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this viroid is a new variant of HSVd and was tentatively
given the name yellow corky vein strain of HSVd
(HSVd-ycev, accession no. AJ490824). The present inves-
tigation constitutes the first record of detection of a
HSVd variant in citrus in India and also molecular char-
acterization of a viroid infecting citrus. This HSVd vari-
ant, named HSVd-ycv, is a new viroid variant, which
merits investigation in terms of its pathogenic ability to
other hosts.
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Germplasms of crop plants are stored as seeds in gene-
banks at low temperature with low seed moisture con-
tent where they remain viable for several decades. The
longevity of seeds stored in genebanks is predicted us-
ing viability equations developed by subjecting seeds to
accelerated ageing under controlled laboratory condi-
tions. We discuss here the serious consequences of pro-
visionally or wunreliably developed estimates of seed
longevity parameters in making such predictions. A
slight under or over estimation to the tune of 0.01 of
the linear temperature parameter may result in a dif-
ference ranging from 46 to 74 years in the expected
longevity. Whereas in case of the quadratic tempera-
ture parameter, a minor estimation difference (0.0001)
may cause a difference of 11 to 12 years. A nonlinear
estimation method based on Levenberg—Marquardt
iterative convergence algorithm was applied for the
reliable estimation of viability parameters for Lupinus
polyphyllus seeds. The said estimation procedure resul-
ted into comparatively narrow confidence intervals;
and almost four to five times gain in precision over
the conventional linear estimation in estimating poten-
tial longevity and moisture sensitivity parameters.

SEEDS are stored in the genebank under low moisture and
temperature conditions to enhance their longevity. Pre-
diction of storability of samples is essential to plan perio-
dic regeneration and replacement. Seed longevity is
mainly influenced by the environmental conditions such
as storage temperature and moisture content of the seeds.
Since seeds remain viable for several decades under practi-
cal storage conditions, conducting real time experiments
to know storability of seeds are not feasible. Instead, seed
longevity is determined under accelerated ageing condi-
tions (ie. high temperature and high moisture) and these
results are extrapolated to predict longevity under gene-
bank storage conditions. During the last three decades
several attempts have been made to quantify the relation-
ship between seed longevity and storage environment.
Such relationships have been described by the viability/
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longevity equations that predict the viability of seeds at
any point of time for varying combinations of tempera-
ture and moisture.

Estimation of longevity parameters requires utmost
precision as inaccurate estimates would lead to unreliable
predictions whose consequences could be disastrous. For
example, an underestimation would put a burden on
maintenance by recommending frequent regeneration
while an overestimation of longevity would result in loss
of germplasm. These inaccurate predictions may go unde-
tected under the accelerated seed ageing conditions that
are commonly used to test these parameters. However,
when predicted for favourable storage conditions (cooler
and drier), the deviations from the true values become
acutely magnified. Thus, a choice of proper estimation
procedure or model is equally important in addition to the
careful planning, designing and conducting of the ex-
periment for achieving reliability in the results.

For the last three decades, the linear model fitting appro-
aches"? are being extensively used for quantifying the re-
lationship between seed viability and environmental
conditions. Though the relationship between viability and
environmental conditions is a nonlinear one, the longe-
vity parameters for most of the species have been esti-
mated using the linear model approachz. Nonlinear model
estimation has become comparatively easier now and is
being applied to a wide range of situations, even to finite
populations. Wilson and co-workers® suggested a single-
step nonlinear regression for computational convenience
for estimating the viability parameters of field bean seeds
(Phaseolus vulgaris L.). Stahl and Steiner” also used SAS
nonlinear procedure (NLIN) for estimating species-speci-
fic constants for wheat seeds without stating any specific
advantage for doing so.

Here, we re-examine the data and results of Dickie et
al® for Lupinus polyphyllus and suggest the use of non-
linear regression procedure. We compare our results
based on the nonlinear model with those of Dickie er al.’
linear model and show that the use of nonlinear model
yields more precise estimates that are free from transfor-
mation bias. The issue of reliability has also been empha-
sized in relation to accurate predictions.

The modified viability equations developed by Ellis
and Roberts” relate the decline of viability with the period
of storage (p), seed moisture content (m) and storage
temperature (), and can be expressed as

Ke—C,, logm—Cyt—Cot?
szi—p/loE wo8mTEHThG

) M

where v is viability on a probit scale and Kj is the probit
of percentage of viability at the beginning of the storage
period and is specific to the seed lot. Kg is the potential
longevity, Cy, is the moisture sensitivity parameter, Cy is
the linear temperature sensitivity parameter and C, is the
quadratic temperature sensitivity parameter. These para-
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meters are estimated in two stages. The first stage esti-
mates the initial viability (K;) and slopes of seed survival
curves (1/L) for a number of environments using the pro-
bit analysis® by fitting the following model:

v =K, — p(1/L). @)

The second stage estimates the species-specific longevity
parameters (Kg, Cy, Cw and Cq) using the following
model:

2
I = lOKE—CW logm—Cyt—Cqt )

®)
The parameters of the model (3) are estimated after trans-
forming the longevity on a log scale. The model finally
fitted through multiple linear regression analysis is:

10gL=KE—Cwlogm—CHt—CQt2+e, 4)

where e is an error term and assumed to be independ-
ently, identically and normally distributed with constant
variance. Here, it is worth mentioning that one must be
especially careful to check that the above said least
square assumptions are not violated after making the de-
sired transformation. In practice, the transformation chosen
may not achieve the desired assumptions of independ-
ence, constancy and normality of errors. Therefore, the
residuals from fit of the transformed data should be chec-
ked for these assumptions, as the transformation as such
may not be successful. Currie’ studied the Michaelis—
Menton model and found that the best linearizing inverse
transformation produced unreliable estimates and con-
cluded that transformation should not be used except in
cases where it stabilizes the variance.

Thus, we see here that the longevity model (3) is a non-
linear one and has been linearized (4) for the purpose of
estimation of longevity constants. The said transforma-
tion has been applied widely for the estimation of longe-
vity parameters of most of the species. Though this
works well, it does not give a clear interpretation of the
parameters, as an un-transformed longevity model would
do so. Besides, simply de-transforming the usual least
square prediction equation can lead to severe bias®. Thus,
when we are led to a model of nonlinear form, we should
usually prefer to fit such a model, whenever possible,
rather than to fit an alternative, perhaps less realistic, lin-
ear model’.

In case of nonlinear models, the asymptotic theory
does not require normally distributed errors. In model
(3), we assume the random error in the multiplicative
form. A nonlinear model assumes the random error e in
the additive form as follows:

Kg-Cy logm—Cyt—Cot”

L=10 +e. (5)
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Table 1. Comparison of various residuals based on linear and nonlinear models using data of Dickie ef al.’

Residuals (days)

De-transformed

Temp. Moisture Longevity Log of in log scale residuals (days) Residual (days)
(°C) (%) (days) longevity linear model linear model nonlinear model
21.00 7.91 526.32 2.72 0.00190 2.30 2.28
21.00 11.73 178.57 2.25 0.00569 2.32 -28.87
21.00 14.11 169.49 2.23 0.20489 63.75 35.15
42.00 7.92 84.75 1.93 0.23107 34.97 13.82
42.00 11.58 12.67 1.10 —0.13788 -4.74 -16.35
42.00 13.35 3.48 0.54 -0.52876 -8.27 -17.29
62.00 8.13 3.30 0.52 —0.17445 -1.63 —6.65
62.00 11.93 2.28 0.36 0.12586 0.57 -1.76
62.00 14.32 1.93 0.29 0.27169 0.90 ~0.70
Table 2. Estimates of various parameters based on linear model (6) L
(Dickie et al.”) 4
14 * .
95% confidence interval
0s4 e
Parameter Estimate Std. error Lower Upper 4 3 . 3 o, A= B et
= 0.6 1 " 2 28
Ke 6.223945 1.026285 37126256  8.7352644 % abd oy
Cw 2.765399 0.963299 0.4082063 5.1225916 E‘ I i
Cu 0.048609 0.005832 0.0343381 0.0628799 14
154
. .. . 21t
In the present investigation we use the seed survival data ud
of Dickie et al.” (slopes of curves estimated for nine en- 24
vironments). Statistical analysis was carried out using the el
Windows version of SPSS package. For nonlinear regres-
Figure 1. Scatter diagram between predicted seed longevity and res-

sion, Marquardt iterative method was chosen as it repre-
sents a compromise between the linearization (Gauss—
Newton) and the steepest descent method. It almost
always converges and appears to work well in many cir-
cumstances’. Dickie er al.’ obtained estimates of longe-
vity parameters for Lupinus polyphyllus species by fitting
the following multiple linear regression model (6) to the
data shown in Table 1.

logl =Kg — Cy logm — Cyt + loge. 6)
The fit of the model (6) seems to be reasonably good as
the model has explained almost 93 per cent of the varia-
tion in longevity (R?=0.92975). However, the standard
errors for the potential longevity (Kg) and moisture sensi-
tivity (Cy,) are unexpectedly very high (Table 2). When
the ‘Studentized’ residuals from fit of the model (6) are
plotted against the predicted values we get a pattern of
residuals (Figure 1). On examining these residuals, no
serious deviations were found from the usual ANOVA
assumptions. However, the error corresponding to sixth
observation (—0.52876, Table 1) is slightly disturbing and
perhaps, this may be the cause of high standard errors as-
sociated with the said longevity estimates.

The results of application of nonlinear regression
model (7) to the data of Dickie et al.’ are summarized in
Table 3.
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duals (linear model).

L= lOKE—CW logm—Cyt +e

%

On comparing the results of linear model fitting (Table 2)
with those of nonlinear model fitting (Table 3), the
nonlinear estimation procedure yielded highly precise esti-
mates of the longevity parameters. The standard errors of
the estimates for moisture sensitivity (Cy,) and potential
longevity (Kg) parameters for linear model (Table 2) are
almost four to five times those of nonlinear model (Table
3). Confidence intervals generated by the nonlinear
model are comparatively narrow for all the parameters.
For example, the 95 per cent estimated confidence inter-
val for linear model indicates that the true value of mois-
ture sensitivity parameter lies somewhere between 0.41
and 5.12, whereas the nonlinear model says it lies bet-
ween 1.83 and 2.87. The same is true for potential lon-
gevity parameter. Further, if we compare the maximum
absolute deviations (last two columns of Table 1) bet-
ween the two models, we find it is almost half (35 days
vs 65 days). Thus, the nonlinear model gives a better per-
formance when compared to a linear one for the present
data set.
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Table 3. Estimates, standard errors and confidence intervals of nonlinear regression parameters

Asymptotic 95% confidence interval

Asymptotic
Parameter Estimate Std. error Lower Upper
Ke 5.699109257 0.230912814 5.134085955 6.264132558
Cw 2.351936934 0.211937043 1.833345672 2.870528196
Cu 0.041299700 0.005558097 0.027699526 0.054899874

Table 4. Predicted values of longevity for the linear and nonlinear
model under interpolated as well as extrapolated conditions

Moisture Predicted L Predicted L

Temperature content (linear model)  (nonlinear model)
°C) (%) in days in days
=20 2 2310239 656295
-10 2 754339 253572
0 2 246307 97972
10 2 80424 37853
20 2 26260 14625
30 2 8574 5650
40 2 2799 2183
50 2 914 843
=20 5 183313 76062
-10 5 59855 29388
0 5 19544 11354
10 5 6381 4387
20 5 2083 1695
30 5 680 654
40 5 222 253
50 5 72 97
=20 10 26960 14899
-10 10 8803 5756
0 10 2874 2224
10 10 938 859
20 10 306 332
30 10 100 128
40 10 32 49
50 10 10 19
=20 20 3965 2918
-10 20 1294 1127
0 20 422 435
10 20 138 168
20 20 45 65
30 20 14 25
40 20 4 9
50 20 2 4

The effect of over- or under-estimation of parameters
on longevity may not appear great under adverse acceler-
ated ageing conditions (high temperature or high seed
moisture) that are commonly employed to test these pre-
dictions. However, this may lead to a difference of sev-
eral decades in predicted longevity, particularly under the
favourable storage conditions. Normally, seeds are stored
in the genebank at —10 or —20°C with a seed moisture of
5%. We work out the longevity for these two conditions.
The longevity predicted at —10°C and 5% moisture con-
tent using the linear model is around 60,000 days (Table
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Table 5. Effect of slight over/underestimation of various parameters
on predicted longevity of seeds stored at —20°C and 5% moisture

Ke Cw Cu Co Longevity (years)
5.7 2.4 0.04 0.0004 125.9
5.8 2.4 0.04 0.0004 158.6
5.6 2.4 0.04 0.0004 100.0
5.7 2.5 0.04 0.0004 107.2
5.7 2.3 0.04 0.0004 147.9
5.7 2.4 0.05 0.0004 199.6
5.7 2.4 0.03 0.0004 79.5
5.7 2.4 0.04 0.0005 114.9
5.7 2.4 0.04 0.0003 138.1
5.8 2.5 0.05 0.0005 195.1

4), whereas with the nonlinear model it is around 30,000
days —a difference of 83.47 years. Again, at —20°C and
5% moisture, the difference between the two estimates is
over 0.1 million days (273 years).

The seriousness of the problem of slight over- or un-
derestimation, perhaps, can be best appreciated by look-
ing at Table 5. Let us assume that the true values of these
species-specific constants for a particular species are 5.7
(Kg), 2.4 (Cy), 0.04 (Cy) and 0.0004 (Cgp); and the corre-
sponding estimated values are 5.8, 2.5, 0.05 and 0.0005.
If the seeds are stored at —20°C with 5% moisture content,
then according to our calculations, the difference in lon-
gevity due to this petty overestimation is approximately
69 years! A slight under- or over-estimation to the tune
of 0.01 of the linear temperature parameter (Cy) may result
in a difference ranging from 46 to 74 years in the expec-
ted longevity. Whereas in case of the quadratic tempera-
ture parameter (Cg), a minor estimation difference
(0.0001) may cause a difference of 11 to 12 years. It is
certainly more dangerous to have estimates which over-
estimate the longevity than to those which underestimate
it. Overly estimated predictions will send a wrong signal
that the seed is alive, whereas in reality it would have
perished several years ago. Underestimation would put
unnecessary burden on the genebank maintenance by
requiring more frequent regeneration of stored seeds (viabi-
lity above the regeneration standard). Thus, in the light of
the above discussions, one should be extra cautious in us-
ing the provisional estimates™'® or estimates with low
precision, developed in the literature over the years for
the long-term prediction of seed longevity.
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The theory of linear estimation of regression parame-
ters is being extensively used owing to its computational
convenience. However, the computational simplicity that
comes with the linear model is often lost when one is
faced with obtaining point and interval estimates for the
original rather than the transformed parameters. For
example, say, when the emphasis is on estimating the ex-
pected longevity (L) for a given moisture (m) and tem-
perature (f), simply de-transforming the wusual least
squares prediction equation can lead to severe bias. Lin-
ear model estimation gives us the estimate of Log(L).
Thus, it is the naive estimate of the longevity that we es-
timate by taking antilog of estimate of Log(L). If errors
of Log(L) are symmetric then errors of L are asymmetric
and thus, estimate of L tends to estimate the median
rather than the mean of the distribution of L. However,
before adopting the nonlinear estimation procedure for
other species, it would be worth studying the behaviour of
the model under experimental conditions and validating the
model for extrapolated conditions. For validating the
model one may generate two sets of data. The first set
may be used for estimating the parameters and the other
for validating the model. Utmost attention should be paid
to estimate the parameters with high degree of precision.
If the linearizing transformation is not successful, particu-
larly in stabilizing the error variance, one should not go
for the ordinary linear least square estimation procedure.
Estimates with low precision should not be released as
they may prove more damaging. Trusting on such esti-
mates may ultimately lead to a loss of valuable genetic
wealth stored for long-term genetic conservation.
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synthesis in in vitro cultures of
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Image analysis has become an important tool in the
study of growth and nutrition in fungi. Here this tech-
nique has been used successfully to study the effect of
phosphate on honeydew formation and clavine alka-
loid synthesis in in vitro cultures of Claviceps fusi-
Jformis Lov. Specific colour reagents for the detection
of clavine alkaloids and phosphate are used to demar-
cate the region of alkaloid production and the pattern
of phosphate utilization by the C. fusiformis colony.
The intensity of colour formed is then measured using
image-analysis techniques, and regions of similar inten-
sity are coloured alike using pseudocolours. This
enables the division of the colony according to its bio-
chemical make-up, to an accuracy not achieved by the
naked eye. Growth of the colony can also be moni-
tored nondestructively on a daily basis. It is seen that
as the colony grows, phosphate in the medium is deple-
ted, disrupting growth and causing a decrease in intra-
cellular phosphate. This leads to honeydew formation
accompanied by enhanced clavine alkaloid produc-
tion.

CLAVICEPS fusiformis Lov. causes ergot, a commonly oc-
curring disease on members of Gramineae. Ergot alka-
loids cause ergotism in men and cattle on consumption,
but have gained importance owing to their pharmacologi-
cal propertiesl. These clavine alkaloids are also used as a
precursor in the synthesis of lysergic acid diethylamide
or LSD?. Parasitic cultivation of this fungus besides bear-
ing the risk of poisoning, also demands large areas of
cultivation and consequent loss of food cr0p3. Therefore,
fermentative cultivation of this fungus where the process
can be precisely controlled, is a welcome alternative. To
optimize nutritional conditions that would maximize
biomass and alkaloid production, it is important to raise
in vitro honeydew stage, as the latter marks the advent of
secondary metabolism® and the production of alkaloids.
In vivo honeydew formation requires entry of long fila-
mentous hyphae raised from germinating ascospore of C.
Sfusiformis through the stigma and into the ovary4 of the
flower. These come in contact with the epidermal tissue
at the base of the ovary and cause plasmolyses. The in-
fected hyphae feeds on the host sucrose and converts it
into fructose and glucose by the action of [-D-fructo-
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