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~—CANONICAL ANALYSIS OF SUB-SPECIFIC
DIFFERENTIATION IN BRASSICA CAMPESTRIS

BY B. R, MURTY AND V. ARUNACHALAM
Indian Agricultural Research Institute, New Delhi

During an analysis of genetic variability among some popula-
tions of Brassica campestris var. brown sarson, it was found that the
self-compatible forms in this crop differed from the self-incompatible
forms in a constellation of growth characteristics, It was also
observed that genetic associations between yield components in self-
compatible types of brown sarson and other self-compatible types in
Brassica campestris were differing. Therefore, a comparison for
factors influencing genetic divergence as assessed by multivariate
analyses in both the forms of brown sarson which differ in their
breeding structure was attempted.
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A group of 40 self-compatible populations representing the
spectrum of variability of the material grown in Indo-Gangetic areas
and a set of 23 populations of self-incompatible brown sarson grown
in separate experiments were analysed separately by multivariate
analysis during the years 1961-64. The sample size was 60 plants in
4 replicates in randomised complete block design. The six characters
chosen were flowering time, height, number of primary branches,
number of secondary branches, number of siliquae on main axis and

- number of seeds per siliqua.
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‘The Anova of plot means revealed highly significant differences
among the varieties for each of the six characters in each group.
Although both SC and SI types were grown under comparable con-
ditions in the same field, the amount of genetic variability for indivi-
dual characters was more in ST types for flowering time and number
of fruit bearing branches only while the SC types were equally
variable as the S7 types for the rest of the characters contrary to the
expectations that SC types have limited genetic variability. Tests
by Wilks’ A criterion revealed that the variation among the two
groups were parallel when the six characters were considered together.

(X?=4816, 132 d. f. (SI type)
=750'2, 234 d.f. (SC type).
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The inter-and intra group analysis using D? statistic has
revealed considerable divergence between the groups (Table 1).

The number of clusters was eight in S/ types and nine in SC
types. Since the sample sizes were the same, and the material grown
in the same season and area, the inter-cluster distances could be
compared. The average D? per comparison was higher in SI types
(=699) than in SC types (=5.12). In both the cases, geographical
distribution of the varieties could not b: related to the genetic diver-
gence as measured by D? statistic. However, a comparison of the
relative contribution of the individual characters to inter-cluster
divergence indicated that height and the number of seeds per siliqua
were the largest contributors in the SC types (as seen from thetable),

Percentage contribution to divergence of

Flowering | Number of . Number of Number of | Number of
Type time primary | secondary | Height | Siliquae on| seeds per
branches | branches main axis siliqua
|
sc| 126 128 77 32:8 114 29+7
SI 534 £7 111 17-4 83 51

However in ST types flowering time and height were important
for inter-cluster divergence.

Intra-cluster divergence. The relative importance of the six
characters was found to be variable in the SC types. However,
seeds per capsule, days to flower and height, in general, contributed
more than the other characters. In the S/types, height and flower-
ing time contributed substantially to the intra-group divergence, It
would appear that the forces of evolution within groups were parallel
in both the SC and SI types while the genetic mechanisms in inter-
cluster divergence were different in the two groups of incom-

patibility.

A comparison of the canonical roots has also brought out the
diversity of evolutionary mechanisms in SC and ST types.

In the SC types, the first two roots accounted for only 69°79%,
of the total variation, while in ST types, the corresponding value was
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82:89,. Actually 2, is not significant in SI types while it contributed
substantially in SC types.

m

~—___ Canonical roots
T~ A Ao A3 M+ +2g Total

Type

SC Value 1370 99:5 42-7 60°1 3393
9, contribution to total | 404 29:3 126 17-7 100-0
variation

SI Value 264'9 610 35:3 32-7 393-9
9, contribution to total | 673 15°5 9:0 82 100°0
variation

An examination of the first canonical vector (Z;) supplying the
best linear function has indicated the potent role of flowering time
and height in ST types, while in SC types, height, seeds per siliqua,
and days to flower were important in that order.

Canonical | Flower-| Number of | Number of Number of| Number of
Vectors |ing time| primary | secondary | Height | siliquae on| seeds per
Branches Branches main axis siliqua
Z; SC | 04351 0-2491 —02310 0-6959| —0-0074 0-4604
SI | 07593 —0-2984 0-1866 0:5399| —0°-0800 0 0422
Z, SC |—0-0392] —0-0311 0:1458 04895 06029 —06112
SI | 0°1429 0:3615 0 6803 |—02092| —0-1410 --0-5681

In the case of the second vector, the differences between the SC
and ST types were more pronounced and complex.

The results of this investigation have brought out the diversity

of the evolutionary mechanisms operating within a sub species,
Brassica campestris var. brown sarson, It has also revealed that a
change in the breeding structure within a population could bring
about a substantial change in the character associations and the
pattern of distribution of genetic variability without any concomitant
geographical diversity, as pointed out by Sewall Wright (1940) that
departures from panmixia would change the evolutionary processes
in the selective values of genes. Moreover, a closed population due
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to change of outbreeding to inbreeding could permit divergent evolu-
tion not swamped by cross breeding " (Morley, 1955). Self-compati-
bility which would permit partial isolation of local populations could
lead to more rapid evolutionary changes and more effective processes
of selection than that possible in a completely exogamous material,
since even with partial self-fertilization or assortative mating under
artificial or natural selection such a divergence would take place as
proved mathematically by Haldane (1924). Genetic drift in such
small groups might play a more potent role in divergence as postu-
lated by Wright (1951).

TABLE ‘1

Inter- and Intra-cluster average D2 in some populations of Brown Sarson

Clusters 1\ u|lm| w!|v | vt |vi|vin| ix
I SC |457|13:04|2508| 7-90| 947 1009 | 1849 | 22:88| 4182
ST | 322 | 1475| 817]37-37 3772 | 10120 | 30-47 | 135-88
m  SC 498 | 1706 | 1965 | 16:45 | 3198 | 2084 | 1875 4696
ST 768 | 2327 | 1499 | 17:02| 57-71 | 2887 | 7974
m  SC 075 | 9854 | 15:25 | 47-13 | 1844 | 9-08 | 82:08
SI 1426 | 41-37 | 31-37 | 12072 | 49-75 | 15598
IV SC 598 [ 1027 1166|1291 | 2595 | 6091
SI 13:53 | 16:01 | 6566 | 4267 | 4063 |
vV SC 573 | 1963 |1855| 9-92|51:29

ST 0-54| 7362|4343| 7989

VI SC 6422890 | 4396 | 5563
S 271 | 58:28 | 3621

VII SC 505| 2501 | 9517
SI 000| 7023

VI  SC 404 | 70-49
SI 000

IX SC 000
SI
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SUMMARY

Canonical analysis of the evolutionary forces for sub-specific
differentiation in Brassica campestris var. brown sarson confirmed by
D2.statistic revealed distinctly different forces. The rapid evolution
accompanying a change in breeding system was found toberesponsi-
ble for the distinctly different genetic architecture in self-compatible
and self-incompatible types.
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