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Al3STRACT 
Knowing breeding  behavior and cytological  location of traits  helps  breeders. My objective was to  locate 

dominant genes for long first internode of corn (&a mays L.) . I determined  that  Hopi  Indian  corn 
PI213733 (variety  Komona) displayed the trait  and grew  well  in the U.S. Corn  Belt. I crossed  PI213733 
to  26 translocation  tester  stocks  in  Minnesota  inbred A188 background, backcrossed  semi-sterile  plants 
carrying the translocation  to A188 the next generation, and grew the  segregating  generation  planted 
in trenches 15  cm deep with ridges of dirt 10  cm  high one year,  in trenches 25 CIII deep the other year 
and also  at normal ( 6  cm) depth. Emerged  plants were  classified for semi-sterility or  for  normal  pollen. 
I concluded  from  multiple  testers  for  each  chromosome arm that dominant genes  for  long first internode 
are  located (chromosome and region) on 3S, on 6 near  the centromere, and on 9s; spurious associations 
occurred  for two testers.  Measurement of cell lengths  indicated  that PI213733  had  more  cells than A188 
both  in upper and in  lower  mesocotyl  sections and  that lower, older cells elongated  sooner. I found a 
normal-sized  kernel  with  twin  embryos that  developed two long  first internode seedlings  indicating  that 
the amount of endosperm  did not limit mesocotyl  growth. 

T HE mesocotyl or first internode of the  corn  plant 
is the  structure  that  compensates  for  depth of 

planting of the  kernel.  The mesocotyl continues  to grow 
until  emergence of the  coleoptile  after which mesocotyl 
growth is inhibited.  Further growth of the  seedling 
plant is due to  the  development of successive leaves 
previously enveloped by the  coleoptile  (see Figure 1 ) . 

Corn grown in  the US.  Corn Belt is commonly 
planted -6 cm  deep.  In  the  arid southwestern  region 
of the  United States and parts of western Mexico, Indi- 
ans  plant  their local varieties of corn  at a depth of  30 
cm or  more in  an  attempt  to  reach soil moisture.  These 
Indian varieties emerge  from  great  depths of planting 
due to  their  inherent capacity to develop long mesoco- 
tyls (see Figure 2 ) .  

The  long mesocotyl characteristic  might be of value 
in US.  Corn Belt hybrids. It  could  contribute  to in- 
creased  seedling  stands  where  the  seeds were intention- 
ally planted  deeper  than  normal to reach soil moisture 
or  to avoid damage  from surface  application of harmful 
chemicals,  where the seeds were accidentally  planted 
deeper  than  normal  due  to  poor  planter  adjustment, 
or where  the  seeds were planted  at  normal  depth,  but 
greater  seedling  emergence  force was required because 
of surface-crust  formation. 

A knowledge of the  mode of inheritance of agro- 
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corn  cytogeneticist,  enthusiast,  teacher,  fisherman,  and good 
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this paper. 
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nomic  characteristics is of value to  the  plant  breeder. 
The primary objective of the  present study was to  deter- 
mine which chromosome  arms  contain a dominant 
gene  or genes  normally  governing the ability of a cer- 
tain Hopi  Indian  corn variety to emerge  from  deep 
depths of planting. 

WALLACE et al. (1949) state that  in deeply planted 
corn  the  length of the mesocotyl varies greatly among 
varieties. In varieties from  the American  southwest and 
from western Mexico the mesocotyl may be 30 cm or 
even more in length if the  corn has been  planted 
deeply. DUNGAN ( 1950)  compared a  strain of Indian 
corn with hybrid U S .  13. In  plantings at 5-cm intervals 
from 5  to 30 cm  deep,  the  Indian  corn  emerged  from 
the 30-cm depth while U.S. 13 failed  to emerge  from 
depths of planting >20 cm. He observed that  the ker- 
nels of U.S. 13 were 20%  larger,  but  a lower proportion 
of the  food reserves was used during  germination  than 
for  the  Indian  corn. B ~ o u w  et al. ( 1952) described the 
cultural  practices ofHopi  Indian  corn growing. Because 
lack of water is  always a problem,  the  corn fields are 
located  where soil moisture is likely. The fields are  not 
plowed, but  the weeds are removed; then  the  sand is 
scraped away from  an  area 30 cm or so in  diameter  and 
a  hole is dug in moist soil for receiving the kernels. 
Eight  to 12 kernels are  placed  in  each  opening  and  are 
then covered carefully by hand, using first the moist 
soil and  then  sand.  The  hole may be 6 to 10 cm deep 
in  the soil, but 30 cm or even 46 cm below the surface 
of the  sand.  The hills are  spaced  three steps apart  in 
the row and rows are likewise three steps apart,  and 
after  emergence,  the plants are  thinned  to five or  six 
per hill. ANDREW ( 1953)  reported a sweet corn  inbred 
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linc (5002) exhihiting  an unusu;dly short  mesocotyl. 
In all b u t  two of 2.5 FL' familics it satisfactory f i t  t o  a 
three  long t o  one  short   ratio  occurred.  The  total  of 
the  srgrcgattrs equaled 1667:544 where 16.58:.553 were 
expected. H e  conclu<lctl  thiit  the  character \\'its inher- 
ited  as a simple  recessive  ant1  suggested  the  designation 
.r/i (short  first internodc) . 

X hicf account of reciprocal tt-anslocation early his- 
tot'l\' follows. L \ R I L \ I U  ~ ~ ~ : ~ ~ 1 . 1 s ~ 1 ~ 0 ~ : K  ( 1930) determined 
that . s rwi - .v /n - i / [>  2was a reciprocal  tr:tdociltio11  involving 
the  sccontl  alltl  third  sm;dlest  chromosomes. Her 
method involvctl the  cytological  examination of crosses 
of srmi-slrrilr 2 with known  trisomics. ASI>EI<SON ( 1935) 
showed  that  in  heterozygous  interchange  (semi-sterile) 
plants,  thc  tlistrilmtion of chromosomes is such  that 
one-half of  the spores receive a normal and an inter- 
ch;lnge  chromosomc,  one-fourth  receive  both  normal, 
a n d  one-forrrth  rccciw  both  interchange  chromo- 
somcs.  The last t w o  CliISses h ~ e  all parts of both  chro- 
mosomes  reprcsentctl  ant1 arc \iilble. T h e  spores that 
rcccivc a 11ortnid and   an  interchange chromosome are 
tlcficicnt for  a portion of one chromosomc  and  dupli- 
cated for a portion o f  anothcr.   These fail to form tior- 
mal  pollen and i\ppcilr 21s empty or  svarch-free,  abortive 
grains.  The elimination o f  these hpcs of spores make 
thc  interchangc ilppei1r t o  be transmitted ilS a single 
Itnit.  Crossing  over may occur hetwern  an  interchange 
chromosomc  and its  normal  homologue  at  any  point. 
The  intcrchangc  may  thus l x x  follo~\~ed in  linkage  tests 
by means of thc semi-sterility,  which  behaves  in ot~t- 
crosses  like 21 t lominant  gene at the  locus of  the  inter- 
change in I,oth linkage  maps. ASI)IXSOS ( 1938) first 
suggcstctl tllc IISC ofrcciprocitl tr:~t1sloci~tiol1s in  linkage 
tests. Rcciprocid trat1sIoci1tiorls arc particularly uscft1l 
gcnctic tools l ) c ~ ~ \ u s e  they Ililvc little effect upon  the  
plant other tlxun semi-sterility o f  the pollen  antl ovules. 
, l Y I ) t : w o Y ' <  1 n r ~ t l l c d  i< r<nc.r.iallv 1 1 w f t 1 l  for Ilnmat-krvl 

I ~ I ( ; L . I u ; .  L'.--I.cngtI~ oI'~nc~socot\ls  01 l'l2l:<i33 (v;u.ict!. Kcr 
Inon;\), which ;~vcr;~gc*s -24 cnl nlasinlllnl. and 4linncsota 
inbred AIHX, which averages -i cnl n1asinlurn ( arro\cs de- 
n o t r  first nodrs) . 

portions o f  the   chromosomes  and for determining  the 
number  of genes  controlling  qllantitativc  traits. An ex- 
cellent  chapter  in M a i z ~ f i w  flinlng-ird I<csc.lr,r./? provides 
a more  extensive review ( RII<SII>\M 1982). 

Translocation  markcr  tcchniqucs  have Ixxm success- 
fully utilized to locate Ikctots for the following  characteris- 
tics: smut  susceptibility  and resistil11cc ( RIY<SII:\\I iund 
C\RTL,EIX;E 1939) ; reaction  to  smut and firing ( S;\ROE 
and H,\ws 1941 ) ; hrlsk length,  ear  length,  and clays t o  

silking (FRI:.I:.>I,\s 1946) ; resistance  to lfr/~~?i??l/?[~.s/~[~ri?17~? 
rndm711v1 ( UI,ISTRIT antl Rlzr:ssos 1947) ; kernel row 
nurnher (MASS 19.50) ; o i l  content of the  kernels 
( MII.LXR 19.51 ) ; resistance to ElIropeiltl cor11 borer 
( IRK\HIM 19.54) ; pericarp tenderness ( ;MoII;\\II.:D 19.54) ; 
pollen  restoration ( LIXI)I:.S 19.56; ( DL.\X:K P/ rd. 1 9 6 1  ) ; 
resistance t o  If. lltrrirurn (JESKISS r/ (I/. 19.57) ; and resis- 
tance  to I'wrinicl snrghi ( RL*SSI<I.I. and HOOKER 1962). 

MATERlAI,S AND METHODS 

I ohtaincd Tout- clifkrcnt Hopi I n t l i ; ~ n  corns (P121JiJ2, 
PI2ISiJS, PI2lJi34, and P121Ji:45) from the Regional Plant 
Introduction Station a t  Amc-s, I o w a .   I n  ;I prrliminaIT test 
PI2IJiJS and PI2IJiJ.5 tlispli1ycd lengths >24 ctn from grt-m 
face to colcoptilar  notle. The cars 01' P1213iJ.5 often rottcd 
under hags sulxxpcnt t o  hand pollination, s o  I concentrated 
work on I'I2IJiS3 (variety K o k o t m )  . I crosscrl PI213733 to 
a set of 26 translocation trstcr stocks ( s c c  Ti~hle I ) th; t t  had 
becn part ofa backcrossing program t h a t  placed thc transloca- 
tions i n  a ncar-uniform Minnesota inl,rrtl X188 hackgrorlncl. 
Thc n r x t  scwon I classified lrcsh pollen of  the crosses w i t h  
the a i d  of' 21 pocket nlicroscopc (JOX ~ ~ ~ i ~ g t l i l i c ~ ~ t i o ~ l )  and :I 
hakclitc,jar cap  and tagged plants showing semi-sterility typi- 
cal o f  translocation hrtrrozygotcs. I classilictl t h c  pollen o n  
t w o  o r  morc dates o f  A 1  semi-strrilc plants sul)seq~~cntly polli- 
nated w i t h  pollen f rom PI213iS3. I ha t~es ted  t w o  or nlorc 
semi-sterilr c i w s  f'ron~ c;lch translocation stock. 

I grew t w o  cars o f  rach hrtt*rozygous tr;unslocation X 
PI21:~753 cross a t  Univcrsity Farm, St. P a u l :  classified each 
plant's pollen on  t w o  o r  tnorc tl;~tes; and pollinated a l l  somi- 
stcrilc phnts with p o l l c n  from AI88. I inspectctl a l l  l1and 
pollinatctl e;m IO insrlrc they tlisplayc-rl t h r  semi-strrility typi- 
c a l  of  translocation hctcrozygotcs and h;~r-\cstrtl onr such 
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ear  from  each  ear row. The plants from resulting  seed of 
translocation  heterozygote X PI213733)A188 would be ex- 
pected to segregate for semi-sterility and  for  long mesocotyl 
where the genes for  long mesocotyl expressed dominance 
over their alleles in A188. 

I conducted a separate study to compare  the mesocotyl cell 
lengths of PI213733 with Minnesota inbred A188. I planted 
50 kernels each of PI213733 and of  A188 4 cm deep  germ 
face up  in a sand  bench in  a completely randomized field 
plot  design, allowed the plants to grow to the  three leaf stage, 
and  then  uprooted  and  examined  the plants. I  chose 18 plants 
of each  seedlot with nearly identical mesocotyl lengths, di- 
vided them  according  to seedlot, excised the mesocotyls, and 
then transversely cut  them in half. I kept the  upper regions 
(near leaves) separate  from  the lower regions (near  roots) 
within each seedlot. I made fresh radial hand sections of each 
specimen and  determined  the  length of >250 cortical cells 
by use of an ocular  micrometer. 

I grew the  segregating  populations, translocation heterozy- 
gote X PI213733) A188, on a  farm near Mankato, Minnesota. 
I delayed planting  until the  latter  part  ofJune when soil tem- 
perature was warmer. I dug trenches  15 cm deep, first with a 
tractor cultivator, then with a tile crumber to form a smooth, 
even surface and drove wooden stakes at each end of the 
trenches  for  taut strings attached 25  cm above the level of 
the  bottom of the trenches.  I planted 100 kernels  along the 
bottom of the  trenches  germ face up  at 18-cm intervals from 
each of two ears  from  each backcross progeny  except for  four 
ears  where < 100 kernels were available. I shoveled soil back 
into  the  trenches  and  added soil to form a  ridge up  to  the 
level of the strings. 

The  next year I grew the segregating  populations on the 
same  farm  again delaying planting until the  latter  part of 
June. I dug trenches 25 cm deep with a Davis T-66 Self-pro- 
pelled Utility Trencher,  manufactured by  Davis  Mfg., Inc. of 
Wichita, Kansas. I planted 50 kernels germ face up  at  14cm 
intervals with double spaces between seedlots  from  each of 
two ears  from  each backcross progeny  except for five ears 
that were short of seed.  I then filled the  trenches to original 
ground level and refilled them after  settling. 

The following year I grew the segregating  populations on 
the same farm and again delayed planting until the middle 
of June. I planted  up to 50 kernels for each ear of each 
backcross progeny with a hand  planter  at an approximate 
depth of 6 cm. Each seedlot germinated in excess of 90%. 

During flowering I classified pollen, tagged plants for pol- 
len type, and  recorded  number of normal and semi-sterile 
plants for each  seedlot  each year. 

RESULTS AND DISCUSSION 

Locating genes for long mesocotyl: As previously 
stated, the backcross populations were expected to segre- 
gate for semi-sterility and for the long mesocotyl condi- 
tion. Linkage of a  gene or genes conditioning the long 
mesocotyl character with a chromosome or chromosomes 
involved  in a specific translocation tester would result in 
an excess  of normal plants over  semi-sterile plants in the 
population that survived the  deep plantings. I applied 
the chi-square  test for goodness of fit to the expected 1:l 
frequency. The results of the  deep planting experiments 
are summarized in Tables 1 and 2.  

AS previously indicated  each linkage association may 
be with either or both chromosomes involved in the 
translocation. For example,  the significant association 

for tester stock 1-3(5883-1) in itself might indicate a 
gene or genes conditioning mesocotyl length on the 
short  arm of chromosome 1, on  the  short arm of chro- 
mosome 3, or genes located on both of these arms. To 
determine which arm or arms are involved, it is neces- 
sary to  observe the results for other tester stocks testing 
the same arms to determine  whether  the association is 
consistent in each test  involving that region. Testers 3- 
4(5156-9) and 3-6c, both of  which  test the  short  arm  of 
chromosome 3, show significant associations with long 
mesocotyl  as indicated by the excess  of emerged plants 
with normal pollen thus indicating a dominant  gene  or 
genes  conditioning  long mesocotyl length located on 
the  short arm of chromosome 3. The excess of emerged 
plants with normal  pollen in 6-9(5454-4) and 6-9d indi- 
cate a  dominant  gene or genes for long mesocotyl 
length located near  the Centromere of chromosome 6. 
The excess of emerged plants with normal pollen in the 
cultures segregating for 2-9c and 6-9(5454-4) indicate a 
dominant  gene o r  genes for  long mesocotyl length lo- 
cated  on  the  short  arm of chromosome 9. No explana- 
tion is offered for  the significant associations obtained 
between normal pollen and long mesocotyl for testers 
2-7c, which is persistent but inconclusive, and 5- 
10(6760-1), which is spurious. 

The above  results indicate a minimum of three domi- 
nant genes controlling the long mesocotyl characteristic: 
one located centrally on  the  short  arm of chromosome 
3, one located near  the  centromere on either  the  short 
or long arm of chromosome 6, and  one located centrally 
on  the  short arm of chromosome 9 (Table 2 )  . 

Approximately 20% of the  deep planted  population 
survived the first  year planting while  only -10% sur- 
vived the  second year planting. The reason for the dif- 
ference between the  2 years is unknown but  at least two 
possible causes are suspected. Three-year-old seed is 
generally considered  more susceptible to fungal attack 
than 2-year-old seed. Also the planting under ridges 
represented  a  depth of planting 15 cm  below the origi- 
nal soil line, while the  planting in trenches resulted in 
a  depth of planting 25 cm  below the original soil line; 
the soil temperature  at seed level  was probably cooler 
in the  latter case. 

The 20% emergence of the first planting is near  that 
expected  for  a backcross population where two genes 
are necessary for  emergence  (one-half  squared equals 
25%) ; the  10%  emergence of the second planting is 
more similar to that  expected where three  dominant 
genes are necessary for  emergence  (one-half  cubed 
equals 12.5%). Both of these expected ratios are based 
upon  the assumption that 100% of the plants heterozy- 
gous for all three (or two) of  the genes for  long mesoco- 
tyl survived the  deep planting. 

To observe the segregation of semi-sterility among 
both  short  and  long mesocotyl  types and to detect any 
factor or factors other than deep planting  that  might 
be affecting the  expected 1:l ratio of semi-sterile to 
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TABLE 1 

Segregation of normal and  semi-sterile  pollen among survivors of seed stocks  segregating 
for long mesocotyl  planted 25 cm deep 

Translocation First  year Second year 

Designation Break points N ss X 2  P N ss X? P 

1-3 (5982-1) 1S.77  3L.66 28 28 0.000 3 3 0.000 
1-3 (5883-1) 1S.88  3S.60 15 5 5.000 0.05 9 2 4.455  0.05 
1 -8b 1L.59  8L.82 32 43 1.613 5 0 5.000 0.05 
1-8 (6766-2) 1L.54  8L.77 39 34 0.342 5 6 0.091 
1 -9b 1L.50  9L.60 33 39 0.500 5 9 1.143 
2-4L 2L.59  4S.40 23 19 0.381 3 0 3.000 0.10 
2-4b 2L.81  4L.53 27 14 4.122 0.05 0 1 1 .ooo 
2-6d 2L.41  6L.45 7 8 0.067 5 3 0.500 
2-7c 2L.47 7s.34 30 14 5.818 0.02  10 5 1.667 
2 - 9 ~  2s.49 98.33 13 4 4.765 0.05 6 0 6.000 0.02 
2-10 (6061-4) 2S.60 10L.57 14 14 0.000 1 0 13 0.391 
3-4 (5156-9) 38.47 4L.67 29 14 5.233 0.05 16 10 1.385 
3 - 6 ~  3S.56 6L.54 43 29 2.722  0.10  11 3 4.571 0.05 
3-7c 3L.46  7L.45 19  27 1.391 9 4 1.923 
46e 48.62  6L.56 29  22 0.961 15 18 0.273 
4 7  (7108) 4S.17 7s.45 11 8 0.474 
49f 4L.55  9L.18 11 17 1.286 8 5 0.692 
5-7e 5S.40 7s. 18 19 20 0.026 3 1 1 .ooo 
5-7 (5179) 5L.55  7L.73 15 14 0.034 4 6 0.400 
5-9e 5L.46 91.74 32 28 0.267  19  17  0.111 
5-10 (6760-1) 5S.78  10S.40 23 11 4.235 0.05 8 6 0.286 
5-10 (X57-16) 53.42  10L42 26  25 0.020 11 8 0.474 
5-10 (5688-9) 5L.78 1 OL58 24 18 0.857 9 19  3.571  0.10 
6-9 (54544) 6S.00 98.75 29 13 6.09.5 0.02 15 0 15.000  0.01 
6-9d 68.73 9L.82  35 6 20.512 0.01 6 0 6.000  0.02 
8-1 0 (6488-2) 8L.14 10S.34  30  32 0.065 21 15 1 .ooo 

N, normal; S S ,  semi-sterile. 

normal plants, the last planting of the segregating seed- 
stocks was made at  a  normal depth.  The results on 
normal  planting in Table 3 indicate  that  the ratios ob- 
tained all  fit the  expected 1:l ratio. It seems probable 
then  that  the cause for significant deviations from one 
normal to one semi-sterile among  the  deep  planted 
testcross progenies was due to the advantage of the  long 
mesocotyl segregates under  deep planting  conditions. 

If the genes discovered in the  present study differ in 
their relative effects, such differences might be  deter- 
mined by using a series of planting  depths  in  the  screen- 
ing process. Future studies might start with a  minimum 
depth of 25 cm and  add  greater  depths in an effort 
to partition  the effects of the genes involved. At the 
maximum depth only the seedlings carrying the  gene 
with the greatest effect would be  expected to survive. 
The  proper translocation stock  would provide segre- 
gates affording a direct linkage test for the  gene dis- 
playing the greatest effect with  semi-sterility;  all  survi- 
vors from the maximum depth with normal pollen 
would belong to the  parental class  while  survivors  with 
semi-sterile pollen would represent crossovers. In this 
manner  the  gene with the greatest effect could be more 
accurately located. 

By the same token,  the use  of depths of planting 

<25  cm might allow the  detection of genes for  long 
mesocotyl  with  less effect than those found in the pres- 
ent study. All in all, the use  of a series of depths of 
planting seems a desirable method of obtaining  more 
information on the expression of characters involved 
in the  inheritance of long mesocotyl. 

In the  present study attempts were made to develop 
a satisfactory laboratory method of growing corn seed- 
lings with maximum mesocotyl lengths. All attempts 
failed. A satisfactory method  should  meet  the following 
requirements. The seedlings must be grown in  the  dark 
because light on  the coleoptile inhibits mesocotyl 
growth through  an auxin destruction process ( INCE and 
LOOMIS 1937).  The container for growth media should 
be designed to allow manipulation of the seedlings with- 
out damage or loss of identity at harvest. The container 
and growth media must be such that they  allow the 
establishment and  maintenance of proper  environmen- 
tal  growth conditions. Because the  amount of endo- 
sperm may be a critical factor in maximum mesocotyl 
elongation ( DCJNGAN 1950), growth media should be 
chosen that supply a minimum of nutrients  that might 
augment  the food reserves in the  endosperm. 

In one of the  attempts to develop a laboratory growth 
method, a kernel of long mesocotyl origin developed 
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TABLE 2 

Seffegation of normal and semi-sterile pollen among slnvivors of seed stocks segregating 
for long mesocotyl planted 25  cm deep and at normal depth 

Tr;unslocation I)ec*p 2 year Nol-mal t l c p t h  

Iksignation Break points 9 ss X" I' N ss X? I' 

1-3 (.5982- I ) I S . 7  3I..(i(i 31 31 0 . 0 0 0  I 5  10 1 .000 
1 - 3  (5883- I ) 1 S.88 3S.60 24 7 9.323 0 . 0 1  22 18 0.400 
I", 1 l,..59 81..82 3 i  43 0.4.50 18 I 5  0.273 
1-8 (6 iM22)  IL.54 8127 44 40 0.1 no I7 1 (i 0.030 
1 -!)I) 1 I ,.50 9L.60 38 48 I .  I63 I2 14 0.1.54 
2-41. 2L.59 4s.40 2 (3 1 9 1.089 14 20 I .0.5,9 
2-4, 2I..HI 413.7 27 15 3.429 0 .  I O  1 9 14 0.7.58 
2" 21..4 1 6l,.45 12 1 1  0.043 23 26 0 . 1  84 

2-9c 2S.49 IlS.33 I 9 4 9.i83 0 . 0  1 2 .5 18 1.140 
2- 1 0 ((io(; 1 - 4 )  2S.60 101..37 24 27 0.156 / I O  0..529 
3-4 (5 I .5W)) 33.47 4 I A i  44  24 .5.882 0.0:! 23 20 0.209 
J-Cic 3S.X (iL.54 .5 4 32 5.11328 0.02 1.5 18 0.273 
3-7c 31,.4(i 7L.4.5 28 31 0.1 .53 22 27 0 3  I O  
.C6e 4 s . w  N,.X 44 40 0.190 26 23 0 .  I84 
+i (ilO8) IS. 17 7S.4.5 1 1  8 0.474 
4-!)f' 4l>..53 !)I*. 18 1 9 22 0.220 13 1 6 0.3 10 
.5,-7c .5S.40 7s. 18 22 21 0.023 13 14 0.031 
.3-7 (.5 1 79) .51,..53 71..73 1 9 20 0.026 24 1 9 0.581 
.5-!)c 5L.46 BI..74 .5 1 45 0.37.5 1 6 I i  0.030 
.5- I O  (6760-1 ) 5S.78 1 os.40 31 I7 4.083 1 1  12 0.043 
.5-l0 (x.57-16) . x 4 2  101.42 37 33 0.229 18 23 0.610 

2- j c  X . 4 7  iS.34 40 19 7.4i.5 0 . 0 1  23 2 i  0.320 

c 

5-1 0 (5(i88-9) 5l,.78 101 3 3  33 37 0.057 23 1 (i 1.256 
(559 (.54.54-4) (iS.00 9S.i .5  44 I3 l(i.860 0.01 2.3 1 (i 1.976 
(i!ltl liS.73 9L.82 41 6 26.064 0 . 0 1  2 i  I6 2.814 0.10 
8-1 0 (6488-2) XI.. 1 4  1 os.34 31 47 O.l(i.7 10 8 0.y12 

.\. 1 1 0 1  Illill; A>, ~cllll-slcl llc. 

t w i n  seedlings with each mesocotyl measuring > 18 cm 
i n  length (see Figure 3 ) .  Thc seedlings resulted from 
t w i n  cmbryos untlc>r a single gcrm face i n  a single cary- 
opsis  of normal size. The fkct that an average amount 
o f '  cndospcrm rcse~-ves supported a total mcsocotyl 
length of  >%i cm suggests endosperm reselves did not 
l imi t  mesocotvl length. 

The  tlc\clopmcnt of ;I satisf:1ctoli\l laboratory tcch- 
n i q w  for cval1lating  mesocotvl clongation would  aid in 
thc strltly  of the inheritancc of long mcsocotyl. Some 
;Ipplic;itions are a s  follows. Proper translocation sccd 
stocks segregating for long mcsocotyl and semi-stcrilitv 
could be first cvaluatetl li)r mcsocotyl length i n  the 

TABLE 3 

Average cell lengths in microns of the upper and lower 
region of the mesocotyls of PI213733 and Minnesota 

inbred  A188 planted 4 cm deep 
~ ~~ ~ ~ ~~ ~~~ 

Uppct- rcgion I.owcr rcgion 
~~ ~~ 

(1Ic:ll- Ir;l\cs) ( w a r  s c ~ t l )  Mean" 

,I I 88 1.59.4 229.9 194.6 
PI2 1:3'i:Y< 9.5.9 I i(i.2 136. 1 
Mc;1n" 127.7 203.0 

" Slc*ans tliff(v- a t  I' < 0 . 0 1 .  

laboratory and then be tr;tnspl;mtctl i n  the field. This 
procedure ~ v o u l d  tlifTer from the  prcsent strldy i n  that 
both long and short mesocotyl plants could be classified 
for scmi-sterility.  Because  mcsocotyl elongation is a 
scctlling chalractcristic, use of a laboratoy method of 
evaluating mesocotyl length would facilitate the applica- 
tion of the genc marker translocation technique (As-  
DIXSOS 1938). In this mcthotl the kernels would  be 

1 ~ ~ ; t . t ~  :%.-'l .wiIl  scctlling 01' 1oIIg ntcsocoryl origin 
( -0.3x ) . An ;n\'c'l.;lgc ~ l l ~ l o l l l l t  0 1 '  crltlosprl-m l-cs~'nPs s u p  
portctl >3(i C l l l  0 1 '  mcsoco1).'l gro\\.th. 
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first classified for  the  gene  marker  (which  denotes pres- 
ence or absence of the  translocation)  then grown in 
paired rows and evaluated for  long mesocotyl. Signifi- 
cant differences in mesocotyl length between rows 
would be  due to a  gene  or genes for  long mesocotyl 
associated with that  particular tester stock. 

Transferring  long  mesocotyl  genes to Corn  Belt hy- 
brids: Because the source of the long mesocotyl  character- 
istic  used in the present study (PI213733) is adapted to 
the southwestern United States and lacks adaptation to 
the US.  Corn Belt, the backcross method probably  repre- 
sents the best breeding technique available  for  transferring 
genes for long mesocotyl  to corn belt  material.  This 
method involves the use  of a recurrent parent to  which 
desired  plants  in  segregating  progenies are crossed  back; 
after a suitable number of backcrosses, a new line is 
evolved that is  very similar  to the original recurrent parent 
except that the desired  characteristic  has been added. 
As previously indicated  the genes discovered in  the 

present study express some degree of dominance over 
the  normal alleles of A188. For this reason, it should 
not be necessary to convert all the lines in a hybrid 
made up of two or  more inbreds. 

In the case of long mesocotyl, selection in segregating 
populations could be enforced by use of the deep plant- 
ing  screening as used in  the  present study;  survivors 
would carry the  long mesocotyl gene or genes to be 
crossed back to the  recurrent  parent. However,  use  of 
the  deep planting  screening  technique would  seriously 
limit the maturity of inbreds  that could be handled 
because of the delay in planting necessary to insure 
favorable soil temperatures at  the lower depth.  The 
deep planting  technique also requires special machin- 
ery and considerable extra work in comparison with 
normal  planting. For the aforementioned reasons the 
use  of a laboratory method of screening  long mesocotyl 
plants would  greatly help  the backcross program. 

Comparison of  mesocotyl  cell  lengths: I was inter- 
ested  in  the developmental morphology of long meso- 
cotyl. The lengths of  mesocotyl  cells of PI213733 aver- 
aged 30% shorter  than those of A188 (Table 3 ) .  As 
previously mentioned, all plants used for cell measure- 
ment were selected to have nearly identical mesocotyl 
lengths;  therefore, PI213733, with the  shorter cell 
lengths probably has a  higher total number of cells per 
comparable  length of mesocotyl than does A188. 

The cell lengths of the  upper region of the mesoco- 
tyls were 38% shorter  than  the lower region (Table 3 )  . 
This probably indicates that  older cells in  the lower 
region of the mesocotyl entered  the  elongation stage 
of cell growth before  the younger cells in  the  upper 
region of the mesocotyl. The varieties X positions 
source of variance was practically nonexistent indicat- 
ing  more cells per  comparable  length of mesocotyl in 
both  the upper  and lower regions of PI213733 than in 
A188. The lack of interaction also indicates that  the 

general  pattern  of cell growth subsequent to initiation 
was similar in both  the  normal  and  long mesocotyl  ma- 
terials studied (analyses not  shown) . 

The mechanism of  mesocotyl elongation is not well 
known. The data  obtained in the  present study fit the 
hypotheses that mesocotyl elongation is dependent 
upon cell elongation  that begins in the lower, older 
cells of the mesocotyl and progresses upward to the 
coleoptilar node; PC213733, with a  greater  number of 
cells per  unit  length of mesocotyl, has the  potential to 
produce  longer mesocotyls. 

I thank  the communicating editor  and anonymous reviewers for 
helpful suggestions. 
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