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Abstract

Genetic variability is the foundation of effective selection in crop improvement. Fifty rice germplasm lines
were evaluated during the kharif season of 2025 at the Regional Agricultural Research Station, Polasa,
Jagtial, Telangana, India, using a randomised block design with two replications. Ten yield and milling-
quality traits were assessed: days to 50% flowering, plant height, panicle length, productive tillers per plant,
grains per panicle, 1000-grain weight, grain yield per plant, hulling percentage, milling percentage, and head
rice recovery. Analysis of variance indicated highly significant differences among genotypes for all traits.
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Phenotypic coefficients of variation exceeded the corresponding genotypic coefficients for every trait,
although the differences were generally small for days to 50% flowering, plant height, 1000-grain weight,
head rice recovery, and grain yield per plant. High phenotypic and genotypic variability was observed for
grains per panicle, head rice recovery, and grain yield per plant. Broad-sense heritability was high for nine
traits and moderate for panicle length. High heritability accompanied by high genetic advance as a percentage
of the mean was recorded for plant height, productive tillers per plant, grains per panicle, 1000-grain weight,
head rice recovery, and grain yield per plant. These estimates identify traits with a favourable expected
response to phenotypic selection within the evaluated material. Because the experiment was conducted in one
season and one location, the stability of the estimates and the performance of individual germplasm lines
should be confirmed through multi-environment evaluation before selections are advanced.

Keywords: Broad-sense heritability; genetic advance; genotypic coefficient of variation, head rice recovery;
phenotypic coefficient of variation; rice breeding.

1. Introduction

Rice (Oryza sativa L.) is a principal staple crop and an important component of food and livelihood security
across Asia and increasingly in other regions. Sustained genetic improvement of yield, adaptation, and grain
quality therefore remains a central objective of rice breeding programmes (Muthayya et al., 2014). Germplasm
collections provide the allelic and phenotypic diversity required to broaden the genetic base of breeding
populations, but their value depends on reliable characterisation of variation for agronomically and
commercially important traits. Studies of diverse rice materials have repeatedly demonstrated that grains per
panicle, productive tiller number, 1000-grain weight, grain yield, and grain-quality traits can display substantial
exploitable variation (Roy & Shil, 2020; Tuhina-Khatun et al., 2015).

Observed phenotypic variation reflects both genetic and environmental components. The phenotypic coefficient
of variation (PCV) describes total observable variation relative to the trait mean, whereas the genotypic
coefficient of variation (GCV) estimates the relative magnitude of genetic variation. Comparison of these
coefficients helps indicate the extent to which environmental effects contribute to trait expression. Heritability
further quantifies the proportion of phenotypic variance attributable to genetic differences within the evaluated
population and environment. Genetic advance complements heritability by expressing the expected
improvement under a specified selection intensity (Burton & DeVane, 1953; Johnson et al., 1955).

Heritability estimates must nevertheless be interpreted in relation to the population, experimental design, and
target environment. Broad-sense heritability includes additive, dominance, and epistatic components and does
not, by itself, separate the portion transmitted predictably through selection. Consequently, joint consideration of
heritability and genetic advance is more informative than either statistic alone, and estimates from a single
environment should not be assumed to remain unchanged across seasons or locations (Holland et al., 2003;
Piepho & Mohring, 2007). Recent rice studies have used this combined approach to identify traits with
favourable selection potential while recognising environmental and population-specific effects (Arpitha et al.,
2025; Chaudhary et al., 2023; Soundharya et al., 2024).

However, the combined variability, heritability, and expected genetic advance of yield and milling-quality traits
had not been characterised within this set of 50 rice germplasm lines under the stated experimental conditions.

The present investigation evaluated 50 rice germplasm lines for ten yield and milling-quality traits. The
objectives were to quantify phenotypic and genotypic variability, estimate broad-sense heritability and expected
genetic advance, and identify traits that may respond effectively to selection within the evaluated material.

2. Materials and Methods

2.1 Experimental Material and Field Design
The experimental material comprised 50 rice germplasm lines obtained from the Regional Agricultural Research

Station, Polasa, Jagtial, Telangana, India. The field experiment was conducted during the kharif season of 2025
in a randomised block design with two replications, as indicated by the replication degrees of freedom in the
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analysis of variance. Thirty-day-old seedlings of each germplasm line were transplanted manually in two rows,
each 2 m in length. Row-to-row and plant-to-plant spacing were maintained at 20 cm and 15 cm, respectively.

Observations were recorded on five randomly selected plants from each genotype for ten quantitative traits: days
to 50% flowering (DFF), plant height (PH; cm), panicle length (PL; cm), number of productive tillers per plant
(PTP), number of grains per panicle (GPP), 1000-grain weight (TGW; g), hulling percentage (HULL), milling
percentage (MILL), head rice recovery (HRR; %), and grain yield per plant (GYP; g).

2.2 Statistical analysis

Analysis of variance was performed for the randomised block design to test differences among germplasm lines.
Genotypic variance (0°g) was estimated as (MSg - MSe)/r, where MSg is the genotype mean square, MSe is the
error mean square, and r is the number of replications. Phenotypic variance (o?p) was estimated as o°g + c2%e,
where 62%e is the error variance. The genotypic and phenotypic coefficients of variation were calculated as GCV
(%) = (\/czg/)'() % 100 and PCV (%) = (\/Gzp/)_() x 100, respectively, where X is the trait mean (Burton & DeVane,
1953).

Broad-sense heritability was calculated as h?bs (%) = (o2g/o?p) x 100. Expected genetic advance at a 5%
selection intensity was estimated as GA =k x Vo?p x h?, where k = 2.06 and h? is expressed as a proportion.
Genetic advance as a percentage of the mean was calculated as GAM = (GA/X) x 100. PCV, GCV, and GAM
values were interpreted as low (<10%), moderate (10-20%), or high (>20%), while heritability was considered
low (<30%), moderate (30-60%), or high (>60%) following the conventional categories described by Johnson et
al. (1955). Critical differences at the 5% probability level were calculated from the error variance of the
randomised block design.

3. Results

3.1 Analysis of Variance

The analysis of variance revealed highly significant differences (p < 0.01) among the 50 germplasm lines for all
ten traits (Table 1). The significant genotype mean squares confirmed the presence of measurable variability for
flowering, plant architecture, yield components, milling quality, and grain yield. Error mean squares were
comparatively small for most traits, supporting the estimation of genetic parameters from the experiment.

Table 1. Analysis of variance for ten yield and milling-quality traits in 50 rice germplasm lines

No. Trait Replication MS (df=1) Genotype MS (df = 49) Error MS
1 Days to 50% flowering 0.640 149.571** 2.620

2 Plant height (cm) 58.676 444 .378** 9.885

3 Panicle length (cm) 1.608 4.612%* 1.318

4 Productive tillers per plant 3.675 4.497** 0.899

5 Grains per panicle 69.456 3710.250%* 216.632
6  1000-grain weight (g) 0.077 32.971%* 0.911

7  Hulling (%) 6.538 20.373** 2.507

8 Milling (%) 14.661 32.633** 2.256

9 Head rice recovery (%) 0.013 169.045** 3.466
10 Grain yield per plant (g) 11.445 44.348%** 3.322

Note. MS = mean square; **p < 0.01
3.2 Trait Ranges and Experimental Precision

The germplasm displayed broad ranges for several agronomic and quality traits (Table 2). Days to 50%
flowering ranged from 85.50 to 121.00 days, plant height from 83.30 to 153.80 cm, grains per panicle from
113.70 to 287.00, 1000-grain weight from 11.35 to 28.25 g, and grain yield per plant from 14.70 to 35.25 g.
Head rice recovery varied from 30.03% to 59.88%. Experimental coefficients of variation ranged from 1.60%
for days to 50% flowering to 8.63% for productive tillers per plant, indicating acceptable precision for the
measured traits.
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Table 2. Range, mean, coefficient of variation, and critical difference for ten traits in rice germplasm

No. Trait Minimum Maximum Mean CV (%) CD (5%)
1 Days to 50% flowering 85.50 121.00 100.98 1.60 3.25
2 Plant height (cm) 83.30 153.80 106.37 2.96 6.32
3 Panicle length (cm) 22.00 29.80 24.35 4.71 2.31
4 Productive tillers per plant 8.50 14.20 10.99 8.63 1.91
5 Grains per panicle 113.70 287.00 181.94 8.09 29.58
6 1000-grain weight (g) 11.35 28.25 20.22 4.72 1.92
7 Hulling (%) 69.16 89.17 78.31 2.02 3.18
8 Milling (%) 57.08 76.10 66.18 2.27 3.02
9 Head rice recovery (%) 30.03 59.88 43.98 4.23 3.74
10 Grain yield per plant (g) 14.70 35.25 21.64 8.42 3.66

Note. CV = experimental coefficient of variation;, CD = critical difference

3.3 Variability, Heritability and Genetic Advance

PCV exceeded GCV for every trait (Table 3 and Fig. 1). The differences were narrow for days to 50%
flowering, plant height, 1000-grain weight, head rice recovery, and grain yield per plant, indicating that
environmental variance was relatively small in relation to genetic variance for these traits within the experiment.
High PCV and GCV were observed for grains per panicle, head rice recovery, and grain yield per plant. The
PCV for 1000-grain weight was high, while its GCV was moderate and close to the high threshold. Plant height

and productive tillers per plant showed moderate PCV and GCV. Low coefficients were recorded for days to
50% flowering, panicle length, hulling percentage, and milling percentage.

DFF
PH
PL
PTP
GPP
TGW
HULL

MILL

HRR

GYP

0 5 10 15 20 25
Coefficient of variation (%)

BN PCV (%) mm GCV (%)

Fig. 1. Phenotypic and genotypic coefficients of variation for ten rice traits
DFF = days to 50% flowering; PH = plant height; PL = panicle length; PTP = productive tillers per plant; GPP = grains
per panicle; TGW = 1000-grain weight; HULL = hulling percentage; MILL = milling percentage; HRR = head rice
recovery; GYP = grain yield per plant
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Table 3. Phenotypic and genotypic coefficients of variation, broad-sense heritability, and genetic advance

for ten traits

No. Trait PCV (%) GCV (%) _ hbs (%) GAM (%)
1 Days to 50% flowering 8.64 8.49 96.56 17.18
2 Plant height 14.17 13.86 95.65 27.92
3 Panicle length 7.07 5.27 55.56 8.09
4 Productive tillers per plant 14.94 12.20 66.67 20.52
5 Grains per panicle 24.36 22.97 88.97 44.64
6 1000-grain weight 20.36 19.80 94.62 39.68
7 Hulling percentage 4.32 3.82 78.09 6.95
8 Milling percentage 6.31 5.89 87.07 11.32
9 Head rice recovery 21.12 20.69 95.98 41.75
10 Grain yield per plant 22.56 20.93 86.06 40.00

Note. PCV = phenotypic coefficient of variation; GCV = genotypic coefficient of variation; h’bs = broad-sense heritability;

GAM = genetic advance as a percentage of the mean

Broad-sense heritability was high for all traits except panicle length, which displayed moderate heritability of
55.56% (Table 3 and Fig. 2). The highest estimates were recorded for days to 50% flowering (96.56%), head
rice recovery (95.98%), plant height (95.65%), and 1000-grain weight (94.62%). High GAM was observed for
grains per panicle (44.64%), head rice recovery (41.75%), grain yield per plant (40.00%), 1000-grain weight
(39.68%), plant height (27.92%), and productive tillers per plant (20.52%). Days to 50% flowering and milling
percentage showed moderate GAM, whereas panicle length and hulling percentage showed low GAM.

DFF

PH

PL

PTP

GPP

TGW

HULL

MILL

HRR

GYP

40 60 80 100
Percentage

B Broad-sense heritability (%) I Genetic advance as % of mean

Fig. 2. Broad-sense heritability and genetic advance as a percentage of the mean for ten rice traits. Trait

abbreviations are defined in Fig. 1

4. Discussion

The significant genotype effects for all traits demonstrated that the germplasm set contained measurable
phenotypic diversity. The generally small differences between PCV and GCV indicated that environmental
effects did not obscure genetic differences for several traits under the conditions of this experiment. Similar
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patterns, in which PCV modestly exceeds GCV, have been reported across rice germplasm and breeding
populations (Anuhya & Lavanya, 2022; Islam et al., 2015; Soundharya et al., 2024). The magnitude of the
coefficients nevertheless varied among traits, showing that selection opportunities were not uniform across
traits.

Days to 50% flowering exhibited low PCV and GCV but very high heritability and moderate GAM. This
combination indicates limited relative variability within the evaluated material, yet a high proportion of the
observed variation was genetic in the tested environment. Flowering time may therefore respond predictably to
selection, although the expected proportional gain is smaller than for highly variable traits. Plant height showed
moderate variability, very high heritability, and high GAM, suggesting a favourable response to selection.
Comparable estimates for flowering time and plant height have been reported in rice populations evaluated
across single and multiple environments (Arpitha et al., 2025; Chaudhary et al., 2023).

Panicle length had low coefficients of variation, moderate heritability, and low GAM. The relatively larger
difference between PCV and GCV for this trait indicates a stronger environmental contribution than for most
other characters. Direct phenotypic selection for panicle length would consequently be less efficient in this
population unless supported by replicated evaluations across environments. Productive tillers per plant displayed
moderate PCV and GCV, high heritability, and marginally high GAM. This pattern indicates useful variability,
but its expression may be more environmentally responsive than that of plant height or grain weight. Recent rice
studies have likewise reported variable heritability for panicle length and comparatively greater selection
potential for productive tiller number (Hyndhavi et al., 2025; Kumar et al., 2026).

Grains per panicle, 1000-grain weight, and grain yield per plant were among the most promising yield-related
traits. Grains per panicle and grain yield per plant had high PCV, high GCV, high heritability, and high GAM.
The narrow PCV-GCV difference for grain yield per plant also suggests that genotype differences were
expressed clearly under the test conditions. For 1000-grain weight, PCV was high and GCV was moderate but
close to the high threshold; very high heritability and high GAM indicate substantial expected improvement
under selection. Similar combinations of high heritability and high GAM for grain number, 1000-grain weight,
and grain yield have been documented in diverse rice materials (Bakode et al., 2025; Maruti et al., 2025; Roy &
Shil, 2020; Sudeepthi et al., 2020; Tuhina-Khatun et al., 2015).

The milling-quality traits differed markedly in their selection potential. Hulling and milling percentages showed
low variability. Despite high broad-sense heritability, hulling percentage had low GAM and milling percentage
had only moderate GAM, indicating limited proportional gain from direct selection in this germplasm set. In
contrast, head rice recovery displayed high PCV and GCV, very high heritability, and high GAM. This
combination supports head rice recovery as a useful quality-selection criterion. Studies incorporating rice
milling and quality traits have similarly reported stronger variability and expected response for head rice
recovery than for hulling percentage in some populations (Devi et al., 2022; Sadhana et al., 2022).

The joint occurrence of high broad-sense heritability and high GAM is compatible with a substantial
transmissible component and favourable expected selection response, but it should not be interpreted as direct
proof that additive gene action predominates. Broad-sense heritability combines additive and non-additive
genetic variance, and the present design does not partition these components (Holland et al., 2003). Moreover,
heritability is specific to the population and environmental conditions in which it is estimated. The two-
replication, single-season, single-location design provides a useful initial assessment but does not quantify
genotype x environment interaction. Multi-environment testing is therefore required to determine the stability of
trait expression and to confirm the performance of individual germplasm lines before breeding selections are
advanced (Piepho & Mohring, 2007).

5. Conclusion

The 50 rice germplasm lines exhibited significant variability for all ten yield and milling-quality traits. PCV was
consistently higher than GCV, but the differences were small for several traits, indicating that useful genetic
variation was expressed under the experimental conditions. Grains per panicle, head rice recovery, and grain
yield per plant combined high PCV, high GCV, high broad-sense heritability, and high GAM. Plant height,
productive tillers per plant, and 1000-grain weight also showed high heritability with high GAM and therefore
represent additional selection targets. Panicle length and hulling percentage showed a comparatively limited
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expected response to direct phenotypic selection. These results provide a quantitative basis for prioritising traits
within the evaluated germplasm; however, selections should be validated across seasons and locations to assess
stability and genotype x environment interaction.

6. Limitations

The study was conducted during a single season at one location with two replications. Consequently, genotype X
environment interaction and the stability of the estimated genetic parameters across environments could not be
assessed. Broad-sense heritability also combines additive and non-additive genetic variance and does not
identify the proportion transmitted predictably through selection. Multi-season and multi-location evaluations
are therefore necessary before individual germplasm lines are advanced in a breeding programme.

Acknowledgements

The authors acknowledge the staff and authorities of the Regional Agricultural Research Station, Jagtial, for
providing the experimental material, field facilities, and technical assistance during the investigation.

Declaration of AI Use

This manuscript was prepared through the combined contributions of all author(s), including contributions to the
study design, data, content development, results, interpretation, and related scholarly work. The author(s)
acknowledge the use of Grammarly and ChatGPT to assist with grammar checking, language refinement,
reference formatting. These Al-assisted tools were not used as authors and did not replace the intellectual
contributions or scholarly judgment of the author(s). All Al-assisted outputs, including content, references, and
interpretations, were carefully reviewed, revised, verified, and approved by the author(s). The author(s) accept
full responsibility for the accuracy, integrity, and final content of the manuscript.

Competing Interests
Authors have declared that no competing interests exist.
References

Anuhya, B., & Lavanya, G. R. (2022). Assessment of heritability, genetic advance and correlation analysis for
grain yield characters of rice (Oryza sativa L.). International Journal of Plant & Soil Science, 34(19),
259-266. https://doi.org/10.9734/ijpss/2022/v34i1931111

Arpitha, K., Jagan Mohan Rao, P., Sujatha, P., Parimala, K., Pushpavalli, S. N. C. V. L., & Raghavendra, K.
(2025). Multiseasonal assessment of genetic variability, heritability and genetic advance in rice (Oryza
sativa L.): Implications for trait improvement through selection. Journal of Advances in Biology &
Biotechnology, 28(7), 776—782. https://doi.org/10.9734/jabb/2025/v28i72595

Bakode, S., Singh, S. K., Koutu, G. K., Prajapati, S. S., Kumar, P., & Elahi, T. (2025). Analysis of genetic
variability, heritability, and genetic advance in rice (Oryza sativa L.). Journal of Advances in Biology &
Biotechnology, 28(11), 1557—-1564. https://doi.org/10.9734/jabb/2025/v28i113341

Burton, G. W., & DeVane, E. H. (1953). Estimating heritability in tall fescue (Festuca arundinacea) from
replicated clonal material. Agronomy Journal, 45(10), 478-481.
https://doi.org/10.2134/agronj1953.00021962004500100005x

Chaudhary, B. K., Verma, O. P., Singh, P. K., Patel, A., & Riju. (2023). Assessment of genetic variability,
heritability and genetic advance of rice genotypes (Oryza sativa L.). International Journal of Plant & Soil
Science, 35(19), 1372—-1378. https://doi.org/10.9734/ijpss/2023/v351193681

Devi, K. R., Hari, Y., Chandra, B. S., & Prasad, K. R. (2022). Genetic association, variability and path studies
for yield components and quality traits of high-yielding rice (Oryza sativa L.) genotypes. International
Journal of Bio-resource and Stress Management, 13(1), 81-92. https://doi.org/10.23910/1.2022.2297

Holland, J. B., Nyquist, W. E., & Cervantes-Martinez, C. T. (2003). Estimating and interpreting heritability for
plant breeding: An update. In J. Janick (Ed.), Plant breeding reviews (Vol. 22, pp. 9-112). John Wiley &
Sons. https://doi.org/10.1002/9780470650202.ch2

336


https://doi.org/10.9734/ijpss/2022/v34i1931111
https://doi.org/10.9734/jabb/2025/v28i72595
https://doi.org/10.9734/jabb/2025/v28i113341
https://doi.org/10.2134/agronj1953.00021962004500100005x
https://doi.org/10.9734/ijpss/2023/v35i193681
https://doi.org/10.23910/1.2022.2297
https://doi.org/10.1002/9780470650202.ch2

Naushad et al.; Int. J. Plant Soil Sci., vol. 38, no. 8, pp. 330-337, 2026, Article no.lJPSS.163313

Hyndhavi, R., Madhusudhan Reddy, S., Krishna, L., & Pushpavalli, S. N. C. V. L. (2025). Genetic variability,
heritability and genetic advance for yield and its component traits in maintainer lines of rice (Oryza sativa
L.). Journal of Experimental Agriculture International, 47(8), 6-16.
https://doi.org/10.9734/jeai/2025/v47183643

Islam, M. A., Raffi, S. A., Hossain, M. A., & Hasan, A. K. (2015). Analysis of genetic variability, heritability
and genetic advance for yield and yield-associated traits in some promising advanced lines of rice.
Progressive Agriculture, 26(1), 26-31. https://doi.org/10.3329/pa.v26i1.24511

Johnson, H. W., Robinson, H. F., & Comstock, R. E. (1955). Estimates of genetic and environmental variability
in soybeans. Agronomy Journal, 47(7), 314-318.
https://doi.org/10.2134/agronj1955.00021962004700070009x

Kumar, S., Jayasudha, S., Rajani, & Singh, S. K. (2026). Genetic variability, heritability and genetic advance for
yield and quality traits in rice (Oryza sativa L.). Indian Journal of Agricultural Research, 60(2), 183—-190.
https://doi.org/10.18805/1JARe.A-6402

Maruti, K. R., Prashanth, Y., Kanneboina, S., & Anuradha, C. H. (2025). Assessment of genetic variability,
heritability and genetic advance for yield and nutritional traits in rice (Oryza sativa L.) genotypes.
Journal of Experimental Agriculture International, 47(7), 982-993.
https://doi.org/10.9734/jeai/2025/v47173641

Muthayya, S., Sugimoto, J. D., Montgomery, S., & Maberly, G. F. (2014). An overview of global rice
production, supply, trade, and consumption. Annals of the New York Academy of Sciences, 1324(1), 7-14.
https://doi.org/10.1111/nyas.12540

Piepho, H.-P., & Modhring, J. (2007). Computing heritability and selection response from unbalanced plant
breeding trials. Genetics, 177(3), 1881—1888. https://doi.org/10.1534/genetics.107.074229

Roy, S. C., & Shil, P. (2020). Assessment of genetic heritability in rice breeding lines based on morphological
traits and caryopsis ultrastructure. Scientific Reports, 10, Article 7830. https://doi.org/10.1038/s41598-
020-63976-8

Sadhana, P., Raju, C. D., Subba Rao, L. V., & Kuna, A. (2022). Studies on variability, correlation and path
coefficient analysis for yield and quality traits in rice (Oryza sativa L.) genotypes. Electronic Journal of
Plant Breeding, 13(2), 670—-678. https://doi.org/10.37992/2022.1302.084

Soundharya, B., Edukondalu, B., Narender, G., & Dinesh, A. (2024). Genetic variability, heritability and genetic
advance for yield and yield-related traits in rice (Oryza sativa L.). Journal of Advances in Biology &
Biotechnology, 27(12), 1083—-1090. https://doi.org/10.9734/jabb/2024/v27i121890

Sudeepthi, K., Srinivas, T., Ravi Kumar, B. N. V. S. R., Jyothula, D. P. B., & Umar, S. N. (2020). Assessment
of genetic variability, character association and path analysis for yield and yield component traits in rice
(Oryza  sativa L.).  Electronic  Journal of  Plant  Breeding, 11(1), 144-148.
https://doi.org/10.37992/2020.1101.026

Tuhina-Khatun, M., Hanafi, M. M., Yusop, M. R., Wong, M. Y., Salleh, F. M., & Ferdous, J. (2015). Genetic
variation, heritability, and diversity analysis of upland rice (Oryza sativa L.) genotypes based on
quantitative traits. BioMed Research International, 2015, Article 290861.
https://doi.org/10.1155/2015/290861

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and
contributor(s) and not of the publisher and/or the editor(s). This publisher and/or the editor(s) disclaim responsibility for any injury to people or
property resulting from any ideas, methods, instructions or products referred to in the content.

© Copyright (2026): Author(s). The licensee is the journal publisher. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://pr.sdiarticle5.com/review-history/163313

337


https://doi.org/10.9734/jeai/2025/v47i83643
https://doi.org/10.3329/pa.v26i1.24511
https://doi.org/10.2134/agronj1955.00021962004700070009x
https://doi.org/10.18805/IJARe.A-6402
https://doi.org/10.9734/jeai/2025/v47i73641
https://doi.org/10.1111/nyas.12540
https://doi.org/10.1534/genetics.107.074229
https://doi.org/10.1038/s41598-020-63976-8
https://doi.org/10.1038/s41598-020-63976-8
https://doi.org/10.37992/2022.1302.084
https://doi.org/10.9734/jabb/2024/v27i121890
https://doi.org/10.37992/2020.1101.026
https://doi.org/10.1155/2015/290861
https://pr.sdiarticle5.com/review-history/163313

