Revista Brasileira de Fisica, Vol. 8, N° 3, 1978

Single Corn Kernel Wide — Line MMR Oil Analysis for Breeding
Purpose

M. C. C. WILMERS, C. RETTORI, H. VARGAS, G. E. BARBERIS
Instituto de Fisica Gleb Wataghin, Universidade Estadual de Campinas,

and

W. J. DA SILVA
Instituto de BiologialUniversidade Estadual de Campinas, C.P. 1170, 13100Campinas SP

Recebido em 22 de Novembro de 1977

The Wide-Line NWR technique was used to determine the oil content in
single corn seeds. Using distinct radio frequency (RF) power, a sys-

tematic work was done in kernels with about 10% of moisture, and also

in artificially dried seeds with approximately 5% of moisture. Fornon

-dried seeds NVR spectra showed clearly the presence of three resonan-
ces with different RF saturation factor. For dried seeds. the oil con-

centration determined by NVR was highly correlated (r = 0,997) with

that determined by a gravimetric method. The highest discrepancy bet-

ween the two methods was found to be about 1.3%. When relative measu-

rements are required as in the case of single kernel for recurrent se-

lection program, precision in the individual selected kernel will be
about 2.5%. Applying this technique, a first cycle of recurrent selec-
tion using 5, lines for low and high oil content was performed in an

open pollinated variety. Gain from selection was 12.0 and 14.1% inthe
populations for high and low oil contents, respectively.

Utilizamos a técnica da RessonanciaMagnética Nuclear de onda conti-
nua, para determinar o contetdo de 6leo en sementes individuais demi-
lho. Usando distintas poténcias de radio frequéncia (RF) foi feito um
trabalho sistematico en graos com cerca de 10%de umidade, etambém en
sementes artificialmente dessecadas, com aproximadamente 5% de umida-
de. Para as ndo dessecadas, O espectro da RVWN apresenta claramente
trés ressonancias com diferentes fatores de saturacdo de RF. Para as

dessecadas, a concentracdo de Oleo determinada por RWN esta altamen-
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te correlacionada (r = 0,997) com a determinada pelo método gravimé-
trico. A maior discrepancia entre os dois métodos, foi de cerca de
1,3%. Quando fazemos medidas relativas, como no caso de programas de
selecdo recorrente com graos de milho individuais, a precisdo em cada
grdo selecionado é da ordem de 2,5%. Aplicando esta técnica, foi fei-
to un primeiro ciclo de selegcdo recorrente usando S, linhas para alto
e baixo contetdo de Oleo, numa variedade de polinizagdo aberta. 0 ga-
nho de selecdo foi de 120 e 14,1% para as populacdes de alto e baixo

teor de Oleo, respectivamente.

1. INTRODUCTION

Proton magnetic resonance or Nuclear Magnetic Resonance (NMR) of the
hydrogens atoms has been used lately as important tool for individual
and non-destructive analysis of oil content in many different living
seeds1?223:4516 1oy breeding purpose. Accuracy, precision and short
time experiment are the most important requirements to be fulfilledin
any plant breeding program. Besides that the same selected seeds have
to be planted in the breeding nursey in order to insure the maximum

progress in oil content per generation7’8.

There are basically three different ways of using the NVR technique,
1) the Wide-Line NVR as was shown by Conway and Earle (1963), Alexan-
der et al. (1967), Collins et al. (1967) and Anderson (1971);

2) the Pulsed N\R 5, and

3) High Resolution N\VR ®, A1) of them are good enough to guaranteege-

netic gains to plant breeders.

In our case, however we want to report Wide -Line NVR experiments,
where special care was taken in order to insure good accuracy (abso-
lute oil concentration determination), and precision (good reproduci-
bility), although fast measurements should not be expected with this
method>’7. Using the procedure developed in our laboratory we perfor=
med one cycle of reccurent selection for low and high oil content in

a corn variety using N\R single kernel analysis.
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2. EXPERIMENTAL PROCEDURE

NWVR studies

The Wide- Line NMR equipment used in these experiments consists of a
commercial Varian W. - 210 unit with variable frequency (3.0 - 35 MHz
stabilized within 1/10®% and an RF power output of 100 mw stabilized
within 1/10%, which could be attenuated in steps of 20 db and conti-

nuousty.

The signal is integrated in order to get a number proportional to the
number of resonating spins8 which in turn will give a number proporti-
onal to the oil content. The integration process is carried on bya Va-
rian 620 L analogic digital computer runing a specially adapted soft-
ware program®. The whole system is working in a similar way tothatused

by Anderson', except for the small amplitude of modulation field.

The stability of the whole systems was tested by rnonitoring the NMR re-
sonance of a standard 20% deuterated water samplel;, The test was done
at different levels of a) RF power levels, b) NMR frzquencies and c)
amplitude of modulation field. The reproducibility of the absorption
derivative, as well as the integration process, was better than 1% for

any set of parameters mentioned above.

Since the intensity of the signal depends on the relative orientation
of the corn seed respect to the RF coil®, special care was taken to lo-
cate the sample at the position where the narfrowest and strongest sig-
nal were obtained. When the RF coil was at the maximum field homoge-
neity it was found that small changes (less than 10%) were detectedfor
different positions of the corn seed when the germ was along the coil
axis. In any case it was fairly easy to locate the sample at the opti-
mm position. Again reproducibility on the same sample was better than

3%.

The RF power level was monitored by a microamperinieter which gives the
RF current on the transmitter coii. This current gives a relative mea-

surement of the power inciding on the sample.
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Since in this work we do not need absolute measurements of that power,
we shall indicate the relative power in arbitrary units {(u4) in the
whole work. Every time that the RF power was changed the whole equip-
ment was turned up. No detuned effects were observed by changing sam-

ples. The RF frequency used was always around 30 MHz (7035 Gauss).

Corn seeds for oil evaluation, were dried in a conventional air forced
oven at 40°C, during seven days. In this way the misture level was kept
below 5% and the seeds were all alive. Seeds were mantained in sealed

pyrex tubes to avoid possible rehidratation.

The gravinietric method® to determine oil content was done on a Goldfi-
sher equipment using a ground sample of five seeds. This mixture was
continuously washed out with petroleum ether during four hours. Theoil
and solvent were collected in a previous weighted tube. The solventwas
evaporatecl and the mass of oil determined by weight difference. The re-
producibility of this nethod for groups of twenty five seeds of the

same sample was found to be about 2%.

Selection Program

Using the described procedure it was started a selection program to im-
prove oil content of a dent tropical synthetic designated Maya, obtai-

ned from the Instituto Agrondmico de Campinas.

In the 1975 season was planted at the Experimental Area of the Univer-
sidade Estadual de Campinas ear-to-row progenies selected from agrono-
mical desirable plants of the 1974 nursery. The 50 progenies showing
better phenotypic aspect were selected by flowering time and the supe-
rior plants within the row were marked and selfpollinated. Fron thebest
plant of each selected 50 row, it was taken the selfpollinated ear for
NMR analysis. Two kernels were taken from the central part of eachear
for oil evaluation. In these 100 kernels, measurements were performed
using our non-destructive method to start a selection program. From the
highest and lowest 10%of the distribution it was made two composites:

one for high and other for low oil content. The two populations were
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planted separately and at the flowering time was performed free pgcom-
binations within the groups. At the same time a balanced composjte was
made out of the 50 ears to be used as checker for progress eyaluation

in further generations.

3. RESULTS AND DISCUSSION

Fig. 1 shows typical NMR spectra of a non-dried corn kernel with ap-
proximately 10%moisture. It can be seen that the spectra presented a

strong dependence on the RF power level,

In Fig. 1-a it is possible to distinguish three resonances with appro-
ximately similar gyromagnetic ratiosl®, but with different line widths.

At resonance the RF power absorved by the sample can be written as810

PE) =w B x /|1+y2 (H=H)2 12 + y22p 7 | (M
abs 1 o0 0 2 112

where y is the gyromagnetic ratio, H, the RF magnetic field, Hy the re-

sonance static magnetic field, X, the static nuclear magnetic suscepti-

bility and '_7’l and T2 the spin - lattice and spin-spin relaxation times

respectively8.

The three different resonances observed in fig.1-a suggest the presen-
ce of hydrogen nuclei bounded to different surroundings, which will cau-
se a) different chemical shifts®, b) different spin-spin relaxation ti-
me (T,) 8, and c) different spin-lattice relaxation time (Tl).8 Featu-
re a will give different resonant field, b different linewidth (y7,)7?
and ¢ different saturation factor y2 H? T1 T2 i.e. the level of RF po-

wer needed for saturation will be different for each of them.

In order to test this qualitative behavior we increased the RF power.

Fig. 1-b actually shows that at I,. = 200 p4 the narrowest resonanceis

RF
already saturated. Fig. 1-c shows that at IRF = 400 u4 the twonarrower
resonances are now saturated and the broader is the one that has the
highest saturation factor ¥2 H? TITZ' Knowing we were dealing with three

different proton resonances, the next step was to try to identify them.
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Fig. | = Power dependence of the NMR signal for a non-dried corn seed

with approximately 10% moisture.

Fig. 2 shows the resonance of the same corn kernel after been driedfor
seven days at 40°c. The seed weight reduction was about 5 to 6% what
means that moisture left in the kernel was about 4 to 5%. The spectra
shows clearly the absence of a broader resonance at any RF power level,
Hence we atribute this resonance to the hydrogens nuclei of the water
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Fig. 2 - Power dependence of the NMR signal for a cornseed after dried

during seven days at 40°C.

rnolecules. Since the water resonance is broader than the resonance of
pure liquid water we believe that the water rnolecules inthe seed rnight

be slightly bounded to their environrnent.

A1l the hgdrogen atorns in the solid phase, like those of proteins and
carbohydrates will give resonances too broad to be detected since they
have low rnobility and the effects of spin-spin interactions (short T,))
will not be rnotion&lly narrowed®. Thus we concluded that the two nar-
row resonances observed in fig. 2-a and 2-b should come frorn different
groups of hydrogen nuclei of the corn oil molecules. Actually the ex-
pected shift corresponding to the splitting of 30 mG, observed between
the two resonances of fig. 2-a, correspond to the chemical shiftbetween
(CHz)n and = C’ti C'H =0 measured by Conway and Johnson in high resolu~

tion NMR experiments®. Also their relative intensity a e quite similar.
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Further evidence that the two narrower lines come from oil component is

given by the fact that the spectra of the germ alone reproduce this two

resonances and the one attributed to the water molecules was only found

into the endosperm (see fig. 3). This is apparently so

mainly distributed
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in the corn germ.
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Fig. 3 - Proton RMR resonances for different parts of a corn seed. a)

Resonance for the whole seed; b) Resonance for the germ; c)

for the endosperm.

Resonance
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In order to see the individual contribution to the total resonance in-
tensity at different RF power levels, we have integrated twice the spec-
tra of a natural (non-dried) and of a dried seed. Fig. % shows the ex-
perimental saturation curve corresponding to the superposition of three
resonances. Each individual resonance has a saturation curve given by
their appropriated relaxation times Tl and Tz’ according to expression

(n.

At low RF power level (IRF = 30 u4) the total intensity is mainly gi-
ven by the oil components and at high RF power (IRF =300 ud) by the
water component. This will in principle suggest that both oil and mois-
ture concentration can be determined on non-dried single corn kernel by
just measuring the total resonance intensity at different RF power le-

vels.

In our particular case the signal to noise ratio at low and high RF po-
wer are not good enough to give the required precision and accuracy for
the measurements. Therefore we were forced to work at intermediate R
power (30 Tpp <60 u4), where the resonance in ttie natural seed will
have a mixture of the two components, oil and molsture. Hence an accu-
rated oil determination can be given only if the corn kernel is dried

at moisture levels lower than 5% (see fig. 4 curve b and c).

A sistematic individual NMR analysis on 80 corn seeds has been done.
The seeds were part of eight groups of ten kerne'ls each. The seeds of
the same group had similar genetic background. The absolute concentra-
tion has been obtained by direct comparison of ttie intensity of the NMR
resonance of each seed with the one detected in a standard corn liquid
oil sample. The reproducibility in different runs of the same seed and
standard was always better than 3%. Therefore we can say that our ac-
curacy and precision is about 5% for the absolute oil concentration
which will give a maximum error of about 1 mg in the oil determination

of each single corn kernel.

Fig. 5 shows a typical spectra of the corn liquid oil standards. This
is comple:cely similar to the spectra obtained on dried corn seed (fig.
2-a).
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In order to study the correlation between the NMR method and the gra-
vimetric procedure, eight different corn germplasm groups wereanalysed
by the gravimetric method for oil content.

Fig.6 shows a correlation coefficient of 0.997 between thetwo methods.
The gravimetric method gave an error of approximately 5% and the error
bar for the NMR analysis is also about 5%. As the two methods are hi-
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Fig. 6 - Correlation between oil concentration measurements. The expe-

rimental points represented were obtained by single seed NMR measure-
ments and gravimetric measurements for groups of 10 seeds. The hori-
zontal valuas are the mean value obtained in NMR analysis for the same

ten seeds.
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ghly correlated and the regression coefficient of oil percentage by the
gravimetric method on the NMR procedure is close to 1.0 and the errors
are comparable we believe this method is-quite promissing for plant

breeding purpose.

In the selection program, the synthetic Maya was chosen by revealing
the highest oil content (5.1%), among 12 of our most yielding commer=
cial varieties. Results on oil content of the 100 kernelq are shown on
fig. 7. Data ranged from 1.9 to 7.2% with an average of 5,08%. Selec~
tion was performed on basis of progene mean + 1.76 o, giving truncation
points of 6,3%, for the upper limit and 4.0% for the lower group. This
represented a selection intensity of approximately 10%for each set.
The two groups are the basic germplasm for a recurrent selection using

S, lines for high and low oil content.

1

RATE OF OCCURRENCE (N/Ng)

OiL PERCENTAGE

Fig. 7 - pistribution of oil content of 100 kernels analysed by NMR
technique. The dashed zone corresponds to the selected high and low con-
centration kernels.
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Recombination within the two groups gave a gain of 12.0% for the high
oil population whereas the progress from selection in the low oil popu-

lation was 14.1%.

The genetic progress obtained in this program gives the final evidence
for the suitability of the suggested N\R method for breeding purpose. .
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