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PROTEIN CONTENT AND AMINO ACID PROFILE OF POLLEN
RESTORERS IN RAPESEED /B .NAPUS/ AND MUSTARD /B .JUNCEA/

S.P.Angadi, 1.J.Anand

Division of Genetics
Indian Agricultural Research Institute
New Delhi-110012, India

Anand et al. /1985/ isolated restorer genes for the CMS
- B.juncea from the putative monogenomic species through

‘ planned interspecific hybridisation. Selection for profu-
seness of pollen production and pollen viability have
further led to development of restorer lines in each of
restorer sources, RC and RN /restorer genes from B.campe-~
stris ssp. oleifera and B.nigra réspectively, in B.juncea
background/ where promising lines show as high fertilirty

as 90-95per cent in theircrosses with CMS juncea. As diffe~-

rences in the levels of a number of substances, their
accumulation or disappearance during development of andro-
ecium helps in understanding the sequence of events leading
to male sterility and their control by the hereditary
elements, the present study was conducted to analyse some
of the biochemical constituents specially the protein
content and amino acid profile of some of the improved
restorers in each of RC, RN and their cross combination

RC x RN and B.napus restorers /R Nap/ and to compare them
with their respective CMS lines. .

Materials and methods

Inflorescences of the three forms of CMS B.junces viz.
petaloid, stigmoid and rudimentary and their maintainer
/i.e. normal fertile B.juncea/, highly promising restorers
derived from B.nigra /RN/, B.campestris /RC/ and their
cross RC x RN /all incorporated into B.juncea background/,
MS x RC, MS x RN and MS x /RC x RN/, alongwith the inflo-
rescence of male sterile, maintainer and restorer B,napus
constituted the material for estimation of crude protein
content. The modified Kjeldahl method of protein assay,
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based on tne estimation of reduced organic nitrogen was
followed to determine the protein content.

For studying the amino acid profile, anthers were
collected from the above mentioned sources using anthers
coliected from mature flower buds, a day prior to their
opening. Amino acid composition both in protein bound and
in free pool was analysed with the help of a Technicon
Sequential Multi-sample /TSM/ amino acid auto anélyzer.

Results and discussion

Cytoplasmic male sterility isﬂfundamentally an aspect
of the problem of gene action and nuclear cytoplasmic
interaction. Cytoplasm is the seat of protein synthesis.
Changed cytoplasm of male steriles might affect this vital
process and lead to changes in amounts of protein synthe-
sized, and also their constituents - the amino acids.

Among B.juncea types, RC x RN recorded maximum protein
content /39.16%/. All the three forms of male steriles
contained lower amount of protein /table~1/ than the normal
male fertile /37.37%/. Among steriles, rudimentary type
recorded the lowest protein /31.19%/. Both the restorers
/RC and RN/ contained less protein than normal but their
combination, RC x RN exhibited the highest amount of pro-
tein /39.16%/. Inflorescences of crosses inveolving resto-
rers and MS showed higher protein content than normal
fertile, the maximum /39.10%/ being that of MS x /RC x RN/.
In B.napus, normal fertile and restorer /Rnap/ showed
almost equal amounts of protein while the sterile form
contained a reduced amount.

Since cytoplasm is the site for protein synthesizing
organelles, reduced effidiency of these organelles in the
sterile cytoplasm can very well be visualized. Deficiency
cf proteins could mean improper expressiocn of vital genetic
information. The possible role of defective snzvme systen
of the pretein synthesizing vathway in the sterils cyto-
plasm is indicative cf its close involvement with male
sterility. The restorers RC and RN had protein content

-

intermediare to MS. forms and the nermals Laseiia ks
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RC x RN had two per cent higher protein content than nor-
mal fertile. This could be due to the interaction effect
or complementation of restorer genes of the component
monpgenomic species.

"Protein content in the crosses between petaloid form of
CMS and the restorers, showed an increase over male
steriles an& the normal fertile, possibly indicating that
restoration mechanisa operates through correction of
deficient protein synthesis.

Amino acid analysis

It is expected that the bulk of the proteins in anthers
would be constituted of enzymes, of which amino acids are
the important constituents. Thus the differences in the
amino acid composition of anthers of different forms would
be suggestive of basic differences in protein quality and
quantity. Inadequate synthesis of one or the other enzyme
could cause metabolic imbalances in the anthers leading to
sterility.

The amino acid profiles for the anthers of normal fer-
tile, the three forms of male steriles, and the various
restorers expressed as mg. amino acid per g anther for
B.juncea and B.napus are presented in Tables 2 and 3 res-
pectively.

Protein bound aminc acids accounted for 80-90 per cent
of the total amino acid content. Of the small amounts of
amino acids present in the free pool, proline was the
predominant one in all the lines, though in terms of
absolute values it varied from line to line. This was
followed by glutamic acid, alanine and threonine, in that
order.

Protein bound aspartic and glutamic acids in all the
three male sterile B.juncea forms were higher than normal
éxcept the protein bound aspartic scid nf MS rudimentary
. which was less than normal. Among restorers and their
crogses with the male sterile, RC x RN, M§ x RC, MS x RN
and restorer B.napus /Rnap/ recorded higher protein bound
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aspartic and glutamic acid, while MS x /RC x RN/ showed
highér smounts of aspartic acid alone. All the three male
sterile B.junces forms and MS stigmoid of B.napus had less
than normal protein bound proline content. Proline content
in free pool was lower than that of normal for B.juncea
and B.napus male steriles.
similarities among the three male sterile forms of B, juncea
can be expected, as they have been reported to be inter-
changeable under extreme temperatures /Anand et al., 1985/.
As in the case of male steriles, restorers also showed
proline deficiency as compared to normal; for RN it was
drastically low, Except for the protein bound proline in
case of MS x /RC x RN/ and free and protein bound proline
of Rnap which were higher than normal, all the restorers
and their crosses with MS were deficient for proline.

Aberrant amino acid level found in male sterile anthers
could be diréctly related to the male sterile condition.
Nevertheless, the exact role played by either reduced
proline content or increased aspartic acid level in the
phenomenon of male sterility is not clearly understood.

Male sterile lines had lower methionine content than
normal. Since, methionine is the chain initiator for
protein biosynthesis, its deficiency can be linked to
reduced protein synthesis of MS lines as revealed by the
crude protein content of male sterile inflorescence.

Anthers of the three male sterile B,junces forms and
MS B.napus - were further characterised by slightly lower
contents of most of the neutral amino acids and slightly
higher amounts of ammonia than the normal fertiles.

There were differences in the amino acid composition of
restorers from B.nigra source /RN/ and B.campestris source
/RC/. These could be due to differences in pollen sterility
probably resulting due to chromoscmal irregularities
arising during the process of transfer of the restorer
genes from the diploid progenitors. Higher amounts of all
the protein bound amino acids, except histidine, proline
and cystine in the RC x RN could probably be sttributed
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to . interaction or complementation effect of restorer genes
from the two component sources.

B.napus male sterile had higher protein bound lysine
and ammonia, than normal. The restorer was found to have
higher values than normal for all amino acids except for
free pool cystine.

Percentage of &mino acidsvincorporated /out of the
total aveilable/ for each of the sub-greoups, in different
types showed that in case of RC, percentages of basic and
acidic groups incorporated into proteins were lower than
normal by 12.45 and 9.35 per cent respectively. For RN,
incorporation of acidic group was 11.49 per cent lower
than that of normal., The crosses MS x restorers had higher
incorporation percentages for neutral group of amino acid.

In the crosses of restorers with MS, acidic protein
synthesis increased; and also proteins containing high
amounts of neutral amino acids were synthesized. This
probably indicates that neutral amino acids play some role
in restoration mechanism.

Besides percentage incorporation of neutral group of
amino acids was more than normal in all types of CMS and
restorers in B,juncea but was less than normal in B.nepus.
These differences in combination with either increased or
reduced incorporation of other groups seem to control the
mechanisms of male sterility and restoration.

Marked difference for the amino acid profile of the
normal, male steriles, restorers and the crosses of the
male steriles and restorers indicated the relative change§
occurring with respect to normal anthers and suggested
that amino acids probably have a role in the mechanism of
sterility and fertility restoration.

Summary

Protein content and amino acid profile of diffirent CMS
B.juncea forms, their normal fertile mgintainer lines and
some of improved restorers in each of RC, RN and RC x RN
/restorers from B.campestris and 8.nigra respectively in




239

'B.juncea background/ soufcns,,anduOMSaB.nagusq its normal.
fertile and restorer B.napus /RNap/ were compared to under--
stand the;seqn@ncehleading,tafmalswsterility,,They study.
revealed that the. three: forms: of male sterility. viz.
petaloid,, stigmoid. and rudimentary. and RC. and RN.restorers.
showsd:lower protein contenx\thanithe;norhal fertile, how-
ever; the. restorers had higher amount: than tne CMS.

RC x RM, CMS x.RN:and CMS x. RC: combinations: exhibited
higher-protein: content /more. then- 2 per cent/ than the
normal fertile..Restorer: /RNap/ amd normal fertile B.napus
had ‘adlmost: equal protein-content /39.04 per cent/ but: much
higherrthanrCM&;nagus;/SS;?d»per-cent/.

The- free: peol and protein bound amino acids in the
various: CMs: forms: of B, juncea: and:B.napus has shown that:
the proteins were:deficient-in: methionine suggesting its
effect- in: reducing ths protein synthesis. Glutamic acid
and prolipe- in CMS: forms. were- high and were indicative of
synthesis of:acidic proteins, Total protein bound amipno
acids were: higher in RC. and:CMS: x.RC-forms than CMS and:
were:moraﬁor~léss~aqual“t0anomnal;fettiln;,The overall
study. revealed. that amino- acids: probably.have a role.in-
the mechanism-of male sterility .and fértility restoragion..
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Table 3 .: Protein content in the .inflorescence of
normal fertile, male sterile and restorer
lines of B8.juncea and B.napus.

: Protefin content (%) on dry weight
Line' 

Sample 1 'Sample 2 Sample 3

d.iuncza normal fertile’ 36.55 38.19 37.37

8. juncea male sterile

1) Petaloid c : ' 33.37
{1) Stigmoid o . 32.10
111) Rudimentary . 31.19

Restorer campestris (RC) ' - 36.61
Restorer nigra (RN) : s 35.40
RC x RN ' 39.16
MS x RC - | 38.56
MS x RN . 38.63
MS x (RC x RN) - 39.10
| 8.napus normal fertile 38.60
8.napus male sterile : : 33.74
8.napus restorer (Rnap) . 39.04
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Tablz 3 . : Awino acid content (nglq.an
v of normal fertile, male sterile a
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. restnrer'ﬁkngp).linescaf 8. napus

ther)iln the anthers
nd. fertility

Rnép

Fp s Free pool amino acid

-

caces cNSENSSssesascssssBLsLaAn

Pb s Protein bound amino acid

Aninoacid Normal:fertile  Male sterile
. ' (st igmoid])
‘ “Fp Pb - Po Fo Pb
Acidic .
~ Aspartic acid 0,081 3,313 0.100 2,130 -0.142 4,846
Glutamic acid 0,371 3.498 0,371 2,663 0.441 7.232
Substotal 0.452 6,811 0.880 4,799 0,583 12.078
Basic ,
Lysine 0.86 0,303  0.49 2,179 2.:1  7.087
Aryinine 0.026 0,686 0.037 0.532 0,058 1.730
Histidine 0,061 2.102 0.485 1,845 0,173 4,757
Sub-total 0.173  3.091 0.631 4,556 0,512  13.574°
Neutral E ) , '
1. Serine 0.206 2.317 0.497 1,352  0.451 3,718
2. Proline 1.676 1,505 1.148 1,078 4,203 3.3
3. Glycine 0.095 1,892 0.136  1.373  0.183 3,543
4. Alanine 0.322 1.687 0.459 1,409 0,855  3.827
"5, Valine 0,097 1.659 0.129 1.561 0.355,  3.561
6. Cystine - 0,181 0.517. - 0.368 0.048  2.161
‘7. Methionine 0.018 0.516 . ©0.101 0,240 0.073 1.293
8. lsoleucine 0.067 1,714' 1.079 1.283 0.193 3.291
9. Leucim '0.09. 3.679 0,15 2,005 0.282  5.55
'10. Threonine 0.271 .1.717- 0,249 . 1.026 0.852 2.889
11. Tyrosine 0.06e8 1.959 0.079 1.196  0.262 3.548
12. Phenylalanine 0,123 2,229 0.093 1.279 0,146 4,540
Sub-total 3,237 21,391 3,105 14,270 7,925 41,249
Amonia 0,055 0.232 0,108 0,531 0,805 0,432
Total 3.917 31,525 4,324 24,156 9,825 67,33





