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INTROMICTION.,
As world protein demands Increase, one feasible methed to meet this demand

is teo incrcase-through breeding the yiéld, protein quantity and'quality'of

the widely accepted food legumes. In Latin America beans are the chief food

legume and constitute up to 337 of the total daily protein intake in certain
Central American countries (5). Although beans have an average protein con-
tent of 22% which is high in relation to the cerezls, it is rmuch lower than

that of so&beans. The poor nutritive quality of bean protein is well es-

- tablished and has been attributed in part to a deficiency in the sulfur

“containing amino acids (&), the presence of héat labile toxic factér (11),

and the resistance to protzolysis of certain bean proteins (14).

Various';orkers have shown a large range in percent crude protein and gvail-
able methionine between different bean linesg., Tandon (17) reported & range

from 3.217 to 4.467% nitrogen with .an average ok 3,44%, Silbernagel (15) evale |
uated a large hean collection and obtained protein ;alueé from 167 to 20%. °*
Rutéer {13) reported a range in protein content from 19% to 317 with &8 mean

of 24.6% in 343 lines grown in a gingle iocgtion in a single year, Tandoﬁ

{17} also reported a raﬁge in mathionine c;nteﬁt from 0.80 to 1.39lg. per 100 g.
of protein with an averégg pf 1.03 g, in the same 25 varleties. Bresséni (3;
showed a range fo:lﬁercént methioﬁinc from 0.987 tp.6.355 wiﬁﬁ'an average-af
0.183. Kelly (8)'screene§ 3600-bean_11nés and selettions for methionine and--
obtainad 82'wiph 33% higher micfohiologically available.méthionihe than a

standard variety Sanilac. .
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Heritability estimqteé of percent protein in beans have been reported by 2
workers; Leleji (9) obtained broad sense hgritability eqtimates-fo; protein
from 50.72 to 63.7%. -Harrow sense estimate; were 20,17 for the backcross
and 5% and 127% based on the F3/F2 regression. Porter (12) caléuldted a
broad sense estimate of Aé.ﬁﬁ and narrow sense estimates of 49.4% and 81.87%
for backeross and F3/F2 regression methndglrespecti;ely. He also reported
tatal sulfur content in beans as having a broad scnse heritability of 10.27

and & narvow sense estimate based on the F3/F2 regression of 77.4%.

The purpose of the present investization was to study the varisbility for

protein and methionine content which exists in beans and to determine the

mode of inheritance of these traits. This paper reports on the progress

and results of that study to date.
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Material snd methods

Thirty bean lines were selected for their differences in prbtein and methio-
nine content, hased on the surveys-of Rutger (13); Silbernagel £15) and
Kélly {8). These.lines were grown in nutriant solution in 1 gallon pots in
a growth chamber witﬁ a 14 hour daylensth, and day and night temperatures

of 25°C and 18°C respecﬁively. Single plants of each line were selected and

sced from them was increased {n the greenhouse. The resulting material was

grown in the field in plots of ten plants and four lines were selected as

parents for the hybridization study. fThese selections were based on plant
F
vigor, adaptability and low disease luncidence in addition to their protein

and methionine levels.

-~

Crosses were made between Bush Blue Lake 240 (BBL 240) and three PI lines,

. \
using BBL 240 as the female parent in all the crosses (Table 1). "The batk-

_crosses vere made using the Fy hybrid as the pollen parént. ‘The resulting

geneiations of Pg, Pys F1, Fy, BCPy, BCP2 were grown in thé field in Wigcon-
sin £1972)tn ; completely random design. IQdividual plants weré grown in
single hills surrounded by 8 guard plants spaced equidistantly apart to
waintain eguhl competition on all experimental material., -Seed waé harvested
from individual plants.and a sample from each was ground in a, Wiley 4111 and
passed through a 40-mesh screen. Nitrozen éontent and protein values
(protein = 6.25 X N) were determined by'éaCro-kjeldahl method. Methionine
analysis was c;rried out by the microbiological assay és described by Kelly

(7), using the bacterium Streptococcus zymogens.

Broad sense heritability estimates were calculated on the three families



using the formula given by Allard (2), and the narrow sense heritability
estimates based on the backeross populations were calculated by the Warner .

method (18).

2

for differences in percent protein and total methionine.” These materials ’

Selections of the F1 and F_ hybrid material grown in Wiscohsin,.werq made

were grown in CIAT ir 1973 in row pl@ts spaced 90 cm. apart and the hybrids
| understudy were interplanted with ége variety Tul te have eéual competi~ .
tion on the expe;imental_maté;ial. Plants were harvested lndividually and
a seed sample of eaéh was anzlyzed for protein and.methionine. Selections
of this material were made for high yield only, and enough seed from each
gelection was sown in a randomised block design in the field in CIAT 1974
te give a 10-plant stand per block using 3 blocks. Each plant was harvest-
ed separeately and seed ngmber and'seed welght was recordad for each. A '

five seed sample was taken from each plant and mixed to give a fifty seed

semple per block, This sample was then analyzed for protein and methionine.

Heritability estimates were calculated by the regression of the hybrid ma-

terial on the parent materigl.

A rat feeding trail was conducted to evaiuate tite biological value of the
four parent‘lines. The lines uﬂderstudy were cocked for 45 minutes and diets-_
were prepared with a 10% protein level using beans as the only protein source
(Table 15). - The assay was continued for 28 days using 6 rats per traatmant

and a casein diet was included as a control.



Results and Discussion

The variability fn protein, methionine and methibnine as Eercént protein
batween the four selected bean lines is large and is‘preSumed to be gené-
tic in origin (Table 1). PI 20%227 is a8 low protein, low mecthienine beaq
line, while PI 229813 is 8 high protein, low methionine l{ne., PI 302?&2
has a slightly sbove average protein and methionina content. The BBL 240
-line used a; the fewale parent In the crosses with the three PI lines is

a high proteiun, high methionins line with a superior quality protein.- PI
229815 follows a pattern, described by Adams (1), where high.protein is as--
sociated wipﬁ low pr;tein qualitg due'éo a negzative correlation (r = -0.87)
between nitrogen and methionine content in the- lines studied. WHis sugécs-
tion to fix protein content in beans at 22% and select for.high .yleld

and high methioﬁine types doesn't appear necessary in view of the charac-
teristics of the two lines Pi 302542 and BBL 240. In the latter two, the
.increased protein levels are associated with highér methionine content and
thus higher protein quality. Dickso# f&) fépqrted an independent relatien
between nitrogen and methiénipe in 21 bean lines and a positive correlation
of 0.78 between mgﬁhioning and lysine. Thus there exists an excellént op-

portunity for selecting for hlgh levels of both amino acids at the same- time.

The segregation patterns for percent protein iﬁ the three families studied
are precsented {n Tables 2-4, BBL-ZAO X PI 207227 (Table 2) wa; a crbss be-
tween high and low protein parents. The Fq préﬁeny mean is the same as éhe
mid-parent value indi;ating additive gene action. The mean of the F2 sene-

ration fell within the mid-parent range but was closer to high parent. Fig-

ure 1 showslthe skewed diétribution-towafds high protein with 6 hybrids fall-



ing outside the range of tha high parenF: indicating partial dominance for
high protesin over_lo; protein, This is in agreement with work in soybeans.
{6) but not with the partialldominance of genes for low protein in beans as
reported by Lelejl (9). The means of the two backcross pé;ulattons don't
differ from the ewpected values calculated on the asssumption of additive

gone action. The broad sense heritabilit} estimate for this family was 69.17
while the narrow sense estimate of zero is due to the ynusually high variance
in the BCP1 cenaration. The zero vaiue.for narrow sense heritadility which
ind{cates the lack of an additive cenetic component, is contrary Fo the
trends suggested by the generation means bur it shows the large environmental

effect on total protein, particularly in the BCP, genaration.

i

Table 3 shows the fréQUency difstribution of the different generations of the
cross BBL 240 X Pi 229815. The Fy generation has 2 mean lower than that of
the low parent indicating a possible overdominance compone;; for low protein,
Leleﬁi {9) observed a similar situation in a cross ﬁith the same line PI
229815. The Fy and bgckcross.generations h;ve means which approach the ex-
pected values based on additive gene action, but.all are skewed towards the

.low protein parent. T

-

The broad sense heritability was 71.2% and the narrow sense estimate was zero.
Maximum variability exists in the F2 generation thus the only explanation why
the variance in the BCP1 generation in both these families is higﬁer than in

the Fy is because this generation is much more sengitive to environmental

factors, thus causing the abnormally high variances.



BBL 240 X PI 302542 (Table 4) {s a cross belween high'and above average
protein lines. The Fl wean is the same as that of the high protein parefF
{ndicating possible dominance components for high protein. The FZ, BCPy
and BCP2 gaencrations resemble.closely thcse'nf the expected values for the
same generations assuming additive gene action. The low broad gense heri-
tability valuzs of 31.9% for this family is expected becausc of the small
difference in percent protein between the two parents. Also the fact that
PI 302542 tendad to be variable in perceﬁt protein emphasizes thg relative-
ly strong effect of tﬂe environmental variance. The narrow sense heritabi-
11ty value of 49.47% indicates a large additive genetic component which is
in ggreemant with the segregation patéerns of F2 and backevoss generations.
Ifowever since the broad sense heritability is the upéer limit tha£ one can
expect for-tﬁis sfacistic, the valueg in this family indicate the limitation
of the Warner method in the determination of the additive genetic component
in this material. Further work {s underway to determine this heritability
value using F31F2 regression and Fh/FZ regression analysis in an effort to

- overcome the obvious inadequancy of the Warner method for the determination

of narrow sense heritability in the families under study.

~ Methionine content (mg/g seed) has a broad sense heritability estimate of
74,47, end 3 marrow sense estimate of 28.67% for the cross BBL 240 X PI.207227
(Table 5). The mean values of the Fis F2 and backc;pss generations are
skewed towards tite low parent indicating a partial dominance for low methio-
nine ov;r higﬁ methicnine content. Thése regsults are in agreement with-ghosc

of Leleji (10) who encountered a similar partial dominance foir low methionine



in the F) and ¥, generations of a cross between low and high'methionine
parents, Porter (12) reborts additive gene action for sulfur content in

beans, but with a skewness towards the low sulfur parent.

Methionine as percent protein is a moderately heritable trait ;ith'a broad
sense heritgﬁility estimate of 58.7% and a narrow sense heritability of

87.71; The four generation means of the FI’ F2 and backerosses are skewed
towards tha lod.parent with cvidence'of poaéible transgressive segregation

for low methionine as percent protein iﬁ the BCP2 population.

The regression analysis of the.Fé hybrid materiai grown in CIAT on thg ¥y
parent grown .In Wisconsin, shown in Tables % and 1C¢, indicates a non rela-
tion between the two generations.- This indicstes the difficulty of early
generation selection ;s all the seed on.the Fz ﬁlant is segregatikg and the
analysis of a,see& sample'from a Fz blant doesn‘? necessarily represent the

potential of the remaining seed. !

Tables 11-13.show a similar regression analysis but using the F4 hybrids on

\

the Fq.parent. A positive regression coefficient was obtained only for one‘
family for the methionine trailt, indicating the “large environmental cffect

as demonstrated by the parent material in Table 8..

Currently the F, and FS progeny of the CIAT grown material shown.in Tables

9-13 has been analyzed for protein and methionine. The material was grown

to overcome_tﬁe prbblems of the two distinct enviromments. Tha resﬁlts of
this aspect of the work are.not available at this time but will be published

in the final thesis.



The negative correlation between yield and protein and methionine content
is illustrated in Table 14 bﬁt within this material it is still possible

to select lines with both high yield and high 'protein.

Finally Tables 15 ané 16 show the'compositiop and results of a rat feeding
trail using the 4 parent lines described in this study. Although the éif-
ferences shown sy this assay.are small, the 1line of methionine as percent

- protein, i.e. BBL 240 has the highest biological value and .the other lines

likewise shown a lesser value in agreement with their levels of methionine.

This reports have dealt very superficially.with the results obtained and
analyzed todate. This is because in the next 6 months the author will be
studylng the results in depth in order to find their true significance and

this will be fully discussed.in the final thesis, a copy of which will be

sent to CIAT.
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Table 1

DESCRIPTION OF SELECTED LINES OF BEANS USED AS PARENTS IN THE PROTEIN AND METHIONINE STUDIES

——

P.I. No. Origin Habit Secd Percené me ., ﬁeth. g; meth.
: Color protein 8. seced 100 g. prot
207227 - Colombia Inﬁeterminate Black 21.5 1.97 0.921
302542 France Datarminate 'White 25.1 2.60 . 1.033
BBL 240 U. 8. A. Determinate White 28.1 3.39 1.204
229815 U, s. A . Grey 31.9 2.72  0.862

Determinate




Table 2.

PI 207227, and their Fis F, and- backeross progeny.

Frequency distribution of percaent cruée protein in Bush Blue Lake 240;

No. plants/elass of % protein

Population 2155 23.5  25.5  27.5 29.5 3L.5 335 N %X s o
BBL 240 1o 15 22 48 28.1 2.86 4.8
PI 207227 1% 4 ‘ 23 215 0,91 4.4
Ty | 2. 8 12 1 23 2.7 1.63 5.2
F, 1525 54 31 15 5 1 146 25.8 5.82 9.4
BCPy * 1 4 4 & 5 2 1 - 21 27,2 10.85 .12.1 .
RCP, 8§ 21 7 2 1 | 39 23.7 2.51 6.7

Mid-parent

254.8

* BCP?) Backeross to BRL 240; o BCP, Backcross to PI 207227

Broad sense heritability = 69,.1%; Narvow sease heritabilicy = 0

.



Tahle 3. Frequency distribution of percent crude protein In Bush Blue Lzke 240,

?L 229815 and their F,, F. and backcross' progeny

- 1* "2

. : Ho, nlarnts/clags of ¥ nrotein 2 .
Population - 23.5  25.5  27.5  29.5  51.5 33.5  35.3  37.5  39.5 ®  x .8 cy
BAL 240 ' 1 15 22 . . 48 28.1 2.8 4.8
PY 229815 -~ . 1 2 2 7 11 _ 26 . 31,9 3.14 5.6
¥, ! 5 3 1 Lo B 10 2.3 2.3 5.6
F, ; 4 10 15 " 22 8 L1000 g g © 73 29.4 9.40 10.4
BCP, x 3 5 2 2 2 3 1 118 296 20.53 15.3
BCE , ** R 1 s 3 | 20 . 20.1 537, 17
Mid-parent - 30.0 '

% BCP Backcross to BBL 240; %% BCP, Backcross to PY 229815 .
Brpad sense heritability = 71.2%; Nirrow sense heritabilicy = O



Iable 4. Frequency distribution of percent crude protein in Bush Blue Lake 240

and PI 3025427 and their Fl’ F, and backeross progeny

2

fo. plants/claes of % protein

population  FL.5  Z3.5 25.5 " 27.5 29.5 3L5 N % 2 v

BBL 240 T 1s 22 48 28.1 2.86 4.8

PI 302542 3 7 16 6 1 ‘ 33 25.1  3.40° 7.3

F) 1 i 8 5 4 22 28.4 4.52 7.5

F, - 16 28 24 20 7 106 26.8 5.28

BoP, * 2 3 8 5 .'1 19 .27.3  4.10 2.5'
BCP, w¥ 3 12 16 12 4 ' 47 25.5 3.85 7.7

id-parent 26.6

8.6

* BCP, Backcross to BBL 240; ** BCP, Backcross to PI 302542

Broad sense heritability = 31.9%; “Narrow sense heritability = 49.4%



Table 5

Means, varfances and cocfficients of variation for percent protein, methionine content

arid methionine as percent protein in Bush Blue Lake 240, PI 207227 and

X .the Fl’ F2 and backeross ﬁrogeny
Merhionine content Methionine as
Percent protein (me/2. qf se2ed) percent protein

Population x & . ey x s2__- v x s ey’
BEL 240 28.1  2.86 4.8 3.39 .195  13.0 " 1,204 .0120 9.1
PI 207227 21.5 0.91 4.4 1.97 Q17 6.5 0.921 .0052 7.9
Fqy 24.7 1.63 5.2 '2.41 .C61 10.3 _0.978. .0081 g.é
F2 25.8 5.8z 9.4 2.60 .190  16.8 1.006 .0315 11.§
BCPy * 27.2 10.85 12.1 3.03  .257 16.7 1.111 .0087 8.4
BCP, ** 23.7  "2.51 6.7 2.18  .050 10.3 0.921 .0060 8.4
Mid-parent " 24.8 2.68 1.063 |
Broad semnse .
heritability 69.1% 51.9% - 37.5%
Narrow sense '

- 38.4% 91.1%

heritahility

* BCPy Backcross to BBL 240; *% BCP, Backeross to PI 207227.



Table 6

Means, variances and ccefficients of varfation for percent protein, methionine

content and methionina as percent of protein in Bush Blue Lake 240,

FI 302542 and the Fl, F2 ard backeross progeny.

Methionine content

Methionine as

Parcent P;otei; - {mz/e. of sead) percent protein’
Population x g2 cv - X ) 32 ' cVy x 32 (84
B3L 240 28,1 2.86 4.8 3.39 196 - 13.0 1.204 . ,0120 9.1
PI. 302542 25.1 3.40 7.3 2.60 052 8.8 1.033 0068 8.0
Fy 28.4 4.52 7.5 3.45 233 15.7 . 1,215 - L0229 12.5
P, 6.8  5.28 8.6 302 318 18.7 1123 L0229 13.5°
BCP, ¥ 27.3 4.10 7.4 - 3.21 159 12.4 1.161 . .0145 10.%
hcfz * 25.5 3.85 7.7 2.76 .231  17.5 1.075,  .0164 11.9
.Mid-pafent  26.5 . 3.00 o _ 1.118
Broad sense | ) .
heritability - 31.97 43.3% 39.3%
Narrow sense
keritability 54.5% 77.4% 65.1%

'* "BCP, Backcross to BBL 240; %% BCP, Backcross to PI 302542,

1



© Table 7

Means, variances and coefficients of variation for perceant protein,

methionine centvent and methionine a2s percent cof protein in Bush

' Blue Lake 240, P1.229815 and Fl’ F? and baékcross progeny

Mathionine content Methiorine as
Percent Protein v (mp/z of seed) Percent Protein
pooulation T 2 - A - T - 2 |
pulation x i) cv cx -, &8 Cy. X s cv
BBL 240 - °  28.1  2.86 4.8 3.39 .19 13.0 - 1.206 0120 9.1
PI1. 229815 31.9 3.14 5.6 2.72 .105 11.9 . 0.862 .0057 8.8
Fy 26.3 2.1 5.6 -2.4%  .069 10.5 . 0.945  .0042 6.9
CFy 29.4  9.40  10.4 2.76  .278 19.1 "L 0.93% .018 14.5
-1 S ; 29.6 20.53 15.3 3.10 483 22.4 1.045 0292 _ 16.3
"BCPg*k 30.1  5.37 7.7 2,58  .115 13.1 ' 0.858 .0073 10.0
Mid-parent 30.0 .- +3.05 : " 1.033
Broad scnse ) | . _ .
heritaebilicy . 71.1% ' 55.6% £€0.37%
Narrow sense
herttabilicy - ' - -

i BCPy Backcross to BBL 240; dex BCPZ Backeross to FI 229815,




Table 8

Comparison of the means for parcent protein, methicnine content and methionine
" as percent protein of the four bean lines grown in the two locations,

Wisconsin and CIAT,

Methionine contant Methicnine as

- Percent nrotein {mz/. of seed) percent protein
P;I._No. Wise. CIAT Wisc. CIAT . Wisc, _ .CIAT
207223 21.5 22.4- %% 1.97. 2.0 - . . 0,921 0.895
302542 25.1  26.1% 2,60 3.05 %% . 1.0_35 1.179 ¥
BBL 240 28.1 - 28,0 3.39 4.39 %% 1.204 1.567 %
229815 31.9 28.4 ¥ | 2.72 ;2;6_5 0.862 -0.935 %k

* and *% gignificantly different et 5% and 1% levels, respectively.



able 9

-

METHLOVIN” AS PERCENT PROTEIN
ENY FOR THE CROSS BUSH BLUE -
PYI. 207227.

PERCENT PROTEIN, METHIONINE CONTENT AND
'~ FOR F, PLAXTS AND THEIR R P XCG
' LAXE 240 WITH

Number of .

pilants in- Percent Methionine content Methionine as

ciuded in nrotein {mz/=. of seed) . % protein

F3 mzan. - Fy F3 Fq Faq Fyp RE!
3 26.4 24.7 2.42 2.39 ' 0.917 : 0.967
4 26.0 26.5 2.62 2.40 1.008 0.907

-3 26.4° 24.4 "2.15 ©2.30 " 0.814 0.942

6 22.9 26.2 2.08 2.76 0.900 1.053
6 24.5 24.3 2.35 2,31 6.959 0.953
5 24.8 26.1 - 2.20 2.72 . G.887 1.025 |
5 231.9 '25.5 - 2.90 2.52 ' 1.213 0.99%0
5 25.1 - 27.2 2.44 3.18 : 0.972 1.058
& 26.5 25.6 . 2.64 2.49 0.996 0.971
4 245 24.9 2,52 2.33 1.024 - 0.930,
3 - 23.9 24.4 2,25 2.47 0.941 1.005

Regression

coefficient ~-.0609 -.1357 ~.0496




PROTEIN, METHIONINE CONTERT AND MEYHYONINE AS PERCENT PROTEIN
FOR F, PLANTS AND THEIR Fy FROGENY ¥OR THE CROSS BUSH
BLUE LAKE 240 WITH PY. 302542.

Number of . -
plants in- Percent - Methinnine content’ Methionine as
cluded in rrotein (rmz/e. of secd) _ % protain
¥, mean. F F T F F F
3 2 3 2 3 2 3,
5 31.1 26.2 3.19 3.34 1.208 -1.222
2 26 4. 27.2 4.10 3.30° 1.318  1.256
1 28.5 L2401 - 2.62 2.43 0.919 « 1.008
1 27.3 23.7 3.2% 3.03 1.194 1.278
2 23.8 26 .2 2.52 3.46 1.089 1.339
A 31.6 6.4 3.44 " 3.55 1.041  1.327 .
1 25.6 29.1 3.45 3.97 © 0 1.348  1.364
-3 38.4 26.5 3.58 3.486 1,261 .1.306
2 30.4 26.8 3.69 3.06 . 1.2 1.142
2 30.0 28.0 3.90 3.92 . 1.300  1.403
2 31.1 "27.5 35.65 3.33 . 1.174 "1.212
Regression

cocfficient C L0012 ' . 3745 .4990




Table 11° ' ) . .

PERCENT PRCTEIN; METHICNINE CONTENT AND METHIONINE AS PERCENT PROTEIN
' FOR F3 PLANTS AND THEIR F, PROGENY FOR THE CROSS BUSH BLUE LAKE
2

-
IS
)

&0 with PT 207227.

Number of

plants in- Percent Mcthionine content Methionine as
cluded in protein. (mz/fg. of seed). . % protein.
Fs mean. Fj Fy, F3 Fy, Fq o F,
4 24.6 29.8 2.53 3.08 1.028° 1,174
2 22.4 28,5 ©2.23 .2.64 0.953 .0.928
5 24,4, 28.7 2.51 2.85 1.029 0.589
©.3 25.8 26.9 2.43 Z2.54% 0.507 0.932
4 23.5 27.1 2.50 2.70 1.084 1.000
6 30.1 27.0 3.02 2.74 1.003 1,018
-5 22.3 25.6 2.48 . 2.77 1,112 1.07%
4 22.4 6.5 2.15 - 2,36 0.960 0.900
-4 26.8 26.7 2.11 2.37 0.787. 0.889
3 26.3 25.9 2.72 2.53 1.034 0.975
-3, 23.0 27.3 2.26 . 2.89 0.983 1.055
3 27.2 26.5 2.99 3.48 1,099 1.241
4 25.0 26.1 2.59 .3.29 1.079 1.249,
4 25.0 25.1 2.50 2.42 0.962 0.969
5 26.3 26.8 2.37 2.66 ¢.901 0.994
5 25.5 23.5 2.38 2,15 0.898 0.915
5 27.7 25.5 2.76 2.25 0.996 0.872
3 24.3 25.2 2.52 2.54 1.037 1.009
4 26.3 24.8 2.23 2.14 0.848 0.870
3 25.6 27.2 2.23 2.39 0.871 0.902
Regression ' .
coefiicient -.1485 L6888 * . .9182 *%

* Significant at the 5% level; **% Significant at the 1% level.



Table 12

NT AND METHIOHINE A5 PERCENT
] s

FPERCENT PROTEIN, METHAICHINE CONTE
PROTEIN FOR Fq PLANIS ARD THEIR F; PRCGENY FOR THE CROS
BUSH BLUR LAXE 240 WITH PI. 302542, .
Number of i .
plants in- Percent Methionine content . Methnionine as
cluded in protein. ' (no/x. of seed) . % pretein -
F; mean. Fa ¥y Fq Fg F3 Fy
3 24,5 25.8 - 2.80 3.03 1.061 1.163
2 25.4 27.9 2.13 3.33 0.807 1.226
2 25.0 26.2 2.48 3.20 0.592  1.225
3 22.8 26.7 4,06 3.76 1.362 1.408
4 27.2 25.8 2.72 3.06 1.000 1.178
4 25.2 24.7 2.50 2.73 0.992 1.089
1 30.2 24.2 3.83 3.02 1.268 - 1.253
1 .26.1 - 25.0 2.91 3.18 1.115 1,223
4" 25.5 24.7 2.87 2.49 1.083 1.007
3 25.5 23.1 2.65 2.62 1.039 1,137
1 24.9 26.3 "2.77 2.97 1.112 1.129
L 23.8 28.3 2.54 T 3.61 1.067 1,279
1 25.4% 31.9 2.7% 2.30 1.087 0.721
3 26.4 27.5 3.04 3.12 1.152 1.13
2 23.9 25.8 2.62 3.34 1.096 1.298
2 30.4 28.5 3.72 . 3.42 1.224 1,183
2 2£.0 26,7 2.35 2.46 0.97%9 0.992
2 24.8 24,9 2.25 2,72 0.511 1.05C
1 3t.1 27.2 3.40 3.65 1,093 1,342

Regression - . : '
.coefficient -.0835 3394 - - .3584,




Table 13

PERCENT PROTEIN, METHIONINE CONTENT AND METHIOﬁINE AS PERCENT
PROTEIN FOR Fq PLANTS AND THEIR F, PROGENY FOR THE CROSS
BUSH BLUE LAKE 240 WITH PI. 229815 '

Number of

! * plants in- Percent Methionine content Methionire as
cluded in protain ' (mz/e. of sced) % protein
Fy mean, . F3 ¥, Fq Fy F3 Fy

. - 26.7 1.99  3.12 - 1.183
4 27.3 26.2 2.58  3.23 0.931 1.277
5 U1 26.9 3.16  3.04 0.954 1.126
5 26.5 24.8 2.69  2.48 | 1.015  1.009
5 . 32.2 26.7 - 2.80  3.02 0.870 1.104
5 0.2 23.0 . | 3.19 3.17 1.057  1.132.
2 1.4 . 27.9 3.11 2.75 0.930  0.987
4 25.9 27.6 2.08  2.83 0.803 1.026
R%gre:sio' . |
cozfficieat L1772 -. 0010 .0290




.Tahle 14

CORRE ATICH COZFFICIENTS AND NUMBER OF COMPARISONS FOR DAT2 FROM

THE POPULATIONS GEMERATED BY THE CROSSING OF BUSH BLUE LAKE
PI 302542 AND PI 229815.

240 WITH PI 207227, .

Yield wvs.

Yield vs.
Population % protein Methicnine content
N r N T
BBL 240
BT 207227 .
Fa 51 “ 3741 ®% 51 -.1299
Fy 81 -.5704 -¥* 81 ~.3670 **
BBL 240
PI 302542 "
F 25 -.3308 25 . -.1882
¥, 44 -.3170 * 44 -.1633
BBL 240
PY 229815
F, 35 -.1688 35. -.0070

* Significant zt

the 5% level; %% Sigrnificant at tha 1l%-leval.



Table 15 Evaluatjon of four bean lines., Percentage composition of

experimental diets. - Exp. CIAT 74-15

Lxpverimental diets
Ingredient Control 2 3 4 5
) (3) (#5) (#5) (#7)
% % | % % %
Casein 10.9 v - - -
Beans 1/ - 45.1 36.6 35.2 37.8 -
Corn starch - 80.9 46 .9 55.4 56.8 54.2
Minerals 4.0 4.0 4.0 4.0 4.0
Vitemins 2.0 2.0 2.0 2.0 2.0
Corn oil .' 2.0 2.0 2.0 2.0 2.0
Methionine 0.2 - . - . -
100.0 100.0 100.0", 100.0 100.0
- % Protein diet ."10.03 10.00 10.02 10.01 10.02

1/ Crude protein

content of bean samples were: 22,18, 27.37, 28.43 and

26,50 for #3, 5, 6 and 7, respectively.

-



Table 16

RESULYLS OF BIOLOGICAL EVALUATION OF FOUR BEAN LINES USING RATS 1./

Diet 2/ Experimental Total weight Feed PER
Variable gain (g) Conversion
1 Casein 96.0 3.2 3.2
Bean lines )
2 PI 207227 35.0 - 6.8 1.5
3 PL 302542 .35.9 ' 6.5 1.5
& BBL 240 43.4 6.0 1.6
5 PI 229815 - 32,5 7.3 1.4
1/ Experimental period: 28 days
Average of six rats per group
2/ Diets 1, 2, 3, 4 and 5 contained 9.8%, 10.0%, 10.5%,

10.5% and 10,0% crude protein respectively,
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