'(TA) Analysis of Seed Samples by Chi-square Method

© Appm_umm of statistical methods in biological experiments is called Biometry. A very important s of
biometry in Genetics is for testing whether an observed ratio may be taken as fit for an expected ryy;,

: Fot examples, the expected F, phenotypic monohybrid ratio is 3 : 1. But the actual observed rati, ,,
obtained by Mendel himself for the Tall X Dwarf monohybrid cross in pea plant was 2.84 : | and for 1,
coloured and white seed coat cross was 3.15 : 1. Some deviations between observed and expected ratj

is always expected while experimenting with living organisms due to accidents and chance. Th,

pmhlcn; is — how much deviation can be allowed due to these reasons, or, in other words, whethe;
2,84 : 1 and 3.15 : 1 can be taken as equivalent to 3 : 1? This can be found out by a process calle(
Testing Goodness of Fit and there are two methods of finding it out : (a) The Standard Error Method and

(b) The Chi-square (x*) Method.

(B) Probability

In order 10 understand the application of the Chi-square method for testing goodness of fit of a sample to

a particular ratio, one must have a clear conception about the Law of Probability. The Law of Probability

enables us to forecast the frequency of occurrence of a particular event when 2 or more alternative results

are possible. As for example, if a coin is tossed the result is either ‘head’ or ‘tail’, both the events having
an equal chance of occurrence. Thus, if the coin is tossed 10,000 times, there will be near about 5,000
heads and 5,000 tails, i.e. the two events ‘head’ and ‘tail’ will occur in 1 : 1 ratio. Accuracy in Biometry
depends upon the size of the sample, which should be sufficiently large. Thus, if the coin is tossed 5. 10
or 50 umes the result may not be exactly in 1 : 1 ratio.

If one takes two coins and tosses them simultaneously for a large number of times, the result will &
~ two Heads : one Head and one Tail : Two Tails in the ratio 1 : 2: 1. Probabxlity in these cases is S‘V°"
by the coefficients of expansion of the binomial formula (a + b)", where ‘n’ represents the number of
objects. So, if four coins are tossed simultaneously, the probabilities can be calculated as — (a + b)" 1¢
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licable to a number of biological probl
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which is a su i
mmation of the Square of deviation in each class (d?), i.e.

(0 - ¢)* where O = the observed number and e =
expected number (¢) for each class,

For example, let us consider Mendel's Tall X Dwarf cross wi
N ‘ » with pea plant. The ob
plants in F; were 787 tall and 277 .dwa.rf. For an exact 3 : 1 ratio, the expected nu;t?ers:;vu]‘d":mbcrs of
798 tall and 266 dwarf. Now, considering the two classes tall and dwarf ouidhave been

. _ (787-789)  (277-266)"
LT 266

121 121

T — e e—

T 798 266
=061

To find out }vhether this %2 value fits a 3 : 1 ratio, the attached Chi-square table is to be consulted
(Table in Appendix). _

Degree of freedom (d.f.) means the number of alternative classes which will be one less than the
number of actual class (i.e.,n — 1). So, fora 3 : 1 ratio the d.f, is 1. The right side column of the table shows
the probability of getting a high value of 2 because of chance alone if the sample is from a population
conforming to this particular ratio. Consulting this table it is found that the 2 value of 0.61 has P between
0.30 and 0.50, i.e., the probability of getting such a x2 value lies between 30% and 50%. So the result
obtained is a very good fit for 3 : 1 ratio. A ‘P’ value above 0.05 (about 5% level, i.e., 5 times in 100 trials)
s considered a good fit. Higher the value of P, i.e. smaller the Chi-square value, better is the fit.

It should always be remembered that in statistical analysis the sample taken must be reasonably
arge. Otherwise the conclusion may become erroneous. The ratio may be found to be good fit f.or 20r3
lifferent genetic factors. In class-work, if such a problem arises, all the genetic factors should be discussed.
fthe P value lies between 5% and 70% or even 80% it should be considered a good fir. If the P value falls
elow 5% level then it is a bad fir. And if the P value lies above the 80% limit then it indicates artificiality

or some other defect in the experiment.

For class-work, usually artificial seed samples
These samples are often so small that they appear 10
enetical ratios are discussed :

. Seed Sample No. 1

the expected number in each class and is divided by the

composed of different pulses and beans are §upplied.
be good fits for more than one genetical ratio. Some

The given sample (pea seeds) shows the following classes of phenotypes : _
iy o oo ' rved no. of xpec .
e Pcl;‘.i of Character Ob".“d. voads
s : Cotyledon yeliow = %
o "“- s LI DOS cotyledon green : : y
T ——— e : 3 : 1 ratio.
- The observed number of seeds appear 0 be very close to
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The observed no. of seeds = 87 + 33 = 120. This no. is divisible by 4, then the ex

be 90 and 30 which will give the genetic ratio 3 : 1. pected num,

(O -e)’
(&

X=X

_ (87-90)° . (33-30)’
90 30

4 2 2
_=D O
90 30
9 9
= — 4 —
90 30
=0.10+0.30
=0.40
The no. of classes in this experiment is 2. So, degree of freedom (d.f) is (n—1)=1.Fordf |,

e of 0.40 has P (probability) lying between 0.50 and 0.70. Hence, the probability

i-square value lies between 50% and 70%. So the given seed sample is a very goodfitly
a cross between two homozygou

Chi-square valu

getting such a Ch .
3 - 1 ratio, which is the F, phenotypic ratio for a monohybrid cross, i.e.

parents involving one pair of alleles.

2. Seed Sample No. 2

The given sample shows the following classes of phenotypes :

—

No. of Character Observed no. of Expected no. of
Class seeds seeds
1 Seeds dark brown in colour 67 63
2 Seeds light yellow in colour 45 49
I

The observed number & Se?ds APREAELG be very close to 9 : 7 ratio. The observed number of seeds
_ &7 + 45 = 112. This number is divisible by 16 and the quotient is 7. For 9 : 7 ratio, the expec™®
numbers will be 7x9=63,7x7=49,

(O —e)’
. o2 =
ot EET
(67— 63)° (45— 49)?
::-———""‘——""'___'_-—
63 49
2 2
L@ A
~ 63 49

_16 .18 025340326
63 49
‘___0'57901' 0.58
ymber of classes in this experiment is 2. So d.f. is n
en

e l. FOI" d‘f 1 .
p (Pr obability) lying between 030 and 0.50. Hence, the probability of Se'tg'?ghsl-siuare volume of 0.55
has 4ch a Chi-square value
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~en 30% and 50%. So the given seed sample is a good fit for 9 : 7 ratio, which is the F, phenotypic
lies betW eco mplementary factor. When two pairs of alleles have no individual effect, but together they
ralio f:;em each other to produce a phenotypic effect, it is called a complementary factor.
comp ‘

5. Seed sample No. 3

The given sample shows the following classes of phenotypes :

—"No. ot Character Observed no. of Expected no. of
Class seoads seeds
- Seeds dark brown in tolour 92 %6
2 Seeds yellow in colour 27 o4
3 Seeds light greenish in colour 9 8

The observed number of seeds appear to be very close to 12 : 3 : 1 ratio. The observed number of

seeds is 92 + 27 + 9 =128, This number is divisible by 16 and the quotient is 8. For 12 : 3 : | ratio, the
expectednumberwiileSX 12=96,8x3=24and8x 1=8.

(0-¢)’
N
L= .
_92-96)°  (27-24y L0O-8
C% 24 8
3
% 24 8

‘E+i+l
9 24 8 =0.166+0.375+0.125 =0.666

The number of classes in this experiment is 3, So, d.f.is n—1=3-1=2.Fordf. 2,a chi-square value
of 0.666 has P (Probability) lying between 0.70 and 0.80.

Hence, the probability of getting such a chi-square value lies between 70% and 80%. So the given
seed sample is a good fit for 12 : 3 : 1 ratio, which is F, phenotypic ratio for Dominant Epistasis. When the

dominant allele belonging to one allelic pair is also dominant over both the alleles of another allelic pair
it is called a case of dominant epistasis.
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Table 11.5 Chi-Square Probabilities

Probabilities
dr 095  0.90 0.70 0.50 0.30 0.20 0.10 0.05 0.01 0.001
I 0.004 0.016 0.15 0.46 1.07 1.64 2.71 3.84 6.64 10.83
Z 0.10 0.21 0.71 1.39 2.41 3.22 4.61 5.99 9.21 13.82
3 0.35 0.58 1.42 237 3.67 4.64 6.25 7.82 1135 16.27
4 0.71 1.06 2.20 3.36 4.88 5.99 7.78 9.49 13.28 18.47
5 1.15 1.61 3.00 4.35 6.06 7.29 9.24 11.07 15.09 20.52
6 1.64 2.20 3.83 5.35 7.23 8.56 10.65 12.59 16.81 22.46
7 2.17 2.83 4.67 6.35 8.38 9.80 12.02 14.07 18.48 24.32
8 2.73 3.49 5.53 7.34 9.52 11.03 13.36 15.51 20.09 26.13
¢ 3.33 417 6,39 8.34 10.66  12.24 14.68 16.92 21.67 27.88
10 3.94 4.87 7.27 9.34 11.78 13.44 15.99 18.31 2321 29.59
11 4.58 5.58 8.15 10.34 12.90 14.63 17.28 19.68 24.73 31.26
12 5.23 6.30 9.03 11.34 14.01 15.81 18.55 21.03 26.22 3291
13 5.89 7.04 9.93 12.34 15.12 16.99 19.81 22.36 27.69 34.53
14 6.57 7.79 10.82 13.34 16.22 18.15 21.06 23.69 29.14 36.12
15 7.26 8.55 11.72 14.34 17.32 19.31 22.31 25.00 30.58 37.70
20 10.85 12.44 16.27 19.34 22.78 25.04 28.41 31.41 37.57 4532
25 14.61 16.47 20.87 24.34 28.17 30.68 3438 37.65 4431 52.62
30 18.49 20.60 25.51 29.34 33.53 36.25 40.26 43.77 50.89 59.70
50 34.76 37.69 44,31 49.34 54.72 58.16 63.17 67.51 76.15 86.66

Fail to reject | Reject

at 0.05 level
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