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Seed longevity is the most important trait related to the management of gene banks because it governs the

regeneration cycle of seeds. Thus, seed longevity is a quantitative trait. Prior to the discovery of molecular

markers, classical genetic studies have been performed to identify the genetic determinants of this trait. Post-2000

saw the use of DNA-based molecular markers and modern biotechnological tools, including RNA sequence (RNA-

seq) analysis, to understand the genetic factors determining seed longevity.

seed longevity  genetics

1. Introduction

Sustainable agriculture depends on the judicial use of natural resources, including use of crop varieties that are

resistant to pests and diseases and do not require pesticide spraying, thus providing environmental benefits in

addition to fulfilling the energy requirements of mankind. At present, >7000 plants are cultivated for food, shelter,

and other purposes , and approximately 50% of human food comes from maize, wheat, and rice. Climate change

has posed an extinction threat to 8% of the 250,000 species of flowering plants by 2025. To arrest this calamity,

plant genetic resources are stored and regenerated in >1750 gene banks storing >7,000,000 accessions . To

successfully maintain such an extensive germplasm, a systematic evaluation of seed survival and longevity of the

plant material stored is always under progress . Because seeds are the prime storage material, research on seed

longevity is of particular importance .

Seed longevity is defined as the maximum time period during which seeds can germinate  and produce viable

seedlings capable of developing into healthy plants and bearing seeds for the next generation. In addition to many

other features, seed longevity is influenced by pre-storage and storage conditions and the genetic and

physiological storage potential of seeds. It is also affected by harsh conditions during or after seed development or

damage prior to or during storage . The long-term storage of seeds, particularly under unfavorable conditions,

leads to the loss of viability, which is variable in nature. Loss of viability is related to various seed properties,

including color, weight, and membrane composition, which are often species or, in some cases, even variety

specific .

Seed quality can be reduced in parental plants owing to adverse environmental conditions, premature germination

 and pathogens . Damage to seed quality can be categorized into either short-term deterioration (occurring in

the field, such as deterioration of the mother plant) or long-term deterioration (occurring during storage). The latter

includes membrane and genetic damage, changes in respiratory activity and enzymes and protein damage .
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All parts of the seed deteriorate with time, the damage from which can be sustained by the chemical constituents of

seeds and the way these compounds interact to form biological structures. Integrity of DNA, proteins, and

membranes is especially important for maintaining seed viability .

Seed deterioration during storage may involve many physical and chemical changes, including disrupted

intracellular integrity, decreased enzyme activity, lipid peroxidation, and nonenzymatic reactions . Seed

viability and vigor are dependent on the integrity of cellular macromolecules and orderly compartmentalization of

the cell . Aging is an inexorable trend to disorder. Defense mechanisms innate to the seed’s structural and

chemical features that are characteristic of a particular species may limit the rate of this decay .

Seed deterioration varies between different varieties of the same species. Even within a variety, the storage

potential of individual lots varies, and within a seed lot, individual seeds have different storage potentials .

Broken, cracked, or bruised seeds deteriorate more rapidly than undamaged seeds . Environmental stresses,

including deficiency of minerals (including nitrogen, potassium, and calcium) ), water  and temperature

extremes  during seed development and prior to physiological maturity can also reduce the longevity of seeds.

2. Mechanisms of Seed Ageing

A number of mechanisms of seed aging have been identified , including lipid peroxidation, which results in

membrane damage and generation of toxic byproducts , oxidative damage to DNA and proteins , and loss of

protein function during deterioration as a result of the formation of sugar–protein adducts . In contrast,

antioxidants, heat shock proteins (HSPs) and enzymes to repair protein damage are thought to be involved in

mitigating the effects of ageing on seed longevity .

Genetic differences between species are also responsible for differential seed longevity; for example, seeds

of  Canna   and  Lotus   are thought to be viable even after 1300 years.  Albizia  benth.,  Cassia  L.,  Goodia,

and Trifolium L. seeds can germinate after 100 years . Seeds of other species are characteristically short-lived,

including lettuce (Lactuca sativa  L.), onions (Allium cepa  L.), parsnips (Pastinaca sativa  L.), and rye (Secale

cereal L.) . The influence of oil content on longevity under open storage conditions has also been addressed ;

however, further analysis is required to arrive at a definitive conclusion. Species with similar chemical composition

could also have significantly different storability. For example, chewing fescue (Festuca

rubra  subsp.  commutata  Gauidin) and annual ryegrass seeds have similar appearances and chemical

compositions. However, ryegrass seeds were stored much better under comparable conditions . Seed longevity

can vary by as much as seven-fold depending on the genetic differences among cultivars of the same species .

Very little is known about the genetic basis of differences in seed quality because this trait is strongly affected by

environmental factors during seed formation, harvest, and storage and is probably controlled by many genes.

Therefore, seed longevity is a composite trait because in genetic studies of longevity , genetically identical seed

lots of seeds, even when grown under identical conditions or derived from a single plant, lose their viability at

different intervals after harvest. Seed longevity is a quantitative trait  and is strongly affected by the environment
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during seed formation, harvest, and storage  through a variety of mechanisms, whose understanding might

enable us to greatly increase the seed longevity of agriculturally important species and varieties and preserve plant

genetic resources for generations .

3. Classical Genetic Studies

Awareness of seed longevity dates back to ~2500 years ago (372 BC–287 BC) when Theophrastus discussed

seed deterioration in his botanical writings  Similarly, in Fan Sheng-zhi Shu, an agricultural book of China

written in the 1st century BC , the longevity of wheat and millet seeds is discussed. Their viability was

maintained if they were kept as dry as possible, cool, and free from pests. It was also suggested that only large

and solid ears of wheat should be chosen for sowing, and they should be dried as thoroughly as possible by the

heat of the sun before storage.

Classical genetic studies were first initiated and probably the best characterized in maize (Zea mays  L.). Maize

seeds have been declared more susceptible to aging  if they carry homozygous alleles for either the  luteus

2  or  luteus 4  genes, although the physiological basis of this difference remains obscure. Later, two unrelated

studies  demonstrated that the long-lived character of maize appeared to be dominant, although a non-

cytoplasmic maternal plant influence was also identified. Thirty-seven years later, Rao et al.  transferred the

same nuclear genotype used by Haber  to genetically different cytoplasmic types and concluded that

cytoplasmic factors had a marked influence on seed storability. Later, single-cross hybrids were employed to

investigate long- and short-lived lines of maize, which demonstrated the dominant character of the long-lived seeds

. After three selection cycles (based on resistance to aging using experimental procedures (42 °C and saturated

humidity)), a reduction in sensitivity to aging was reported, which suggested that genetic improvement for storability

is achievable .

The longevity of spring and winter wheat remains controversial. For example, according to Van der Mey et al. ,

winter wheat stores better than spring wheat over periods of 15–20 years at 5 °C. In contrast, Arif et al.  did not

find any difference in longevity between spring and winter wheat after experimental aging. Furthermore, 

reported no association between grain color and longevity in wheat.

In legumes, hard seeds within a particular seed lot retain viability for longer storage periods than their softer

companions . Seed color and coat thickness have also been reported to play role in seed longevity in chickpeas.

For example, pale-seeded “Kabuli” chickpeas have also been reported to be shorter lived than “Desi” types with

thicker, harder and darker coats . Dark-seeded soybeans were also more resistant to storage under high

humidity . In Phaseolus vulgaris, a diallele cross-analysis was used to demonstrate that superior longevity was

dominant in nature . In soybean, reciprocal crosses revealed a strong maternal influence through the

characteristics of the seed coat on the longevity of F  seeds  in addition to a minor influence of the seed’s own

genotype.
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In a study of 55 accessions of barley stored in the Gatersleben gene bank since 1974, intraspecific variability in

longevity was addressed . Germination tests after 35 years of storage indicated intraspecific variability in seed

longevity within barley owing to genetic determinants. A similar conclusion was drawn for Brassica napus  L. 

based on the results of 42 accessions. Hence, genotypic components are involved in determining seed viability.

The same phenomenon of intraspecific variability towards longevity has been observed in  Sorghum

bicolor L., Secale cereale L., and Linum usitatissimum L. .

4. Future Directions

The most important steps to discover the genetic determinants of seed longevity are population development,

genotyping, intensive phenotyping, and computational analysis. All of these steps are expensive. Consequently,

scientists, breeders, seed technologists, physiologists, molecular biologists, and genebank curators must exchange

the germplasm developed by them in their respective projects to accelerate genetic research on seed longevity.

Table 1 provides some examples of germplasm resources of different plant species that can be exploited to hasten

research on seed longevity.

Table 1. Germplasm collections with genotype data for future research on seed longevity of various crops.

References

1. Padulosi, S. Final Report: Conservation and Use of Underutilized Mediterranean Species;
International Plant Genetic Resources Institute, Regional Office for Central and West Asia and

[52]

[53]

[54]

(i)

(ii)

(i)

(ii)

(i)

(ii)

Sr.
No. Plant Species Number of Accessions Genotyping Platform References

1
Hexaploid wheat
(Triticum aestivum L.)

>2500 accession in SeeDs of
Discovery project

7180 genotyping by
sequencing (GBS)
SNPs

2
Durum wheat (Triticum
durum Desf.)

6280 RILs (50 interconnected

families constituting a nested

association mapping population

(NAM))

1336 genotypes (from 25 families

constituting a NAM)

13,000 SNPs from

Infinium 15K Ultra

HD chip

5398 SNPs from

Illumina Infinium

iSelect HD 9k chip

3
Sorghum (Sorghum
bicolor (L.) Moench.)

971 world wide accessions GBS SNPs

4 Rice (Oryza sativa L.) 1568 inbred varieties
700,000 high density
rice array SNPs

5
Tomato (Solanum
lycopersicum L.)

163 accesions,
291 accesions and
402 accesions

5995 SNPs, 9013
SNPs and 2014,488
SNPs, respectively

[55][56]

[57]

[58]

[59]

[60]

[61]



Genetic Aspects of Seed Longevity | Encyclopedia.pub

https://encyclopedia.pub/entry/22630 5/9

North Africa (CWANA): Aleppo, Syria Panayotou, 1999.

2. Levin, S.A. Encyclopedia of Biodiversity; Elsevier Inc.: Amsterdam, The Netherlands, 2013.

3. Arif, M.A.R.; Börner, A. Mapping of QTL associated with seed longevity in durum wheat (Triticum
durum Desf.). J. Appl. Genet. 2019, 60, 33–36.

4. Börner, A.; Khlestkina, E.K.; Chebotar, S.; Nagel, M.; Arif, M.A.R.; Neumann, K.; Kobiljski, B.;
Lohwasser, U.; Röder, M.S. Molecular markers in management of ex situ PGR–A case study. J.
Biosci. 2012, 37, 871–877.

5. Sano, N.; Rajjou, L.; North, H.M.; Debeaujon, I.; Marion-Poll, A.; Seo, M. Staying alive: Molecular
aspects of seed longevity. Plant Cell Physiol. 2016, 57, 660–674.

6. Barton, L.V. Seed Preservation and Longevity; Leornard Hill: London, UK; Inerscience: Hoboken,
NY, USA, 1961.

7. Rehman Arif, M.A.; Börner, A. An SNP based GWAS analysis of seed longevity in wheat. Cereal
Res. Commun. 2020, 48, 149–156.

8. Roberts, E. Viability of cereal seed for brief and extended periods. Ann. Bot. 1961, 25, 373–380.

9. McDonald, M. Seed deterioration: Physiology, repair and assessment. Seed Sci. Technol. 1999,
27, 177–237.

10. Coolbear, P. Mechanisms of seed deterioration. In Seed Quality; CRC Press: Boca Raton, FL,
USA, 2020; pp. 223–277.

11. McGee, D.C. Pathology of seed deterioration. Genet. Improv. Seed Qual. 2000, 31, 11–19.

12. Clerkx, E.J.; El-Lithy, M.E.; Vierling, E.; Ruys, G.J.; Blankestijn-De Vries, H.; Groot, S.P.;
Vreugdenhil, D.; Koornneef, M. Analysis of natural allelic variation of Arabidopsis seed
germination and seed longevity traits between the accessions Landsberg erecta and Shakdara,
using a new recombinant inbred line population. Plant Physiol. 2004, 135, 432–443.

13. Wettlaufer, S.H.; Leopold, A.C. Relevance of Amadori and Maillard products to seed deterioration.
Plant Physiol. 1991, 97, 165–169.

14. Priestley, D.A. Seed Aging: Implications for Seed Storage and Persistence in the Soil; Comstock
Associates: Ithaca, NY, USA, 1986.

15. Bartosz, G. Non-specific reactions: Molecular basis for ageing. J. Theor. Biol. 1981, 91, 233–235.

16. McDonald, M., Jr. Physical Seed Quality of Soybean. Seed Sci. Technol. 1985, 13, 601–628.

17. Harrington, J.F. Germination of seeds from carrot, lettuce, and pepper plants grown under severe
nutrient deficiencies. Hilgardia 1960, 30, 219–235.

(i)

(ii)

(i)

(ii)

(i)

(ii)

Sr.
No. Plant Species Number of Accessions Genotyping Platform References

6
Pepper
(Capsicum spp.)

10,038 genebank accession GBS SNPs

7
Soybean (Glycine
max L.)

421 accesions

305 accessions

1536 SNPs

37,573 SNPs

[62]

[63]

[64]



Genetic Aspects of Seed Longevity | Encyclopedia.pub

https://encyclopedia.pub/entry/22630 6/9

18. Haferkamp, M.E.; Smith, L.; Nilan, R. Studies on Aged Seeds I Relation of Age of Seed to
Germination and Longevity 1. Agron. J. 1953, 45, 434–437.

19. Justice, O.L.; Bass, L.N. Principles and Practices of Seed Storage; US Department of Agriculture,
U.S. Gov. Printing Office: Washington, DC, USA, 1978.

20. Kranner, I.; Minibayeva, F.V.; Beckett, R.P.; Seal, C.E. What is stress? Concepts, definitions and
applications in seed science. New Phytol. 2010, 188, 655–673.

21. Davies, M.J. The oxidative environment and protein damage. Biochim. Et Biophys. Acta (BBA)-
Proteins Proteom. 2005, 1703, 93–109.

22. Bailly, C.; El-Maarouf-Bouteau, H.; Corbineau, F. From intracellular signaling networks to cell
death: The dual role of reactive oxygen species in seed physiology. Comptes Rendus Biol. 2008,
331, 806–814.

23. Rajjou, L.; Lovigny, Y.; Groot, S.P.; Belghazi, M.; Job, C.; Job, D. Proteome-wide characterization
of seed aging in Arabidopsis: A comparison between artificial and natural aging protocols. Plant
Physiol. 2008, 148, 620–641.

24. Almoguera, C.; Prieto-Dapena, P.; Díaz-Martín, J.; Espinosa, J.M.; Carranco, R.; Jordano, J. The
HaDREB2 transcription factor enhances basal thermotolerance and longevity of seeds through
functional interaction with HaHSFA9. BMC Plant Biol. 2009, 9, 75.

25. Kibinza, S.; Vinel, D.; Côme, D.; Bailly, C.; Corbineau, F. Sunflower seed deterioration as related
to moisture content during ageing, energy metabolism and active oxygen species scavenging.
Physiol. Plant. 2006, 128, 496–506.

26. Sivori, E.; Nakayama, F.; Cigliano, E. Germination of Achira seed (Canna sp.) approximately 550
years old. Nature 1968, 219, 1269–1270.

27. Shen-Miller, J.; Mudgett, M.B.; Schopf, J.W.; Clarke, S.; Berger, R. Exceptional seed longevity
and robust growth: Ancient sacred lotus from China. Am. J. Bot. 1995, 82, 1367–1380.

28. Harrington, J.F.; Kozlowski, T. Seed storage and longevity. Seed Biol. 1972, 3, 145–245.

29. Nagel, M.; Börner, A. The longevity of crop seeds stored under ambient conditions. Seed Sci.
Res. 2010, 20, 1–12.

30. Copeland, L.O.; McDonald, M.F. Principles of Seed Science and Technology; Springer Science &
Business Media: Berlin/Heidelberg, Germany, 2012.

31. Roberts, E.; Ellis, R. Prediction of seed longevity at sub-zero temperatures and genetic resources
conservation. Nature 1977, 268, 431–433.

32. Clerkx, E.J.; Vries, H.B.-D.; Ruys, G.J.; Groot, S.P.; Koornneef, M. Characterization of green
seed, an enhancer of abi3-1 in Arabidopsis that affects seed longevity. Plant Physiol. 2003, 132,



Genetic Aspects of Seed Longevity | Encyclopedia.pub

https://encyclopedia.pub/entry/22630 7/9

1077–1084.

33. Contreras, S.; Bennett, M.A.; Metzger, J.D.; Tay, D.; Nerson, H. Red to far-red ratio during seed
development affects lettuce seed germinability and longevity. HortScience 2009, 44, 130–134.

34. Contreras, S.; Bennett, M.A.; Metzger, J.D.; Tay, D. Maternal light environment during seed
development affects lettuce seed weight, germinability, and storability. HortScience 2008, 43,
845–852.

35. Bewley, J.D.; Black, M. Seeds: Physiology of Development and Germination; Springer Science &
Business Media: Berlin/Heidelberg, Germany, 2013.

36. Arif, M.A.R. Seed Longevity and Dormancy in Wheat (Triticum aestivum L.)-Phenotypic Variation
and Genetic Mapping. Ph.D. Thesis, Martin-Luther-Universität Halle-Wittenberg, Halle (Saale),
Germany, November 2012.

37. Fan, S. On “Fan Shengzhi Shu”: An Agriculturistic Book of China Written in the First Century BC;
Peking Science Press: Beijing, China, 1963.

38. Weiss, M.G.; Wentz, J.B. Effect of luteus genes on longevity of seed in maize. J. Am. Soc. Agron.
1937, 29, 63–75.

39. Lindstrom, E. Genetic relations of inbred lines of corn. Rep. Agrie. Res. Part 1943, 2, 41–45.

40. Lindstrom, E. Inheritance of seed longevity in maize inbreds and hybrids. Genetics 1942, 27,
1943.

41. RAO, A.P.; Fleming, A. Cytoplasmic–Genotypic Influences on Seed Viability in a Maize Inbred.
Can. J. Plant Sci. 1979, 59, 241–242.

42. Haber, E. Longevity of the seed of sweet corn inbreds and hybrids. Proc. Am. Soc. Hortic.Sci.
1950, 55, 410–412.

43. Scott, G.E. Improvement for Accelerated Aging Response of Seed in Maize Populations 1. Crop
Sci. 1981, 21, 41–43.

44. Van der Mey, J.; Kilpatrick, R.; Smit, I. The germination of wheat and oat seed stored at
Bethlehem, Republic of South Africa, 1956–1981. Cereal Res. Commun. 1982, 10, 159–163.

45. Arif, M.A.R.; Nagel, M.; Lohwasser, U.; Börner, A. Genetic architecture of seed longevity in bread
wheat (Triticum aestivum L.). J. Biosci. 2017, 42, 81–89.

46. Mackay, D.; Tonkin, J. Investigations in crop seed longevity. I. An analysis of long-term
experiments, with special reference to the influence of species, cultivar, provenance and season.
J. Natl. Inst. Agric. Bot. 1967, 11, 209–225.

47. Flood, R. Contribution of impermeable seed to longevity in Trifolium subterraneum (subterranean
clover). Seed Sci. Technol. 1978, 6, 647–654.



Genetic Aspects of Seed Longevity | Encyclopedia.pub

https://encyclopedia.pub/entry/22630 8/9

48. Van der Maesen, L. Seed storage, viability and rejuvenation. In Genetic Resources and Their
Exploitation—Chickpeas, Faba Beans and Lentils; Springer: Berlin/Heidelberg, Germany, 1984;
pp. 13–22.

49. Starzinger, E.; EK, S.; SH, W. An observation on the relationship of soybean seed coat colour to
viability maintenance. Seed Sci. Technol. 1982, 10, 301–305.

50. Nakayama, R.; Saito, K. Diallel analysis of the longevity of seeds in kidney beans . Bull. Fac.
Agric. Hirosaki Univ. 1980, 34, 47–50.

51. Kueneman, E. Genetic Control of Seed Longevity in Soybeans 1. Crop Sci. 1983, 23, 5–8.

52. Nagel, M.; Vogel, H.; Landjeva, S.; Buck-Sorlin, G.; Lohwasser, U.; Scholz, U.; Börner, A. Seed
conservation in ex situ genebanks—Genetic studies on longevity in barley. Euphytica 2009, 170,
5–14.

53. Nagel, M.; Rosenhauer, M.; Willner, E.; Snowdon, R.J.; Friedt, W.; Börner, A. Seed longevity in
oilseed rape (Brassica napus L.)–genetic variation and QTL mapping. Plant Genet. Resour. 2011,
9, 260–263.

54. Nagel, M.; Rehman-Arif, M.; Rosenhauer, M.; Börner, A. Longevity of seeds-intraspecific
differences in the Gatersleben genebank collections. Tagungsband 2010, 60, 179–181.

55. Singh, S.; Jighly, A.; Sehgal, D.; Burgueño, J.; Joukhadar, R.; Singh, S.; Sharma, A.; Vikram, P.;
Sansaloni, C.; Govindan, V. Direct introgression of untapped diversity into elite wheat lines. Nat.
Food 2021, 2, 819–827.

56. Singh, S.; Vikram, P.; Sehgal, D.; Burgueño, J.; Sharma, A.; Singh, S.K.; Sansaloni, C.P.;
Joynson, R.; Brabbs, T.; Ortiz, C. Harnessing genetic potential of wheat germplasm banks
through impact-oriented-prebreeding for future food and nutritional security. Sci. Rep. 2018, 8,
12527.

57. Kidane, Y.G.; Gesesse, C.A.; Hailemariam, B.N.; Desta, E.A.; Mengistu, D.K.; Fadda, C.; Pè,
M.E.; Dell’Acqua, M. A large nested association mapping population for breeding and quantitative
trait locus mapping in Ethiopian durum wheat. Plant Biotechnol. J. 2019, 17, 1380–1393.

58. Saade, S.; Maurer, A.; Shahid, M.; Oakey, H.; Schmöckel, S.M.; Negrão, S.; Pillen, K.; Tester, M.
Yield-related salinity tolerance traits identified in a nested association mapping (NAM) population
of wild barley. Sci. Rep. 2016, 6, 32586.

59. Morris, G.P.; Ramu, P.; Deshpande, S.P.; Hash, C.T.; Shah, T.; Upadhyaya, H.D.; Riera-Lizarazu,
O.; Brown, P.J.; Acharya, C.B.; Mitchell, S.E. Population genomic and genome-wide association
studies of agroclimatic traits in sorghum. Proc. Natl. Acad. Sci. USA 2013, 110, 453–458.

60. McCouch, S.R.; Wright, M.H.; Tung, C.-W.; Maron, L.G.; McNally, K.L.; Fitzgerald, M.; Singh, N.;
DeClerck, G.; Agosto-Perez, F.; Korniliev, P. Open access resources for genome-wide association



Genetic Aspects of Seed Longevity | Encyclopedia.pub

https://encyclopedia.pub/entry/22630 9/9

mapping in rice. Nat. Commun. 2016, 7, 10532.

61. Zhao, J.; Sauvage, C.; Zhao, J.; Bitton, F.; Bauchet, G.; Liu, D.; Huang, S.; Tieman, D.M.; Klee,
H.J.; Causse, M. Meta-analysis of genome-wide association studies provides insights into genetic
control of tomato flavor. Nat. Commun. 2019, 10, 1534.

62. Tripodi, P.; Rabanus-Wallace, M.T.; Barchi, L.; Kale, S.; Esposito, S.; Acquadro, A.; Schafleitner,
R.; van Zonneveld, M.; Prohens, J.; Diez, M.J. Global range expansion history of pepper
(Capsicum spp.) revealed by over 10,000 genebank accessions. Proc. Natl. Acad. Sci. USA 2021,
118, e2104315118.

63. Li, Y.-H.; Reif, J.C.; Hong, H.-L.; Li, H.-H.; Liu, Z.-X.; Ma, Y.-S.; Li, J.; Tian, Y.; Li, Y.-F.; Li, W.-B.
Genome-wide association mapping of QTL underlying seed oil and protein contents of a diverse
panel of soybean accessions. Plant Sci. 2018, 266, 95–101.

64. Do, T.D.; Vuong, T.D.; Dunn, D.; Clubb, M.; Valliyodan, B.; Patil, G.; Chen, P.; Xu, D.; Nguyen,
H.T.; Shannon, J.G. Identification of new loci for salt tolerance in soybean by high-resolution
genome-wide association mapping. BMC Genom. 2019, 20, 318.

Retrieved from https://encyclopedia.pub/entry/history/show/54585


