLGGGGHRHAEARASATIMSYCCSTFTDAASSMPREMVAAMADDGESINE @ 180
Ghd7-3 ! GGRPDLDAGLALGGGSGRHAEAAASATIMSYCCSTFTDAASSMPREMVAAMADDGESINE @ 180
Ghd7-0 D : 0
Ghd7-0a D 52
9311 ! GGRPDLDAGLALGGGSGRHAEARASATIMSYCCSTFTDAASSMPREMVAAMADVGESILNE @ 180
Yueliang-1 :  @GERPDLDAGLGLGGGGHRHAEAAASATIMSYCCSTFTDAASSMPREMVAAMADDGESLNE @ 180
NIP ! (ERPDLDAGLCLGGCGGRHAEAAASATIMSYCGSTFTDAASSMPKEMVAAMADDGESINE  © 180
Yueliang=2 @  @GRPDLDAGLGLGGGSGRHAEAAASATIMSYCCSTFTDAASSMPREMVAAMADVGESLNE @ 180
Ghd7-1 D NTVVCGAMVEREAKLMRYEEKREERCYEKQIRYASREAVAEMRPRVRGRFAKEADQEAVAR @ 240
Ghd7-2 ¢ NTVVCGAMVEREAKLMRYEEKREERCYEKQIRYASREAVAEMRPRVRGRFAKERDQEAVAR 240
Ghd7-3 D NTVVGAMVEREAKLMEYEEKREERCYEKQIRYASREAVAEMRPRVRGRFAKERDQEAVAR @ 240
Ghd7-0 A ——— [ : 0
Ghd7-0a A ——— [ 52
9311 © NTVVCGAMVEREAKLMRYEERREERCYEKQIRYASREAVAEMRPRVRGRFAKEADQEAVAR @ 240
Yueliang-1 @  NTVVGAMVEREAKLMRYEEKREERCYEKQIRYASREAVAEMRPRVRGRFAKERFDQEAVAR @ 240
NIP © NTVVGAMVEREAKLMEYVEEEREKRCYEEQIRYASREAYARMRPRVRGRFAKEPDQEAVAR @ 240
Yueliang=2 @  NTVVGAMVEREAKLMRYEEKREERCYEKQIRYASREAVAEMRPRVRGRFAKEADQEAVAR @ 240
Ghd7-1 :  PSTYVDPSRLELGOWFR 2257
Ghd7-2 :  PSTYVDPSRLELGOWFR 2257
Ghd7-3 :  PSTYVDPSRLELGOWFR 2257
Ghd7-0 D - : 0
Ghd7-0a D : 52
9311 © PSTYVDPSRLELGOWER 1257
Yueliang-1 :  PSTYVDPSRLELGOWFR 1257
NIP © PSTYVDPSRLELGOWFR 1257
Yueliang-2 :  PSTYVDPSRLELGOWFR po257

4 Ghd7 S547 B 5 1 1 3341 2 51

T BT K (5 (2a189-233) & CCD 4 #hydd; i (o iR 7045 Hh 2 il i PSORT 0 7 1y 45t Y 1 A8 A5 5 25 )7,
KRKK #2451 aa199, RKKR #Z4fT- aa200; NIP #i%idE 5| H Xue %:(2008)

Figure 4 The protein sequences polymorphisms of GHD7 for Ghd7 alleles

Note: The area in shadow (aa189-233) is the putative CCD domain; The stretch of letters in blue indicates the two motifs of putative
nuclear localization signals identified by a PSORT analysis; KRKK starts at aa199 and RKKR starts at aa200; The data before NIP is
quoted from Xue et al. (2008)
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