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Summary

Grasspeal(athyrus sativud..) is characterized by low habitat requiremehtgh content of
protein and favorable composition of fatty acidsged. Simultaneously, grasspea posses a lot of
unfavorable traits from agronomy point of view. &sigal is to modify this plant on the genetic
level for example through mutation induction. THgeat of investigation constituted three gras-
spea mutants and their initial cultivar Derek, gmnedl for eight characters in Experiment Station
in Cerekwica. The field trial was conducted accogdim method of randomized block design with
three replication. All mutants were obtained afjeain irradiation of cultivar Derek with laser
light and two chemomutagen treatment: N-nitroso-&thylurea (MNU) and sodium azide
(NaNs). The aim of the work was to compare the variegrdR with its mutants with respect to
two selected traits: the number of pods per plamt the number of branches per plant. Both
considered traits are treated as discrete, sceimtialysis the logistic model which belongs to the
class of generalized linear models was applied.
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1. Introduction

The genud.athyrusis large with 187 species and subspecies beimggrec
nized (Alkin et al. 1983). However, only one spscieLathyrus sativus- is
widely cultivated as a food crop, while other spscare cultivated to a lesser
extent for booth food and forage (Campbell, 199@fhyrus sativuggrasspea)
has a long history of cultivation in part of Eurppéorth Africa and Asia, a
specially of certain region in India, Pakistan, Bladlesh and Ethiopia. Accord-
ing to Milczak et al. (1997), grasspea first appdain Poland (in the region
Podlasie) accompanying lentil as weed as far badke 17 century, together
with Tatar settlements. In 1991, Milczak et al. 2 through selection from
local grasspea population, there were developedotewmising lines with sym-
bols 'Der' and 'Kra' which, after a series multiyBeld experiments were regis-
trated as original cultivars — Derek and Krab.

Lathyrus sativuss used as a forage for livestock and as a poalsbdman
consumption; it is nutritionally on a par with othgrains legume species, con-
taining up to 30% crude protein (which is high ysihe), 0.6% fat and about
60% carbohydrate (Hartman et al., 1974). The seedtain also an interesting
fatty acid composition (linoleic acid — 38-56%,dlanic acid — 6-8%), dietary
fibre (NDF — 130-170g, ADF — 76-85¢g) and miner&s:;, P and microminerals
(Grela and Winiarska, 1997). The grasspea is fadfwor its ability to mature
and produce a yield in times of drought when theptrops have failed (Kear-
ney and Smartt, 1995). Apart from unquestionableaathges this plant is also
characterized by number of less favourable featstesh as strong lodging, inde-
terminate character of growth, or excessively lpegod till ripeness, as well
as the presence of anti-nutritional substance®éus (Ryhiski et al., 2004).
Apart from effects of recombination the genetic ioygment of a number of
unfavourable characters was made by use of mutatdunction and obtained
mutants were the main objects of presented paper.

This paper presents the comparison of selectedtyasf grasspea with its
three mutants with respect to number of brancheglpat and number of pods
per plant. Both traits, number of branches and rarnalb pods, are represented
by the discrete random variable. In that case tkthads of standard linear
model are insufficient. Therefore to the statidtigaalysis the logistic model
which belongs to the class of generalized lineadehwas used.
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2. Research material

The initial material for mutagenic treatment wasstituted by seeds of
Polish grassped.éthyrus sativud..) cultivar — Derek with use of helium-neon
laser light and N-nitroso-N-methylurea (MNU). Sdien of mutated genotypes
was performed in generation,Mnd in M, the progeny of obtained forms was
sown, together with the initial cultivar Derek, dnder to verify of the changes
observed in generation MAfter multiplication of stabilized mutants, threé
them (D4, D11 and D13) as well as initial cultiviaerek (control) were the
objects of field trial set up according to the ramdblock method (with three
replications) performed on the Experimental Fididnstitute of Plant Genetics
in Cerekwica in 2003. The seeds were placed inraxeatal plots with spacing
15 x 30cm. Determination performed after the harveseoed eight qualitative
traits. The paper describes the statistical armlpgirformed in independent
manner according two of estimated characters: puosber and number of
lateral branches per plant. Each of studied unés wlassified with respect to
three seperate categories. For the first trait gamof branches per plant) cate-
gorie “small” means 4-9 branches, “medium”: 10-a&d “large”: 16-25. And
the second trait (humber of pods per plant) categemall” means less then 70
pods, “medium”: 70-100, and “large” more then 1@@ip.

3. Description of method

The *"visible” traits like for example number of Ioches per plant, number
of pods per plant and number of seed per planuswelly the results of some
genetic tendency continuous in character. Thesdetaries are represented by
continuous random variable which is hidden and dhé/results of classifica-
tion of observed units (with respect to a symbolidinal scale) are analyzed in
detail. We classify the observed units to ordisaparate and usually symbolic
categories. And for example, the number of seedpfzet can be described as
small, medium and large (three symbolic categariBlsg¢ results of such classi-
fication are connected with some discrete randonabke.

The relation of hidden continuous random variabih & discrete is deter-
mined by borders of successive categories. Inalitee the borders are called
thresholds (see Misztal et al., 1989) or cutpaisee Miller et al., 1993).

For an experimenter who carries out an experinientay be interesting to
estimate unknown probabilities of successes oVviddal categories or cumula-
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tive probabilities. But sometimes the possibilitf the comparison of such
probabilities for various treatments is more ins¢irey.

In order to obtain searched probabilities one caathe generalized linear
models (see McCullagh and Nelder, 1983, 1989). @rihem is so called pro-
bit model (see McCullagh and Nelder 1989, p.31)which we assume that
hidden continuous random variable is standard nodistributed. However,
searching for estimators of parameters in such deinmeans encountering
numerical problems connected with the inversioa ctimulative density func-
tion. It is easier to find the solution assumingtandard logistic distribution
(see Rao and Toutenburg, 1999, p. 316), which smaler form of an inverse
function. Such assumption leads to the model wisidalled the logistic model
(see Agresti, 1984, p.104).

Let us assume that in experiment there sairedependent treatments, each
represented by fixed number of unite The studied units are classified ko
separate categories. Lat be the probability of the belonging of the studied
unit to thej-th category corresponding tdh treatment. The logistic model can
be now written in the following form (see Miller at., 1993, compare Baki-
nowska and Kala, 2007)

|09L=gj+ri, j=12....k-1 i=12..,5 (3.1)

_ji

where 6’J- is border (cutpoint) of-th category,7; is the effect of-th treatment

(in result HJ- +7; means the cutpoint ¢ith category foi-th treatment), ang/;;
is thej-th cumulative probability corresponding to unifd-th treatment,

yji :T[li +T[2i T

i =120 ,k=1
The results of classification of studied units aseially modeled with the
use of multinomial distribution, which is determihéoy probabilities 77,

k
] =12,...,k, summing up to oneZ:T[ji =1, and the fixed number of units
j=1
m. Our aim is to estimate the unknown cumulativebgphilities in model (3.1)
based on the experimantal data. The observed fnetpse which are natural
estimators of unknown probabilitieg, j =12,...,k, will be used in estima-

tion by weighted least squares method.
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4. Analysis of experiment

The model described in previous section will bedus®e analysis of data
presented in Research material”. For each trait we have=4 treatments
(Derek, D4, D11, D13) an#=3 separate categories to which homogeneous
units are classified. The data are presented ite$dband 2.

Table 1 Data concerning number of pods per plant foraltDerek and its mutants

Categories
Treatments small medium large
Derek 1 78 71
D4 8 100 42
D11 34 112 4
D13 2 121 27

Table 2 Data concerning number of branches per plantidtiivar Derek and its mutants

Categories
Treatments small medium large
Derek 24 90 36
D4 42 82 26
D11 43 85 22
D13 63 77 10

The parameteﬂj in model (3.1) can be interpreted as the avenaijl,re-

spect to varieties, value of theh cutpoint, because effectg sum to zero
(compare McCullagh and Nelder 1989, p. 176):

4
Y1 =0. (4.1)

i=1

Rembering about above equality (4.1) we can consimemodel (3.1) with
smaller number of parameters. The cutpoints foeareshed trait for next treat-

ments can be written as:
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Cutpoint of Derekd; +1, =6, + o + p, + p3, | =12,
Cutpoint of D4:6’j +7, = 6’J- -p, =12

Cutpoint of D11:6’J- +I5= 6’J- -Py =12

Cutpoint of D13:6’j +1, = 6’j -pP3, =12

Using the weighted least squares method, basetheonata presented in
Table 1, we have obtained the estimates of unkqnmvametersﬁ?j j=1,2 and

p,,1=1,2,3 for number of pods per plant:

6,) (-3.006
b, 1.462
o |=| 0414
2, | | -1.817
Ds 0.039

and similarly for number of branches per plant

8,) (-0.956
0, 1.749
2, |=| 0064
D, | |-0034
;) \—0.669

Therefore, searched treatment effects for numbpod$ per plant are

) (-1.364
t,| | -0414
t,| | 1817
t ~0.039

IN
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and for number of branches per plant:

t,) (-0639
t,| | -0064
t,| | 0034|
%, 0.669

Based on these estimates we can obtain the essimatimulative probabili-
ties. According to the model (3.1) the searchedbghdities are of such form

exdé. + fi)

o= L j=12 i= 1234
N rexdg er) 1T

The results are presented in Table 3.

Table 3. Estimates of cumulative probabilities for numbgpods

Derek D4 D11 D13
j=1 §1,=0.0125 $12=0.0317 §/13=0.2333 $14=0.0454
j=2 §p1=0.5244 V2207404 §/23=0.9637 $/>4=0.8058

And similarly for number of branches per plant tlesults are presented in
Table 4.

Table 4. Estimates of cumulative probabilities for numb&branches

Derek D4 D11 D13
j=1 §,,=0.1687 §,,=0.2650 V13=0.2846 V1470.4286
j=2 y/»1=0.7522 V»,=0.8435 y»3=0.8560 J24=0.9181

However, in Figures 1 and 2 relation between egéthacumulative
probabilitiesf/ji obtained using the model (3.1), and cumulativebabilities
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Fig. 1. Relation between estimated cumulative probatﬁli}%ﬁ obtained using the model (3.1),

and cumulative probabilitieﬂ for number of pods per plant
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Fig. 2. Relation between estimated cumulative probabiliﬁ%s obtained using the model (3.1),
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and cumulative probabilitieﬂ for number of branches per plant
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V, =7, +..+ 7T, as the natural estimators pf (where7z, are the observed
frequencies) for number of pods and for numberrahbhes, respectively, is
presented.

The analysis of Polish cultivar Derek and theiethchoosen mutatnts by
using logistic model showed that the most distarfcenh initial form mutant
with respect to number of branches per plant wa3, bat with respect to num-
ber of pods per plant was D11 mutant.

5. Discussion

In the last time the increasing interest to useagfeterian diet caused in
Poland a visible propagation of consumption suaetale crop as grasspea,
characterized by high nutritional value as welltaste seeds (Milczak et al.,
1997). The observed tendency for consumption &tstrgnsformed foods may
cause, that not fully ripened grasspea seeds dmulekry attractive for packing
trade as chilled fruits and sterilized tinned f¢&aniecik et al., 2001).

Grasspea apart from very interesting charactengoitant from agronomi-
cal point of view, is characterized by a few unddse traits (Campbell et al.,
1994, Hanbury et al., 2000). The improvement o$ #ibove mentioned traits
may be obtained through use of mutation inducteadéd to broader genetic
variability. The papers presented by Nerkal (19a8) Singh and Chaturvedi
(1987) indicate on such possibility.

The obtained results should be treated with graatien as the effect of the
initial analysis of research material. Drawing faem conclusions two aspects
has to be taken into account: (i) proposed categdmall humber, medium
number and large number) are conventionally onlg &me experimenter
(farmer) as the cutpoints can accept any valuesopppte his opinion and in
practice, (ii) experimental treatments should bangixed in the context a lot of
traits, because for example large number of pod¥oanlarge number of
branches not always connected with its large gnagight, and in consequence
it is not good material to further researches.
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ANALIZA WYBRANYCH MUTANTOW L EDZWIANU SIEWNEGO
PRZY ZASTOSOWANIU
UOGOLNIONEGO MODELU LINIOWEGO

Streszczenie

Ledzwian siewny [athyrus sativud..) charakteryzuje siniskimi wymaganiasrodowisko-
wymi, wysoky zawartdcia biatka oraz korzystnym sktadem kwasow ttuszczowyclziarnie.
Réwnoczénie, kdzwian posiada dio niekorzystnych cech z agronomicznego punktu widze
Dodatkows zmiennd¢ genetycza wprowadzan do nowych odmianetizwianu siewnego mama
wywotaé poprzez mutagenez Materiat do bada stanowity trzy mutantyeldzwianu oraz ich
forma wygciowa Derek, analizowane pod wedém émiu cech na polu daviadczalnym Instytu-
tu Genetyki Rélin w Cerekwicy. Déwiadczenie przeprowadzono w uktadzie blokow losowgan
w trzech powt6rzeniach. Mutanty otrzymano w wyntkaktowania nasion odmiany Derékia-
tlem lasera i chemomutagenami N-nitroso-N-metylamakem (MNU) i azydkiem sodu (NaN
Celem pracy byto poréwnanie odmiany Derek z jegoamitatmi pod wzgidem dwoch wybranych
cech: liczby sttkdw z railiny oraz liczby rozgadzien z raéliny. Obie rozwaane cechy traktowane
byly jako dyskretne, co umbwito zastosowanie modelu logistycznego, ktéryaagldo klasy
uogolnionych modeli liniowych.

Stowa kluczowe:model logistyczny, mutantgdzwianu, uogélniony model liniowy
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