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Conclusions
Seed germination value of 54% coincided with the lowest estimate of percentage genetic integrity. This
implies that seed viability benchmark of 54% is recommended for regeneration of stored rice seeds in order
to maintain optimum genetic integrity during storage. From this study, 2 years of storage at gene bank
conditions maintained physiological quality of the seeds above the benchmark germination values for
estimating genetic integrity of rice seeds after two years of storage. Further data from prolonged gene bank
storage will be required to validate the estimated viability benchmark for managing rice seeds in gene bank
collections. In future studies, phenotypic expressions of DNA alterations during ageing and gene bank storage
should be investigated.
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The Nigerian national gene bank at NACGRAB, Ibadan,
hold about 10,000 accessions of cereal crops’
germplasm as seeds in an ex-situ cold storage facility.
It is well known that ageing cause losses in
physiological integrity in prolonged gene bank
storage, even under the best storage conditions.
Hence, seed viability models had been established
and implemented for predicting seed longevity and
management of gene bank seed collections of many
crops (Daniel et al., 2011). The genetic integrity of
stored materials is also of concern during
regeneration of materials due to genetic drifts
(Massel, 2011). Ageing can also induce genetic
changes in seeds in form of alterations in allelic
frequency which may cause gene variants to
disappear completely and thereby reduce genetic
variability. It is therefore logical to evaluate genetic
integrity of seeds during the physiological ageing
course and such data can be used to correlate
physiological deterioration with genetic status of the
materials maintained in the gene bank. The objectives
of this research were to evaluate ageing-induced
genetic changes and to establish physiological
thresholds for loss of genetic integrity during ageing
or storage of rice seeds.

Fig. 2. Seed viability of four accessions of rice after 1 year (2012 seed lot) and
2 years (2011 seed lot) of storage in the gene bank.

Table 2. Seed viability and genetic integrity during the hours of artificial ageing

Table  3. Probabilities (F at P≤0.05) of genetic drift during artificial aging of rice seeds

In the first experiment, seeds of 10 accessions of
African rice were subjected to artificial ageing in a
chamber conditioned to 55°C and 72±2% RH for 72
hours. In the second experiment, seeds of 4
accessions of rice stored sealed in the NACGRAB
gene bank, Nigeria in 2011 at 2±4°C were compared
with seeds of the same accessions harvested in
2012. Data were collected on seed germination and
a seed vigour index (%G x seedling length) was
estimated. The percentage germination data were
normalized by arc-sin transformation. These data
were subjected to Analysis of Variance (ANOVA)
using a PROC GLM statement of SAS™. Genetic
changes during the ageing course were evaluated by
SSR markers (Table 1) using a Direct™ PCR kit.
Probability of genetic drifts were estimated with
Nei’s formula where germination during serial
ageing represented generation data. Percentage
genetic integrity was calculated from average
genetic linkage distances of SSR profiles computed
by PAST™ software using the formula:

100 - ∑X1/n
Where: X1= genetic distances: n=number of
observations (Daniel et al., 2012).

At 72 hours of artificial ageing, seed germination percentage declined to 54.2% and vigor index 0.8 coinciding
with the lowest estimate of genetic integrity of 99.5% (Table 2). The decline in percentage genetic integrity
during the artificial ageing indicated a systematic ageing-induced genetic alteration (Sun et al., 2007). With the
SSR primer RM178, probability of genetic drift during the artificial ageing was significant (P<0.05) for all the
accessions (Table 3). SSR primer RM178 revealed variations that suggests losses of alleles in the course of
ageing for 2 accessions at between 24hours in Wita4 and 48 to 51 hours in CG14 (Fig 1a&b). In the gene bank
storage trial, germination of seeds after one and two years of storage was above 80% (Fig. 2) and there were no
significant differences among the accessions. SSR profiles for all the accessions were also similar (Fig. 3). The
result partly corroborates the artificial ageing data. More data on ageing seeds at longer gene bank storage
periods are needed to validate the estimated physiological threshold and to determine correlates of time
during gene bank storage for genetic alterations observed in artificial ageing.

Accessions RM001 RM237 RM178 RM 277 RM 005
TOg5681 4.10E-10 0 0 0.11 0.11
CG14 1 0 0.0076 0 0.11
IR 64 0 1 0.0076 0.11 0.0076
NERICA – L – 34 1 1 0.0076 0 0.00024
NERICA2 1 0.00024 0 0.11 0.11
NERICA8 1 0.0000018 0 0.11 0.11

NERICA7 1 1 0 1 0.11
NERICA – L – 19 1 1 0 0.11 0.11
NERICA1 1 1 4.10E-10 0.11 0.0000018
WITA4 1 1 0.0000018 0.0000018 0.0076

SSR
Primers

Forward sequence Reverse sequence

A RM001 GCGAAAACACAATGCAAAAA GCGTTGGTTGGACCCTGAC

B RM237 CAAATCCCGACTGCTGTCC TGGGAAGAGAGCACTACAGC

C RM178 TCGCGTGAAAGATAAGCGGCGC GATCACCGTTCCCTCCGCCTGC

D RM277 CGGTCAAATCATCATCACCTGAC CAAGGCTTGCAAGGGAAG

E RM005 TGCAACTTCTAGCTGCTCGA GCATCCGATCTTGATGGG

Table 1. Sequences of the SSR primers tested on the seed samples

Fig. 1. SSR profiles of artificially aged seeds of
a) WITA4 and b) CG14. (L=Ladder, lane 1= 0
hours, ….. lane 6= 72 hours).

Fig. 3. SSR profile of rice seeds in gene bank
storage for 2 years. A = 2011, B = 2012 lots
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2011
2012

Time of artificial ageing (hours)

0 3 24 48 51 72

Seed viability (%) 74.9 71.9 68.7 68.2 67.2 54.2

Vigour index 2.6 2.3 2.4 2.3 2.1 0.8

Genetic integrity (%) 100.0 99.8 99.8 99.7 99.8 99.5
a

b
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