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ABSTRACT

The optimal dose and regime of ENU for mutagenesis in the chicken was determined through dose
titration (Omg/kg body weight, control group; 100mg; 200mg; 300mg and 400mg/kg body weight) and
regime variation (single shot, half dose in each of two consecutive weeks, and 1/3 dose in each of 3
consecutive weeks) studies in one hundred and twenty (120) 25 week-old improved Nigerian local
chicken cocks. The study was laid out as a 5 X 3 factorial layout of treatments within a completely
randomized experimental design. Eight individually tagged cocks were assigned to each treatment.
Mortality was recorded over 48 hours from the point of each ENU administration. From week 5 -14
following completion of the assigned ENU dose/regime, semen was collected from each ENU
mutagenized cock twice weekly and used to inseminate two Issa Brown commercial layers hens i.e.
I:2 mating ratio and a total of 240 hens used. Eggs were collected over a period of 5 days in each
week and set in an egg incubator to test fertility (candling at day 12). The data showed that ENU dose
and regime independently and significantly (p<0.05) control fertility. The 400mg dose produced
significantly lower fertility than the control group throughout the examined period, indicating an
absence of recovery of fertility to levels comparable to the Control group. There was transient loss of
fertility in the 300mg dose group relative to the control group in weeks 6, 8, 10, 11 and 13 and at week
14, fertility was not significantly (p>0.05) different from the control group. The 200mg dose showed
no significant loss of fertility throughout the experimental period, and this was mirrored in the 100 mg
group except at week 10. ENU regime significantly (p<0.05) determined fertility at weeks 7 and 9 - 11
only. Administration of 1/3 dose in each of 3 consecutive weeks resulted in the longest period of
consistent loss of fertility (weeks 9 — 11) relative to the group given the assigned dose in a single shot
regime. Cumulative mortality within 48 hours after ENU administration was significantly determined
by dose (Omg, 100 mg, 200 mg < 300 mg < 400mg) and regime (1 dose > 2 doses, 3 doses). The 300
mg dose administered in 3 equal fractions over 3 weeks resulted in transient sterility and recovery and
is therefore recommended for ENU in Nigerian local chicken.
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INTRODUCTION

Use of Ethyl-N-Nitrosourea (ENU) mutagenesis
to develop an allelic series of Yoruba Nigerian
Local Chicken (Y-NLC) growth rate gene
determinants will reveal the genetic architecture
of trait determination and markers that are useful
for trait improvement through Marker assisted
Selection. Successful use of the ENU-based
strategy requires preliminary determination of
optimal doses for mutagenesis in the chicken,
and specifically in the breed of interest (i.e. Y-
NLC). The present study determined the optimal

dose and regime of ENU for mutagenesis in the
chicken, guided by established levels in the most
widely studies model, the Laboratory Mouse
(Russel et al., 1979; Hitotsumachi er al., 1985:
Nolan et al., 2000 and Toye ef al., 2004)

MATERIALS AND METHODS

Experimental Design: A 3x5 factorial layout of
treatments within a Completely Randomized
experimental design was used to investigate the
effect of 3 regimes of administration of 5 dosage
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levels of ENU on fertility/sterility and
survival/mortality in Y-NLC cocks.

Birds: One hundred and twenty (120) wing-
tagged Yoruba Nigerian Local Chicken (Y-NLC)
cocks were randomly distributed at 25 weeks of
age into 15 groups of 8 cocks. Two hundred and
forty (240) hens were randomly distributed into
120 battery cages such that there were 2 hens per
cage.

Preparation of ENU and Sham (-ve Control)
stocks: Fresh stocks of ENU were prepared prior
to each weekly intraperitoneal injection of cocks.
ENU was dissolved in 95% ethanol to 2.5 g
ENU/6.25 ml (400mg ENU/ml; 10x working
stock concentration) and diluted with 0.1M
phosphate buffer (pH 6.0) at ratio 1:9, yielding a
working stock (x1) concentration of 40 mg
ENU/ml. Sham stocks were prepared by mixing
2.5 ml Normal Saline with 3,75 ml 95% ethanol;
10x sham stock concentration) and diluted with
0.IM phosphate buffer (pH 6.0) at ratio 1:9,
yielding a Sham stock (x1) containing 0 mg
ENU/ml.

N-Ethyl-N-Nitrosourea (ENU) dose/regime
(D/R) groups: Fifteen, ENU (Sigma-Aldrich,
UK) dose titration (0 mg/kg body weight, control
group; 100mg/kg body weight; 200mg/kg body
weight; 300mg /kg body weight and 400mg/kg
body weight) and regime variation (single shot,
half dose in each of two consecutive weeks, and
1/3 dose in each of 3 consecutive weeks) groups
were examined, namely: (1) 0 mgkg body
weight ENU dose administered in one shot
(OD/IR) i.e. sham group 1; (2) OD/2R sham
group 2; (3) 0D/3R sham group 3; (4) 100D/1R;
(5) 100D/2R; (6) 100D/3R;(7) 200D/IR; (8)
200D/2R; (9) 200D/3R; (10) 300D/IR; (11)
300D/2R; (12) 300D/3R; (13) 400D/1R; (14)
400D/2R; (15) 400D/3R.

Administration of ENU: One hundred and fifty
cocks were randomly assigned to each of the 15
D/R experiment groups such that there were 8
cocks/group. Each cock was weighed and
injected (i,p.) with the assigned ENU dose in the
assigned regime.

Mortality Records: Mortality within each
treatment group was recorded over a 48 hour
period immediately following each
administration of ENU (i.p.) and summed up
over the assigned regime.

Fertility Trial: From week 5 -14 following
completion of  the assigned ENU
dose/regime(The time window examined mirrors
that which is routinely used in mouse studies;
Nolan et al., 1998), semen was collected from
each ENU mutagenized cock twice weekly and
used to inseminate two pair-housed Issa Brown
commercial layers hens (1:2 mating ratio and a
total of 240 hens) by use of the artificial
insemination technique of Burrows and Quinn
(1937). Eggs were collected over a period of 5
days in each week and set in an egg incubator to
test fertility. At the 12" day of incubation, eggs
were candled to test for fertility.

Statistical Analysis

The data on fertility was subjected to analysis of
variance as appropriate for a factorial layout of
treatments by use of SPSS version 22 (SPSS,
2013) and Duncan’s multiple range tests. The
survival data was subjected to chi-squared
analysis.

RESULTS AND DISCISSION

Table 1 shows the effect of ENU dose and
regime of administration on day 12 fertility of
incubated eggs. The 400 mg/kg body weight
dose of ENU resulted in significant (p< 0.05)
loss of fertility in the cocks following ENU
administration, with an average fertility of 9.69%
of the level in the Control group. When
compared to the control group with an average
fertility of 61.65%. The groups injected with 300
mg/kg body weight of ENU had a significant
loss of fertility in week 6, 8, 10, 11 and 13 of the
fertility test with an average loss of fertility of
53.25% of the control and regained fertility at
week 14. The 200mgkg body weight ENU
group showed no significant loss in fertility. In
the 100mg/kg body weight group, there was no
significant loss of fertility except in the 10"
week in which the fertility percent of 35 + 7.64
was significantly lower than that of the control
(61.74 + 7.43).

Table 1 also shows the effect of various weekly
regime of administration of ENU in Improved
Nigerian local chickens. It was shown that there
were no significant effects of weekly attenuated
dosing of ENU except in weeks 7, 9, 10 and 11
where there were significant differences (p<0.05)
in fertility among the three regimes. In weeks 9,
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10 and 11 the groups injected with 3 weekly
attenuated doses of ENU showed a consistent
significant loss of fertility of 32.48%, 49.32%
and 37.04% relative to the groups injected with
once weekly dose. g

Table 2 shows the effect of various ENU doses
and regime of administration on mortality rate of
improved local Nigerian Chickens. The 400mg/
kg body weight dose resulted in about 46%
mortality as a result of the injected ENU, while
the 300mg/kg body weight dose had 25%
mortality. The control group, 100mg and 200mg
doses did not result in any mortality post
injection. The effect of the regime of
administration of ENU on mortality of improved
local Nigerian Chicken was also shown in table
2. The regime of once weekly dose had the
highest mortality rate of 32.5 % while the birds
given attenuated doses of twice weekly and
thrice weekly resulted in 5 % mortality. Figure 1
shows the growth pattern of the improved local
Nigerian chicken and the Marshall strain of the
broiler breeder parent stock. There was a
disparity of 60% and 39.5% in absolute weight
in week 4 and 8 respectively with the Marshall
breeder attaining live body weight of 1240 grams
at 8 weeks compared to the local birds with
average live body weight of 750 grams at 8
weeks.

The variation that exists between the Marshall
breeds of boiler chicken and the Yoruba ecotype
improved Nigerian local chicken (Fig. 1)
indicates the prospect for the improvement of
early growth in the later. It also confirms the
possibility of using these divergent populations
in genetic mapping studies like the current one.
The mutagenic and cytotoxic effects of ENU
vary depending on the dosage regimen and strain
of animal used (Hitotsumachi et al., 1985;
Davies ef al., 1999). The high mortality of birds
injected with 400mg/kg body weight of ENU
indicates the high cytotoxic effects of ENU at
this dosage regimen. It was observed that the
300mg dose had high mortality however
administering the dose at a fractionated regime
of three weekly doses reduces the cytotoxic
effect with no mortality recorded. The temporary
loss of fertility in the male mouse injected with
ENU is indicative of successful mutagenesis
(Nolan et al., 1998). The result from this study

reveals that giving the improved local Nigerian
chicken ENU doses of 100mg and 200mg at
either single shot dosing regimen or fractionated
doses will not induce mutation as there were no
significant loss of fertility. It was also evident
that administering ENU at a dose regime of
400mg/kg body in the local chicken resulted in
permanent loss of fertility with the cocks not
recovering from their sterility throughout the
experimental period. The 300mg however
resulted in loss of fertility during the
experimental period and significant recovery
from sterility at 14" week. The regime 3 of
administration in which ENU was injected
intraperitoneally as 3 fractionated doses over a 3
week period gave a consistent loss and recovery
of fertility.

CONCLUSION

It is concluded from this study that ENU induces
streility in chicken. The injection of ENU at
400mg / kg body weight is toxic and highly
lethal. When administered at 3 weekly
fractionated doses, 300mg / kg body weight is
effective in inducing transient sterility without
resulting in mortality. In furtherance of this
study, a cohort of Fl progeny of Improved
Nigerian Local Chicken cocks mutagenised by
use of 300mg ENU dose/ kg bodyweight
administered in a regime of 3 equal fractions
over 3 weeks is now being screened for
phenovariations to identify an allelic series of
putative-dominant growth gene mutants/outliers.

REFERENCES

Burrows, W.H. and J.P. Quinn, (1937). The
collection of spermatozoa from the domestic
fowl and turkey. Poult. Sci., 16: 19-24.

Davis, A. P., Woychik, R. P. and Justice, M. J. -
(1999), ‘Effective chemical mutagenesis in
FVB/N mice requires low doses of
ethylnitrosourea’, Mamm. Genome, Vol. 10,
pp- 308-310.

Hitotsumachi S.,Carpenter D.A., Rusell W.L
(1985) Dose-Repetition  Increases the
Mutagenic  Effectiveness  of N-ethyl-N-
nitrosourea in Mouse Spermatogonia. Proc.
Natl. Acad. Sci.USA 82, 6619-6621

Session: Animal Breeding and Genetics

Page 948




Proc. 42" Ann. Conf. Nigerian Society for Animal Production 26 — 30" March 2017, Landmark University, Omu-Aran.

Justice, M. J. (2000), ‘Capitalizing on large scale
mouse mutagenesis screens’, Nat.
Rev.Genet., Vol. 1, pp. 109-115.

Nolan P.M., Houpt T.A., and Bucan M (1998)
Chemical Mutagenesis and Screening for
Mouse Mutations with an Altered Rest-
Activity Pattern Molecular Regulations of
Arousal States Chap. 12pp 43-156

Nolan PM, Peters J, Strivens M, Rogers D,
Hagan J, et al. (2000). A systematic, genome-
wide, phenotype-driven mutagenesis
programme for gene function studies in the
mouse. Nat Genet 25(4), 440-443

O’Brien S.J (1991) Mammalian Genome
Mapping Curr. Opin. Genet. Dev. 1:105-111

Russel W.L., Kelly, E.M., Huniscker, P.R.,
Bangham,J.W., Maddux S.C., Plilips E.L
(1979) Specific-Locus Test shows Ethyl-
nitrosourea to be the most potent mutagen in
mouse. Proc. Natl. Acad. Sci. USA Vol.76,
No 11, pp5818-5819

Toye A.A., Moir L.HugillLA., Berntley L.,
Quartermah  J.,, Mijat V. ,Hough T,
Goldsworthy M., Haynes A., Hunter
AJ.Browne M.Spurr N.and Cox R.D
(2004) A new Mouse Model of Type 2
Diabetes, Produced by N-ethyl-Nitosourea
Mutagenesis, is the Result of a Missense
Mutation in the Glucokinase Gene. Diabetes
53:1577-1583

Session: Animal Breeding and Genetics

Page 949




056 25ed $J112uan) pue Suipaalg [BWIUY (UOISSIS
) (500 >d) Wwomip ApueoiuEis a1, 1d15S19dNS JURIAYIP YA ULLN|OD SWES JY] UO SUBI N
SN SN SN SN SN SN SN SN SN SN dWI3ay x 3soQ
1193y uondesdju]
899FLELY  LO9FIITY ESIFITPE L6 SFTE9E WICSF8SIE 49T 97FG68€ 9EFILIr poSFE68S BOESFSOUIF LTSF68LE £ awisay
669F118F SSOFVISE Q0LFOVIV £V 9FTOHBE o6V 9F CLE @LOLFTIEPY SVIFLSLY S£L°CF180€ SL9F0F €0°LF68LE 7 awiBay
IILFT6S 9LLFI86 P8OFOY oLV LF69LS oELFICTY 6ELFO69LS LT9FTO9Y (9LLF80CS 6LBF8ECY  ILLFRESS 1 2widay qunday
TUoNENSIUIWPY JO vE_Mu_u.—
TRSSFRECL  WOTYFOYL WSTITFEL6 (SELFICTLL  S99FET6  «SI9FSI9  LLFSHEl OSLFBESI  WIEEFTIF  +80CF80€E w o
QU6 FISCY o688 FLIIE qb Ol FBLLE BT FIIIE (EVEFECCE (FO6BFICCE 4698 F8LLE (SST6FITTR (LO6FTITTLE EL8FITTC dw ppg
Q0B FLIYS 28E'8FEB OV qIEBFELES 98FLI6Y  STLFES ALFOL 4qTOLFLI6Y q61'BFELE SSTRFLOBE HLILFER09 dw g0z
608 FI6ES 91 8FLI TP wLlL'OF CLEE 2LTLFERSY WFYLFEE (68 L FEEBE wl'9F 08 (98LFLIOY s98LFELULS «ITEFERSY w01
of6'L FLS°69 J96°'LFS9 9EBFBLYS SWSLFPLIY HEVLFPLI9 L1'LFLBO9 -65CFERLY €S'9F09 sLORF 69 wCELFO0S Sw g as0d
IINT Jo sasoq
vl £l 41 I 0l 6 8 L 9 < SI0945] ulely
SN

uonaafut 150d sxeam ([ 10§ $¥20D uaNAIYD (8007 urLGIN paaoidwi Jo (WAST) ANjiuag uo (NT) BaMOSOINN-N-|AYIT-N JO UOLIBIISIUIWPY JO 2WIE] PUB SISO SNOLIBA JO 193))5 ([ Qe [, [ 2[qBL

uply-nwQ ‘AYsianun JIoWpPUDT ‘L TOZ YIION OE — 9T U0IINPoLd [owiuy Jof 131205 ublabIN Juo) uuy | 7y 204d




Proc. 42™ Ann, Conf. Nigerian Society for Animal Production 26 - 30™ March 201 7, Landmark University, Omu-Aran,

Table 2. Effect of Dose and Regime of N-Ethyl-N-Nitrosourea

(ENU) on Mortality of improved Nigerian Local Chicken Cock . 1250
1150 \\
Factor Birds Live Dead Mortality 1050 7/
N N N (%) g 9% 7
Dose (mg ENU/kg body weight) ..u_...._.a wwm / -
0 24 24 0 0 S 650 / / e Improved
100 2 2 0 0 > 550 \\ \\ s
200 24 24 0 o S 450 7 —
300 24 18 6 25° 350 7 — e Marshall
400 24 13 11 45.83° 250 P bl
Regime of Administration 150 e
_ 40 27 13 32.5b 0 ; p "
a
& k-5

- : E

Session: Animal Breeding and Genetics Page 951



