


Estimates of Breed Additive, Dominance and Recombination Genetic Effects on Growth and Lactation Traits in German Brown  x N'Dama Crossbred Cattle under Nigerian Tropical Conditions


Abstract 
The aim of this study was to evaluate the breed additive, dominances and recombination genetic effects on indigenous N'dama and its crosses with German Brown dairy cows at the University of Ibadan Teaching and Research farm. Overall, 424 pure German Brown, N'dama and crossbred dairy cattle performance records were used for the study. This study estimated additive, dominance, and recombination effects for five economically productive traits-birth weight, 12-month weight, average daily weight gain, milk yield, and lactation length-using the Dickerson (1969) two-breed regression model across seven genetic groups of German Brown (GB) x N'Dama (ND) cattle. The genetic groups included purebreds, F1, F2, and advanced backcrosses. Additive effects were substantial for growth traits, dominance effects were particularly strong for 12-month weight, and recombination effects were notable in later generations. Milk yield and lactation length were largely controlled by additive effects with modest dominance. The results highlight the value of structured crossbreeding to exploit heterosis while maintaining productive exotic inheritance in tropical dairy systems.
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Introduction
Improving quantitative traits in cattle through crossbreeding exploits genetic diversity between adapted indigenous breeds and productive exotic breeds. Indigenous African breeds such as N'Dama are well adapted to tropical environments due to inherent disease tolerance and resilience (Kim et al., 2017), whereas exotic breeds such as German Brown contribute higher growth and lactation potential but may lack adaptation to local stressors (Naskar et al., 2012, Kiema et al, 2020). An appropriate combination of these comparative advantages of indigenous and exotic breeds could lead to improved performance of the developed hybrid. This improved performance had been subject of review by FAO (2010) on breeding strategies for sustainable management of animal genetic resources.
The improved crossbred performance has been shown to have genetic cause which can be partitioned into additive, dominance, and recombination effects, providing insight into gene action and guiding crossbreeding strategies (Dickerson, 1969; Cunningham & Syrstad, 1987). Crossbreeding is a key strategy in livestock production for exploiting additive, dominance and recombination effects thus improving performance traits (Cameron, 2018). While additive genes affect the productive traits more, dominance affect reproductive traits more (Ghiasi et al., 2018, Helel et al 2024, Hernandez Montiel et al. 2006). This is because productive traits controlled by additive games have moderate to high heritability percentage, while reproductive traits controlled by non-additive genes have low heritability value and more affected by the environment.
Regarding productive traits, birth weight is a key early growth indicator, while 12-month weight and average   daily weight gain reflects post-natal growth potential. Milk yield and lactation length are central productive/survival/reproductive traits affecting lifetime productivity. Growth traits such as birth weight 12-month weight, and daily gain determine meat production efficiency, whereas milk yield and lactation length are critical for dairy productivity (Leroy et al., 2020)
In the 1970s' up to the 80’s a crossbreeding trail was initiated and carried out by the University of Ibadan in collaboration with the German government to mate German Brown (Brown Swiss) and local N'dama to develop a hybrid for commercial purposes around the university community. Findings from records of performance of the crossbreds showed that 50% and 75% N’dama crossbreds (meaning 50% and 25% German Brown blood) clearly possessed a superior capacity for growth and milk production capacity compared to the purebred local N’dama cattle in the local humid tropics of lbadan environment (Nwosu, 2026 & b). This was supported by the moderate to high heterosis exhibited by the crossbreds over the local N'dama cattle (Nwosu, 2025).
The above researches have thrown light into the phenotypic constitution of the genetic groups; however, it lacks information necessary to partition genetic effects like additive, dominance and recombination to explain and guide optimal breeding strategies beyond observed group performance. Recently published papers have shown significant contribution of these genetic effects. In genetics, additive genetic effects are the additive effects of a number of genes that can be accumulative and stably inherited while non-additive genetic effects are the effects of gene interactions that can change by allele recombination and thus cannot be stably inherited (Liu et al, 2022). Various reports on the effects of dominance on reproductive and productive traits (Ghiasi and Mokhtari, 2018; Jasouri et al., 2017; Sadeghi et al. 2021) and imprinting (Ghafouri-Kesbi et al., 2022; Mokhtari et al., 2022a, Mokjtari et al., 2022b) have shown significant genetic effects to the phenotypic variation of growth-related traits in livestock. The dominance effect is considered to be key factor affecting complex traits and has been shown to play an important role in production traits of domestic species and plant crops (Duenk et al., 2017).
In this regard using the Dickerson (1969) two-breed crossbreeding model which partitions performance into additive, dominance and recombination effects, these genetic effects were assessed to inform future crossbreeding strategies in similar environment.
Materials and Methods
Animals and Management
Data were collected from a designed crossbreeding experiment based on the Dickerson (1969) two-breed model involving German Brown (GB) and N’Dama (ND) cattle maintained under tropical conditions at the University of Ibadan in Nigeria (Nwosu, 1995).  It involved F1 production inter se mating and backcrossing to evaluate additive, dominance (heterosis), and recombination effects.
Cattle were managed under common grazing and supplementary feeding regimes, with routine health care and breeding records maintained according to Nwosu (1995).
Seven genetic groups were evaluated:
1.	Pure N’Dama (ND);						p = 0.00 GB
2.	¼ GB x ¾ ND (Backcross of F1 males  to ND females) 	p = 0.25
3.	F1 (½ BS x ½ NF)						p = 0.50
4.	F2 (Inter mating of F1)						p = 0.50
5.	5/8 GB x 3/8 ND (Backcross of ¾ ND males GB females	p = 0.625
6.	¾ GB x ¼ ND (Backcross of F1 males to GB females	p = 0.75
7.	Pure German Brown (GB)					p = 1.00
Traits Recorded 
Five traits were analyzed:
· Birth Weight (BW; kg)
· 12-Months Weight (12MW; kg)
· Average Daly Weight Gain (1 Mth – 12 Mth; g)
· Milk Yield (MY; kg per lactation)
· Lactation Length (LL; days)

Statistical Analysis
Traits were measured according to guidelines for phenotypic trait characterization (FAO, 2018), while standardized dairy cattle performance recording protocols as provided by ICAR (2017) were observed. Genetic effects were estimated using the two-breed crossbreeding model described by Dickerson (1969, 1973; Tesema et al 2023), assuming the absence of maternal and reciprocal effects.  Genetic coefficients for additive (2p – 1), heterosis (H) and recombination (R) were assigned to each genetic group. A full regression model incorporating all seven genetic groups was fitted to estimate genetic effects for each trait.  Least squares means (LSMeans) and their standard errors (SE) were obtained using the General Linear Model (GLM) procedure.  Analysis of variance (ANOVA) was used to test for significant differences among genetic groups.  Additive (a), dominance (d), and recombination (r) effects were subsequently derived from the LSMeans for all traits as represented below:
Y = μ + a (2p – I) + dH + rR + e 
Where:
Y = observed trait value 
μ = overall mean 
a = additive genetic effect 
p = proportion of genes from one breed (e.g., German Brown) 
(2p−1) = additive coefficient (centers breed proportion around zero) 
d = dominance (heterosis) effect 
H = 2p(1-p) = heterozygosity coefficient 
r = recombination (epistatic loss) effect 
R = 4p(1 – p) – H = recombination coefficient 
e = random error

Results
Table 1 below summarizes the LSmeans of the productive traits studied with F – values and level of significance.
Table 1: LSMeans of the productive traits with SE, F-value and level of Significance
	 Genetic Group
	GB gene proportion
	Birth weight (kg)
	12-month weight (kg)
	Average daily weight gain (g)
	Milk yield (kg)
	Lactation yield (days)

	N’Dama (ND)
¼ GB x ¾ ND
F1 (½ GB x ½ ND)
F2 (Inter se of F1
5/8 GB x 3/8 ND
¼ GB x ¼ ND
German Brown (GB)
F-value
	0.00
0.25
0.50
0.50
0.625
0.75
1.00
	20.87± 0.26a
18.25± 0.25d
22.63± 0.63b
20.80± 0.60c
22.42± 0.42bc‑
25.45± 0.37a
28.70± 0.29a
34.10**
P<0.01
	96.84± 1.49d
111.50± 1.81c
165.00± 5.22a
162.00± 6.13a 
112.00± 2.64c
118.70± 2.37bc
128.60± 1.92b
42.60**
P<0.01
	210± 3.24d
320± 5.19b
390± 12.33a
380± 14.36a
260± 6.13c
240± 4.80cd
270± 4.02bc
46.30**
P<0.01
	0.00
1342± 38.73b
1349± 25.50b
1192± 30.78c
0.00
0.00
2038± 17.27a
55.20**
P<0.01
	0.00
224.78± 6.49c
250.58± 4.73b
230.49± 5.95c
0.00
0.00
339.16± 5.23a
61.40**
P<0.01


 
Column means with the same letter do not differ significantly (P>0.01)
In Table 2 below, these LSmeans of the various traits for the seven genotypes were used to determine the additive, dominance and recombination effects using Dickerson (1969) two-breed crossbreeding model.
Table 2.  Estimates of additive, dominance and recombination effects for growth and lactation traits in German Brown x N’Dama crossbreds
	Trait
	Overall Mean (ⴙ)
	Additive (a)
	Dominance (d)
	Recombination (r)

	Birth Weight (kg)
	22.73±2.78***
	+3.92±1.62**
	-2.16±0.78***
	-1.83±2.56**

	12-Month Weight (kg)
	127.81±10.23**
	+15.88±2.67***
	+52.28±2.69**
	-3.00±1.22**

	Average daily weight gain (g)
	295.71±16.23**
	+30.00±5.78**	
	+150.00±20.54**
	-10.00±7.81**

	Milk Yield (kg)
	1480.25±222.12**  
	[bookmark: _Hlk227946268]+1018.89±113.10**
	-339.59±91.59**
	-157.08±55.87**

	Lactation Length (days)
	261.25±23.60**
	+169.58±68.12**
	-89.00±25.34**
	-20.09±10.59***


** Significant (P<0.01)
*** Significant (P<0.001)

Birth Weight
The additive effect for birth weight (3.92 kg; 17.25% of the mean) indicates a moderate contribution of additive gene action, suggesting that the trait can respond to selection.  The dominance effect (-2.16 kg; -9.50% of the mean) reflects moderate negative heterosis, indicating that crossbred calves are lighter than the mid-parent value. Similarly, the recombination effect (-1.83 kg; -8.05% of the mean) is moderate and negative, suggesting a noticeable breakdown of favorable epistatic gene combinations. The combined non-additive effects nearly offset the additive gain, resulting in a slight reduction in birth weight. Biologically, this reduction may be advantageous by lowering the risk of calving difficulty, indicating that crossbreeding may have a beneficial role for this trait despite the presence of negative non-additive effects.
12-MoWT
The additive effect for 12-month weight (15.88 kg. 12.42% of the mean) indicates a moderate contribution of additive gene action. In contrast, the dominance effect (+52.28 kg: +40.90% of the mean) is large and positive, revealing substantial heterosis and indicating that crossbred animals perform markedly above the mid-parent value due to favorable allelic interactions. The recombination effect (-3.00 kg: -2.35%) is small, suggesting minimal loss from breakdown of epistatic gene combinations. The results demonstrate that 12-month weight is predominantly influenced by dominance gene action, with crossbreeding producing significant improvement in performance. This indicates strong breed complementarity and supports the use of crossbreeding strategies to enhance growth traits in this population.
ADG
The additive effect for average daily gain (+30g; +10.15% of the mean) indicates a modest contribution of additive gene action, suggesting limited response to selection. In contrast, the dominance effect (+150g: +50.73% of the mean) is very large and positive, revealing substantial heterosis and indicating that crossbred animals exhibit markedly superior growth rates compared to the mid-parent value. The recombination effect (-10 g; -3.38%) is small, suggesting minimal loss due to breakdown of epistatic gene combinations. Overall, the results demonstrate that ADG is predominantly influenced by dominance gene action, with crossbreeding producing significant improvements in performance. This highlights strong breed complementarity and supports the use of crossbreeding strategies to enhance growth rate in this population.
Milk yield
The additive genetic effect (1018.89 kg; 68 83% of the mean) indicates that milk yield is largely governed by additive gene action, suggesting substantial potential for improvement through selection.  However, the dominance effect (-339.59 kg; -22.93%) reveals a high level of negative heterosis, indicating that crossbred animals perform markedly below the mid-parent value due to unfavorable allelic interactions. The recombination effect (-20.09kg: -1.36% of the mean) is minimal, suggesting that epistatic breakdown contributes little to the observed performance decline. The results demonstrate that while additive genetic merit is high, crossbreeding is disadvantageous for milk yield in this population due to strong dominance depression, and genetic improvement should therefore emphasize selection within breeds rather than crossbreeding.
Lactation length
The additive effect for lactation length (+169.58 days: 64.91% of the mean) indicates that the trait is predominantly governed by additive gene action, suggesting strong potential for genetic improvement through selection. However, the dominance effect (-89 days: -34.07%) reveals substantial negative heterosis, indicating that crossbred animals exhibit markedly reduced lactation length relative to the mid-parent value due to unfavorable allelic interactions. Additionally, the recombination effect (-20.09 days; -7.69%) is moderate, suggesting a noticeable breakdown of favorable epistatic gene combinations. This indicates that while additive genetic merit is high, crossbreeding results in reduced performance due to both dominance depression and recombination losses, indicating that selection within breeds would be a more effective strategy for improving lactation length
DISCUSSION
This study partitioned genetic effects for key growth and lactation traits in German Brown N'Dama crossbred cattle using the Dickerson (1969) two-breed crossbreeding model, which permits simultaneous estimation from multiple breed compositions (Dickerson, 1969; Cunningham & Syrstad, 1987).
The results reveal a clear contrast in the genetic control of production traits, Growth traits (average daily gain and 12-month weight) are predominantly influenced by positive dominance effects, indicating substantial heterosis and strong breed complementarity, making them highly responsive to crossbreeding. In contrast, dairy traits (milk yield and lactation length) are largely governed by additive gene action but exhibit significant negative dominance effects, reflecting dominance depression and poor crossbred performance. Birth weight displays an intermediate pattern with moderate additive and non-additive influences. Recombination effects across traits are generally small, suggesting limited impact of epistatic breakdown. The findings indicate that crossbreeding is advantageous for improving growth traits but not suitable for enhancing dairy performance, where selection within breeds remains the most effective strategy.
Birth Weight and 12-Month Weight: Additive effects were significant for birth weight, consistent with other studies showing heritable control of early growth (Mullen et al., 2010). Thìs supports earlier report of Akah (2004) that additive effects significantly (P<.05) influenced calf growth traits in WAS and GUD crossbreds.
Dominance however, was strong in ADG and 12-month weight. The crossbreds exhibited stronger dominance effects, aligning with the greater non-additive influence typically seen for post-natal growth traits in crossbreds (Georges et al., 1995). This was later supported by Akah (2004) who found that dominance effects significantly (P<.05) influenced calf growth traits in GUD crossbreds
The substantial recombination losses in advanced backcrosses suggest that epistatic interactions contribute importantly to growth, which are disrupted by segregation in later generations.
Milk Yield and Lactation Length: Milk yield response was largely additive, reflecting the high productivity of German Brown genetics, which supports earlier works (Akah, 2004; Getahun, 2018; Tadesse et al., 2019) using other imported breeds such as Holstein-Friesian. Getahun (2022) indicated that the major portion of successes in milk production in their study resulted from additive genetic variation for milk production traits. The importance of additive effect was confirmed as the main factor in the improvement of milk production in Holstein-Friesian x Boran crossbreds (Ayalew et al., 2026), which underscores its significance in the improvement of milk production traits.
Modest dominance in F1 aligns with reports that milk production shows moderate crossbreeding vigor (Elsheikh et al., 2008). This is contrary to the report of Ayalew et al. (2026) that dominance effects for milk production traits were mostly negative or nonsignificant, thus the effects for the traits were low or unfavorable, which could be attributed to the diminishing dominance (Tadesse et al., 2019)
However, the strong recombination effect underscores the challenges of maintaining favorable gene combinations across generations due to reduction in heterozgosity and disruption of favourable gene combinations. There are reports of such significant recombination losses in milk production traits, which means unfavorable recombination (Getahun, 2022), supported by Ayalew et al. (2026) who reported that one of the major findings of their study was the substantial negative impacts of recombination losses on milk production traits. The losses in lactation milk yield amounted to about 1,440.92 ±152.25 kg. These findings support earlier research that highlighted the impacts of recombination as a major factor affecting the reduction of heterosis through disruptions in epistatic gene combinations (Lynch and Walsh 1998).
Lactation length behaved similarly, with additive effects dominant but recombination counteracting gains in later crosses. Together, these patterns suggest that F1 crossbreds and intermediate compositions capture most of the benefits of heterosis while avoiding recombination loss. However, Ayalew et al. (2026) found non-significant contribution of additive effect to lactation length (LL) compared to the significant contribution to milk yield and suggested that the contribution of the additive effects may be related to the quantity of milk produced and not the length of lactation. They also reported substantial negative impacts of recombination losses on lactation length.
Crossbreeding Strategy Implications: The observed patterns support using structured F1-based crossbreeding systems (e.g., rotational crossbreeding or terminal crosses) that maintain heterozygosity and balanced exotic inheritance.  Maximizing additive effects (for milk yield and lactation) while exploiting dominance (for growth) can improve productivity in tropical systems without sacrificing adaptation.
Conclusion
The results indicate that productive traits are influenced by both additive and non-additive genetic effects, with growth traits showing strong heterotic responses, while milk production appears largely under additive genetic control. The superiority of the F1 generation for growth traits and the decline observed in F2 confirm the presence of heterosis and recombination or respectively Recombination effects are detrimental in advanced generations, emphasizing de value of maintaining heterozygosity in crossbreeding programs. However, the higher performance of pure German Brown in milk yield suggests that upgrading may be beneficial for dairy production under improved management conditions.
In general, the present study showed that favorable genes were lost during gamete recombination because of the lack of selection of the indigenous N'dama breed and crossed with the selected German Brown.

Recommendations
· It is recommended that improvement of management level (feed, health, etc.)  and selection on N'dama and their crosses should be implemented to favor the genetic base of crossbreeding parameters (additive and non-additive genetic effects) and optimal use of breed combination in breeding programs
· Additive gene action predominates for traits such as milk yield and lactation length, suggesting selection within breeds as the optimal improvement strategy.
· Dominance effects dominate for growth and many reproductive efficiency traits, indicating that crossbreeding can effectively exploit heterosis to enhance performance
· Recommended that that for the optimization of the genetic potential of crossbreds, molecular technology be employed along with selection in indigenous breeds and good husbandry practices.
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