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Abstract

The demand in the world market for high quality fine and superfine wool is increasing, responding to greater wool
textile industry demands and price incentives. There are few research studies focused on hair follicle population in fine
and superfine Merino sheep in Uruguay. This study evaluates the association between wool follicle population and the
most relevant economical wool traits. This work was carried out on Ultrafine Australian Merino (UAM) and Dohne
Merino (DM) animals (lambs and rams). Phenotypic correlations between the secondary/primary follicles (S/P) and
other wool traits (fiber diameter, staple length, clean fleece weight, scoured yield, coefficient of variation of fiber
diameter and comfort factor parameter, were performed using histological skin cuts. Two skin samples were extracted
from each lamb at two and nine months of age. These were processed at the skin histology laboratory to obtain a
histological preparation for further biopsy, being able to differentiate the structures obtained to be evaluated. The
results showed in the UAM group, S/P ratio in nine-month-old lambs was greater than two-month-old lambs (31.08 vs
23.12 P< 0.05). For DM group, there were no differences in the S/P ratio between age groups. Phenotypic correlations
for wool characteristics obtained were of low to medium or null magnitude in both genotypes.
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1. Introduction

During the last 20 years, sheep numbers have been reduced in the main wool producing countries: Australia, New
Zealand, Uruguay, South Africa, and Argentina. Despite individual factors, the reasons of this decline have common
patterns, mainly the price of wool accompanied with other (consumer trends, competitiveness of alternative textile
fibers). On the other hand, since 1990 the evolution of the fine, superfine and ultrafine wool price has been positive,
despite the high levels of volatility between years. In Uruguay, the reduction in sheep population was largely due to the
micron profile and price production costs and profitable alternative to sheep farming such as forestry, cropping and
beef production. This reduction has also been accompanied by changes in the sheep population’s distribution, which
currently is mostly limited to the northern and eastern regions and shallow soils [1,2].

Twenty years ago in Uruguay, more than 70% of the main sheep breeds produced mainly > 26 um fibers, which
presented limitations for adding value and achieve price premiums [3]. In this context in 1998, the Fine Merino Genetic
Nucleus (NMF) of the Research Unit of “Glencoe” (INIA Tacuaremb6 Research Station) was created, which in turn after
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15 year advanced to the foundation of the Ultrafine Merino Genetic Nucleus (UAMN) of the Regional Ultrafine Wool
Innovation Consortium of Uruguay (CRILU) [2].

The Dohne Merino (DM) breed was created in South Africa, to produce fine wool and meat in harsh environments. This
selection process started in the late 1930°s by the South African Department of Agriculture [4]. It was developed by
interbreeding Peppin-style Merino ewes and German Mutton Merino rams. In 2002 the DM was introduced in Uruguay
with the objective of improving the competitiveness of traditional dual purpose breeds, through enhancing meat
production and carcass meat quality and promoting fine wool [5].

This study aims to evaluate the association between skin follicle characteristics (follicular density and S/P ratio) and
the most relevant economical wool traits in two different genetic selection nucleus (Ultrafine Australian Merino and
Dohne Merino) of Uruguay.

It is known that there is an association between lower FD and higher follicular population which accompanies an
increase in follicular density. There are no published data at the moment in the country, in relation to this for both
Superfine Merino and Dohne Merino.

2. Material and methods

2.1. Location, period, and animals

The experiment was carried out at the “Glencoe” Experimental Unit of INIA Tacuarembd (INIA) (latitude 32201°'32”S,
longitude 57200'39”W, 124 m altitude). The animals used in this study belong to the Ultrafine Australian Merino Genetic
Nucleus (UAMN) of CRILU [6] and the Dohne Merino Genetic Nucleus (DMN) of INIA Tacuaremb6 [5]. The experimental
procedures were carried out according to the recommendations set by the Uruguayan Honorary Animal Ethics
Committee (protocol ID CHEA 574).

Thirty UAMN ewes were selected according to their fiber diameter (finer than 16 + 0.5 microns greasy fleece weight 4
+ 2.7 kg/animal on average) and body weight. The genetic and phenotype information of rams used as well as the
offspring 2015 (23 lambs UAM, males and females) for both genotypes were utilized. The parent rams used were three
for each genotype where a similar number of lambs. Thirty DM ewes were used with DM parents both with known wool
data. Offspring 2015 where was 20 lambs DM (males and females).

2.2. Animal measurements

At the beginning of the experiment, skin samples from two-month-old lambs and sires were extracted following the
procedure described by Carter and Clarke [7]. Skin samples (trephine) were taken from the right mid-flank position of
each animal utilizing a circular blade 1.0 cm diameter. Biopsy samples were placed in a fixing solution (10% commercial
formalin).For the preparation of tissue sections, different staining with specific dyes and quantitative measurement of
tissue structures were performed according to established protocol [7,8,9].The processing of the skin for histological
study was carried out as described by Maddocks and Jackson, [8], including the additional modifications suggested by
DILAVE Laboratory (Ministry of Livestock, Agriculture and Fishery) [10]. A second skin sample was extracted from each
lamb at nine months of age.

Follicular population counting was recorded by an Olympus BX 41 SERIES riddle connected to a computer with image
analysis software [11]. The total number of primary follicles (P) was obtained by recognizing accessory structures
(sweat gland, blobbed sebaceous gland, pili-erector muscle) and by the position of the follicular group, whereas the
secondary follicles (S) were identified by the presence of unique accessory structure (unilobulated sebaceous gland).
Follicles with and without fiber and derived (branched) were also determined. Figure 1 shows the histological cut of
sheepskin and its different sctructures seen under microscope [12].

Prior to shearing mid-side fleece samples were taken and tested for fiber diameter (FD, um), coefficient of variation of

diameter (CVFD, %), comfort factor (CF; % fibers >30 pm), scoured yield (SY, %) and staple length (SL, cm) as described
by Ramos et al, 2019 and 2021 [13]. At shearing individual fleeces were weighed (GFW, kg).
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2.3. Statistical Analysis
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Figure 1 Histological cut of sheepskin seen under the microscope

Data were analysed utilizing a general linear mixed model of the statistical package Info stat (Group Info Stat
Professional). The model for wool traits included “genotype” as fixed effect and “Sire” nested "within breed" and “dams
of the lamb” as a random effects. The regression coefficient for the covariate age was adjusted for date of birth and sex.
In those cases where the covariate was not significant, it was eliminated from the model. Means were compared with
the LSD test since in all cases 2 means were compared. Correlations between the S/P ratio and wool traits were studied
using Pearson's correlation coefficient. To calculate the correlations, the residuals were obtained from a model in which
the effect of date of birth and sex were considered, so that the correlation considered the variable adjusted for these

factors.

Significant differences and mean comparisons were performed using Tukey’s probability pair wise tests. Significant
effects were declared at p< 0.05. Pearson’s correlation coefficients between wool quality traits were also estimated.

3. Results and discussion

3.1. UAM Lambs

Table 1 Fibre diameter (FD, pum) and S/P ratio of sires and lambs in Ultrafine Australian Merino Nucleus

Sires Lambs S/P
ratio increment
S/P S/P

FD . FD . . 2 to 9 months

ID (um) S/P Ratio | N/lambs (um) ratio ratio (%)
m m

" " at 2 months | at 9 months °
11213 15.1 30.0 8 15.1 22.4 33.6 50.1
12186 15.7 24.0 7 15.4 22.2 28.9 35.3
12267 15.2 31.6 7 14.2 25.9 324 24.7
17263* - - 1 14.2 21.8 23.2 6.7
Average 15.3 314 23 14.6 23.4 314 34.2

*frozen semen
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FD is similar in sires and lambs, S/P ratio is variable between lambs, increasing significantly (p<0.05) between two and
nine months. These values are similar to those reported previously by the literature for UAMN [14,15,16,17,18].

Table 2 Phenotypic correlations between the S/P ratio and wool traits

S/P

Trait r p

FW -0.06 | 0.78
FD -0.26 | 0.23
CVD -0.22 | 0.32
CF -0.12 | 0.58
CFY -0.18 | 0.42
SL -0.37 | 0.08

There is a tendency (p=0.08) to reduce the staple length when S/P ratio is increased. This is explained by follicular
competition for nutrients [19, 20]. In the rest of the variables, a negative relationship is observed but no significant
correlations were obtained. This can be explained by the number of animals and the observed variability.

A positive correlation was obtained between fleece weight and both fiber diameter (r=0.43, p=0.04), and staple length
(r=0.65, p=0.0007). In the case of diameter the correlation was average. This coincides with Turner and Young, 1969
[21], reported moderate correlations which indicate high correlations for Strong Merino and mean correlations for
Medium and Fine Merino.

FD shows a high positive relationship with SL (r=0.56, p=0005), which does not match the literature. This can be
explained by the selection made on the FW trait, which by not increasing the number of follicles per skin area would
increase the other component that is the efficiency of conversion into fiber, the staple length [22,23].

The increase in the diameter of the fibers determine an increase in the variability of the fibers (r= -0.40, p=0.05) as
reported by Chapman [24]. The variability of the diameter is greater than the length of the fibers (r=42, p=0.04),
determining an increase in the length and thus an increase in variation [25].

3.2. DM Lambs

Table 3 Diameter and S/P ratio of sires and lambs in Dohne Merino Nucleus

S/P
Sires Lambs ..
ratio increment
S/P S/P 2 to 9 months
FD S/P FD Ratio Ratio (%)
ID (um) Ratio N/lambs (um) at 2 months at 9 months

30016 19.3 20.7 2 17.9 20.7 26.6 23.6
31009 19.5 23.6 1 19.8 20.9 20.6 -0.0
39038 21.3 22.7 4 18.2 21.2 22.7 7.3
CA3807* 5 18.1 20.9 23.9 14.3
32024* 7 18.9 20.1 22.4 11.8
44440* 1 19.1 19.4 19.4 11.0
Average 20.0 22.4 20 19.4 20.6 22.9 11.2

*semen frozen
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Sires” FD is superior to that observed in the lambs (Table 3). S/P ratio is variable between lambs, increasing by 11%
from two to nine months. The values of S/P ratio for DMN are the first reported, there are no previous works in the
literature on the follicular population of this breed.

Negative tendencies are observed between the S/P ratio and the diameter of fiber and the percentage of fibers greater
than 30 microns. No further significant differences were found in the rest of the variables evaluated. These results are
consistent with the bibliography, indicating that finer fiber diameters promote lower percentage of fibers greater than
30 microns [14, 15, 22, and 23].

Table 4 Phenotypic correlations between the S/P ratio and wool traits

Trait r P

FW 0.23 | 0.35
FD -0.39 | 0.10
CvD 0.01 | 0.98
CF -0.40 | 0.09
CFY 0.22 | 0.39
SL -0.16 | 0.51

The increase in the number of fibers greater than 30 microns is associated with an increase in FD (r=0.59, p=0.01) and
a greater CVD (r=0.61, p=0.008) in accordance with other experimental results reported in the literature [14, 15, 21, 23,
25,26]. In this genotype, CFY is positively affected with SL (r=0.48, p=0.04) and negatively (tendency) with CVD (r= -
0.41, p=0.09).

Table 5 S/P ratio in both genotypes at 2 and 9 months of age

Breed(genotype) 2 months 9 months
UAMN 23.12+1.20 | Bb | 31.08+1.20 | Ab
DMN 20.28+1.29 | Bb | 22.63+1.29 | Bb

A versus B differences between breeds. a versus b: differences within breeds

The S/P ratio shows a significant difference within the UAMN genotype between two to nine months, but none in the
case of DMN or when genotypes are compared. The S/P ratios felt within the range found by Reis [28], which reported
for fine Merino values of S/P ratio of 20-27 for fiber between 16-21 microns. In this work, the average FDs for UAMN
and DMN are 14.6 and 19.4 pm, respectively. The increase in the S/P ratio in the UAM is explained by the second wave
of maturation of the secondary follicles as described by Chapman [24].

Table 6 Percentage of follicles derived for both genotypes at 2 and 9 months of age

Breed(genotype) | 2 months 9 months
UAMN 11.26 +1.03 A 1086+1.03 | A
DMN 873+1.11 | Bb | 10.71+1.11 | Bb

A versus B differences between breeds. a versus b: differences within breeds.

No significant differences were found in derived secondary follicles percentage measurements between genotypes, nor
were significant differences found in two and nine month measurements in each genotype. Several studies have shown
that wool growth and fiber dimensions are substantially altered as sheep age increases [27]. Variations in the
percentage of derived secondary follicles do not increase as the original secondary follicles increase but they are
compensated with smaller amounts. In relation to follicular density, no significant differences were found in the UAMN
between two and nine months as well as between genotypes. Significant differences were found in follicular density
between two and nine months of again the DMN genotype.
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Table 7 Follicular density for 2 genotypes at 2 and 9 months of age

Breed(genotype) | 2 months 9 months
UAMN 140.7949.14 | Aa | 143.0649.14 | Aa
DMN 146.26+9.96 | Aa | 125.60+9.96 | Ab

Follicular density is explained in the UAMN by the second wave of maturation. In contrast, follicular regression is
observed in DMN probability due to poor follicle nutrition due to high competition [17,18, 19]. In contrast, in the UAMN,
better blood supply in skin, allows the maintenance of follicles, which leads to a reduction in the diameter of fibers,
maintaining the same weight of fleece [22,23,28,29].

The weight of fleece was similar in both breeds (3.0 vs 3.4 kg; p> 0.05). However, the DMN has a larger fiber diameter
than the UAMN (p<0.05), being 14.6 vs. 19.4um, respectively. This could be associated with the greater competition
between follicles in UAMN genotypes [30,31], which determiner a small amount of nutrients supplied to each follicle.

The percentage of fibers greater than 30 microns find as expected significant differences between genotypes, being
higher this percentage in the genotype DMN (0.15 versus 0.52, p=0.06). In UAMN these results show a tendency to have
a lower percentage of individual thick fibers (greater than 30 microns) and are usually reported as comfort factor, the
percentage of wool fibers with a fiber diameter less than 30 microns [17].

CFY showed significant differences between genotypes (p<0.05), with higher yield in UAMN (76.6 vs. 72.4%). Bearing
in mind that UAMN has a smaller fiber diameter than DMN this difference was not expected since according to previous
data from Sanjurjo [32], they found that as the average diameter of fibers is greater the production of greasy decreases
and as a consequence increases the CFY.

4., Conclusion

Associations found between the S/P ratio and the main characteristics of wool evaluated in this work are medium to
low. As relevant data, they indicate that the correlation between follicular density and diameter is moderate and
negative.

The UAMN genotype shows an increase in the S/P ratio between two and nine months of age. However, in the DMN
genotype, there is no such increase. In the percentage of secondary follicles derived no interaction effect was found
under any evaluated case. The higher follicular density is explained in the UAMN, by a significant follicular maturation
in the second wave. In contrast, follicular regression is observed in DMN, feasible due to poor follicle nutrition due to
high competition. Instead, in the UAMN, better blood supply in your skin, allows the maintenance of the follicles, which
leads to a reduction in the diameter of fibers, maintaining the same weight of fleece.

In the UAMN genotype the FD and SL are positively associated with the CFW. DF shows a high positive relationship with
LM, which does not match the literature. This can be explained by the selection made on the WF trait, which by not
increasing the number of follicles per skin area would boost the efficiency of conversion into fiber thus increasing the
staple length.

It has been difficult in the past to get heavy and thin fleeces due to the positive association that exists between diameter
and, so the S/P ratio could be of great help in obtaining thinner fleece and that do not have a significant drop in weight.
Therefore, it is demonstrated in this work that animals with higher follicular densities, especially secondary follicles,
will have smaller fiber diameters. This explained by follicular competition, at higher density greater competition for
nutrients. This was confirmed by observing the low and negative selection tool in the finest animals, follicular density.

In view of the above, based on this work and those considered here it can be concluded with these results obtained that

by selecting for greater S/P ratio will obtain fleeces with less fiber diameter, which induces that in the present and in
the future it can be used as a valid selection criterion to decrease the diameter.
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