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Growing wool in tissue culture - which fibre type is best?

L.M. WINDER, D.R. SCOBIE AND R. BICKERSTAFFE

AgResearch, PO Box 60, Lincoln, New Zealand.

ABSTRACT

Individual wool follicles were isolated from adult sheep and maintained in tissue culture for three days. Follicles fram Merin
Poll Dorset and Suffolk animals were classified as fine wool types and were compared with follicles from Romney, English Leices
and Drysdale animals which were termed a coarser wool type.

There were significant differences in both follicle survival and the rate of fibre growth between coarse and fine foldicle type
maintainedn vitro. Only 48% of follicles from animals with fine fibre types survived in tissue culture. In contrast, 84% of follicles
from coarse fibre types remained viabievitro (P<0.01). The fibre growth rates of viable follicles was also significantly different
between fibre types (P<0.01). Follicles isolated from animals classified as fine fibre types had a fibre growth ratd efid0g8et
day compared with 170 + 12um per day fibre growth by animals with coarser fibre types.

In vitro fibre growth by animals with large, straight follicles such as those from the English Leicester and Drysdale animals was
greatest and a high proportion remained viable. Furthermore, follicles from these animals were easy to isolate relatfileréo fine
types. Dissection of finer follicles was considerably more difficult, due to the decreased follicle size, curvature altidleigemhsity;
factors which may be responsible for their reduced viahilityitro.

Keywords: follicle culture; wool growth; fibre type; sheep breed; genotype.

INTRODUCTION Individual follicles were isolated from the biopsy
. . ] ] sample by microdissection (Messenger 1984) and main-

Sheep genotype is a major factor influencing woghined in 500pl of supplemented, serum-free nutrient me-
growthin vivo. Clean wool production, fibre diameter andyiym modified from that described by Philpettl.(1989).
th.e seasonal varlathn of wool growth vary significantlyrhis consisted of William’s Medium E supplemented with
with sheep breed (Bighaet al. 1978). Ross (1990) has | _gjytamine (1mM), insulin (10pg/ml), transferrin (10(g/
reviewed breed differences, and Table 1 details typica|)y sodium selenite (10ng/ml) and hydrocortisone (10ng/
ranges for fibre dlameter and staple length for some COMi) [Sigma Chemical Co]. Follicles were maintained at
mon sheep breeds in New Zealand. 37°C in a humidified atmosphere of 5% J®©5% air. The

In addition to effects notenh vivo, sheep genotype p of the culture medium was adjusted to pH 7.0-7.2 prior
may also influence wool growth and follicle survival g filter sterilisation.
vitro. The ease with which follicles can be isolated islikely  Eipre growthin vitro was determined using a method
to depend on the toughness of the dermis, the size agfined fixed time analysis (Winder 1995). For this analy-
curvature of follicles, and the degree to which the foII|cIe§iS’ fibre plus follicle length was measured on two occa-
are intertwined. These factors vary considerably betwegfyns - immediately after follicle isolation from the skin,
sheep breeds. . _ _and again following three days incubation of the follicle in

It seems reasonable that follicles which are easier {trient medium. The fibre growth rate per day was then
isolate are likely to be less damaged and more likely toyculated as (final length-initial length)/3 days. Length
remain viable, than follicles which are difficult to isolate yeasurements were undertaken by image analysis (Bioguant
The work presented here examines the observation tfp@'g R & M Biometrics, USA) at 144X magnification.
follicles from coarse wool breeds appear easier to isolate  kq)jicles from the six animals used in this experiment

than those from fine wool breeds. were allocated to one of two groups - fine wool or coarse
wool - on the basis of the fibre diameter and staple length
MATERIALS AND METHODS data presented in Table 1. Follicles from the Merino, Poll

ki S I Dorset and Suffolk animals were allocated to the fine wool
Skin S.'[I’Ip b'OPS'e,S (0.5mm x 30mm_) were collecte roup, with follicles from the Romney, English Leicester

fr.om the clipped m'd's'd? of one adult animal from each nd Drysdale animals forming the coarse fibre group. An
SIx breeds .Of sheep (Merino, Suffolk, Poll Porset’ Romne nalysis of variance of the rate of growth of fiber from

English Lemestgr apd Drysdale). Appro>.<|matelly 0.5ml Yiable follicles, of the two groups was performed using the
local .anaesthetlc (L|gnovetTM;_2_0% W/\{ lignocaine hYdroétatistical package GENSTAT 5 (Rothamsted Experimen-
chloride; C-Vet Ltd, UK) was injected intradermally into,, Station, UK). Previous studies (Winder 1995) have

the area from which the sample was to be collected. shown that the error of measurement is approximately

! Lincoln University, PO Box 94, Lincoln, New Zealand.
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TABLE 1: Fibre diameter and annual staple length data for a selection oFIGURE 1: Histological slides showing follicles in the skin of animals
sheep breeds, adapted from Ross (1990). representing the two fibre types examined in this study (20X magnifica-
tion). (A) Poll Dorset (fine wool type); (B) Drysdale (coarse wool type).
Wool follicles are darkly stained. Connective tissue and wool fibres remain
unstained. In each slide, the skin surface is shown at the top, with follicle

Fibre diameter Annual staple length

(hm) (mm) bulbs near the bottom of the photograph.
Finewool - Merino 18-25 60-100
Downwool - Poll Dorset 27-32 75-100 1(A)
- Suffolk 28-35 75-100
Longwool - Romney 31-41 125-175
- English Leicester 36-42 150-200
Carpetwool - Drysdale 36-49 200-300

30um per day. Wool follicles with a fibre growth rate of
less than 30um per day were therefore assumed to be non-
viable and excluded from analysis of varience.

A x? analysis was performed on all data (including
wool growth rate values less than 30pm per day) to exam-
ine differences inn vitro follicle viability between fibre

types.

RESULTS

Table 2 shows that there there were significant differ-
ences in both follicle survival and fibre growth, between
coarse wool and fine wool follicles maintainigdvitro.

Only 48% of follicles from animals with fine fibre types 1(B)
survived in tissue culture. In contrast, 84% of follicles
from coarse fibre sheep breeds remained viablgtro
(P<0.01).

TABLE 2: Fibre growth in vitro by follicles isolated from different fibre
types. **P<0.01 by? analysis for differences in the proportion of viable
follicles.

number of number of fibre growth P value
follicles follicles rate (growth rate)
isolated viable  mean +s.em.
(um/day)
Fine Wool Type 65 31 108 + 16
Coarse Wool Type 128 107 170 £ 12 <0.001

The fibre growth rates of viable follicles was also
significantly different between fibre types. Follicles iso-
lated from animals classified as fine fibre types had fibreskin sections from one animal of each of the fine and
growth rate of 108 + 16um per day compared with 170 +coarse wool types stained with Nile blue sulphate
12um per day fibre growth by animals with coarse fibre(Maddocks and Jackson 1988).
types (P<0.01).

During the course of this study it was noted that the DISCUSSION
different animals varied in the ease of follicle isolation.
Follicles from the coarser wool animals were easier to  Inthis studyjn vitrofollicle viability was greater for
isolate because the follicles were large and lay parallel anfpllicles from coarser wool breeds of sheep (P<0.01). It
comparatively straight, in the dermal tissue. Dissection ofvas found that follicles from finer wool types were more
follicles from finer wool animals was considerably more difficult to isolate. This may have been responsible for
difficult due to the decreased follicle size. In addition to their reduced viabilityn vitro. Animals from finer wool
follicle size, follicle curvature and density also influenced types generally produced follicles with a smaller diameter,
the ease of isolation. Follicle size, curvature and densitg@reater density (Carter and Clarke 1957; Orwin 1988) and

differences can be seen in Figure 1 which shows typica® higher degree of curvature. Isolation of large wool
follicles was quicker, easier and more likely to result in a
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viable folliclein vitro. Not only did coaser wool types to be correlated with bulb size, the rate of fibre growth by
have follicles with a greater diameter, many breeds withanimals with large follicles being relatively high. Exces-
coarser wool (eg Drysdale) have clear size differencesive curvature, small size and high density make follicle
between large primary follicles and smaller secondaryisolation difficult and lead to reduced viabilily vitro.
follicles (Figure 1(B)). Under these conditions, many Effects of stress related hormones on fibre growth between
large primary follicles can be isolated easily, over a shoranimals and between different days of isolation, cannot be
period of time and with minimal damage to follicles; discounted. As follicles from coarser wool breeds are
factors which are likely to be an important in maintaining easier to isolate than those from finer wool breeds and are
a high proportion of viable follicles during tissue culture. more likely to remain viable and produce wool fibre in
During maintenancén vitro it was also shown that culture; preferential isolation of large, primary follicles
follicles from coarser wool breeds had a significantly and the use of coarser wool breeds of sheep are recom-
greater rate of fibre growth (P<0.01). This concurs with themended for futurén vitro studies of wool growth.
in vivo data of Ross (1990) presented in Table 1. Sheep
breeds classified in this study as fine wool types (Merino, Poll ACKNOWLEGEMENTS
Dorset and Suffolk) had a slower fibre growth rateivo
compared with coarser wool types (Romney, English Leices- ~ The authors gratefully acknowledge the technical
ter and Drysdale). This may reflect true phenotypicassistance of Stuart Young in the preparation of skin
differences between breeds and deserves further attention @&ctions, and the statistical advice of David Baird. This
it suggests that genetic differences in wool growth are genework was funded by the NZ Foundation of Research,
ated at the follicle itself, and are not merely a consequence éicience and Technology.
differences in nutrient supply or hormonal control.
The growth rate difference may be an effect of folli- REFERENCES
cle size; in previoum vitro studies it has been shown that

follicles with a |al‘gel‘ bulb diameter pI’Oduced fibre at aBehrendt R., Scrimgeour K.A. and Wynn P.C. (1993). The effect of

cortisol administration and immunisation against ACTH on the

greater rate than S_ma”erfomdes (Hyetcal. 1992; Win_der binding characteristics of the EGF receptor in ovine sRio;
1995); a trend which has frequently been obsenved/o ceedings of the Endocrine Society of Austr@gal06. (Abstract)
(Black 1987; Orwin 1988). Bigham M.L., Sumner R.M.W. and Elliott K.H. (1978). Seasonal wool

; ; ; ; il production of Romney, Coopworth, Perendale, Cheviot, and
Alternatively, differences in both follicle viability Corriedale wethersNew Zealand Journal of Agricultural Re-

and fibreT growth rates between fibre types may be due to  gearcte1:377-382.
differential effects of stress related growth factors release@lack J.L. (1987). Mechanisms controlling the rate of growth, compo-
during the collection of skin strips, prior to follicle isola- sition a_”dAmOFP*iP'O?\Z’ %f YVEOE'SH:] Meé'_no 'mizifg;/emﬁ”t Péo' )
: . . grams in ustralia, cGuir J., editor, p. y ew Sout
tion. Plasma levels of cortisol are elevated in response to Wales: Australian Wool Corporation,
stress and Behrendt al. (1993) demonstrated that an carter H.B. and Clarke W.H. (1957). The hair follicle group and skin
increased plasma cortisol concentration can affect wool  follicle population of some non Merino breeds of sheep,
growthin vivo. Cortisol seems unlikely to be responsible y d/;UIS”"(‘;'a” JOKUA”a';f Agrl'dcu'tA“Sa' st‘ja:]w(ilogl(ll%gz) i
yn Ay unn K.A., Reynolds A.J. an anoda C. . In vitro

for the observed reSpOnseS howelver, as Wmﬂ' (1994) culture of sheep wool and rat vibrissa follicIBsitish Journal of
found no effect of cortisol on thi@ vitro rate of wool Dermatology127(4)434. (Abstract)
production over three days. In addition, Scobie and HyndHynd P.1., Simms F.A. and Ansari-Renani H. (1994). Effect of thyrox-
(1995) reported that although sustained elevation of plasma  ine. cortisol and epidermal growth factor on fibre groiathitro,

. . . Proceedings of the Australian Society of Animal Production
cortisol reduces wool growth, cortisol elevation was re- 20:460. (Abstract)
quired for approximately 29 hours before effects on mi-maddocks 1.G. and Jackson N. (1988). Structural Studies of Sheep,
totic rate within the follicle bulb were observed. These Cattle and Goat Skin, Blacktown, NSW: CSIRO Division of
studies do not rule out the possibility of between breed  Animal Production. _
differences. For instance Behrertial (1993) demon- Messenger A.G. (1984). The culture of dermal papilla cells from human

' el i e hair follicles, British Journal of Dermatolog$10.685-689.

strated that individual animals within one breed may haveorwin D.F.G. (1988). Variations in wool follicle morphology; The
differences in their sensitivities to stress related hormones.  Biology of Wool and Hair, Rogers G.E., Reis P.J., Ward K.A. and
Thus, it is possible that between breed differences occur. gﬂnagsi_'i‘;': R.C., editors, p.227, London and New York: Chapman
In contrast to the delayed effects noted with COl't'SOI!Phinott M.P, Green M.R. and Kealey T. (1989). Studies on the bio-

catecholamines have been shown to rapidly lower the rate  chemistry and morphology of freshly isolated and maintained rat

of mitosis within the wool follicle (Scobiet al. 1994). It hair follicles, Journal of Cell Scienc83:409-418. _
appears well worth investigating the possible roles ofRoss D.A. (1990). Wool Manual - L.|nc'oln Umvgrsny}/\lool Bulletin No

. .S . 2, Canterbury, New Zealand: Lincoln University.
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In summary, it is easier to isolate Iarge, StraightSCOb'e D.R.,.Hy.nd P.I'. gnd'SetcheII B.P. (1994). Reduction ofsynthetlc
and mitotic activity in the wool follicle by catecholamines,

follicles such as those occurring in the skin of English  Aystralian Journal of Agricultural Researchs: 1159-1169
Leicester and Drysdale sheep. Furthermore, a high proainder L. (1995). Factors which affect the fibre output of isolated wool
portion of these follicles remain viable in culture. Fibre follicles maintainedn vitro, PhD thesis, Lincoln University.
growth from follicles maintained in tissue culture, appears



