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Abstract

Application of the technologies of genetic engwering in the dairy industry will begin with!”  5 years,
probably wth  the use of bovine somatotropin as a la&bon sbmulant.  There are several other likely
developments which may manipulate the animal, the plant or the wnen  micro-organism to increase or
dwersity  production or to decrease milking frequency. To take full advantage of increased potential milk
production, ways to minimise the seasonality  of feed supply must be developed.

INTRODUCTION
Recent advances in recombinant DNA technology (genetic engineering) have greatly

extended the  app l ica t ions  o f  b io techno logy .  These advances  have been made,  in  par t i cu la r ,
with the techniques involved in gene identification, isolation, cloning and transfer (see
McConnel l  1986) .

The dairy industry may benefit in several ways from application of these techniques.
Broadly  the prospects  are :

1 .

2 .

3 .

4 .

5 .

Deve lopment  o f  new techn iques  fo r  ea r l y  i den t i f i ca t ion  o f  gene t i ca l l y  super io r  an ima ls .  A
technique known as restriction fragment length polymorphism (RFLP) can be used in
human prenatal diagnosis to detect DNA sequence changes associated with genetic
diseases. This is achieved using enzymes which cut DNA at specific sequences
(restriction enzymes). Changes in DNA may lead to appearance or disappearance of
particular cutting sites and therefore the size of DNA fragments produced by the
restriction enzymes may vary. The interpretation of the DNA fragment pattern and its
association with productive traits may improve the rate of animal genetic improvement
(Soiler  8 Beckman 1986).

Mammalian polypeptides produced via microbial fermentation may be used for the
enhancement of growth, lactation, reproduction, etc. For example, synthesis of bovine
somatot rop in  (BST;  growth hormone)  was not  poss ib le  before  the advent  o f  recombinant
DNA technology. Production of BST on a large-scale is now feasible and commercial
sa les  o f  BST for  admin is t ra t ion  to  da i ry  cows to  enhance mi lk  p roduct ion  (by  about  20%)
are likely within 5 years (Davis & Bass 1984; Bauman & McCutcheon  1985).
Production of transgenic animals (see Forrest & Broad 1987, in this volume). It is
feasible to transfer synthetic genes to fertilised eggs by direct injection. This technique
was first used successfully for transfer and expression of a growth hormone gene in
mice (Palmiter et a/. 1982). A number of research groups world-wide have been using
the same techniques on domestic species including cattle (Church et at.  1985; Smith et
a l .  1987).

In  ruminan ts ,  gene t i c  mod i f i ca t ion  o f  rumen  microbes may be poss ib le  to  p romote  f ib re
digestion and/or detoxify feed. Increasing the digestibility of fibre may be possible
through genet ic  a l te ra t ion  o f  cellulolytic  and l ign in -degrad ing  rumen  microbes.  Fur ther ,  i t
may be feasible to seed the rumen  with genetically modified bacteria capable of
removing toxic principles found in New Zealand pasture. Work in these areas is
proceeding overseas (Smith & Hespell  1983; Teather  1985).

Genetic modification of plants. It is now feasible to transfer genes between plants and
between animals and plants. The possibilities are vast but beyond the scope of the
present review. The interested reader is referred elsewhere (Barton 8 Brill  1983;
L lewe l lyn  &  Bre t te l l  1986) .
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A requ is i te  to  the  app l i ca t ion  o f  recombinant  DNA techno logy  in  da i ry ing  is  knowledge o f
the  phys io logy  o f  da i ry  cows and,  in  par t i cu la r ,  wh ich  genes  confer  des i rab le  a t t r ibu tes .  The
following discussion covers some of the physiological constraints under which dairy cows
operate, the feasibility of overcoming these constraints and the likely impact of this new
generation of dairy cows on pasture requirements and/or management. The prospective
impact of BST usage on New Zealand dairying systems is also addressed.

RELEVANT ASPECTS OF LACTATIONAL PHYSIOLOGY

The rate of milk production is determined by the number of secretory cells in the udder
and the i r  p roduc t iv i t y .  Any  man ipu la t ions  wh ich  purpor t  to  inc rease mi lk  y ie ld  must  in f luence
one or  both o f  these parameters .

The number  o f  secre tory  ce l ls  in  the  udder  is  determined dur ing  pregnancy (Dav is  e t  a l .
1985). Growth of the udder ceases at calving when cell numbers are maximal. During
lactation, cells are continually lost from the udder - a phenomenon which, in pan,
determines the persistency of lactation (Davis et al.  1985). Thus the following basic options
are ava i lab le  fo r  increas ing mi lk  product ion  th rough modi f ica t ion  o f  mammary  deve lopment .
1 . Increase the number of secretory cells formed during pregnancy.

2. Reduce  the  ra te  o f  ce l l  l oss  du r ing  lac ta t ion .

3 . Induce udder  growth  dur ing  lac ta t ion .
The ab i l i t y  to  mod i fy  mammary  g rowth  i s  po ten t ia l l y  a  use fu l  means  o f  enhanc ing  mi lk

production. Indeed, higher levels of production in high breeding index Jersey cows is
associated with increased mammary development during pregnancy (Davis et al.  1985).
Progress in the hormonal manipulation of mammary development is unlikely until more is
known of the hormones involved in the quantitative control of mammary growth and
regress ion .  Thus  the  annua l  p regnancy  cyc le  must  su f f i ce  fo r  the  present  as  so le  “ t rea tment ”
to  enhance udder  growth.

Secretory cell loss from the udder occurs throughout lactation and is reflected in a
dec l ine in  empty  udder  vo lume of  around 50% dur ing the f i rs t  20 weeks o f  lac ta t ion (Dav is  e t
a l .  1985) .  However ,  l i t t l e  i s  known o f  fac to rs  wh ich  migh t  reduce the  ra te  o f  ce l l  loss .

Secretory cell productivity is regulated by feed intake and nutrient supply to the udder
(Davis &  Co l l ie r  1985)  and  hormona l  in f luences .  I t  i s  th rough inc reased ce l l  p roduc t i v i t y  tha t
ma te r i a l s  such  as  EST are  thought  to  enhance lac ta t ion .  EST  w i l l  l i ke l y  be  the  f i r s t  l ac ta t i on
stimulant of this nature in the “market place”. However, there are several other methods
through wh ich  the  mechan ism o f  ac t ion  o f  BST can  be  exp lo i ted ,  us ing  re la ted  peptides  o r  a
var ie ty  o f  immunolog ica l  approaches.

Whi le  man ipu la t ion  o f  m i lk  p roduc t ion  by  hormona l  means is  feas ib le ,  a  fu r ther  a rea  o f
in te res t ,  wh ich  i s  par t i cu la r l y  re levant  to  New Zea land da i ry ing ,  i s  tha t  o f  m i lk ing  f requency .  A
reduction in milking frequency while maintaining productivity would have major repercus-
sions on the work load and life style of dairy farmers. One of the major constraints to
main ta in ing  product ion  under  ex tended mi lk ing  in te rva ls  i s  the  capac i ty  o f  the  udder  to  s to re
milk - a capacity which at present is about 18-20 hours worth of production (Davis et al.
1987). This capacity can be increased by reducing the volume of milk output by reducing
water output and thereby increasing the concentration of milk solids. The selection, by
conven t iona l  methods ,  o f  an ima ls  w i th  a  h igh  m i l k  so l ids ’  con ten t  wou ld  be  s low and  p robab ly
to  the  de t r iment  o f  p rogress  in  o ther  p roduc t ion  t ra i ts .  I t  may be  poss ib le  to  iden t i f y  an ima ls
producing milk of a high milk solids’ content and output (mutants?) and use rapid
multiplication methods (multiple ovulation and embryo transfer, Seidel 1984) to develop a
nucleus herd of high-producing animals milked once daily. The use of gene injection into
embryos may also be an option to modify the effect of genes which control water output in
milk.

EFFECTS OF BOVINE SOMATOTROPIN ON LACTATION

One of  the f i rs t  p roducts  o f  recombinant  DNA techno logy to  a f fec t  the  Dai ry  Indust ry  w i l l
be  BST  - produced by bacter ia l  fe rmentat ion.  The potency o f  recombinant  der ived EST  has
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been examined in long term trials carried out over the last 4-5 years, Increases in milk
production of 20-40%  have been obtained by daily injection of BST (Davis & Bass 1984;
Bauman & McCutcheon  1985) into concentrate fed cows. One trial with cows at pasture in
Australia indicated that milk production was increased by 17% by daily injection of
p i tu i ta ry-ex t rac ted BST (Peel  e t  al.  1985).

Of major importance with regard to the effect of BST on lactation is the fact that BST
increases the gross efficiency of feed conversion into milk. This effect occurs in conjunction
with a rise in feed intake of IO-15%,  4-6 weeks after the onset of treatment (Bauman et al.
1985).

The  inc reased ce l l  p roduc t i v i t y  p roduced by  BST t rea tment  i s  o f  a  s im i la r  magn i tude  to
over 25 years of selection of Friesian  cows for production (Davey ef al.  1983). Thus one
at t i tude  to  the  adopt ion  o f  BST techno logy  in  da i ry ing  i s  tha t  BST represen ts  an  acce le ra t ion
in  the  ra te  o f  ga in  in  product iv i ty  - 25 years of  genet ic  improvement  arr iv ing by syr inge.

Potential for Integration of EST into New Zealand Dairying
Cont ro l led  re lease  p repara t ions  o f  BST w i l l  l i ke ly  be  used  to  enhance  mi l k  p roduc t ion  in

cows within five years. Whether such preparations become available in New Zealand will
depend on economics and the acceptance of milk products from BST treated cows in
overseas markets. Both of these factors are unknown at present. However, it is pertinent to
cons ider  how the app l ica t ion  o f  BST may be pro f i tab ly  in tegra ted in to  the  New Zea land da i ry
industry.

Campbell & Bryant (1978) suggested that the major constraint to increased dairy
production from pasture is the physiologically attainable yield of pasture dry matter. An
increase in  po ten t ia l  m i lk  ou tpu t  wou ld  re in fo rce  th is  concept .  Fur ther ,  the  predominance o f
ryegrass/white clover pastures means peaks of pasture production in October/November
fo l lowed by a  major  t rough in  summer.

The  th ree  bas ic  op t ions  wh ich  migh t  be  cons idered  to  exp lo i t  th i s  enhanced  leve l  o f  cow
performance are:
1. Persist with present pasture species and employ increased conservation coupled with

stock ing ra te  reduct ion to  even out  feed supply .

2. Grow annual crops.

3. Deve lop /employ  pas tu re  spec ies  capab le  o f  sus ta ined  h igh  y ie ld  independent  o f  season.
Reduc t ion  o f  s tock ing  ra te  coup led  w i th  s t ra teg ic  admin is t ra t ion  o f  BST wou ld  ma in ta in

or  increase mi lk  output  per  fa rm whi le  reduc ing win ter  feed requ i rements .
Growing annual crops has been suggested previously (Campbell & Bryant 1978; Taylor

& Hughes 1978) but the costs involved have not permitted widespread adoption of this
practice. The work of Rogers & Robinson (1984) in Australia showed that high levels of milk
production (20-22 I/d)  could be maintained throughout summer for cows fed white clover
compared to ryegrass  (14-l 5 l/d)  and it is this need to increase summer production which is
probably most advantageous with regard to supporting the lactation-stimulating effect of
B S T .

I f  year - round,  h igh  leve ls  o f  m i lk  p roduc t ion  become feas ib le  then i t  w i l l  be  necessary  to
deve lop  o r  employ  pas tu re  spec ies  capab le  o f  sus ta ined ,  h igh  y ie ld ,  independent  o f  season.
The deve lopment  o f  these p lants  may or  may not  requ i re  recombinant  DNA techn iques,  but
g iven  the  l i ke ly  t ime sca le  o f  an ima l  improvement  i t  i s  impor tan t  tha t  some progress  i s  made
towards a reduction in seasonal variation in feed supply over the next lo-15  years.

CONCLUSIONS
Substantial improvements in dairy cow performance are in prospect. The notion of

hormonalfy/genetically  mod i f ied  cows produc ing  1  kg  milkfat  per day for  365 days of  the year,
ye t  on ly  requ i re  m i l k ing  once  da i l y ,  i s  no t  id le  specu la t ion .  The  uncer ta in t ies  re la te  to  the  t ime
sca le  and  des i rab i l i t y  o f  these  changes  and improvement  in  the  feed  supp ly ,  in  par t i cu la r  to
enhance win ter  and summer feed product ion.

Improvements in cow performance will only be fully realised if the necessary feed
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supp l ies  can be  prov ided wh i le  ma in ta in ing  the  re la t i ve  cos t  advantage wh ich  New Zea land
dairying presently has over its competitors.

Some of  these deve lopments  may reduce New Zealand ’s  compet i t i ve  advantage in  the
economics  o f  m i l k  p roduc t i on .  Th i s  w i l l  occu r  i f  t he  app l i ca t i on  o f  t hese  new techno log ies  i s
more appropr ia te  and e f fec t ive  in  concent ra te- fed cows.

As well as gains in productivity, recombinant DNA technology provides a means of
reducing the costs and effort of dairy production, for example through reduced milking
frequency and may also increase the diversity of products derived from milk. For example,
the  product ion  o f  va luab le  pharmaceut ica ls  v ia  mammary  syn thes is  and secre t ion  has  been
suggested (Wagner 1987) and is actively being researched.

Fina l ly ,  the above is  on ly  a  br ie f  overv iew of  some of  the deve lopments  which may occur
over  the next  20 years .  There wi l l  l i ke ly  be advances in  o ther  areas of  re levance to  da i ry ing
such  as  d isease  con t ro l  and  mi l k ing  mach ine  per fo rmance  wh ich  w i l l  add  to  the  p roduc t i v i t y
of  the New Zealand dai ry  farm.
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