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Development of one corn ear and verification the three
laws of inheritance
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Abstract: A new corn was developed as a lab material to verify the three Laws of Inheritance on only one F, ear with correct
segregation ratios of kernel traits. In order to investigate the three Inheritance Laws simultaneously with one ear, the sweet
endosperm (Suy), kernel color (C1) and the glutinous endosperm (Wx) were chosen as the original phenotypes. Gene Su;su, is
located on chromosome four, genes Ciciand Wxwx are located on chromosome nine. After several generations of continuous
self-pollination and test crossing, direct crossing and back crossing, with strict selections, the homozygous parents were ob-
tained. With different combinations of homozygous parents, different hybrids were developed. The segregation ratios of each
phenotype on the same F, ear are compared to the theoretical segregation ratios according to the corn gene exchange and gam-
ete types and quantities produced through meiosis. The results showed three ratios of 3 © 1, two ratiosof 9 : 3 : 3 1, and one
ratio of linkage and exchange, with all the chi-square values smaller than the permitted ones. This means that only one ear of
this new hybrid corn can be used as a new teaching aid to examine and verify the three Laws of Inheritance.
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Fig. 1 Hybrid diagram of purple starchy and white sweet corn
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Table 1 Observed numbers of F, kernels with different traits (numbers of the self-pollination are from the sum of eight ears,
numbers of the test cross are from the sum of seven ears)

F» Grains of self-pollination . ;
F, traits 1 2 3 4 5 6 7 8 tcz:t“grsogs Phenotypes
Ear 1 Ear2 Ear3 Ear4 Ear5 Ear6 Ear7 Ear8 Total
186 162 160 150 145 140 132 105 1180 426
Purple starchy Female parent
29 27 27 27 24 24 23 16 197 124
Purple waxy New
75 67 67 59 61 54 61 42 486 571
Purple sweet New
. 31 29 26 25 24 23 23 18 199 136
White starchy New
. 41 37 36 36 33 32 30 24 269 412
White waxy New
. 27 21 19 20 21 21 18 13 160 563
White sweet Male parent
389 343 335 317 308 294 287 218 2491 2232
Total
2 22, 22xYs, 55% c¢; wx
4 , 78xVs,  195%
2.1 F,
22 F,
ClCl , ¥ 3
Wxwx , 2212 77 64 ,
F, 8 )
3 1
8 , C1 WX , 4 2
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Table 2 Theoretical numbers of F; kernels with different traits
Self-pollination ears Test-cross ears
Fa
F, traits Phenotypes
2 — Expected number N Expected number P
Mating times . Mating times .
of grains of grains
( ) 27 4890.75 1 380.25
Purple starchy grains (Purple, non-waxy, starchy) Female parent
( ) 9 734.25 1 107.25
Purple waxy grains (Purple, waxy, starchy) New
( ) 12 1875 2 487.5
Purple sweet grains (Purple, non-waxy, sweet) New
( ) 9 734.25 1 107.25
White starchy grains (White, non-waxy, starchy) New
( ) 3 1140.75 1 380.25
White waxy grains (White, waxy, starchy) New
( ) 4 625 2 487.5
White sweet grains (White, non-waxy, sweet) Male parent
64 10 000 8 1950

Total
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Table 3 Comparison of theoretical numbers and observed numbers (numbers of self-pollination are from the sum of 8 ears)

Observed values Theoretical numbers Comparison
XZ
Inheritance Laws  Genotypes Traits Total no. of Observed no. of  Segregation Total no. of Derived no.  Segregation Expected Observed- 22
grains grains ratio grains of grains ratio no.of grains Expected value
Purple 1863 3 7500 3 1868 -5
C . 2491 10 000 0.05
o White 628 1 2500 1 623 5
1379 3 5625 3 1384 -5
Non-waxy
L " Wy —Wy 1845 7500 0.07
aw o 466 1 1875 1 461 5
segregation Waxy
1845 3 7500 3 1868 -17
Su;-su; Starchy 2491 10 000 0.61
Sweet 646 1 2500 1 623 17
1377 9 5625 9 1401 -
# Purple hard 24
purol ; 486 3 1875 3 467 19
Cici-Supsuy  PIESWEEL 5401 10 000 1.54
. 468 3 1875 3 467 1
# White hard
160 1 625 1 154 4
_ Lawof White sweet
independent
assortment 1379 9 5625 9 1402 -23
Starchy
486 3 1875 3 467 21
Wxwx-Su;su;  Purple sweet 2491 10 000 1.44
Waxy 466 3 1875 3 468 -2
. 160 1 625 1 154 4
White sweet
1180 4.890.75 1203 -23
Purple starchy Max Max
pueol 197 Mi 734.25 Mi 181 16
law of linkage ~ Cici-Waxwx L oPe WY g gg5 in 7500 in
& exchange . 199 . 734.25 . 181 18
White starchy Min Min
. 269 . 1140.75 . 280 -11
White waxy Mid Mid
23.6 22 1.6

Exchange value

: The sweet grains are not counted since the epistatic recessiveness of sweet to waxy; #: Hard grains=Starchy+Waxy.

= +
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Table 4 Comparison of theoretical numbers and observed numbers (numbers of the test cross are from the sum of seven ears)

Observed values Theoretical numbers Comparison
- . 2
Inheritance Laws Genotypes Traits Total Observed Segregation Total no.  Derived no. Segregation Observed- 2
no. of no. of ratio of grains  of grains ratio Expected Expected 1 value
grains grains no.of grains
Purple 1121 1 975 1 1116 5
Ci—<; . 2232 1950 0.04
White 1111 1 975 1 1116 -5
W Non-waxy 1098 562 1 o75 487.5 1 549 13 0.06
- —W, .
Law OIiZigrega i Waxy 536 1 4875 1 549 13
Starchy 1099 1 975 1 1116 -17
Su;-suy 2232 1950 0.48
Sweet 1133 1 975 1 1116 17
#
550 1 487.5 1 558 -8
# Purple hard
Purple 571 1 4875 1 558 13
CiC—Sujsu;  Sweet 2232 1950 1.23
#
548 1 487.5 1 558 -10
Law of Inde # White hard
pendent Assort- White sweet 563 1 487.5 1 558
ment Starchy 562 1 487.5 1 558
571 1 487.5 1 558 13
Wxwx-Su,su;  Purple sweet 2232 1950 1.23
Waxy 536 1 487.5 1 558 -22
White sweet 563 1 487.5 1 558 5
426 380.25 422 3
Purple starchy More More
Pueol 124 L 107.25 L 126 -2
ueple waxy 1098 ess 975 ess
i ) 136 107.25 126 10
law of linkage &  CaCrWxwxyyuie starchy Less Less
exchange
. 412 380.25 422 -11
White waxy More More
23.7 22 1.7

Exchange value

: The sweet grains are not counted since the epistatic recessiveness of sweet to waxy; #: Hard grains=Starchy+Waxy.
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