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ESTIMATES OF DIRECT, MATERNAL AND GRANDMATERNAL GENETIC EFFECTS
FOR GROWTH TRAITS IN GOBRA CATTLE

M. Diop!, J. Dodenhoff' and L.D. Van Vieck

ABSTRACT

Estimates of genetic parameters for birth (N = 3909), weaning (N = 3425), yearling (N = 2764) and final (N = 2144) weights

were obtained from the records of Gobra cattle collected at the Centre de Recherches Zootechniques de Dahra, Senegal.
Three animal models were fitted to obtain estimates by REML using an average information (Al) approach. Model 1 consid-
ered random direct, maternal genetic and maternai permanent environmental effects. In model 2, a general grandmaternal

effect was added to the random effects considered in model 1, and in model 3, the general grandmaternal effect was divided
into grandmaternal genetic and grandmaternal permanent environmental effects. All models allowed covariances among
genetic effects. The inclusion of grandmaternal effects in models 2 and 3 did not change the estimates of the genetic param-
eters compared to model 1. Variances attributable to grandmaternal effects became negative and were set close to zero, except
for yearling weight for which grandmaternal heritability was 0.03 + 0.03. The estimates for direct and maternal heritabilities were,
respectively, 0.08 + 0.03 and 0.03 + 0.02 for birth, 0.20 + 0.05 and 0.21 + 0.05 for weaning, 0.26 =+ 0.07 and 0.16 + 0.07 for yearling
and 0.14 + 0.06 and 0.16 + 0.06 for final weights. The estimates of the genetic correlation between direct and maternal effects for
birth, weaning, yearling and final weights were -0.17 + 0.40, -0.58 + 0.32, -0.52 + 0.34 and -0.34 £ 0.37, respectively. For yearling

weight with grandmaternal heritability estimated to be only 0.03, model 3 gave estimates of the genetic correlation between direct
and grandmaternal effects and between maternal and grandmatemnal effects of 0.28 + 048 and -0.33 + 0.67, respectively.

Estimates of direct and maternal heritabilites were unchanged when grandmaternal effects were not included in the model.

INTRODUCTION

Growth traits of beef cattle are known to be influ-
enced by maternal effects. Early reports (Koch and Clark,
1955; Willham, 1963) mentioned the possible influence
of grandmaterna effects. Falconer ( 1965) considered the
maternal effect as alinear function of a mother’s pheno-
typic vaue intluenced by all maternal ancestors. The so-
called ‘fatty udder syndrome’ is an example of a grand-
maternal effect: a granddam with a high maternal ability
may over-feed her daughter and thereby have a negative
influence on her daughter’s maternal ability by inhibiting
development of her udder tissue (Totusek ¢1 al.. 1971).
The importance of maternal effects in beef cattle has been
widely reported (Koch. 1972; Baker, 1980: Robison, 198 1;
Meyer, [992), Studies on Af’rican cattle populations have
reported a strong maternal influence on growth traits
(Tawah ¢f «l.. 1993: Khombe ¢ al.. 1995; Diop and Van
Vieck. 1998).

Anima models used 1o estimate maternal effects
typicaly include direct and maternal genetic effects and
maternal  permanent environmental  effects and consider the
covariance between genetic effects. Meyer { 1992) pointed
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out that such models may be suboptimal and need to be
improved. The objective of this study was to evaluate the
influence of including grandmaternal effects in a model
for estimating genetic parameters for growth traits in Gobra
cattle for which maternal effects have previously been
shown to be important.

MATERIAL AND METHODS

The records of weight a birth, 6, 12, and 18 months
were obtained from the Gobra herd at the Centre de
Recherches Zootechniques de Dahra, Senegal. The pro-
duction environment is characterized by a dry tropicd cli-
mate with two distinct seasons. a long dry season from
October to June and a short rainy season from July to Sep-
tember. The mean annual rainfall from 1964 to 1988 was
360 mm. The mean annual temperature is 28°C. The veg-
etation is described as savanna type dominated by Acacia
sp. and annual grasses. Annua biomass production is
closely related to the amount of rainfall the area receives
each year.

Native pasture is the main source of feed. The quan-
tity and quality of the pasture vary considerably during the
year. During the rainy season, pastures are of good quality
and abundant. During the dry season. the nutritive value
of the forage decreases and supplemental feeding with
ground nutcake or cottonseed is provided. especially for
suckling cows and weaned calves.

Breeding femdes were randomly assigned to Sires
(30-50 cows/sire) for a breeding season from December
to March. Cows that were not pregnant 3 months after the
bresding seeson dated were ressigned to a diffeent by,
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Over the years, the size of the herd has [Tuctuated around
300 cows. Males and females were selected based on
weight al 6 months (weaning). Males werc again selected
based on their weight al | 8§ months alter which the 1¢) best
males underwent a growth performance test before final
selection for the two or three bulls 10 be used as replace-
ment bulls. Replacement females were selected g 24
months based on their weight. About 5% of the males and
80% of the females selected after weaning were used as
replacements. Culling of the cows was based on poor re-
productive performance (long calving interval or failure
to calve after two breeding scasons) or poor growth per-
formance of offspring.

The data for the present analyses consisted of the
records of animals born from 1963 (0 19X9. Consistency
checks werc performed upon the jdentification of the ani-
mals and their pedigrees. Records of the progeny of sires
with less than five progeny were deleted from the analy-
sis. The PROC MIXED option of SAS (SAS. 1992) was
used to test the significance of the fixed effects of month
of birth, year of birth. sgx and parity in a model with sire
considered to be a random effect.

For estimation of the genetic parameters. three ani-
mal models were fitted for the four traits considered :

Model Iy =XB+Z a+Z,m+ W c+e
Model 2: y—XB+Za+Zm+Wc+\’\ y +e
Model 3:y = XB + Z, a+l,m+l ;+W ¢+ W, q+e

where y is an N x | vector of ohservations, P is the v ector
of fixed effects of year of birth. month of birth. sex and
parity of dam. a, m and g ygre vectors of breeding v alues
for direct. maternal and grandmaternal genetic effects, €
and g are vectors of maternal permanent environmental
and grandmaternal permanent environmental effects and
e is an N x 1 vector of residual random effects, and X, 7,
Z,Z, W, and W, are known incidence matrices relating
observations to their respective fixed and random effects.
Matrices Z Z, and 7‘ were augmented for animals with-
out records that were included in the relationship matrix.

For the most complete model (model 3). E (y) =
Xp and

. : Ao';z\ Aoum Aoy 0 0 0
m Aocum A 6%1 A Omy 0 0 0
g Aoy Aomg  Ags 0 0 0
\% = i
¢ 0 0 0 INGO & 0 0
q 0 0 0 0 INg G‘ZI 0
e i 0 0 0 0 0 ne2

where Nd and Ng are numbers of dams and granddams.

Table | - Cliaracteristies of the data including weights of

Gobra cattle at different ages.

Numbers Birth Weaning  Yearling  Final
Records 3909 3425 2764 2144
Sires 64 64 63 62
Dams 1340 1203 1077 939
Maternal granddans 1038 GOR 805 700
Assigned granddanms 403 384 308 240
Records with assigned granddams 1238 944 701 537
Mean (hg} 2400 1085 IS8 2024
Unadjusted standard deviation (kg 4.0 238 30.0 337

respectively, and N ix the number of records. A is the nu-
merator relationshi p matt ix among animals in the pedi-
eree filecand the T matrices arc identity matrices of speci-
ficd order. Models 2 and 3 require each animal with il record
{o have a granddam. Therctore. “dummy™ granddam identi-
lication was assi gned for records with unknown granddam
implying the assumption that these granddams are unrelated
among themselves and unrelated to those with known iden-
tification Table | summarizes the data used in the analyses.

Components of v ariance were estimated by re-
stricted maximum likelihood (REML) using an average
information algorithm (Johnson and Thompson. 1995). The
algorithm is a Newton method which uses first and sec-
ond derivatives of the fogarithm of the likelihood given
the data to find estimates of v artance components that
maximize the likeli hood function.

A preliminary analysis of variance showed that the
fixed cffects of month and vear of birth. s¢x, and parity
were significant. Consequently. these effects were included
in all three models.

Estimates of relative v ariances attributable to ad-
ditive direct (hy), maternal (h;,) and grandmaternal (hy)
genetic elfects were caleulated as ratios of the estimates
of addit ive direct (¢7), maternal genetic (o;,) and grand-
maternal genetic (¢5;) variances. respectively, to the phe-
notypic variance (7). The direct-maternal (r,,,). direct-
grandmaternal (r,,) and maternal-grandmaternal (r,,) ge-
netic correlations were estimated as ratios of the direct-
maternal (¢,,). dircet- grandnmtum] (0,.) and maternal-
grandmaternal (G, ) gmem covariances {0 the square roots
of the products of 6: and ¢, o and o5, and o;,. and Op
respectively. The estimates of 1elat1u variances attribut-
able to maternal permanent environmental effects (¢*) and
grandmaternal permanent environmental effects (g°) were
calculated as the ratios of the estimates of maternal (67)
and grandmaternal (6) permanent environmental variances
to the phenotypic variance (G ).

RESULTS

The variance components and estimates of genetic
parameters (ratios and correlations) for birth weight are
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presented in Table I1. The direct (h}) and maternal (hy, )
heritabilities were 0.08 + 0.03 and 0.03 + 0.02. respec-
tively. for the three modela. The estimates were sSimilar for
all effects included in all models. The cstimates of vari-
ances attributable to grandmaternal genetic and/or grand-
maternal permanent environmental effects werc close to
zero in models 2 and 3. The estimate of the correlation
between direct and maternal genetic effects was -0.17 £
0.41 . The estimate of ¢* was 0.0 £ 0.02 for all models. As
expected from the estimates associated with grandmater-
nal effects. the three models resulted in essentially the same
value for the log liketihood.

The pattern of the estimates for weaning weight
(Table I1) was similar to that pattern of estimates fo
birth weipht. 1,¢., the estimates of the variance and co-
variance components for included effects were of the
same magnitude in the different models. Variances at-
tributable to grandmaternal effects were small. with
vaues near zero. The estimates of direct and maternal
heritabilities were 0.20 + 0.05 and 0.2 1 + 0.05. respec-
tively. The direct-maternal genetic correlation was -0.58
+ 033 and ¢* wus 015 4 0.0-.
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The cstimates for yearling weight (Table 111)
showed that the inclusion of grandmatcrnal genetic effects
in model 3 slightly increased thc additive direct genetic
variance with an estimate of grandmaternal genetic heri-
tahility (h:) of 0.03 + 0.03. The estimated values of the
genetic correlations between the direct and grandmater-
nal genetic effects (r,) and between the maternal and
grandmaternal effects ( r,.) were small to moderate with
Jarge standard errors (0.28 £ 0.48 and -0.33 + 0.67, re-
spectively). The estimates Of variance components attrib-
utable (0 direct and maternal effects and their correlation
were Similar for the three models. The estimates of h;
and h;, were 0.36 £ 0.07 and 0.16 + 0.07, respectively.
Thc estimate of r,,, was -0.55 + 0.37 for model 3. The
cstimates of ¢?>were 0.09 £ 0.03 for model 1 and 0.07 +
0.0-1 for mode] 3.

Thr estimate of variance for final weight attribut-
able to grandmaternal effects was nrar zero (Table [1I).
The estimates of direct (h;) and maternai (h;) heritabilities
were {).14 £ 0.06 and 0. 16 £ 0.06, respectively. The esti-
mate of ¢* was 0.04 £ 0.05. The correlation between the
direct and maternai  genctic effects was -0.34 + 0.37.

Table I - Estimates of the components of vartance and genetic parameters for birth

and weuning weights

ol Gobra catle.

Birth weight Weaning weight

Parameters® Model | Model 2 Model 3 Model | Model 2 Model 3
G 1.24 1.24 I.24 82.0 X2 82.1
o 0.54 0.53 0.53 87.8 80.5 86.6
o, 0.0 0.0
6:.“ .14 014 -0.14 -49.4 -49.2 -49.2
o 0.0 0.0
Gl 0.0 0.0
G 0.65 0.6l 0.61 6t.Y 60.3 60.2
S, 0.04 0.04 24 24
o, 13.68 13.608 13.68 225.6 228.6 228.6

G, 15.97 15.96 15.96 410.9 410.7 410.8

h? 0.08 £ 0.03 0.08 £ 0.03 0.08 £ 0.03 0.20+0.05 0.20 £ 0.05 1201 0.05
h;, 0.03 £ 0.02 0.03 £0.02 0.03 £ 0.02 0.21 £ 0.05 0.21 £ 0.05 121 £005
h; 0.00 £ 0.00 1.00 £ 0.00
Fn -0.17 £ 040 017 £ 0440 -0.17 £ 0.40 .58 +£0.32 .58 £ 032 -0.58 £0.32
Fe 0.00 £ 0.00 0.00 + 0.00
Lo 0,00 £ 0.00 100 £ 0.00
¢ 0.04 £ 0.02 0.04 £ 0.02 0.04 + 0.02 0.15 £ 0.03 0.15 £ 0.04 015 2 0.04
y° 0.00 £ 0.02 0.00 = 0.02 0.01 £0.02 0.01 £ 0.02
“logl? H4714.3 147143 147143 134777 234777 234777

0. Direet genetic variance: o) . maternal genetic variance: o7, grandmaternal genctic variance: ¢

direct and mater-

ane”

nal genetic covariance: 6. direct and grandmaternal genetic covariance: o, maternal and grandmaternal genetic
covarianee: ¢ maternal permanent environmental varianee: . srandmaternal permanent environmental variance:
o, temporary environmental variance: ;. phenoty pic variance: hi. direct heritability: by, . maternal heritability; h;,
grundimaternal heritability: v . dircct-maternal genetic correlation: v direct-grandmaternal genetic correlation; L.
magernal-grandmaternal genetic correlation: ¢ = o2 /07, = 0, /6. -2 log L = Minus twice the log likelihood given the

data.
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Table 111 « Estimates of components of variance gng genetic parameters for yearling
and final weights for Gobra cattle.

Yearling weight Final weight

Parameters® Model | Model 2 Model 3 Model | Model 2 Model 3
o, 169.7 169.4 1773 129.3 120.1 129.1

0, 108.7 106.9 107.X 144.9 140.3 IN.5
S, 20.8 0.0
Cun -70.4 -70.0 -76.6 -46.7 453 453
iy 16.8 0.0
O -15.4 0.0
o, 57.1 53.2 4x.5 429 15. | 35.2

G 5.2 0.0 10.3 10.7

o, 39X.4 398.5 394. 1 63Z.0 632.3 6333

o 663.5 663.2 663.2 0903.4 v03.0 902.4

h; 0.26 £ 0.07 0.26 + 0.07 0.26 +0.07 0.14 £ 0.06 04 t000014+0.06
hy 0.16 +0.05 0.16 * 0.0 0.16 £ 0.07 0.16 +0.06 016 + 0.06 {.16 £ 0.06
h; 0.03 £0.03 0.00 % 0.00
L -).52 £ 0.34 052 +£0.35 -0.55 + 0.37 -0.3-1 1 0.27 -0.74 +0. 37 034 (.37
Iy 0.28 +0.48 0.00 £ 0.00
Tng -0.33 + 0.67 0.00 + 0.00
2 0.09 +0.03 0.08 +0.04 0.07 + 0.04 (.05 £ 0.04 004 £ 003 004 003
- 0.01 $0.02 0.00 + 0.00 0.01 + 003 001 * 003
2log L’ 20335.2 20335. | 20334.2 [6445.6 164454 1654

2
m

1g2, Direct genctic variance: 0

maternal genetic variance: g2, grandmaternal genetic v ariance: ¢ direct and mater-

nal genetic covariance: (S8 direct gnd grandmaternal genetic covariance: G .- maternal and gr;mdnmlm‘nu] gcnclic

. 3 e . . a . . .
covariance, G, maternal permanent environmental variance: Oy grandmaternal permanent ¢ ironmental v arianee:
¢, lemporary environmental variance: ;. phenotypic variance; h, dircel heritability: . maternal heritability:

grandmaternal heritability; T

a’

direct-maternal genetic correlation; . direct-grandmaternal genetic correlation: |

maternal-grandmaternal genctic correlation: ¢’ = 605 f = 6Y/07,. -2 log . = Minus tw ice the log likelihood given the data.

DISCUSSION

The inclusion ofgrandmaterna effects in the model
did not change the estimates of the direct and maternal
heritabilities or of the genetic correlation between the di-
rect and maternal genetic effects for the four traits ana-
lyzed. However, for yearling weight. the incluson of grand-
maternal genetic effects in model 3 slightly increased the
additive direct genetic variance, The estimates of variance
attributable to grandmaternal effects were very small or
zero, suggesting that these effects did not play an impor-
tant role in these traits in this population of cattle which
exhibits large differences in maternal genetic effects. Simi-
lar results were found with native Korean cattle (L.ce ez
al., 1998) which also exhibit large differences in 4 month
and 6 month weights as a result of materna] genetic ef-
fects. Dodenhoff ¢t al. (1998) reported significant varia-
tion in weaning weight attributable to grandmaternal ef-
fects in a population of Hereford catle with moderate ex-
pression of maternal effects and a large negative correla-
tion between direct and maternal genetic effects. These
authors noted that when estimates of grandmaterna heri-
tability were not zero. the estimates of materna] herita-
bility increased, whereas direct heritability was not af-
fected. A similar pattern was also observed in another
population of Hereford cattle that had undergone long-
term selection in Montana (USA) (Ferreira, G.B.,

MacNeil, M.D.. and Van Vleck. [..D.. unpublished results).

For yearling weight. there was a small. positive
correlation between direct and grandmaternal genetic ef-
fects (r,) and a moderate. negative correlation between
the maternal and grandmaternal genetic effects(r,,,). The
standard en-ors gssociated with these estimates were lage
which means they arc not significantly different from zero.
Dodenhoff e al. (1998) rcported small to large positive
estimates of r,, at weaning for differcnt lines of Hereford
cattle. The estimates for 1, were negative and large for
weaning weight in these lines. The negative correlation
between direct and maternal and between maternal and
grandmaternal genctic effects may bc explained as the
negative influence of dams on thc maternal ability of their
female offspring through ovcrfeeding ( Koch. 1972 ), Tawah
et al ( 1993) suggested that these negative correlations may
reflect adaptation of the animals to adry tropical environ-
ment where food resources are scarce. In such an environ-
ment, small cows tend to meet their nutritional require-
ments for maintenance and growth of their calves more
easily than larger cows. The latter would produce smaller
calves, especidly at weanirg.than would smaller cows of
sSmilar  age.

Maternal heritability was important in all cases.
except birth weight, with estimates of the same magnitude
as for direct heritability. The estimates for weaning weight
agreed with values reported for Hereford cattle (Meyer.
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1992}, Nelore cattle (Eler ¢f al.. 1995), Wakwa and Gudali
cattle (Tawah ¢t al. 1993), and Mashona cattlc (Khombe
¢f ul.. 1995). For yearling and final weights. the estimates
of direct. but not matrrnal. heritability were consistent with
most published estimates. Maternal effects would be ex-
pected 10 diminish at these ages because the animals no
longer depend on their mothers. Relatively high estimates
of h;, were also reported by Eler ¢1 al. (1995) and
Mackinnon et «l. (199} at yearling and later ages. respec-
tively. These authors both also suggested that for animals
raised on pasture with little or no feed supplement. the length
of time hetween weaning and yearling ages may not be
enough to buffer maternal effects present gl weaning.

The estimate of the ratio of maternal permanent
environmental variance to the phenotypic variance. ¢, was
larger for weaning weight than for the other traits. as also
reported by Eler et al. (199.5) and Meyer (1992). Perma-
nent environmental effects result from incidents that af-
fect all progeny of the same cow. The cffects before wean-
ing may he caused by sequels of diseases or accidents to
the udder, which will affect the milk production of the dam.
whcercas the estimate of ¢ at later ages may reflect a carry-
over effect on weaning weight.

CONCLUSIONS

Grandmaternal effects do not play an important role
in thc weight of Gobra cattle at birth, weaning (6 months),
yearling (12 months) and 18 months of age. In contrast,
maternal effects are important, even at 18 months of age.
Models l'or the genetic evaluation of Gobra cattlc could
salely ignore grandmaternal effects but should include di-
rect and maternal genetic effects with the corresponding
direct- maternal genetic covariance.

RESUMO

Foram obtidas as estimativas dos pesos 4o nascimento
(N = 3909). ao desmame (N = 3423), com 1 ano de idade (N =
2764) ¢ final (N = 2144) a partir dos registros de gado Gobra
coletados po Centro de Pesquisas em Zootecnia de Dahra,
Senegal. Trés modelos animais foram adaptados para obter
estimativas por REML usando uma abordagem dc informagio
média (Al). O modelo | considerou os cfeitos ambientais
aleatdrios dircto, genético maternal e maternal permanente. No
modelo 2. um efeito geral relativo as avés foi adicionado aos
efeitos aleatdrios considerados no modelo [, ¢ no modelo 3 ¢
efeito geralrelativo s avés foi dividido em eteitos amhientais
genético e permanente. Todos 05 modelos admitiram covariancias
entre os efeitos genéticos. A inclusiio dos efeitos relativos as
avis nos modelos 2 e 3 nfo alterou as estimativas dos parimetros
genéticos comparados com o modelo 1. As varidncias atribuiveis
aos cleitos relativos ds avds tornaram-se negativas e foram
posicionadas préximas a 7€r0, exceto para 0 peso com | ano,
para 0 qual a herdabilidade relativa i avo foi (),()3 + 0.01. As
estimativas para as herdabilidades direta € maternal foram.
respectivamente, 0,08 £ (0,03 ¢ 0,03 £ 0.02 para peso ao
nascimento, 020 £ 005 e 02 | + 0.05 para peso ao desmame.

026 £0,07¢0.16+0.07 parapesocom1anoe ()14 £ 0,06 e
0. 16 + 0.06 para o peso final. As estimativas da correlagiio
gendtica entre og eleitos direto e maternal para os pesos a0

nascimento, ao desmame. com | ano e final foram -0.17 + 0.40.

-0.58 4032 -(),52 + 034 ¢ -034 £ 0.37. respectivamente. Para
0 peso com | ano com herdabilidade relativa a av estimada

como sendo apenas 0.03. o modelo 3 deu estimativas da
correlagiio genética entre os efeitos direto e relativo 2 avé e entre

0s efeitos maternal e relativo 2 avo de (),28 + 0.48 e-0,33 10,67,

respectivamente. As estimativas de herdabilidade direta e mater-
nal nio se alteraram quando os efeitos relativos 2 avd pgo foram
incluidos no modelo,
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