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Figure 1 Phenotypic differences in F, and progenitor germination experiments. Germination experiments of Yexiang A/Changhui 657 F, and its
parents Yexiang A and Changhui 657. A: The germination performance of F,; B: parent germination performance; C-E: the percentage of exposure,
the percentage of germination and the germination index, respectively. YXA is Yexiang A, and R657 is Changhui 657. Note: for A and B, bar=1 cm;
for C and D, *, P<0.05; **, P<0.01; *** P<0.001
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Figure 3 Venn diagram of gene enrichment. YXAB was the bud part
gene and YXAR was the root gene. R657B is the bud gene of Changhui
657, and R657R is the root gene of Changhui 657. The following
diagram is consistent with this
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Figure 5 GO (A and B) and KEGG (C and D) enrichment pathway analysis of shoot part genes
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Figure 6 GO (A and B) and KEGG (C and D) enrichment pathway analysis of root genes
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Figure 7 GO and KEGG analysis of differentially expressed genes. A and B: GO and KEGG pathway enrichment analysis of DEGs in shoots and
roots; C: visualization of DEGs in shoots and roots using volcano plots, heatmaps, and venn diagrams
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Figure 8 Differential expression of transcription factors at the same site in different varieties. A: Differential expression of transcription factors in
shoots between YXA and R657; B: differential expression of transcription factors in roots between YXA and R657
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Table 1 Target gene screening table

RIFEZE 41D BRERAID  HERRER AR

BGIOSGA018697 Os05g0179950

BGIOSGA018683 0s05g0182000

BGIOSGA018604 0s05g0208550 OsGA2o0x
BGIOSGA019289 Os05g0181300

BGIOSGA018595 0s05g0211100 OsCYP51G3
BGIOSGA017689 0s05g0528600 Yucc4z
BGIOSGA030524 050920328066

BGIOSGA029973 050920328900

BGIOSGA030525 050920328951

BGIOSGA030533 050920332100

BGIOSGA029934 0s0920347900

BGIOSGA030577 050920353400

BGIOSGA028427 050920248900

BGIOSGA029757 Os09g0417800 WRKY62
BGIOSGA030513 050920324000 OsOLE4
BGIOSGA030126 050920264400

RIAHEL, AbFH25EKF. R, OsCYP51G3FOs-
CYPSIH3EAFE 2 &5 b3y m T HARIE R, RFEA
HIETARREEA, FAlR0sCYPS1G3REH (1) 3 Ak P
A 5 T o 17 22 S o) 35 IR 1 25 4 R ) R AR 3 A7 AE —
SER, BA R R R E A UE T 2 5
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Figure 9 Alternative splicing (AS) analysis of the same parts in different varieties. Cassette represents exon hopping; Cassette multi jumps for
multiple exons; ASSS and A3SS are variable 5’ and 3’ sites, respectively. AItEnd and AltStart are the end and start sites of transcripts, respectively.
MXE refers to a phenomenon where multiple exons cannot coexist in the same mature mRNA. IR is reserved for introns. A: Alternative splicing
analysis of shoots and roots in YXA and R657; B: GO analysis of alternative splicing; C: KEGG analysis of alternative splicing
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Figure 10 RT-qPCR validation of differential expression of germination-related genes. relative expression levels of FPKM on the left and relative
expression levels of fluorescence quantification on the right. A: BGIOSGA018595; B: BGIOSGA018697; C: BGIOSGA019289; D: BGIOSGA018683
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Table 2 Identification of CPY51 subfamily gene members
CYPHFGEHN4FR RAPDBHUIEENEFEIDYS  MSU/TIGREURERFIDS  BREY ik xRy & BGI%i 5
OsCYP51G1 Os11G0525200 LOC Osl11g32240 19048313~19052882 BGIOSGA035360
OsCYP51G3 0s05G0211100 LOC 0s05g12040 6882663~68848762 BGIOSGA018595
OsCYP51G4P 0s07G0567200 LOC 0Os07g37980 22788931~22791186 -
OsCYP51HI 0s07G0465400 LOC _0s07g28160 16438501~16442141 -
OsCYP51H3 0s07G0464700 LOC 0s07g28110 16396185~16397699 BGIOSGA025656
OsCYP51H4 0s02G0323600 LOC 0s02g21810 12970222~12972230 BGIOSGA008086
OsCYP51HS5 0s02G0113200 LOC_0s02g02230 712586~715746 -
OsCYP51H6 0s05G0415800 LOC Os05g34325 20325336~20328408 BGIOSGA019874
OsCYP51H7P 0s05G0415900 LOC 0Os05g34330 20335505~20351280 BGIOSGA019875
OsCYP51HS8 0s05G0416400 LOC 0s05g34380 20379467~20381121 BGIOSGA019876
OsCYP51H9 0s07G0567100 LOC _0s07g37970 22785167~22787365 -

R3 EREFBEEMPAIET

Table 3 Basic physicochemical properties of differential genes

swag  MSUTOREEE  MERNA amun 4rRO) mieshs Rl RS TR

BGIOSGA008086 LOC 0s02g21810 OsCYP51H4 432 48030.78 9.46 50.83 96.57 —0.096
BGIOSGA019874 LOC_0Os05g34325 OsCYP51H6 514 57605.56 8.76 42.92 87.63 —0.131
BGIOSGA019875 LOC_Os05g34330 OsCYP51H7 463 52184.041 9.09 49.94 90.13 —0.199
BGIOSGA019876 LOC _0s05g34380 OsCYP51HS 475 54468.01 8.88 42.78 89.03 —0.238
BGIOSGA018595 LOC 0Os05g12040 OsCYP51G3 456 50633.99 8.79 50.62 82.35 —0.224
BGIOSGA025656 LOC_Os07g28110 OsCYP51H3 500 55064.03 8.82 45.08 83.88 —0.188
BGIOSGA025962 LOC _0s07g37970 OsCYP51HY9 501 55623.25 9.28 4521 88.78 —0.06
BGIOSGA035360 LOC 0Os11g32240 OsCYP51G1 490 55490.03 8.44 41.86 87.41 —0.193
BGIOSGA017689 LOC_Os05g45240 Yucc4z2 305 34257.8 7.04 37.34 95.21 0.051

BGIOSGA029757 LOC_0s09g25070 WRKY62 318 33515.43 6.00 55.36 74.72 —0.325
BGIOSGA030126 LOC_0s09g08990 - 392 43873.97 8.37 48.40 100.74 —0.034
BGIOSGA030513 LOC_0s09g15520 OsOLE4 158 15562.71 6.27 26.92 97.28 0.358

2. R RA BT RGBS RARE, g
F|OsCYP5 1 H4E K 25 F R 57 AL s Bk 2k Motif 10, 11 Os-
CYPSTH3WE K Motif 3. X CYPS IV Z R IE A 1 gmtisy
FFA(CDS)45 #9347 1 Tl M43 B (B 11C), 45 REH:
OsCYP51H4, OsCYP51H3RMOsCYP51G3{ECDSEE 4 I
HAME, BENZ MAAETERE XA SN 2=
. R E R AL OsCYPSIH3MOsCYPS1G3H
IRV LA A R I ThRE.

2.7 OsCYP51G3 CDSJFH| 5500t

4E4 UL B CYPS 1V 51 3 IR A 53 1) 45 #4358 40
HE— B I6GE OsCYPS 1 G3FE K 76 B 5 AR B K657 F A

A HICDSEE M Z . X% LR CDS 7 FIBH 7§ 1
MWF(E12A), 3T RE12B)ERH: 11286~
1294 bp X [W]BF & AIAFLE 7 BUId A LS. CDSIX 311)
FBIEANIG, W2 FEOsCYPSIG3TER HAR B
P657 1 B Rl ik T e B2 S 1) 32 B R A,

3 WA

IKFER T B R 2R R IR R AR, X
SPGB RERIA A . SR
ST S I R S DL AN R R R T R R
HA R RENS 5 B LS A & A AR AL, AR AR
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Figure 11 Gene structure. A: Conserved domain; B: motif information map of gene families; C: gene CDS structure
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Figure 12 CDS sequence analysis of OsCYP5/G3 in YXA and R657. A: OsCYP51G3 CDS amplification electrophoresis pattern; B: sequence

divergence map of OsCYP51G3 in YXA and R657
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Screening and analysis of genes regulating rapid seed
germination in rice
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Seed germination is a critical developmental stage that directly influences rice yield and grain quality. In this study, we utilized F,
population derived from the wild-type A line and Changhui 657 cultivar, which exhibit significant differences in germination ability,
to statistically analyze seed germination phenotypes and construct an extreme variation pool. Genome-wide resequencing and bulked
segregant analysis sequencing (BSA-Seq) analysis were conducted, preliminarily identifying gene loci regulating seed germination
within corresponding intervals on Chr 5 and Chr 9. Comparative transcriptome analysis (RNA-Seq) of both parental lines revealed
781 differentially expressed genes (DEGs) common to both shoot and root tissue. Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) enrichment analyses indicated that these DEGs were primarily involved in biological pathways related
to seed germination. The results of BSA-Seq and RNA-Seq identified OsCYP51G3 as a key gene influencing seed germination.
Sequence analysis comparison between the two parental lines revealed significant genetic variation in this gene. OsCYP51H3 shares a
similar CDS domain structure with OsCYP51G3, a known member of the seed germination-related family. Overall, this study
provides new insights into the molecular mechanisms underlying rice seed dormancy and germination, offering a valuable genetic
foundation for breeding programs aimed at improving rice varieties and developing new cultivars with enhanced germination
performance.

rice, seed germination, RNA-Seq, plant hormones, antioxidant enzymes, BSA-Seq
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