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(:ANONICAL ANA.LYSIS 011' SUB-SPECIFIC 

DIFFE.R,ENTIA TION IN BRASSICA CAMPESTRIS 

BY B. R. MURTY ANDV. ARUNACHAlA"M 

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-com patible fornls in this I~rop differed from the self-incompatible 
forms in a constellation of growth characteristics. It was also 
.observed that genetic associations between yield .co.mp.onents in self .. 
compatible types of brown sarson and other self ... compatible types in 
Brassica call1pestris were differiqg. Therefo~e, 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. 

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 gro\vn 
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 cOlnplete block design. The six charact'ers 
chosen were flowering time, height, number of primary branches, 
number of secondary branches, number of siliquae onm.ain axis and 

. '. num·ber of seeds per siliq ua. 

'The Anova of plot means reve·aled highly :significant differences 
among the varieties for each of the six characters in each group. 
Although bothSC and Sf types were grown under comparable con
ditions in the same field, the amount of genetic variability for ind·ivi
dual characters was more in ~~I types for flowering time and number 
of fru-it bearing branches only while the ,SC types were· equally 
variable as the Sf types for the rest of the characters contrary to the 
e~pectations 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. 

(X2=481'6, 132 d./. (Sf type) 
= 750'·2, 234 -d./. (SC type). 
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The inter-and intra group analysis using D2 statistic has 
revealed considerable divergence between the groups (Table 1). 

The number of clusters "vas eight in Sl types and nine in SC 
types. Since the sanl pIe sizes were the same, and the material grown 
in the same season and area, the inter-cluster distances could be 
compared. The average D2 per comparison was higher in SI types 
{= 6·99) 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 ITJeasured by D2 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 the table). 

Type 

sc -
SI 

Percentage contribution to divergence of 

Flowering ! Number of I Number of 
time primary I secondary Height 

branches i branches 

12'6 

53·4 

I 
, 

7'7 

11 'I 

I 32'8 

17·4 

Number of Number of 
Siliquae on seeds per 
main axis siliqua 

22·7 

5-1 

However in Sl 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 ilow'er and height, in general, contributed 
more than the other characters. In the Sf types, height and flo\\'er
ing time contributed substantial1y to the intra-group divergence_ It 
would appear that the forces of evolution within groups were parallel 
in both the SC and S1 types while the genetic nlechanisms 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 Sf types. 

In the SC types, the first two roots accounted for only 69-7% 
of the total variation, while in Sf types, the corresponding value was 
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82°8%. Actually A3 is not significant in Sf types while it contributed 
substantially in se t)pes. 

______ Canonical roots ----
. 

Al A2 A3 A4+ AS +A6 Total 
Type 

-, 

SC Value 137'0 99·5 42·7 60·1 339·3 

% contribution to total 40'4 29-3 12-6 17·7 100·0 
variation I 

I 
I 

SI Value 264°9 61·0 35·3 32·7 I 393·9 
I 

% contribution to total 67·3 ]5·5 g·O 82 100·0 
variation 

I 

An examination of the first canonical vector (ZI) supplying the 
best linear function has indicated the potent role of flowering time 
and height in Sf types, while in SC types, height, seeds per siIiqua, 
and days to flower were important in tha t order. 

4 

Canonical Flower- Number of Number of Number of Number 0/ 
Vectors ing time . secondary Height siliquae on seeds per primary 

Branches Branches - • siliqua main aXlS 

ZI SC 0·4351 0·2491 -0-2310 0·6959 -0·0074 0·4604 

SI o 7593 -0·2984 0·1866 0·5399 -0'0800 00422 

Z2 SC -0·0392 -0'0311 0'1458 0'4895 0'6029 -0·6112 

SI 0'1429 0·3615 06803 -0'2092 -0'1410 --0-5681 . 

In the case of the second vector, the differences between the SC 
and SI types were mor(,~ 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. bro'ND 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 pannlixia 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 selectio·n than that possible in a completely exogamous materia 1, 
since even with partial self-fertilization or assortative mating under 
artificial or natural selection such a divergence would take place as 
proved mathematically by Ha.ldane (1924). Genetic drift in such 
small groups might playa more potent role in divergence as postu
lated by Wright (1951). 

TABLE,l 

In,ler- and Intra-cluster average .D2 in some populations of Brown Sarson 

-. --- -- -'~--'------- -----.---~-----------.----.--.- -----~-

Clusters 1 II III IV V VI VII VIII IX 

I SC 4'57 13'04 25'0.3 7'90 9'47 10-09 18'49 22-88 41-82 

81 3'22 14'75 8'17 37'37 37-72 101'20 30·47 135'88 

II SC 4-98 17'0,5 19·i5 ,16'45 31'98 20'84 18'75 46"96 

SI 7'68 23"27 14',99 17'02 57-71 28"87 79'74 

III SC 0'7.5 28'54 15'25 47·13 18-44 9"08 82-08 

SI 14"26 41-37 31-37 120-72 49'75 155'98 

IV SC 5'38 10'27 11'66 12'91 25'95 6091 
• 

81 13-53 16"01 65'66 42'67 40·63 

V 8C 5-73 19'63 18'55 9"92 51"29 

SI 0"54 73'62 43'43 7989 

VI SC 6·42 2890 43-96 55'63 

81 2-71 58'28 36'21 

VII SC 5'05 25-01 95'17 

SI 0'00 70'23 

VIII SC 4-04- 70-49 

SI 0'00 

IX SC 0'00 

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 to be responsi
ble for the distinctly different genetic architecture in self-compatible 
and self-incompatible types. 
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