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Abstract Liquid-phase chip utilizes genomic capture sequencing to genotype target loci, offering advantages such as high
throughput, low cost, and high customizability. Rice research and breeding often require large-scale cultivars detection. This study
aimed to develop an accurate, efficient, high-throughput, and low-cost liquid-phase detection chip targeting important functional
genes reported in rice. Through literature review, we collected 76 previously reported important functional genes in rice and
identified 122 functional natural variation sites within them. These genes primarily control agronomic traits of great interest to
breeders, including yield, quality, fertility, biotic and abiotic stress resistance, and nutrient use efficiency. Specific hybridization
probes were designed targeting these functional variation loci, leading to the development of the 0.1K rice functional gene chip (RFG
0.1K). To evaluate the performance of this chip, we used it to genotype 35 diverse rice accessions (including indica, japonica, and
Aus). The results showed that the call rate for each sample exceeded 90%, the Q30 value for all samples was above 80%, the
biological replicate consistency reached 97%, and the accuracy verified by Sanger sequencing was 88%, indicating that the
genotyping results of this chip are accurate, reliable, and reproducible. Subsequently, based on the high-quality genotyping results,
population genetic analyses were further conducted. The results demonstrated that this chip can effectively distinguish the genetic
backgrounds of different rice accessions, showing good application value in rice germplasm resource identification and
molecular-assisted breeding.

Keywords Rice; Functional genes; Liquid-phase chip; Molecular marker; Genotyping

1 Introduction

Rice (Oryza sativa L.) is a staple food crop for 3.5 billion people worldwide. In-depth dissection of the regulatory
mechanisms underlying rice agronomic traits is crucial for ensuring global food security. Thanks to the rapid
development of molecular biology techniques, researchers have identified over 3,000 functional genes associated
with agronomic traits in rice, among which the regulatory mechanisms and functional variation sites of some
genes have been clearly elucidated (Li et al., 2018; Yang et al., 2024). For example, the rice cold sensor COLD1
reported by Academician Kang Chong's team at the Institute of Botany, Chinese Academy of Sciences, revealed
that polymorphisms in functional nucleotides of COLDI lead to differences in cold tolerance among rice
subspecies (Ma et al., 2015). Shen Rongxin and Wang Haiyang's team discovered that six nucleotide differences
in the OsMYBS& promoter between indica and japonica subspecies result in differences in flowering habits between
the subspecies (Gou et al., 2024). These studies indicate that modern breeding has entered an era of precision,
where the regulation of rice phenotypes has reached the single nucleotide level.

The fruitful achievements in rice functional gene research have further promoted the application of
marker-assisted selection (MAS) technology in breeding. MAS is a method that facilitates selection in breeding by
analyzing molecular markers tightly linked to target genes, thereby improving breeding efficiency, shortening the
breeding cycle, and accelerating the breeding process (Asif et al., 2024). To date, various molecular marker
detection technologies based on genomic genetic variations (such as SNPs and InDels) have been developed
(Hasan et al., 2021) including Kompetitive Allele Specific PCR (KASP) (He et al., 2014), Gene chip (Lenoir et al.,
2006), Genotyping By Sequencing (GBS) (Elshire et al., 2011), High Resolution Melting (HRM) (Wang et al.,
2015), and others. These technologies offer advantages such as time and labor savings, high throughput, a large
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number of markers, wide distribution, and high accuracy, and have been successfully applied to gene discovery,
genetic diversity analysis, germplasm resource identification, and many other areas (Sun et al., 2018; Anglin et al.,
2024; Liu et al., 2025). However, these technologies also have different drawbacks. For example, traditional
solid-phase gene chips have poor flexibility, as their probe design depends on known SNP sites and it is difficult
to integrate newly discovered molecular markers, leading to high costs and long cycles for chip updates.
Later-developed GBS requires whole-genome sequencing, which is expensive and results in a large amount of
redundant data waste. With the trend toward increasing precision in scientific research, genotyping technologies
require more accurate technical approaches. Thus, the liquid-phase chip, i.e., genotyping by target sequencing
(GBTS), has emerged. It not only has relatively lower cost but also overcomes the poor flexibility and difficult
update challenges of traditional solid-phase chips.

Among the developed rice gene chips, the number of liquid-phase chips is relatively small, and the reported chips
are mostly used for population genetic analysis, with few directly linked to functional genes regulating traits. This
creates a gap that makes it difficult to directly apply molecular research advances to breeding practice. To address
this, this project aims to develop an accurate, efficient, high-throughput, and low-cost liquid-phase detection chip
based on target-site capture sequencing technology, targeting important functional genes reported in rice, suitable
for large-scale sample detection in the breeding process.

2 Materials and Methods

2.1 Development of the rice functional gene liquid-phase chip

2.1.1 Collection of functional variation sites in genes controlling important agronomic traits in rice

Collection of functional variation sites: Using "Natural variation" and "Functional SNP" as core search keywords,
a systematic search was conducted in academic literature databases including the X-MOL academic platform
(https://www.x-mol.com/) and Web of Science (https://webofscience.clarivate.cn/). Additionally, the online
website National Rice Data Center (https://www.ricedata.cn/) was used to obtain a list of reported functional
genes in rice, and relevant literature was traced. Based on the comprehensive literature review results
(Supplementary Table 1), the target functional sites were screened according to the following two criteria:

(1) The SNP/InDel reported in the literature represents a variation resulting from natural evolution within
populations, rather than an artificially induced mutation;

(2) The variation has been experimentally verified to have a significant effect on a specific phenotype or
biological function in rice.

Extraction of flanking sequences of functional variation sites: Based on the Nipponbare reference genome
(IRGSP-1.0 / MSU Release 7.0), the physical position of each functional site on the rice chromosome was
determined according to literature reports. The gene containing the functional site was retrieved from the
Phytozome database (https://phytozome-next.jgi.doe.gov/), and the sequence of the functional site along with 100
bp upstream and downstream was extracted. All sequences were saved in Excel format, recording information
such as gene name and chromosomal physical position for subsequent probe design.

2.1.2 Population frequency analysis of functional variation loci

To evaluate the effectiveness of the collected functional variation sites for chip development, population
frequency analysis was performed using the rice database RiceVarMap v2.0 (https://ricevarmap.ncpgr.cn/). For a
single functional site, the "Search for Variation information by Variation ID" and "Search for Variation by
Region" functions were used. By inputting the chromosomal position, the population frequency of the site was
queried across 4,636 rice varieties, including 2,759 indica, 1,512 japonica, 269 Aus, and 96 aromatic rice
accessions.

Number of varieties carrying the genotype

Population fr (%) = X 1009
opulation frequency (% Total number of varieties in the corresponding subpopulation %
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2.1.3 Probe synthesis for the rice functional gene chip
Specific hybridization probes targeting the functional variation sites were designed using GenoBaits Probe
Designer software.

2.2 Genotyping and population genetic analysis

2.2.1 Rice materials

A total of 35 rice cultivated varieties (cultivars) available in the laboratory were selected as the test materials
(Table 1). These materials originated from different countries, and their genetic backgrounds cover the major
subspecies of rice, including indica, japonica, and Aus (Table 2). All materials were used for subsequent
genotyping using the RFG 0.1K liquid-phase chip.

Table 1 Information of 35 rice cultivars

Variety ID Name Origin Variety 1D Name Origin

LO1 SOSSOKA Guinea L61 IR64a Philippines

L02 YAH TOW Thailand LO05 PADI ADONG Malaysia
DUMARAT

L11 Menjiagao 1 China L07 SENG-CHUI-LIN China

L13 Zimi China L08 PHIT CHZK Thailand

L14 Xiangai B China L09 JINBUBYEO South Korea

L18 ROJOFOTSY Madagascar L10 GOGO Indonesia

L20 AM BEUS Cambodia L12 Nabated A Smar Egypt

L21 ATT CHHMOUS Cambodia L19 DAM Thailand

123 KHAU DANH Vietnam L26 HAN NUO China

124 NGAM KON DAM Laos L29 Nipponbare Japan

L30 9311 China L57 KETAN NANGKA Indonesia

L31 Minghui63 China L62 AZUCENA Philippines

L52 GOBOL SAIL(BALAM) Bangladesh L04 KARUTHA SEENATI  Sri Lanka

L53 KHAO YAI GUANG Thailand L22 BONGEZA Bangladesh

L54 LIMA Indonesia L25 PANKHIRAJ Bangladesh

L56 PR106 India L28 KALAR KAR India

L59 LARHA MUGAD India L55 NATEL BORO Bangladesh

L60 LIU XU China

Table 2 Subpopulations of 35 rice cultivars

Subpopulation(number) Variety 1D
. Lo1, L02, L11, L13, L14, L18, L20, L21, L23, L24, L30, L31, L52, L53, L54, L56, L59,
Indica (19)
L60, Lol
Japonica (11) LO0S, L07, LO8, L09, L10,L12, L19,L26, L29, L57, L62
Aus (5) L04, 122,125,128, L55

2.2.2 Genotyping based on the RFG 0.1K chip

The test materials were planted in the experimental field of the Hainan Research Base of Zhejiang University in
Sanya, Hainan Province. At the peak tillering stage (two months after planting, from December 6 to February 1 of
the following year), healthy leaves free from pests and diseases were collected for genotyping. To evaluate the
stability and reproducibility of the chip, three individual plants of the L31 variety were randomly selected, and
their leaves were collected as biological replicates. Genotyping results were obtained through DNA extraction,
GenoBaits targeted capture library construction, quality inspection of the GenoBaits targeted capture library, and
high-throughput sequencing.

2.2.3 Validation of chip accuracy
Leaf DNA from LO1, L10, L13, L14, L20, L23, and L62 was extracted using the TPS method as templates. Five

loci from the chip were selected for primer design (Table 3). After PCR amplification, the purity and integrity of
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the target products were examined using 1% agarose gel electrophoresis. The PCR products were then subjected
to Sanger sequencing.

Table 3 Primer sequences for chip accuracy validation

Primer ID Primer sequence Primer ID Primer sequence

SNP071-F CCACTGATGACAGATGGGC SNP086-F GGATGTCACGTCAATCAACTGT
SNP071-R CTTCTTGGTCTTGGTGTTCCC SNP086-R CGAAATGGAAGTGGCTCCG
SNP083/84-F TGTTTTGCGGGGATTCGAAG SNP109-F TCCTGGGCCGTTGGATATCA
SNP083-R CGTCCATTTCCACCACTATTCA SNP109-R TGGGCGTGGGAGATGAA
SNP084-R CACCACTATTCAACTTCAAACACG

2.2.4 Genetic diversity analysis

The RFG 0.1K chip contained a total of 122 functional markers. During the processing of genotyping data, to
ensure marker independence and the accuracy of subsequent genetic analyses, the raw data were filtered and
integrated, ultimately yielding 100 high-quality effective markers. The genotyping results were imported into
RStudio (v2025.09.2), and statistical analysis was performed on the genotyping dataset of the 100 markers using
the R language. The test materials were divided into indica, japonica, and Aus subpopulations, and the major allele
frequency, polymorphism information content (PIC), observed heterozygosity (Ho), and expected heterozygosity
(He) were calculated for each subpopulation. During the analysis, missing genotypes due to insufficient
sequencing depth were excluded from the statistical calculations.

The formula for calculating the polymorphism information content (PIC) is as follows:

1
PICI:l-Z p;.
i

pj represents the frequency of the *j*-th allele variant at the *i*-th locus.

2.2.5 Population structure and phylogenetic analysis

To investigate the population genetic structure of the 35 rice accessions, a Bayesian model-based clustering
analysis was performed using Structure (v2.3.4). Because loci with a polymorphism information content of zero
do not contribute to genetic structure analysis, monomorphic loci with PIC = 0 were removed (Supplementary
Table 2), ultimately retaining the genotyping results of 68 markers for population genetic structure analysis. After
the calculations, the output files for each K value (files ending with " ") were compressed into ZIP files and
uploaded to the online service platform StructureSelector (https://Imme.ac.cn/StructureSelector/) to calculate the
optimal number of subpopulations (AK value). This platform calculates AK based on Evanno's method to
determine the optimal number of subpopulations and calls CLUMPAK (Kopelman et al., 2015) to integrate and
align the results from multiple runs, generating a consensus Q matrix. Subsequently, stacked bar charts were
drawn in GraphPad Prism (v10.1.2) based on the consensus Q matrices for K =2, 3, and 4.

To further validate the ability of the genotyping results from the chip to reflect population genetic structure and to
reveal the genetic relationships among varieties, the genotype files of the 35 rice materials at 100 loci were
converted into FASTA format. A phylogenetic tree was constructed using MEGA (v11.0.13) software based on the
neighbor-joining method. The Tamura-Nei model was selected, and the support for each branch was evaluated
using 1,000 bootstrap replicates to obtain preliminary clustering results. After exporting the results, the tree was
visualized using the online tool iTOL (https://itol.embl.de/).

3 Results

3.1 Development of the rice functional gene liquid-phase chip

3.1.1 Functional variation sites of genes controlling physiology and important agronomic traits in rice

In this study, a total of 76 key genes controlling rice physiology and important agronomic traits were collected and
organized, comprising 122 functional SNP and InDel sites. Through literature review, it was confirmed that these
variations are directly associated with function. Based on the specific traits they control, the 76 genes were
classified into eight categories: 4 genes for physiological traits, 14 for plant morphology, 6 for growth period, 20
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for grain and yield, 2 for eating and cooking quality, 3 for biotic stress, 24 for abiotic stress, and 3 for
comprehensive functions (Table 4, Figure 1A). Furthermore, among the collected genes, some contain only a
single functional site, while others (e.g., OsDEPI, TIGI) harbor multiple functional sites, reflecting the
complexity of natural variation in functional genes. The "comprehensive" functional genes (Table 4) are involved
in regulating two or more categories of traits simultaneously, exhibiting typical pleiotropy. For example, variation
in OsSTP2S affects rice nitrogen use efficiency, tillering ability, and yield; OsMADS56 is involved in regulating
grain weight, plant height, and heading date; and gPSR10 plays a dual role in rice cold tolerance and grain shape
formation.

Table 4 Confirmed key genes controlling important agronomic traits in rice

Trait(number)

Gene Name

Physiological traits

Plant morphology
Reproductive growth stage
Grain and yield

Eating quality

Biotic stress

Abiotic stress

Comprehensive functions

OsWRKY23, DNRI, OsBSK2, OsDEPI

Gnla, CYP96B4, NALI, OsAAPI11, OsMCAI, OsSPL14, OsSYL2, OsTCP19, PELY, RGNI,
RRS1, TIG1, TNI, Tnla

DTHS, EL1, Hd17, OsMYBS, OsPRR37, RFTI

OsMADS17, Chalk5, FZP, GSE9, GW2, GW6, GWS8, MOGI, NOGI, OsCKIl, OsERF11S5,
OsGASR7, OsGSK2, OsGSW3.2, OsMADS1, OsSPL13, OsTGW6, TGW2, WBR7, WCRI
OsAUXS5, SMOSI

OsSWEETI3, RODI1, OsSWEETI14

OsCTK1, COG4, COLDI11, COLD6, COLDE Ctbl, CTB3, CTB4a, CTB5, CTB6, DRGY,
DROTI, GL12, HTHS5, OsbZIP73, OsMSI, OsSAP16, OsSEHI, OsSPL10, OsSROIc,
OsWRKY53, SLG1, TMSS5, TT1

OsSTP28, OsMADS56, gPSRI10
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Figure 1 Characteristic features of the rice functional gene chip

Note: A. The traits associated with 122 loci and 76 genes on the rice functional gene chip; B. Mutation types in gene chip markers

The 122 functional variation sites comprised 31 InDels and 91 SNPs (Figure 1B). The 91 SNPs consisted of six
types of base substitutions, including 29 [C/T] variants (accounting for 23.8% of the total), 27 [A/G] variants, 13
[G/T] variants, 10 [A/C] variants, 7 [C/G] variants, and 5 [A/T] variants (Figure 3.1B). Among these, transition
types (C/T and A/G) together accounted for 61.5% of the total SNPs, significantly higher than the other four
transversion types, indicating a clear nucleotide substitution bias. The functional variation sites collected in this
study were distributed across the 12 chromosomes of rice (Figure 2).
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Figure 2 Density distribution of gene chip markers (122 SNPs/InDels) across 12 chromosomes

Note: The x-axis represents the physical distance along the chromosomes (in Mb), and the y-axis represents the different
chromosomes (Chr1-Chr12). The color gradient reflects the number of functional sites (SNPs/InDels) within a 1 Mb window. The
lightest gray areas indicate windows with no sites (density of 0). The color transitions from light gray to pure black, representing a
gradual increase in the number of sites in the region. The specific numerical range corresponds to the legend scale shown in the lower
right corner

3.1.2 Population frequency analysis of functional variation sites in rice

To evaluate the effectiveness of the collected functional variation sites, clarify their ability to distinguish different
allelic genotypes within the same subspecies, and reveal the distribution characteristics of these sites across
different subspecies, population frequency analysis was performed on the collected functional variation sites
according to functional categories (Table 4) (Supplementary Tables 3.1-3.7), aiming to provide a reference for the
subsequent screening of materials for chip genotyping. Based on database retrieval, population frequency analysis
results were obtained for 79 sites, i.e., the distribution frequencies of different allelic genotypes in indica, japonica,
Aus, and aromatic rice subspecies.

Some sites exhibited a "one-sided" distribution pattern in specific rice subspecies. For example, at the
RFLC _SNP 129 site (Table 5), only the homozygous genotype G was present in Aus rice, with allele A
completely absent; however, both alleles G and A were widely distributed in indica rice. This analysis result
suggests that, after excluding the effect of genetic background, different genotypes at this site within the indica
population are highly likely to have a significant impact on tiller number. Based on the above discussion, the
subsequent strategy for material selection and phenotypic determination follows these guidelines: when selecting
materials for genotyping, the candidate population should cover the major subspecies of cultivated rice (e.g.,
indica, japonica, and Aus rice), and each subspecies should include at least five representative accessions to ensure
sufficient genetic variation within each subspecies, allowing for comparison and facilitating statistical analysis.

3.2 Population genetic analysis of 35 rice materials

3.2.1 Genotyping results based on the RFG 0.1K chip

The genotyping results of the RFG 0.1K chip for the 35 rice cultivated varieties showed (Table 6) that, among the
100 functional gene markers, the call rate for each sample ranged from 93% to 100%, meaning that each sample
yielded valid genotyping results at more than 93% of the marker loci. The Q30 value for all samples was >80%,
indicating good sequencing quality, and thus the detection results were of high quality. These metrics confirmed
that the chip's detection results are highly reliable. Further analysis of three biological replicate samples of the L31
variety showed that they had identical genotypes at 97 marker loci, with a consistency rate of 97%, demonstrating
good reproducibility of the chip. In summary, the genotyping results of the RFG 0.1K chip are reliable and
sufficient to meet the requirements for subsequent genetic analysis and breeding applications.
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Table 5 Population frequency analysis of plant morphology functional loci

Markers ID Genotype Indica Japonica Aus Aromatic
RFLC SNP 113 C 97.70% 96.60% 16.70% 17.70%
- - G 2.30% 3.40% 83.30% 82.30%
RFLC SNP 129 G 47.60% 99.50% 100.00% 99.00%
- - A 52.30% 0.50% 0.00% 1.00%
RFLC SNP 136 A 2.30% 68.10% 46.50% 5.20%
- - G 97.60% 31.80% 53.50% 94.80%
RFLC SNP 142 A 38.60% 99.10% 97.80% 99.00%
- - G 61.30% 0.90% 2.20% 1.00%
RFLC SNP 143 C 38.40% 0.90% 97.80% 99.00%
- - T 61.40% 99.10% 2.20% 1.00%
RFLC SNP 144 C 38.50% 99.10% 97.80% 99.00%
- - T 61.40% 0.90% 2.20% 1.00%
RFLC SNP 145 T 23.20% 84.30% 72.90% 83.30%
- - G 7.70% 11.30% 0.00% 11.50%
RFLC SNP 154 G 96.00% 74.50% 94.10% 20.80%
- A 4.00% 25.50% 5.90% 79.20%
RFLC SNP 155 C 76.30% 99.90% 99.60% 100.00%
- A 22.90% 0.10% 0.00% 0.00%
RFLC SNP 157 G 0.90% 72.00% 1.10% 6.20%
- T 99.00% 28.00% 98.90% 93.80%
Table 6 RFGO.1K genotyping call rate
Sample NA number NA rate Call rate Sample NA number NA rate Call rate
Lol 6 6% 94% L25 4 4% 96%
L02 5 5% 95% L26 7 7% 93%
Lo4 4 4% 96% L28 0 0% 100%
LO5 3 3% 97% L29 3 3% 97%
L07 2 2% 98% L30 0 0% 100%
L08 1 1% 99% L31_1 5 5% 95%
L09 0 0% 100% L31 2 4 4% 96%
L10 2 2% 98% L31.3 3 3% 97%
L11 4 4% 96% L52 5 5% 95%
L12 4 4% 96% L53 6 6% 94%
L13 0 0% 100% L54 5 5% 95%
L14 6 6% 94% L55 4 4% 96%
L18 4 4% 96% L56 4 4% 96%
L19 4 4% 96% L57 3 3% 97%
L20 0 0% 100% L59 5 5% 95%
L21 5 5% 95% L60 3 3% 97%
L22 4 4% 96% L61 4 4% 96%
L23 5 5% 95% L62 3 3% 97%
L24 4 4% 96%

To verify the genotyping accuracy of the RFG 0.1K chip, five loci were randomly selected, and Sanger
sequencing primers were designed using the Nipponbare reference genome as the template. Seven rice DNA
samples were randomly selected as templates for PCR amplification (Figure 3). During the amplification process,
the target products for L20 at the RFLC SNP 071 locus and for LO1 at the RFLC _SNP 109 locus were not
obtained. This may be due to unknown polymorphisms (such as single nucleotide variants or small deletions) in
the primer binding regions of these two test materials, which prevented effective primer annealing. Therefore,
these two missing data points were excluded from subsequent accuracy statistics. For the remaining varieties,
specific single fragments were obtained at each validation locus.
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A RFLC_SNP_071(300bp)
M L0l 162 L10 L13 Ll4 120 123 Ni

2000bp

RFLC SNP 083(346bp) RFLC SNP 084(336bp)
M LO0I1L62 L10 L13 L14 120 L23 Ni L0l L62L10 L13 L14 120 123 Ni

2000bp

1000b;
750bp
500bp
250bp
100bp

C RFLC_SNP_086(325bp) RFLC_SNP_109(384bp)

M LO1L62 L10 L13 L14 1.20 .23 Nip LO1 .62 1.10 13 L14 L.20 L.23 Ni

2000bp
193060
500bp
250bp
100bp

Figure 3 PCR results for the accuracy validation of the RFG0.1K

Note: A. Amplification result of locus RFLC_SNP _071; B. Amplification results of loci RFLC_SNP 083 and RFLC _SNP_084; C.
Amplification results of loci RFLC_SNP_086 and RFLC _SNP_109. The locus ID and the expected target fragment size are indicated
above each gel image. The numbers above the lanes (e.g., LO1, L62) denote the template samples used for amplification. M
represents the DNA molecular weight marker. Nip is the amplification product of Nipponbare at this locus, serving as a reference
Unlabeled lanes were not loaded with sample

The alignment results showed that among a total of 33 valid genotyping data points, 29 loci showed complete
consistency between chip genotyping (Table 7), inconsistent loci indicated in bold red) and Sanger sequencing
(Figure 4, Figure 5), giving an overall genotyping accuracy of 88%. In-depth analysis of the discordant loci
revealed that chip genotyping errors exhibited significant variety specificity and genotype dependence. For L13, a
cultivated indica rice from China, chip genotyping results at two out of five validation loci were inconsistent with
Sanger sequencing. Furthermore, discrepancies between chip and sequencing were observed in the identification
of heterozygous sites: at the RFLC_SNP_083 locus of LO1, the chip genotyping showed a homozygous genotype,
whereas Sanger sequencing revealed a heterozygous genotype (double peaks). In summary, despite a certain
proportion of genotyping deviations in some varieties (e.g., L13) and complex genomic regions, the RFG 0.1K
functional marker chip maintained high genotyping accuracy in most cultivated rice materials, demonstrating its
practical value for rice germplasm resource identification and marker-assisted selection breeding.

Table 7 RFGO0.1K genotyping results of selected tested rice varieties

Marker ID

Sample RFLC SNP 071 RFLC SNP 083 RFLC SNP 084 RFLC SNP 086 RFLC SNP 109
LOo1 TT cc T GG !

L10 cC cc TT AA GG

L13 TT TT cc AA oa

L14 TT TT cC GG m

L20 / cc T AA TT

123 TT TT cC GG T

L62 cC cC 1T AA oG
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RFLC_SNP 071 RFLC_SNP 083 RFLC SNP 084 RFLC _SNP 086 RFLC_SNP 109
Nip JACCTC6GAGGC AAGCTACCCAC TGTTCGACGGC GAACAAATATCT :CGAAGGCGAAG
LO1 ;AcCTCAGAGGC AAGCT@CCCAC TGTTCAACGGC GAACAGATATCT

L10 ,ACCTc@;AGGc AAGCT@CCCAC TGTTC@ACGGC GAAC!.ATATCT 'CGAAGGCGAAG

L13 ACCTCE\]GAGGC AAGCT.CCCAC TGTTC.\CGGC GAACA@ATATCT CGAAG.:GAAG

Figure 4 Sanger sequencing results for chip accuracy validation

Note: Each column represents the sequencing chromatograms of the same locus (RFLC_SNP 071, 083, 084, 086, 109) across
different rice samples. Different rows indicate different tested rice materials (LO1, L10, L13). The top sequence with a blue
background represents the Nipponbare reference genome sequence. The red boxes highlight the positions of the target SNP loci and
the actual sequenced bases

RFLC SNP 071 RFLC SNP 083 RFLC SNP 084 RFLC SNP 086 RFLC_SNP 109
Nip }ACCTCGGAGGC AAGCTACCCAC .TGTTCGACGGC :GAACAAATATCT 'CGAAGGCGAAG

L14 ACCTC@GAGGC AAGCTACCCAC \TGTTCGACGGC :GAACAGATATCT (CGAAGTICGAAG

et M o Mgt

L20 AAGCT[GICCCAC \TGTTCAACGGC :GAACAAATATCT (CGAAGTICGAAG

123 ACCTCAIGAGGC AAGCTACCCAC .TGTTCGACGGC :GAACAGATATCT :CGAAGTICGAAG

ot e a0 o Ml

L62 ACCTCGIGAGGC AAGCT[GCCCAC .TGTTCAACGGC :GAACAAATATCT :CGAAGGCGAAG

Figure 5 Sanger sequencing results for chip accuracy validation

Note: Each column represents the sequencing chromatograms of the same locus (RFLC SNP 071, 083, 084, 086, 109) across
different rice samples. Different rows indicate different tested rice materials (L14, L20, L23, L62). The top sequence with a blue
background represents the Nipponbare reference genome sequence. The red boxes highlight the positions of the target SNP loci and
the actual sequenced bases. The blank area indicates that no valid sequencing data was obtained for that material at the specific locus
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3.2.2 Population genetic diversity analysis

Genetic diversity analysis was performed on 35 rice varieties using 100 functional markers (Table 8). The results
showed that the observed heterozygosity (Ho) of the overall tested population ranged from 0 to 0.400, with an
average of 0.0386; the expected heterozygosity (He) ranged from 0 to 0.512, with an average of 0.2388; and the
polymorphism information content (PIC) ranged from 0 to 0.412, with an average of 0.1908. Among these, 48
markers (48%) had PIC > 0.25, indicating moderate polymorphism, while the remaining 52% of markers
exhibited low polymorphism. This phenomenon may be attributed to the fact that the selected loci are mostly
located within known functional genes or their promoter regions. During long-term natural evolution and artificial
domestication, advantageous alleles regulating important agronomic traits are often subject to directional selection
pressure. Therefore, compared with non-functional variants, markers within functional genes tend to show lower
genetic diversity, which is consistent with previous studies (Cong et al., 2016).

Table 8 Genetic diversity index of 35 rice cultivars

Subpopulation Number Ho He PIC MAF

Indica 19 0.0301+0.1404 0.1356+0.1922 0.1081+0.1486 0.1045+0.1614
Japonica 11 0.0646+0.0851 0.1844+0.1872 0.1500+0.1461 0.1315+0.1492
Aus 5 0.0165+0.1067 0.1089+0.1699 0.0887+0.1364 0.0763+0.1273
Total 35 0.0386+0.1028 0.2388+0.1984 0.1908+0.1536 0.1769+0.1627

The test materials were divided into three subspecies: indica (19 accessions), japonica (11 accessions), and Aus (5
accessions). The polymorphism information content for the 100 marker loci was calculated for each subspecies
(Figure 6), and the average values were computed (Table 7). The results showed that the japonica subspecies had
the highest genetic diversity (Ho = 0.0646, He = 0.1844, PIC = 0.1500), followed by indica (Ho = 0.0301, He =
0.1356, PIC = 0.1081), and Aus had the lowest (Ho = 0.0165, He = 0.1089, PIC = 0.0887). This result may be
related to the genetic backgrounds of each subspecies as well as the number of accessions.

100 = — —
E,, -5 . PIC=0
E ) 0<PIC<0.3
‘s 50 i .PIC}D.S
= = NA
]
g 25 -1
=
rd

0 1 ) 1

Indica Japonica Aus

Figure 6 Distribution of polymorphic information content (PIC) of functional markers among different rice subpopulations
Note: The different shaded blocks represent the number of markers within various PIC intervals. The black blocks (NA) indicate loci
where PIC values could not be calculated due to missing genotyping data

Furthermore, the observed heterozygosity in all three subspecies was significantly lower than the expected
heterozygosity (Ho < He), which is consistent with the genetic characteristics of self-pollinating crops such as rice,
i.e., a higher proportion of homozygous individuals and a lower proportion of heterozygous individuals at the
same locus (Li et al., 2011). This phenomenon also suggests the possible existence of further substructure within
each subspecies (Wahlund effect), meaning that there is macro-geographic isolation or pedigree stratification
among different varieties within the same subspecies (De Meets, 2018). At the overall level, the overall He
(0.2388) of the 35 test materials was higher than the average values of each subspecies, further confirming the
impact of inter-subspecies genetic differentiation on diversity parameters (Garnier-Géré et al., 2013).
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3.2.3 Population structure analysis

TheAK value was calculated based on the Structure analysis results (Figure 8). At K = 2, the highest peak of AK
(AK = 265.92) was observed, indicating that the 35 rice accessions could be divided into two major subspecies at
the fundamental evolutionary level (Figure 7). Subspecies I (green) contained 23 rice varieties, covering all indica
accessions (LO1, L02, etc.) as well as some Aus accessions (L04, L22, L25, L55); subspecies II (orange)
contained 12 varieties, covering all japonica accessions (L05, LO7, etc.) and one Aus accession (L28). This
division clearly reflected the subspecies differentiation between indica and japonica, which was largely consistent
with the prior classification information of the test varieties (Table 2).

1.0
0.8

K=3

Figure 7 Population genetic structure of 35 cultivated rice accessions based on Structure analysis (K =2, 3, 4)

Note: The y-axis represents the estimated proportion of an individual's genome originating from each inferred ancestral population
(Q value). The x-axis indicates the accession numbers of the tested rice varieties (L01-L62). Each variety is represented by a single
vertical bar, with the lengths of the colored segments indicating the proportions of different inferred ancestral clusters

300-
200
]
S|
100+
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Figure 8 Line chart of AK values across different K values for the 35 rice varieties
Note: The y-axis represents the AK calculated based on the Evanno method. The x-axis represents the assumed number of ancestral
clusters (K). The highest peak of AK occurs at K=2, indicating the optimal number of subpopulations is two
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Furthermore, a secondary peak of AK (AK = 7.94) was observed at K = 3, revealing a finer genetic structure

within the test population. Within subspecies I, four Aus accessions (L04, L22, L25, L28) and the indica accession

L18 were assigned to subspecies III (blue), further distinguishing indica from Aus. This finding aligns with the

classical understanding of rice population genetics, namely that although Aus is closely related to indica in terms

of genetic affinity, it possesses a relatively independent evolutionary origin and distinct population characteristics,

constituting a unique subspecies. Further analysis revealed that at K = 3, some varieties (L04, L05, L07, L28, L57)
exhibited clear mixed genetic backgrounds, i.e., the maximum Q value corresponding to a single ancestral

population did not reach a significantly dominant level, and the bar plots for these varieties showed a multi-color
mixed distribution. This suggests that the test materials have experienced hybridization and introgression between

different subspecies during their breeding history, consistent with the expectation of gene flow between subspecies.
In summary, the RFG 0.1K chip not only provides accurate and reliable genotyping data that effectively reflect the

fundamental genetic backgrounds of different rice varieties but also exhibits good sensitivity in detecting complex

genetic backgrounds.

3.2.4 Population phylogenetic analysis

A phylogenetic tree was constructed using MEGA (v11.0.13) based on the neighbor-joining method. The
clustering analysis results (Figure 9) showed that the 35 rice varieties were clearly divided into three major
phylogenetic clades. The overall topology not only corresponded to the prior classification of indica and japonica
but also highly matched the Structure analysis results (Figure 7), further revealing fine-scale genetic relationships
among the varieties.
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Figure 9 Phylogenetic tree of 35 rice accessions constructed using the neighbor-joining (NJ) method

79

Note: Numbers at branch nodes indicate bootstrap support values based on 1,000 replicates (only values >40% are shown). The scale
bar (0.1) in the upper left corner represents genetic distance. Different evolutionary clades are distinguished by colors: the red clade
represents clade 1 (24 accessions), the black clade represents clade II (9 accessions), and the blue clade represents clade III (2

accessions)
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Clade I (red) was the largest group, containing 24 varieties. This group mainly consisted of the 19 indica varieties,
4 Aus varieties (L04, L22, L.25, L55), and 1 japonica variety (L57), which was similar to the grouping at the
optimal K value (K = 2) in the Structure analysis. In terms of geographical origin, this clade encompassed indica
varieties widely distributed across South Asia, Southeast Asia, and China (e.g., IR64a, 9311, Minghui63), as well
as four Aus varieties originating from South Asia (India, Bangladesh, Sri Lanka). The close genetic relationship
between indica and Aus, clustering together in one group, is consistent with the genetic background of rice
populations. The japonica variety L57 clustered within this group, suggesting that it may have a complex breeding
history or possible introgression from indica, a speculation supported by its mixed ancestral components in the
Structure analysis (Figure 7).

Clade II (black) contained nine varieties, all of which were japonica varieties (including L05, LOS, L09, L10, L12,
L19, L26, L29, L62). The close genetic relationships among these varieties suggest that they may share similar
breeding histories or genetic origins, representing a japonica group with relatively homogeneous genetic
backgrounds.

Clade III (blue) had the most distinctive composition, containing only two varieties: the japonica variety LO7 and
the Aus variety L28. These two varieties did not cluster with other varieties of their respective subspecies but
instead formed a separate small branch. This result may be explained by the following reasons: first, these two
varieties may carry certain rare alleles at the selected functional marker loci, or possess unique genetic
combinations across different functional markers, making them genetically more distant from other varieties;
second, these varieties may have experienced introgression events in their history that could not be fully captured
by this population structure analysis.

4 Discussion

Through literature retrieval and systematic review, a total of 122 natural variation sites from 76 rice functional
genes were collected, and the rice liquid-phase chip RFG 0.1K was developed. Genotyping was performed on 35
cultivated rice varieties (including indica, japonica and Aus). Based on the genotyping results, population
diversity and genetic structure analyses were further conducted. The results indicate that this chip has high
application potential in rice germplasm resource identification and molecular breeding.

4.1 Comparison of RFG 0.1K with mainstream technologies such as KASP, WGS and GBS

In recent years, marker-assisted selection (MAS) has been widely applied in crop improvement. However, the cost
and technical barriers of genotyping have long been key bottlenecks limiting the large-scale implementation of
molecular breeding in practice. Xu Yunbi et al. systematically summarized the development history of genotyping
technologies and pointed out that genotyping has transitioned to the fourth generation (4G) - from high-cost
solid-phase chips and random sequencing-based genotyping (GBS) to targeted sequencing-based (GBTS)
liquid-phase chips (Xu et al., 2020). The RFG 0.1K liquid-phase chip was developed precisely within this 4G
technology framework.

Compared with low-throughput technologies represented by KASP, liquid-phase chips have obvious advantages in
parallel detection of multiple markers. KASP, based on allele-specific PCR and a fluorescence reporting system,
can meet low- to medium-throughput genotyping needs, but each reaction typically detects only one or a few
SNPs. When breeding requires simultaneous detection of tens or even hundreds of functional markers, the
per-marker cost of KASP increases multiplicatively. In contrast, GBTS can detect hundreds to thousands of
marker loci in parallel in a single sequencing run, significantly reducing the average cost per marker. At the same
time, GBTS offers greater flexibility than solid-phase chips: probes on solid-phase chips are fixed on a solid
substrate, making it difficult to add or replace new markers once the chip is designed, whereas GBTS, based on
liquid-phase probe capture, allows flexible adjustment of marker sets by replacing probe combinations, thereby
reducing the cost and cycle of chip updates. Compared with genotyping-by-sequencing (GBS), GBTS uses fixed
and uniform markers, facilitating data comparison and integration across different laboratories and batches. From
the perspective of marker detection efficiency, GBTS can detect multiple SNPs within a single amplicon (the
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mSNP strategy), greatly improving the efficiency of detecting variation within target loci. Compared with GBS
and solid-phase chips, GBTS offers multiple advantages including platform adaptability, marker flexibility,
detection efficiency, data additivity, support convenience, and broad applicability. Furthermore, GBTS can
generate marker panels of different densities by adjusting sequencing depth, meeting the needs of various
application scenarios (Guo et al., 2019; Guo et al., 2021).

From the cost perspective of whole-genome sequencing (WGS), although WGS provides the most comprehensive
information on genomic variation, its high sequencing cost, data processing and storage costs make it difficult to
promote on a large scale in routine breeding workflows. GBTS sequences only target regions, significantly
reducing sequencing costs while meeting throughput requirements for marker coverage. Therefore, RFG 0.1K,
with a marker density of 0.1K, focuses on known functional sites of already cloned functional genes, achieving
high-throughput parallel detection of key functional sites for breeding at a manageable cost.

In summary, RFG 0.1K has a clear positioning in terms of technical approach: it strikes a balance between KASP
and WGS - it offers the advantage of parallel detection of multiple markers compared with KASP, and significant
cost advantages compared with WGS, while retaining the high flexibility of the GBTS technology platform. This
chip is particularly suitable for rapid screening of core functional gene loci in early generations of breeding,
providing breeders with a molecular detection tool that is "usable, affordable, and effective."

4.2 Comparison of RFG 0.1K with existing rice liquid-phase chip products

Several rice liquid-phase chips have been developed in China, among which the most representative include
Huazhi Biotechnology's "Daoxiang No. 1" (60K), Hubei Province's "Daogongxin No. 1" (225 functional gene
loci), and Sichuan Province's "Tianfu Daoxin No. 1" (5K, more than 50 functional gene loci). RFG 0.1K and these
products have different focuses in terms of positioning and technical approaches.

"Daoxiang No. 1" is a 60K high-density ¢GPS liquid-phase breeding chip developed based on resequencing data
of 3,024 rice accessions from 89 countries and regions, covering 62,027 SNP sites, with an average call rate of
99.56%, a genotype consistency rate of 99.95% for replicate samples, and an average coverage of 99.8%.
Characterized by high-density whole-genome coverage, this chip is suitable for large-scale genomic scanning
applications such as germplasm resource identification and genetic diversity assessment. In contrast, RFG 0.1K
focuses on 122 functional variation sites from reported functional genes, not pursuing maximization of marker
number but targeting functional sites, directly serving key trait improvement in molecular marker-assisted
breeding. The two are complementary: high-density chips are suitable for whole-genome scanning and discovery
of unknown loci, while RFG 0.1K is suitable for high-throughput screening of known functional sites.

"Daogongxin No. 1," based on multiplex PCR and next-generation sequencing technology, integrates the latest
research findings in rice functional genomics from both domestic and international sources, enabling one-time
detection of 225 functional gene loci related to yield, quality, and resistance, reducing detection cost from the
traditional 600 RMB to below 80 RMB. RFG 0.1K also focuses on functional gene loci, but with greater emphasis
on systematic literature curation, detailing the gene structure (promoter region/exon region/5'UTR), allelic types,
and phenotypic effects for each locus, providing breeders with searchable locus-trait association information. It is
distinctive in the systematic collection and information completeness of functional loci. Moreover, the chip allows
for subsequent probe supplementation and improvement, and the cost per rice sample for genotyping using
RFG 0.1K is 38 RMB.

"Tianfu Daoxin No. 1" is the first 5K liquid-phase chip for rice in Sichuan Province, incorporating more than
5,000 genetic markers and enabling one-time detection of more than 50 important functional gene loci for over 10
key breeding traits, suitable for germplasm resource identification, material background screening, genomic
selection, and targeted improvement. The marker density (5K) of this chip is significantly higher than that of
RFG 0.1K (0.1K), but the number of functional loci (more than 50) is similar to RFG 0.1K's 76 functional genes
and 122 functional sites. RFG 0.1K has an advantage in the breadth of functional gene coverage and focuses more
on functional variation sites with clearly defined phenotypic effects, enabling accurate genotyping of target loci.
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Overall, RFG 0.1K does not aim to maximize marker density but adopts a "less but refined" strategy, focusing on
known functional sites of already cloned functional genes. Its core advantages lie in three aspects: first, the
functional certainty of the loci - all loci have been reported in the literature to be directly associated with specific
phenotypes, reducing the risk of false positives in association analysis; second, the systematic nature of locus
information - it records in detail the gene structure position, allelic types, and phenotypic effects of each locus,
providing direct reference for breeders' material selection and marker-assisted decision making; third, cost control
- the detection cost can be further reduced while ensuring accuracy. It is worth noting that this chip, together with
products such as "Daogongxin No. 1," are all independently developed domestically in terms of intellectual
property, collectively forming a domestic camp of rice breeding chips, which helps break foreign technical
barriers in the field of genotyping.

A limitation of this study is the low marker density of the chip, covering only 122 effective markers, which is
insufficient to support application scenarios requiring high-density markers, such as genome-wide association
studies (GWAS) and genomic selection (GS). In addition, the polymorphism of some functional sites on the chip
within the Aus subspecies is less than 30%, limiting the power of association analysis within this subspecies.
Future efforts could consider combining this chip with high-density chips - first using RFG0.1K for rapid
screening of core functional sites, then using high-density chips for fine-scale dissection of target materials,
forming a hierarchical detection strategy that combines functional sites and genome-wide markers, thereby better
balancing cost and accuracy.
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Supplementary Table 1 References for 76 genes controlling rice physiology and agronomic traits

Gene Name Reference DOI

Chalk5 10.1038/ng.2923

COG4 10.1016/j.celrep.2024.114965
COLDI11 10.1126/sciadv.abq5506
COLD6 10.1016/j.molcel.2024.09.031
COLDF 10.1111/pbi.13730

Ctbl 10.1016/j.gene.2025.149225
CTB3 10.1038/s41467-025-56992-7
CTB4a 10.1038/ncomms 14788
CTBS 10.1038/s41467-025-56174-5
CTB6 10.1002/advs.202411357
CYP96B4 10.1371/journal.pone.0088068
DNRI1 10.1093/plcell/koaa037
DRGY 10.1038/s41467-024-46754-2
DROTI 10.1038/s41467-022-31844-w
DTHS 10.1104/pp.110.156943

ELI 10.1111/pce.12134

FZP 10.1038/s41477-017-0042-4
GLI12 10.1038/s41467-024-53611-9
Gnla 10.1111/jipb.13185

GSE9 10.1038/541467-023-41669-w
GW2 10.1038/ng2014

GW6 10.1111/tpj.14793

GW8 10.1038/ng.2327

Hd1l7 10.1093/pcp/pcs028

HTHS5 10.1111/pbi.13835

MOG1 10.1111/jipb.13675

NALI 10.1534/genetics.115.181040
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Supplementary Table 2 Population Diversity Analysis of Each Locus

Marker ID Ho He PIC
RFLC _INDEL 027 0 0 0
RFLC _INDEL 028 0 0.4506 0.3491
RFLC_INDEL 029 0 0 0
RFLC_INDEL 030 0.0286 0.4592 0.3538
RFLC_INDEL 031 0 0.2024 0.182
RFLC_INDEL 032 0 0 0
RFLC_INDEL 035 0 0 0
RFLC_INDEL 036 0 0.1078 0.1019
RFLC _INDEL 037 0 0 0
RFLC_INDEL 038 0 0 0
RFLC_INDEL 040 0 0 0
RFLC_INDEL 041 0 0 0
RFLC _INDEL 042 0 0 0
RFLC_INDEL 043 0 0 0
RFLC_INDEL 044 0 0 0
RFLC_INDEL 045 0 0 0
RFLC_INDEL 046 0.1143 0.1078 0.1019
RFLC_INDEL 048 0.0294 0.4269 0.3358
RFLC_INDEL 049 0 0 0
RFLC_INDEL 050 0.6 0.4853 0.3675
RFLC_INDEL 051 0.8286 0.4853 0.3675
RFLC_INDEL 052 0.0571 0.431 0.3381
RFLC_INDEL 053 0.0571 0.431 0.3381
RFLC_INDEL 096 0 0 0
RFLC _INDEL 151 0 0 0
RFLC_SNP_068 0 0.0555 0.054
RFLC_SNP_069 0.0286 0.18 0.1638
RFLC_SNP 070 0 0.0555 0.054
RFLC_SNP 071 0.0857 0.4984 0.3742
RFLC_SNP 072 0 0.0555 0.054
RFLC_SNP 076 0.0571 0.2841 0.2437
RFLC_SNP 077 0.0571 0.2841 0.2437
RFLC_SNP_078 0.0571 0.32 0.2688
RFLC_SNP 079 0.0571 0.382 0.3091
RFLC_SNP_080 0.0571 0.382 0.3091
RFLC_SNP_081 0 0.2841 0.2437
RFLC_SNP_082 0.0571 0.4996 0.3748
RFLC SNP 083 0.0571 0.4996 0.3748
RFLC SNP 084 0.0571 0.4996 0.3748
RFLC_SNP_086 0.0286 0.4935 0.3717
RFLC_SNP_087 0.0286 0.4935 0.3717
RFLC_SNP_088 0.0286 0.4935 0.3717
RFLC SNP 089 0 0.431 0.3381
RFLC SNP 093 0.0571 0.4082 0.3249
RFLC SNP 095 0.0286 0.3024 0.2567
RFLC_SNP_097 0 0 0
RFLC_SNP_098 0 0 0
RFLC_SNP_099 0 0 0
RFLC SNP 100 0 0 0
RFLC SNP 101 0 0.4506 0.3491
RFLC SNP 102 0.0571 0.382 0.3091
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Marker ID Ho He PIC
RFLC_SNP_103 0.0571 0.382 0.3091
RFLC_SNP 104 0 0 0
RFLC_SNP_105 0 0 0
RFLC_SNP_106 0 0 0
RFLC_SNP_107 0 0 0
RFLC_SNP_109 0.0286 0.4984 0.3742
RFLC _SNP 109 1 0 0 0
RFLC _SNP_110 0 0 0
RFLC _SNP 111 0.0571 0.4082 0.3249
RFLC_SNP_112 0.1429 0.3955 0.3173
RFLC_SNP_113 0.0571 0.1567 0.1445
RFLC_SNP 114 0.0571 0.2024 0.182
RFLC_SNP 115 0 0 0
RFLC _SNP_116 0 0.3967 0.318
RFLC _SNP_117 0 0.4444 0.3457
RFLC_SNP 118 0 0.2778 0.2392
RFLC_SNP _119 0.0571 0.32 0.2688
RFLC_SNP 123 0 0 0
RFLC_SNP_ 124 0.0571 0.382 0.3091
RFLC_SNP_125 0.0571 0.382 0.3091
RFLC_SNP_126 0.0571 0.382 0.3091
RFLC_SNP_129 0.0571 0.48 0.3648
RFLC_SNP_131 0.0286 0.0282 0.0278
RFLC_SNP 132 0 0 0
RFLC_SNP_133 0.0571 0.382 0.3091
RFLC_SNP 134 0 0.1567 0.1445
RFLC_SNP_135 0 0 0
RFLC_SNP 136 0.0286 0.3955 0.3173
RFLC_SNP 137 0.0286 0.2649 0.2298
RFLC_SNP 138 0 0 0
RFLC_SNP 139 0 0.4506 0.3491
RFLC_SNP_140 0 0.0555 0.054
RFLC_SNP_141 0.0286 0.2649 0.2298
RFLC_SNP 142 0.0571 0.4506 0.3491
RFLC_SNP 143 0.0571 0.4506 0.3491
RFLC_SNP_144 0.0571 0.4506 0.3491
RFLC_SNP_145 0 0.4082 0.3249
RFLC_SNP_147 0.0571 0.32 0.2688
RFLC_SNP_148 0.0286 0.3678 0.3001
RFLC SNP 149 0.0286 0.4984 0.3742
RFLC SNP 152 0.0286 0.4412 0.3439
RFLC SNP 153 0 0 0
RFLC_SNP 154 0.0857 0.1327 0.1239
RFLC_SNP_155 0.0286 0.3024 0.2567
RFLC_SNP_156 0 0.4688 0.3589
RFLC SNP 157 0.0571 0.3527 0.2905
RFLC SNP 158 0 0.3527 0.2905
RFLC SNP 159 0 0 0
RFLC SNP 160 0 0.4506 0.3491
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Supplementary Table 3.1 Population frequency analysis of physiological trait loci

Markers ID Genotype Indica Japonica Aus Aromatic
G 99.00% 0.60% 99.60% 9.40%
RFLC_SNP 073
- - A 0.80% 99.10% 0.40% 90.60%
T 0.80% 91.80% 0.40% 94.80%
RFLC_SNP 074
- - A 99.00% 0.50% 99.60% 5.20%
T 0.80% 91.70% 0.40% 90.60%
RFLC_SNP_075
- - A 99.00% 0.50% 99.60% 9.40%
T 93.10% 1.20% 25.30% 3.10%
RFLC_SNP 139
-~ C 2.80% 95.80% 14.10% 86.50%
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https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0916414735&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0916414735&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0916415104&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1022650226&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1022650226&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1022650226&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1022650226&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1022650226&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1022650226&pop=VI/Aromatic&geno=C
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Supplementary Table 3.2 Population frequency analysis of plant morphology functional loci

Markers ID Genotype Indica Japonica Aus Aromatic
Rc s S 50 2300
v O e e sas ro
RFLC_SNP 136 g ;'73.2:?;/0 if;gif: :iﬁzgzz ;2,22;0%
R s A s o00% ST oo

C 38.40% 0.90% 97.80% 99.00%
RFLC_SNP_143 61.400/: 99.102/0 2.20%0 1.00%0
RrLC swp 14 C s 10 T Lo
Rec s s ! 220% Lo oo, s
R swe ise 00 T S 920
e s 155 C oo o0 o

G 0.90% 72.00% 1.10% 6.20%
RFLC _SNP_157 T 99'00;) 28.00"/: 98.9OZA 93,80;)
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https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0128250218&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0124139034&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0430029454&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0230596777&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0230596777&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0230596777&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0230596777&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0230596777&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0230596777&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0911290777&pop=VI/Aromatic&geno=T
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Supplementary Table 3.3 Population frequency analysis of growth period functional loci

Markers ID Genotype Indica Japonica Aus Aromatic
RFLC SNP 086 A 31.60% 97.50% 100.00% 99.00%
- - G 68.40% 2.50% 0.00% 1.00%
RFLC SNP 087 C 31.60% 97.50% 100.00% 100.00%
- - T 68.30% 2.50% 0.00% 0.00%
RFLC SNP 088 C 31.50% 97.40% 100.00% 100.00%
- - T 68.20% 2.50% 0.00% 0.00%
RFLC SNP 089 G 31.40% 97.20% 100.00% 99.00%
- - A 68.40% 2.50% 0.00% 0.00%
RFLC SNP 090 G 86.90% 44.90% 99.60% 67.70%
- - T 12.90% 55.00% 0.00% 32.30%
RFLC SNP 091 T 86.80% 44.80% 100.00% 67.70%
- - C 13.00% 55.00% 0.00% 32.30%
RFLC SNP 100 G 99.90% 96.40% 100.00% 100.00%
- - C 0.00% 1.90% 0.00% 0.00%
RFLC SNP 140 T 100.00% 94.60% 100.00% 100.00%
-~ C 0.00% 2.90% 0.00% 0.00%
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https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0333001571&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=C
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Supplementary Table 3.4 Population frequency analysis of grain and yield functional loci

Markers ID Genotype Indica Japonica Aus Aromatic
RFLC INDEL 030 12.20% 55.70% 26.00% 78.10%
- - 65bp-ins 86.50% 43.60% 72.10% 20.80%
RFLC SNP 071 G 9.10% 99.30% 88.80% 96.90%
- - A 90.90% 0.70% 11.20% 3.10%
T 88.40% 99.90% 100.00% 100.00%
RFLC_SNP_072 A 11.50% 0.10% 0.00% 0.00%
A 55.10% 60.20% 16.70% 1.709
RFLC_SNP_082 G 44.80% 39.80% 8?22"2 3.3300;]
RFLC SNP 083 G 55.10% 60.30% 16.40% 95.80%
- - A 44.70% 39.70% 83.60% 4.20%
RFLC SNP 084 A 55.10% 60.30% 16.40% 91.70%
- - G 44.80% 39.70% 83.60% 8.30%
RFLC SNP 085 G 55.00% 60.30% 16.40% 95.80%
- - A 44.80% 39.70% 83.30% 4.20%
A 2.60% 99.10% 0.40% 52.10%
RFLC_SNP_093 G 97.40% 0.90% 99.60% 47.90%
RFLC SNP 094 A 2.30% 68.10% 46.50% 5.20%
- - G 97.60% 31.80% 53.50% 94.80%
RFLC SNP 116 C 89.70% 52.40% 9.30% 80.20%
- - A 1.00% 46.70% 0.40% 24.40%
T 78.20% 46.80% 1.90% 4.20%
RFLC_SNP_I17 C 21.10% 53.00% 98.10% 93.80%
RFLC SNP 118 C 94.50% 53.00% 99.30% 100.00%
-~ T 3.40% 46.60% 0.70% 0.00%
G 94.30% 53.40% 100.00% 72.90%
RFLC_SNP_19 A 2.50% 46.40% 0.00% 27.10%
RFLC SNP 120 C 99.60% 47.70% 99.60% 33.30%
- - T 0.40% 52.20% 0.40% 66.70%
RFLC SNP 121 T 99.60% 47.60% 99.60% 34.40%
- - C 0.40% 52.40% 0.40% 65.60%
RFLC SNP 122 G 99.60% 47.60% 99.60% 33.30%
- - A 0.40% 52.40% 0.40% 66.70%
RFLC SNP 131 C 99.80% 99.70% 100.00% 27.10%
- - T 0.20% 0.30% 0.00% 72.90%
T 0.40% 33.10% 0.00% 0.00%
RFLC_SNP_137 C 20.40% 62.00% 19.00% 22.90%
A 55.70% 0.10% .009 2.109
RFLC_SNP_148 G 42.50% 99.90% (1)0000.0/?)% 97.30/;)
RELC SNP 156 C 1.40% 97.00% 19.00% 75.00%
- - T 98.40% 2.10% 81.00% 25.00%
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https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=All%20Indica&geno=AGGGGTTGTGAGAAGAAGCAGCTTGATTTGCTACTGGCTTTGTGCTGCTGTGTGGTTGTTCTGGTG
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=All%20Japonica&geno=AGGGGTTGTGAGAAGAAGCAGCTTGATTTGCTACTGGCTTTGTGCTGCTGTGTGGTTGTTCTGGTG
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=Aus&geno=AGGGGTTGTGAGAAGAAGCAGCTTGATTTGCTACTGGCTTTGTGCTGCTGTGTGGTTGTTCTGGTG
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0429308367&pop=VI/Aromatic&geno=AGGGGTTGTGAGAAGAAGCAGCTTGATTTGCTACTGGCTTTGTGCTGCTGTGTGGTTGTTCTGGTG
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0324009454&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0506659956&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0506659956&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431212801&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0917130506&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0917130506&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0224771726&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140260168&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0725433712&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0725433712&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0725433712&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0725433712&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0725433712&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0725433712&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0729628500&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0725433712&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0825949481&pop=VI/Aromatic&geno=T
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Supplementary Table 3.5 Population frequency analysis of eating quality and comprehensive functional loci

Markers ID Genotype Indica Japonica Aus Aromatic
RFLC SNP 079 T 1.20% 96.00% 0.70% 96.90%
- - G 98.60% 4.00% 99.30% 3.10%
RFLC SNP 080 G 1.20% 96.00% 0.70% 96.90%
- - A 98.70% 3.90% 99.30% 3.10%
RFLC SNP 114 G 99.70% 67.00% 99.60% 88.50%
- - A 0.30% 30.20% 0.00% 11.50%
RFLC SNP 158 G 1.20% 76.50% 8.60% 35.40%
-~ A 98.80% 23.50% 91.40% 64.60%
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https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811397&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811480&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811480&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811480&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811480&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811480&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811480&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0518811480&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1020862494&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018598921&pop=VI/Aromatic&geno=A
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Supplementary Table 3.6 Population frequency analysis of biotic stress functional loci

Markers ID Genotype Indica Japonica Aus Aromatic
C 36.50% 94.20% 56.10% 97.90%
RFLC_SNP 112
- - A 60.50% 5.60% 31.20% 2.10%
T 96.20% 84.40% 71.40% 18.80%
RFLC_SNP 134
-~ A 3.20% 9.90% 2.20% 26.00%
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https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1217305343&pop=VI/Aromatic&geno=T
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Supplementary Table 3.7 Population frequency analysis of abiotic stress functional loci

Markers ID Genotype Indica Japonica Aus Aromatic
TC10 12.30% 51.10% 15.20% 60.40%
TCY 1.56% 24.87% \ \
RFLC_INDEL 025~027 ° ’
TCS 5.94% 17.46% 45.35% 2.08%
TC7 79.30% 3.20% 35.30% 27.10%
3(GCG)TCG3(GCG)  72.60% 95.40% 46.10% 75.00%
5(GCG \ \ \ \
RFLC INDEL 033~035 (GCG)
6(GCG) \ \ \ \
3(GCG) \ \ \ \
- 97.60% 109 60° 000
RELC INDEL 052 | b 98.10% 99.60% 99.00%
- - 284bp-ins \ \ \ \
G 4.00% 99.50% 5.90% 20.80°
RELC SNP 067 ° ’ ° o
= A 95.80% 0.50% 94.10% 79.20%
C 99.20% 65.10% 99.60% 91.70%
RFLC_SNP 069
- T 0.70% 34.90% 0.40% 8.30%
C 99.60% 77.40% 100.00° 91.70°
RFLC_SNP 070 ’ ’ & %
G 0.40% 22.60% 0.00% 8.30%
A 92.40% 80.10% 99.60% 32.30%
RFLC_SNP 076
S G 7.40% 19.90% 0.40% 67.70%
C 92.40% 80.10% 99.60% 32.30%
RFLC_SNP 077 ’ ° ° °
- T 7.50% 19.80% 0.40% 67.70%
T 92.40% 80.30% 99.60% 32.30%
RFLC SNP 078
- G 7.40% 19.60% 0.40% 67.70%
C 70.60% 78.90% 72.10° 99.00°
RFLC SNP 081 ’ ° o %
S T 28.90% 21.10% 27.90% 1.00%
C 4.70% 49309 0.40° 2.10°
RFLC_SNP 095 ° % o o
- G 94.90% 50.70% 99.30% 97.90%
RELC SNP 097 T 100.00% 94.00% 100.00% 100.00%
S C 0.00% 6.00% 0.00% 0.00%
C 1.80% 98.70% 1.50% 87.50%
RFLC SNP 102 ° ’ ° °
S T 97.80% 1.10% 98.50% 12.50%
T 1.80% 98.60% 0.00% 87.50%
RFLC SNP 103 ° ’ ° °
- G 98.00% 1.30% 100.00% 12.50%
G 32.40% 98.50% 74.30% 90.60%
RFLC_SNP 109
= T 67.40% 1.50% 25.70% 9.40%
G 4.00% 99.50% 5.90% 20.80%
RFLC SNP 111 ° ’ ° °
= A 95.80% 0.50% 94.10% 79.20%
C 99.70% 22.20% 99.30% 38.50%
RFLC SNP 124
= T 0.20% 77.80% 0.70% 61.50%
T 99.70° 22.40° 99.30° 500
RFLC SNP 125 % & & 36.50%
S G 0.20% 77.60% 0.70% 63.50%
C 99.70° 22.30° 99.30° 500
RFLC SNP 126 % o 0% 37.50%
S A 0.30% 77.70% 0.70% 62.50%
A 99.70° 22.20° 98.80° 37.50°
RFLC SNP 127 % o & o
- G 0.30% 77.80% 1.10% 62.50%
A 96.10° 3.00° 23.00° 100
RFLC SNP 128 % o o 3:10%
- G 3.90% 97.00% 77.00% 96.90%
G 1.80% 99.00% 1.90% 87.50%
RFLC SNP 133
T 98.10% 0.90% 98.10% 12.50%
T 0.70% 84.70° 2.20° 96.90°
RFLC SNP 147 ’ % o %
- G 99.20% 15.30% 97.80% 3.10%

257


https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=All%20Indica&geno=TCCC
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=All%20Japonica&geno=TCCC
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=Aus&geno=TCCC
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=VI/Aromatic&geno=TCCC
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0431459091&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1123942785&pop=All%20Indica&geno=GCGGCGGCGT
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1123942785&pop=All%20Japonica&geno=GCGGCGGCGT
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1123942785&pop=Aus&geno=GCGGCGGCGT
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1123942785&pop=VI/Aromatic&geno=GCGGCGGCGT
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140396068&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140396068&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140396068&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0140396068&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032301&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0402032882&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1018975900&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224630049&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224629075&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0918122850&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=All%20Indica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=All%20Japonica&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=Aus&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=VI/Aromatic&geno=G
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=All%20Indica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=All%20Japonica&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=Aus&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg1224473988&pop=VI/Aromatic&geno=T
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240823&pop=VI/Aromatic&geno=C
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Markers ID Genotype Indica Japonica Aus Aromatic
RFLC SNP 147 1 T 0.70% 84.70% 2.20% 96.90%
- - - G 99.20% 15.30% 97.80% 3.10%
C 53.50% 97.60% 0.40% 10.40%
RFLC _SNP 149
- - A 46.50% 2.40% 99.60% 89.60%
C 53.40% 97.60% 0.40% 10.40%
RFLC _SNP_150
- - T 46.50% 2.40% 99.60% 89.60%
RFLC SNP 160 G 1.20% 98.30% 1.90% 15.60%
- - T 98.70% 1.70% 98.10% 84.40%
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https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=VI/Aromatic&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0915240824&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=All%20Indica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=All%20Japonica&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=Aus&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=VI/Aromatic&geno=C
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=All%20Indica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=All%20Japonica&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=Aus&geno=A
https://ricevarmap.ncpgr.cn/vars_culs/?var_id=vg0822689418&pop=VI/Aromatic&geno=A

