Bot. Bull. Academia Sinica 13: 29-36 (1972)

GENETIC BASIS OF PLANT STABILITY IN
ARABIDOPSIS THALIANA®

I. Fluctuation of heritability and correlation

HoNG-PANG WU®

Abstract

Nine genetical lines of Arabidopsis thaliana and their F; hybrids were
used to study the fluctuation of heritability and the correlations of fresh
weight between two of the several developmental stages (including flowering
time). Heritabilities were significant only at the flowering time, and the fresh
weight of the first developmental stage. It decreased rapidly after the first
stage but increased again at the later stages. Phenotypic correlations of
fresh weights were inversely related to the distance between developmental
stages, i.e., approached maxima between two consecutive stages, Correlations
between flowering time and fresh weight of the first stage and the last were
positive, but negative with the third and the fourth. Genotypic correlations
showed slightly positive or negative value bewteen early and middle stages
but were highly positive at later stages. Canonical analysis was made for
the phenotypic correlation. Second canonical correlation was found related to
the growth curve form using fresh weights. The causes of fluctuations of
heritability and correlation are interpretated and discussed.

Introduction

Arabidopsis thaliana has no commerical value. However, it is a widely
distributed and well adapted species in various geographical locations, In
addition, it is homozygous with short life cycle, and provides adequate sources
of genetic diversity. Culturing of the plant as experimental materials requires
small space, thus, environmental conditions can be easily controlled. It is
therefore a convenient material to study basic problems in biology.

Finlay (1963) and Griffing et al. (1963) stated that much of the phenotypic
stability of the F, can be attributed to the accentuated heterotic effect in the
unfavorable environment. However genetical basis of the plant stability have
never been reported.
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Wu (1970) reported that the fresh weight stability of Arabidopsis thaliana
fluctuated with developmental stages. The fuctuations differed significantly
among genetical lines, and each line seemed to have a constant tendency.
Thus, the ﬂuctuation of stability was considered a genetic character.

This paper reports the fluctuations of heritability, phenotypic and genotypic
correlations, of fresh weights at various developmental stages as well as
flowering time.

Material and Methods

Nine genetical lines of Arabidopsis thaliana were used in this study, i.e.,
Estland, En, EG-5, Co-1, Po-1, LM-4, C, A 136, and GR 1,4, Diallel crosses,
including reciprocals and selfings were made between lines. Tne Plants were
grown with five replicates in 12 different environments.

The treatments consisted of six different artificial conditions as shown in
the Table 1. Each condition has two levels of fertilization. Thus, the expe-
riment involved a total of 12 different environments. The plants were cultured
in sand, and added with either tap-water only (one level of the fertilizer), or
nutritional solutions (another level of the fertilizer). The chemicals of the
nutritional solution are as follows:

NH,NO, 363 g
A | KCI 273 g
" | KH,PO, 242 g

MgS0,-TH,0 1544 ¢

Ca.(NOs), 739g
B: § HCI (12%)  700ml
FeCl; (625) 1,685 ml

Chemicals of A or B were solved in the distilled water with a volum of 14
liters, then 20 ml of A and B solutions repectively, were mixed and diluted

Table 1. Artificial weather conditions

Light Temperature (°C)
Intensity (lux) ! Time (hrs) Day Night
10,000 14 25 20
24,000 14 27 22
5,500 14 30 25

25 20

[ VU

¢ natural light and natural day-length 20 20
30 25
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with tap-water to 9 liters for application, and pH of the solution was adjusted
to 6.5 with 1025 HCI. Renewal of cultural solution was made at every four
days.

The characters for measuring were fresh weight and flowering time. The
fresh weights of five plants from each line or F; hybrids were measured
weekly at random from the first week (abbreviated as FW-1) to the seventh
week (FW-T), i.e, from germination to maturity of early: lines, and also
measured at harvesting time (Wm.) The flowering time (FL-T) was recorded
as number of days from the germinating date to the date when the first flower
appears. All plants were recorded on a single plant basis, and the mean
value of five plants was used for statistical analysis. ‘

Statistical Analysis

The analyses of variance and covariance were used to study -the . compo-
nents of variance; - Those components were also used to estimate the phenotypic
and genotypic correlations and the heritability in broad sense of each develop-
mental stage. The analysis of variance and covariance is shown .in Table 2,
and the estimating formulae are shown in equations (1) to (5).

Table 2. -Analysis of variance and covariance

. s Variance/ :
Squrces of variation df covariance Expectation
Gznotypes n—1 - Vi o2+ rzri,
! : ii iir
Error n(r—1) Eji o?
: iis
Total nr—1

where:
n=number of lines
r=number of environments
if i=={', indicated the same developmental stages, and
V;:;=variance of the { th developmental stage
¢#1¢', indicated the different developmental stages, and
Vi =covarianc of the 7 th and ¢/ th developmental stage.

genotypic variance: azg“:L”:-Ef'; (1)

genotypic covariance: Covg,,; =

phenotypic correlation: Vpp= T
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. . Cove,,,
genotypic correlation: %5 ,=- e (4)
ii ‘/Gg”-°dg,1 ’
ey qete, . o’
heritability in broad sense: R (5)
2 Oe;;
Tg1s + 7

The significant test of phenotypic correlation had been made according to
the general method of that test. The significant test of heritability was made
by the F’-test. The canonical analysis was used to estimate the relationship
between the different developmental stages of two groups.

Results

The results of the statistical analysis are shown in Table 3.

Table 3. Heritability, phenotvdic and genotypic correlations among
the fresn weight of seven growth periods, max. fresh
weight and flowering time

Fw-1| FW-2| FW-3 | FW-4 | FW-5 | FW-6 | FW-7 | Wm | FL-T
Fw-1 0.48%*  0.92 -0.25 | -0.29 | -0.14 0.36 0.68 0.94 0.70
FW-2 0.59%+  0.11 0.17 0.10 0.24 0.75 0.98 1.00 0.73
Fw-3 0.30* 0.73%*  0.02 1.00 1.00 0.98 0.79 0.65 -0.04
Fw-4 0.23* 0.57%%  0.85%%  0.04 1.00 0.70 0.44 024 | -0.23
FW-5 0.25% 0.45*%  0.69%%  0.87%* 0.02 0.92 0.79 0.70 -0.02
FW-6 0.26% | 0.38*%  0.56%* 0.74**  0.00*% 0.04 0.97 0.95 038
Fw-7 0.27* 0.20%*  0.38%% 0.53%% 0.71%% 0.89*4 .07 100 0.59
Win 0.14 0.10 0.00 0.07 0.13 0.31%  0.51% (.15 0.95
FL-T 0.23* | -0.03 | -0.23* | -0.23* | -0.19 -0.09 ‘0.03 0.44**  0.60%*

Genotypic and phenotypic correlations are shown on the right and left sides of the
diagonal, respectively, and the heritabilities are shown on a diagonal line.
** and *: Significance at 1% and 52 level, respectively.

1. The fluctuation of heritability

As shown on a diagonal line of Table 3, the heritabilities of FW-1 and
FL-T were significant at 125 level, but the heritability of FW-2 to FW-7 as
well as Wm are non-significant. The high heritability of fresh weight in the
first week indicated that the seeds nutrition were highly different among
various genotypes. On the other hand, the growth of fresh weight in the first
week was rarely ecffected by the environment. The heritability of fresh
weight significantly decreased from the second week. The decrease become
drastic from the third week to the sixth. This decreasing tendency expressed
that the effect of environment to fresh weight during these periods. The
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heritability of Wm was insignificantly large than FW-7. The %% of FL-T was
0.60. It was statistically significant, so this character was found to be difficultly
affected by ewnvironment.

2. The fluctuation of phenotydic correlation

The phenotypic correlation of fresh weight in seven developmental stages,
Wm and FL-T are also shown in the Table 3 on the left side of diagonal.
These results indicated significant correlations among all possible combinations
of seven developmental stages. The correlations between Wm and FW-6 or
FW-7 were also significant at 125 level. Larger correlation coefficient was
obtained between any two consecutive developmental stages.

The positive correlations were significant between FL-T and FW-1 or
Wm. The negative correlations were significant between FL-T and FW-3 or
FW-4. The correlations between FL-T and others were insignificant.

3. The fluctuation of genotypic correlation

The genotypic correlations of fresh weight in different developmental
stages and FL-T are shown on the right side of the diagonal of Table 3. The
estimated value and the tendency of fluctuation of the correlation differed
significantly from those of the phenotype. ' That all phenotypic correlation of
the fresh weight between two developmental stages are positive, but the
genotypic correlation, between FW-1 with FW-3 FW-4 and FW-5 are negative.

Low genotypic correlations were obtained between the early and middle
developmental stages. The correlation coefficients were increased between the
Wm and the fresh weight of late developmental stages. The genotypic cor-
relation between FL-T and the fresh weight of each developmental stage has
the same tendency as described in the phenotypic correlation. All estimated
genotypic correlations are larger than the corresponding phenotypic correla-
tions. The correlations between FL-T with FW-2 and FW-6 were positive.
4. Canonical analysis

Phenotypic correlations were used for canonical arialysis. The develop-
mental stages were divided into two parts between the fourth and the fifth
weeks. Stages FW-1 to FW-4 were considered as X-group, and those of FW-
5, -6, -7, Wm and FL-T as Y-group. The first canonical correlation between
variates of X and Y groups showed 0.8872, with the following canonical vectors:

{a<1>1:(—0.0793 0.0919 0.1257 —1.1344)
A= (—1.0954 —0.0627 0.2570 —0.0845 0.0536)

If the greater vector in each variate is scaled to unity, the canonical responses
are;

;= 0.,0641 (FW-1) —0.0852(FW-2) —0.1523(FW-3) 4 (FW—4)
{vl = (FW-5) +0.0672(FW-6) —0.2346 (FW-7) +0.0772(Wm) —0.0489 (FL-T)
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The weight of FW-4 was approximatly 15,6, 11.7 and 6.6 times of FW-1, FW-
2 and FW-3, respectively in the canonical variate for the subtest set of the
X-group. Similarly, its correlative in the concomitant vatiates We1ght FW-5
175, 4.3, 13.0 and 20.4 times to that of FW-6, FW~7, Wm and FL~-T, respec-
tively. The major link between the sets appears to be (FW-4~FW-5) one.
If the first characteristic root 0.7871 is replaced by the smaller root 0.1478
in the preceding methods, following second canonical responses can be obtained:

{ugr— (FW-1) —0.1316 (FW-2) —0.7249(FW-3) --0.3979 (FW-4)
;= —0.0445(FW-5) —0.3530 (FW-6) +0.9989 (FW-7) —0.3831 (Wm) + (FL-T)

The major link between the sets was different with the first canonical responses
and appears to be (FW-1~FL-T).

Two additional canonical analyses for phenotypic correlations were con-
ducted by dividing the developmental stages at FW-3 and FW-4, and at 'FW—Z
and FW-3 respectively. The major links between the two sets appears to b’e
(FW-3~FW-4) and (FW-2~FW-3) at the first canonical responses, and (FW-
1I~FW-7) and (FW-1~FL-T) at the second canonical responses, respectively.

Canonical analysis failed to obtain in genotypic correlations, because the
solution of the sample-correlation matrix did not exist.

Discussion

The results indicated that the heritability, phenotypic and genotypic
correlations of fresh weight fluctuated with developmental stages.

The heritability was largest at the FW-1 stage, decreased with the subse-
quent developmental stages, but increased again as the plant reached maturity.
The fresh weight was severely affected by environment at the intermediary
developmental stages. Thus, selection based on the fresh weight of these
stages is not effective.

The phenotypic correlation between Wm and FW-1is 0.14. It is insignifi-
cant. However, their genotypic correlation is 0.94. Sco the selection based on
fresh weight at the early stages of development may be effective. The
phenotypic correlations of fresh weight approached maximum at the nearest
developmental stages. This is considered a natural phenomenon of plant
growth. No such tendency was found for genotypic correlation, however.

The genotypic correlations of Wm and the fresh weight of each develop-
mental stage are higher in the early and the late stages than those in the
middle stages. Based on the difference in flowering time among the lines
investigated, following interpretations are made with regard to the genotypic
correlation of Wm and fresh weight of various developmental stages. Firstly,
four lines of different flowering time (the flowering time and maturity date
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have a positive correlation, so we only considered of flowering time) and
different growth habit (the Wm are also different each other) are shown Fig.
1. Wm, is an early line with large Wm, Wm;j, also an early -line but with
small Wm. Wm;, is a late maturity line with large Wm, and Wm,, a late
maturity line with small Wm. In the fourth week of development, for example,
the fresh weight of the Wm;] should be larger than the Wm,, though the
maximum fresh weigh, Wm, of Wm,, is larger than Wm;. Because the growth
rate of the Wm; is larger than the Wm, at this developmental stage due to

the natural of growth habit, the genotypic correlations of Wm and the fresh
weight of this stage, therefore, are small.
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Fig. 1. Growth habit

The phenotypic and genotypic correlations of FL-T and fresh weights of
various stage are also fluctuated with developmental stages. This phenomenon
is also interpretated as the genotypic correlations of Wm and the fresh weight
of each developmental stage as described in the preceding paragraph. On the
other hand, the early lines flowered in three to four weeks after sowing. Tl}e
fresh Weights of these lines in the fourth week are naturally heavier than
those of the late maturity lines at the same period. Hence the correlations
are negative. In the later developmental stages, the fresh weight of the lines
increased. The correlation of FL-T and fresh weight therefore is positive.

According to the three first canonical correlations obtained, the major link
between the sets appears at the three dividing stages artificially chosen. For
example, if the developmental stages were divided between the fourth and
the fitfh week, the major link between these two sets would appear at the
same stages. The results of the sccond canonical analysis that the major
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link between the sets mostly appears at the first week (FW-1) and either at
the seventh week (FW-7) or at the flowering time (FL-T). So the second
canonical correlation was weighted at the early and the last stages. The form
of a growth curve is pretty well controlled by the fresh weights of the first
and the last stages of development. Second canonical correlation therefore
will indicate the form of growth curve.
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