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This study was initiated to evaluate the genetic aspects of
certain serum constituents and milk production traits of dairy
cattle, The population under study was' located on commercial
dairy farms in the upper Fraser Valley regicn c¢f British
Coclumbia, - Serum samples frem 545 animpals were used in the
analysis., This represented 27 sire groups with approximately 20
sarples per group. |

Serunm constituents analysed were calcium, inorganic
rhosphate, glucose, BON, uric acid, cholestercl, total protein,
albumin,  bilirubin, alkaline rhosphatase, SGCT, creatinine,
triglycerides, sodium, potassium, chloride, bicarbcnate,
thyroxine and amylase, . Productidn' traits studied were milk,
milk fat and milk protein for both first lactation and the
lactation in progress at time of serum sampling. .

Several effects were rebognized as having a potentially
significant influence on the traits under study.. Herd effects
were expected to be significant for ali»~traits., Seasonal
effects, estimated by =sampling in summer and winter seasons,
were considered as potentiélly important, - An interacticn
between herds and seasons was deemed important and included in
adjustments for all +traits,. The covariables used in the
analyses were unique tc¢ the serum and production traits. . Age at
lactation étart and siage of laciatioh at tinme of>hleeding were
the <covariables appropriate for serum traits, while age at

. lactation start and 1length of lactation were appropriate
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ccvariables for the production traits, .

A1l effects were evaluated by 1least sguares techniques,.
The traits - under study were adjusted by the least squares
constants with the resulting corrected data subjected to the
genetic analysis.

The traits that were discerned to have a significant
heritability included all the production traits and the.
fcllowing serum constituents: creatinine {0.32), alkaline
phosphatase (0.30) , amylase {0.20), potassium {0.13), and
albumin {0.08)., SGOT and BUN were also deemed of interest with
heritabilities of 0.05 and 0.05, respectively. .

Genetic correlations thaf'existed among the traits were
alsc evaluated., The evaluation of these correlations was
carried out in light of the magnitude of the correlatiocn and the-
relative magnitude of -the associated standard errors. .

The genetic correlations judged reliable were as fcllows:
creatinine  correlated highly and negatively with both milk fat
and milk protein for both first and current lactations.,
Alkaline phosphatase correlated highly aﬁd negatively with all
production traits for both laciations., Potassium and albumin
exhibited reliable, positive correlations with milk.production
alomne, . | |

Genetic correlations were also examined among serum traits
in crder to elucidate common underlying genotypes., SGOT
exhibited av positive correlation vith'amylase, potassius and
alburin, and a negqgative correlation with alkaline phcsphatase, .

BUN was negatively correlated with amylase and positively
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correlated with albupin. Creatinine was correlated positively
with - alkaline phosphatase, and amylase, . Alkaline phosphatase
correlated negatively with amylase.and potassium.  Potassium was
positively correlafed with albumin. -

This study estimated and tabulated the genetic rparameters
involving scme serum and production traits in dairy cattle. .
Further, it reduced the total number of serum constituents to a
subset which demcnstrated a genetic ccmponent or a genetic

invclvement in other traits. -
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INTEOLUCTION -

The selection of dairy cattle for the proéuctionvof milk,
milk fat and milk protein has received much attention iﬁ recent
histecry. . Selection has beeh intense and researchers have
refined selection models and technigues to such a degree that
conventional selection prccedures are not likely to'produée the
dramatic im@rovements Achieved in the past {Robertson 1966f.x’1n
crder fhat/ progress ccntinue, "researchers nust éxplore areas
which exéloit the festrictions-present-in the breeding of dairy
cattle;, These restrictions. include the sex~1limited natﬁre of
thévtraits, the cost of raising replaéement femaleé to én age
where the traits are measureéble, and the ‘initial selecticn and
ccst of raising replacement malgs.ﬂ"-These" factors effectively
limit the numhér pf animals tested and increase the gehetaticn
interval,.thﬁs limitihg selection résponsé per unit ‘time.,. If
selection procedures could overcome these restrictions, it would
fepresent.an improvement in genetic and econcmic terms, .

Selecfion for - traits that‘ are  correlated with tﬁe milk .
production traits and are availatle early in life:represents one
method of overccming these réstrictions., Traits measurable in
the blood are among the more promising in ihis-repect., Blccd is
the intermediary fluid between the mammary system and the rest
of the animal.  As such, it contains inputfcompounds to the milk
synthesis process as wvwell as soﬁe coppounds superfluocus tc the

process, - In addition, blcod contains other compounds wshich are
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indicative of general body coﬁditioﬁ or of the animalis genetic
makeup. . The lattet hasv been studied by examnining the
relationships betwéen #arious polymorphic +traits and wmilk
production traits. .- Scme pclymoiphic systems studied were fed
biood cell antibody reaction, serum transferrin, and enzyme
types. ., Pirchner. (1969) reviewed these relationships and noted
the strongest relationships eiisted betweénvcertain blood tyge
alleles and milk fat percentage, yef these relationships
accounted for less than.ten percent of the genetic variance of
miik fat percentage.} |

Other léolymorphic systems have not proven to be highly
éorrelated wiih milk prcduction. . Inwaddition.to this failing,
there are other | intrinsic difficulties éséociated with
éolymorphic systems.; By;definition, they are systems that are
composed of a small ' number of aileles at one or a few loci..,
Assuming gene'action to be.aﬁﬂitive, selection would cause a
trend towards homozygosity in a few generations.at the loci
.involved;; The attainment of "homozygosity -will result in no
further resgpense  to selectidn., Also, due to éheApleiotropy of
gene effect, homozygosity may result in a decrease in
perfcrmance in other tréits, for example, fitness and
reproductive performance, Tﬁere are discrepancies in the
statistical and bioclcgical interpretation. of ‘correlating a
system of finité classificationvlpclymorphism) with a trait that
is .continucusly variable (the milk préduction traits). - If the

pclymecrphic system does have an input intc the continucusly



variable trait, it must be =small in relation to the factors
which give the trait its continuous distribution., These c¢ther
factors could be systematic or environmental in nature.,  The
systematic factors c¢ffer an area for further study., . This
present study used traits that #ere considered to be continuous
in their distribution and not based primarily on a polymorphic
system, .

| There are many compounds in the blood that are continuously
variable and relevant to milk synthesis. These compounds can be
roughly.grouped into those forming a material portion of nmilk,
thosé éxtracted by the hammary.cells and synthesized intcﬂmilk
ccmpcnénts, and thosa#uhich do not form a ﬁateriai-part of wmilk
but - which mediéte scpe of fhe‘biochemiéal pathways involved in

pilk synthesis. .

_Besides;the constraints of relevance to prilk synthesis,
there are other ccnsiderétions when selecting which blood
constituents;to meésuré._ Ease and cést of measurement apust be
considered if i£ is intended to:apply the results in a field
study &pproach., Certain constituents may appear more prcrising
in their relationship with production +traits, vyet cost of
measurement may be prohibitive when applied to-é-large nunker of
animals.: For this reascn, this present study was based largely
on a hupan biomedical profiie which piovided an efficient survey
of blocd constituents that were indicative of ‘a wide range of

body functions. . To this profile were added several ccnstituents



which were djudged +t¢ be of particﬁlar relevance +to milk
production or reproductive performance and which had
satistactory-analytical technigues available., .

If one is to utilize a +trait in conventional selection
thedty, certain genetic paraméters must be known, .
Heritabilities and genetic varianceé must he_reliably esfimated
for those traits fo be used individually.. If one desires to use
a number of traits simultaneously, or if one desires to 1relate
the change in producticn tralts concurrent with changes in blood
conctltuents, genetic and phenotvplc correlatlons between these
trantS'must also be estimated. .

In this present study, estimates of all the above mentioned
genetic paraﬁeters #will be estimated and evaluated in an attempt
to presént a more complete and comprehensive investigation.. It
is proposed that Some important  relationships betwéen the
producticn traits and some subset of the serum constituents

measured c¢an be ascertained. .



LITERATURE REVIEW

In a particular study one is usually intereéted in one or a
few major effecfs._ The experiment is set up and carried cut in
crder +to facilitate the analysis of these effects;J In general,
fhere aré other factors which are significant but not of prinme
importance, . These secondarf effects szt'alsé be guantified as
accurately as posgible and taken into account in the analysis..
In this particular study, the main interest was in a éire effect
so that heritabilities and correlaticn§ could be derived and
tested statistically., Beyond the sirel effect, many readily
identifiable factors affect blcod composition;, If they ‘can be
quantified | ahd interpreted, they deserve a place in the
apalysis.,. It 1is optimal ‘to “idgntify and remc§e as many
sigpificant _effects ‘as ﬁossible, in 'order.to get a completé

understanding of the nature of the bloocd constituents. .

Age has been cited as a factor in governing levels of serum
constituents‘by rany researchers., . Age may be due tq»a nunker of
processes that appear or chahge as the animél .matures., . Within
the rangel presentx in this study,ﬁage.ﬁay not he'as imyortaﬁt
since the animals were a more homogeneous group than expected
under random conditions. All animals sampled invthis study were
lactating and therefore the age range of 0-23 months was not
represented., The actual age range in thié study was 23 mcnths

t¢ 157 months, with a concentration in the lower portion of this



range. . There still was présent, hovever, the effects of
continued growth, the maturing processes and age related
stresses. - |

Sérum calcium levels have been reported té be significantly
affected by age., . Tunbleson et-als  (1973b) reported a
Significént iinear decrease in .calcium level with age,. No
significant agé effect was reported by Kitchenham et al. . {1975)
and Kitchenham and Rowlands (1976). . Thié‘conclusion ¥as Dbased
on values obtained over a number of herds, .

Inorganic phosphate has been noted to decrease with age. .
Tumbleson 'gz-g;..!1973b) .repofted a significant curvilinear
relationship, while Kitchenham et al. (1975) and Kitchenham and
Rowlands (1976)utérmed it a significant linear reiationship.

-Sodiﬁm, pofassium and chloriné were nct reported to be
affected by age, over the range in the pfesent stuﬁy»(Tumﬁleson
et-al. :1973b | and KitchenﬁAm et al. . 197%5).. Bloed - urea
nitrcgen (BUN) .follouéd ba similar ‘pattern, thaf is,
significéﬁtly affected by aéé up to twc vyears but stabilizing
after iiat .point (Tumbleéon et al. 1973k and Kitcﬁénham
et al. 1975).. The study by -Kitchenham  and Rowlands {1976) .
indicated a"significant decrease in sodium and uiea with age,
althcugh the range studied was 1;25 to 12.75 years.., This range
was wider - than our exéerimental range, . Since mcst.&f the
significance éppeared in the 0 - 24 months of  age‘ range, the
reduced lower 1limit may account for the significance noted in

this study. Furthermore, Kitchenham and Rowlands (1976) noted
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thét the decrease of sodium with ége may have been specific to
the herd under Study., | |

Serum proteins have been noted to be affected by age..
Tumbleson ggug;;;(1973a) stated that total protein increased
with age while alkaline phosphatase decreased with age. . Albumin
showed no relationship with age, Little (197&)- noted an
increase of albumin frem two through four years of age but no
significant relationship thereafter.

Lipid comgounds reasured 'in the present. study were
cholesterol and triglycerides, . Arave et-al. (1975) indicated an
incréase in ;ho;esterol- concentration with age but again the
range differed frem that. used in the present study.., Total
lipids were positively correlated with'chdlesterol (r=0.71) .,
Triglycerides make up a large portiom of total serun lipids and
it may be expected that triquéerides leﬁels are ‘also affected
by age, . Tumbleson and Hutcheéon {1971) - further clarified the
situation by statiﬁg cholesterol levels increased up to three
"years of age and decreased thereafter,. This decrease after
three years of  age was speculated to have been caused by
selective culling of clder animals.

Bilirubin was noted by Tumbleson and Hutcheson (1971) to
significantly increase with age.. ﬁylréa and Healy'(1968)
concurred with this statement., .

Thyroxine secretion rate declined with increasing age ovef
the noremal productive age range in.dairy goats {(Flambce and

Reineke 1959). -
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Kitchenhan et-al., (1975) noted an increase in serum glucose
with age: in a study involving a number of herds, Kitchenham and
Rowlands {1976), in a within herd study, reported no
relationshié between glucose and age,. Further obscuring this
situaticn was a report by Tumbléson and Hutcheson (1971).; This
was a within herd study which showed a significant relaticnship
ffcm 0.5 to .5 years of age, with no change thereafter. The
range of significance enccmpasses most of the present study's
data, Slthough.the lovwer age 1imit was again much lower. . |
Peterson and Waldern (1978) reported significant decreases
with age in tﬁe level of inorganic phosphbrus, BUN, cholesterol,
aikaline phosphatase, serun glutamic oxaloacetic
transaminase {(SGOT) and albumin, and significant increases in
total protein and glucose. , These were in'clcse agreement with
Kitchenhém ggwg;.,(1975) and Tumbleson et al. . .(1973a) and

- {1973b). .

Séasénal effects‘uere considered potentially important for
the population studied., . Blood samples were taken in becth summer
and winter, and the difference in sampling period was taken as a
measure of the seasonal effects,. Tﬁese effects wnay have
included diffe;énces in climate, diet and feeding management as
major causal factors, :

Relatively few cf the constituents present in blood. serun
have been shown to vary seasonally.;'Sodium"vas ncted to be

significantly lower in summer than winter, while wurea and



albumin concentrations ﬁere | higher in SuEEer 4Pa§ne
et al. . 1974). . Ross and Halliday (1976)  disputed this
relationship for albuﬁin, and further:stéted that célcium“uas
significantly higher in the summer.. Urea "was found (fayne'
et-al. 1974) to be ﬁighér in summer., . This may be due to
increased protein intake in grass in the summer. Increased
dietary frotein has béen shown by somne stﬁdies (Little and
Mansten 1972, Manston et:-al. 1975, Prewitt et-al. 1971) to
affect BUN.. This effect should be lessened when herds have a
censistent feedin§ pfogram throughout the yeér.; 

3oss and Halliday (1976) noted higher. sumper levels of
serum cholesterol, although‘this Wwas in general conflict sith
Arave - et glc.(i975) whe noted generally 1lowered cholesterol
levels in summer. Neither study provided'stiong basis for the
argument of significant seasonal effect.

Information on seascnal effects for SGOT And alkaline -
phosphatase  was also limited.. In a sumper-winter system of
bleeding, Roﬁssel and Stallcup {(1966) noted a significant
séasonal difference for béth enzymes. . The importance of this
result was tempered by the féct that the range of age fcr - the
animals (0-2 years) in this study was not the éame as in the
present study, and by the statement made Ly Roussel and
Stallcup (1966) - that, age differences in their study could not
be completely separated from seascnal effects. .

Two papers {Flamboce and Beineke 1959, Mixner et-al. 1962)

indicated significant seascnal effects with regards to thyroxine
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level in the blood. .

Herd effects were noted tc account for the largest single
pcrtion of the variablity associated - with mnany ‘blood
conétituents {Hewett 1974, Payne et-al., 1974, Rowlands and
Manston 1S876). . This was consisten£ with the <cbhservation that
herd differences are ccmprised of a number of smaller effects,
notably feeding, management and the microenfironment associated
with thé farm,. |

Virtually all blood constituents involved in fhe present
study have. been'reported.in the literature to be significantly
affected by hérd., Payne et al. . (1973) :and {1974) in two studies
indicated that all constituents involved in the Ccmpton
Metabolic Profile iCMP) were significanﬁly -affected by bherd. .
Hewett (1974) concurred Avith these results.. The constituents
commcn to the Ccmpton stﬁdies and the present study vere
glucose, BUN, inorganic -phoéphate, éalcium,>scdium, potassium
and albumin.. Wilscn vand Dinkel (1968) arrived at the sane
conclusion regarding the importancé of herd effect. .
Specifically, theyv noted the significance of ' herd on‘ the
variahility of creatinine and alkaline phdsphatase;,

The-hérd effect on uric acid, éholestercl; total prctein,
bilirubin,'SGOT, triglyéerides, éhlorine, biéarbonate, thyrdxine
and amylase was not well reported in the literature., Fron the
literature reviewed, it vwvas éxpeéted herds would be impecrtant

contributors to the variation in most of the parameters
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measured., . Moreover, sone statistical complications may arise
due to interactions between herds -and other sources of
variation,. Payne et al. (1974) : indicated that the herd by

lactational group interaction was large in ccmpariscn to

lactational group effect. .

Since the stage of 1lactation at time of samrpling is
associated with different production stresses and nutritional
regimes, it should be taken into accounf aé a source of
variation in blocd constituent levels.. Many Studies ih the
literature ihcluded SomE measure . of 1actation stage in- their
analysis. . In one of the Comptonvstudiés,-Bdwlands et al. (1975)
noted the general situation of significant variability in
constituént ievels-due to stage of lactation in the range of
0~-120 days, uithilittle effect beyond.this range. . Exceptions to
this general situation were inorganic phosphate and potassiﬁm,
bcth of which showed no significant trend with regatdsbto stage
of 1lactation,. More specifically, the results of Rowlands
et al.  (1975) indicated the following:l glucose, BUN, total
prctein and calcium were lovest at the start of lactaticr and
showed a significant increase thereafter., Sodium decreased as
lactation/progresséd,, Albumin showed the strongest‘relaticnship
with 1lactation, especiallyvin the early staggs.j_Little {1974)
concurred with this positive relationship.; Hewett (1974) also
locked at effect of lactation on an extended blocd prcfile,

using monthly grcups as stages of lactation,. He noted inorganic
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phosphate and potéséium‘were not affected by lactation, and that
scdium, total protein and BUN weie’ significantly affected. .
These results were in agreement with Rowlands et al. . (1975).. On
the other hand, Hewett (i97u)v reported glucose, calciumr and
albumin were not significantly affectea by lactation. - It should
be pointed out that Hewéti (1974) was considering a. much larger
range of lactation stage in his étudies., |

Hewett {(1974) also noted that: there. ﬁas no sigpificant
effect of stage of lactation on aﬁj of three nmeasures cf thryoid
activity, nameiy protein bouhd -iodine, total iocdine and
inbrganic iodiné., Mixner et al. (1962) noted a significant
effect on thyroid secretion as measured by the cherical

thyroxine turnover method. .

The effect of én:aﬁimal's genoifpe on the variability of
blocd cénstituent ievel is of prime importance 'in the present
study, . Bédy metabolites and biologicél compounds presept in
body fluids are the result of synthesis of nutrients éhsorbed
from the gut, and or arise a$ by-products cf bédily functions, -
It is generally accepted that many of these‘processes are under
genetic control, either directly, as in protein synthesis, or
indirectlf through contrcl of enzyme production.. Whether ' this
genetic control was associated with a portion of~the.observed
variability in blood constitﬁehi'level vés ~under guestion and
has received some attention in the literature.; |

Studies involving the CHP repbrted a significant
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heritability.for—m;ny of ‘the cdnstituents teéted.m USinq halfsib
cdrrelations, Kithchenh&m and Rowlands (1976) "repcrted
significant heritabilities (tstandard - error) - Afor BUN
(0.7710;38), albumin (0.47+0.33), total .protein {0.50%0, 34),
calcium (0,46+0,33) and potassium (0.5310.34).J'Sodium, glucose
and_inorganic phosphorus were associated with: insignificant
heritabilitiés.; The standard errérs- associated wvwith- these
heritabilities were quite 1afge, due mainly to the .experimental
design which resulted in small progeny groups. cf approximately
four animals each.,, Robertson (1959) stated that small prcgeny
group :size will result in high standard erroré aﬁd thus
unreliable estimates. . Dém-dauqhtet regressions in the sane
study by Kitchenham and Roaiands (5976)- showed reduced
heritability estimates with more reliatle étandard €ITOors, -
cheﬁer, these estimates were significant.-only for total
protein. An earlier study by Roﬁlands et al. .  (1974)  estimated
heritabilities for a number of constituents using halfsib
analysis on beef calves of 9-11 weeks of age, After elimirating
differences asscciated with the two —regions invplved in the
study, significant heritabilities wvere estimated for glucose
{0.18+0, 16), potassium (0.6010423), calciunm (0.1910.17), albumin
{0. 1010, 13) and inorganic bhosphéte (0.1810.]6)., Nonsignificént
heritabilities were estimated for BUN and sodium, ., This was in
rough agreement with the fcrmer study, but tvo.ppints should be
made., . One is that the sécond study dealt Hith'animals outside

the range 6f age used in this present study. . The other point is
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that the study involving the beef calves was of such a design as
to minimize tﬁe standard erroré cf estimate and thus were more
reliable. | |

Wilson and Dinkel (1968) repérted on a set of constituents
which were .largelyb in addition to those present in the CHP, -
They noted insignificant heritabilities for inorganic phosphate,
creatinine  and alkaliné phosphatase, - Bettini - et-als . {1975)
repcrted heritabilities for a large number of constituents under
examination in the present study.. They 1listed significant
heritébilities for calcium (0.22), inorggnicr phosphate (0.21),
glucose (0;19), BUN {0.10), ﬁric acid (0.47), cholestercl
(0.40), albumin (0.46), bilirubin (0.12), alkaline phosphatase
(0.12) and SGOT (0.19).. .This study wused 213 cows in eight
daughter groups, a design which éhould yield reliable esimates. .
Furtmayr (1975) A estimatéd significant - heritabilities for
glucose (0.45), but ieporte& insignificant heritabilities for
bilirubin, cholesterol and SGOT. . |

The.genetic basis of serum cholesterol 1level 1is widely
reported,  Arave et gl.J(1975) noted h2=0,50 for dairy cattle in
their first lactation., , Stufflebean and Lasley (1§69) and Taylor
et-al. (1966) coﬁcurred with this relatively high:heritabilify.;

Sbme studies have attacked the problem of a -genetic basis
of blood constituent ieveis Ey measuri@g-the effect of breed. .
If this effect is Siénificant, then it may be 'reasonable to
postulate é genetic base and thus a heritaﬁlé portion of the

variability in blood constituent 1levels.,  Heyns (1971a) - noted
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significant breéd differences 'for alkaline phosphatase,
potassiunm, calcium and gluccse, . Nonsignificant breed
differences occurred fbr albumin, sodium, and inorqanié
rhosphate.  Kunkel et g;;;(3953) noted sigﬁificant breed
differences fér alkaline phosphatase alfhough they noted further
that'repeatabilify within breed is low, indicating environméatal
effects overshadow breed effects.

Peterson and Waldern (1¢78) have estimated repeatablilities
for a group of serum~cons£itﬁents btasically the same as the one§
invelved in the present sfudy., Since fhat study was set up in
part to estimate iepeatabilities, the resuits were reliable. .
The resﬁlts of this study. were of igterest insofar és
repeatability is an upper limit of heritability.. They reported
moderate té high repeatabiliiies for inorganic phosrhate
(0. 194), cfeaiinine ‘0‘514)'. total - protein (0.613), alkaline
phosphatasé_{o.sus), SGOT (0.264), glucose 10.205) and albunmin
(0.206) for aﬁimals in lactating, nonpregnant conditicn. . The

majority cf cows in the present study were in this conditon. .

Correlations among levels of blood constituentgnanq between
blood constituents and-production traits could be of great: value
in selection of breeding stock . and prediction of future
performance, . The Compton = researchers have noted sone
correlaticns among the constituents they have studied. .
Kitchenham and Rowlands (1976), using correlatiéns adjusted for

age and breed, noted a sighificant“positive correlaticn between
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calcium and albumin (r=0.33). - éayne-g;'ggyg(197u), using simple
correlétion coefficients, supborted this finding, although it
was apparent only in the éummer period,. They further ncted a
significant positive correlation between inorganic phospﬁate and
potassiunm, aith r=0.90f-in the winter seascn and r=0,24 in tﬁe
Summer season. . In an eariier study, Payne et al, {(1973)
'reportéd some significant partial correlation coefficients (BUN
with inorganic phosphate (0,49) and vith albumin- {0.42),
inorganic . phosphate with potassiun (0.25 to 0.60)), although
their importance was limited by the fact that herd means vere
used in the calculations.., Thus the within hérd variability,
which was jddged to be both 1large and erratic for these
correlations (Payne et al., 1973, Kitchenham -ggwg;¢ﬁ1975); was
not taken into account., , Rowlands et -al. . (1974) listed
significant correlations of glucose with albumin (0.40), glucose
with sodium (0.3@), glucose ;ith calcium (0.43), glucose with
inorganic phosphate (0.3&),‘a1bumin vith>sodium {0.30), albumin
with inbfganic phosphate (0.39), albumin with calcium (0.60),
scdiunm with inorganic lphosphate {0.31) and sodium with
calcium{0.31). .

Heypns (1971b) reported correlations among several
constitue&ts involved in thé present study, . Several of these
were in Aaddition to those constituents studied by the Ccmpton
group, .. A negative correlation betueen albunmin and
BUN (r=-0.,180) - was in agreement with a stuéy previously

mentioned. . Heyns also presented significant positive
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correlations of creatinine with BUN (0.212), albumin with
rhosphorus (0.397), glucose with alkaline phosphatase (0.290)
and with phosphorus {0.192), and alkaline phosphatase with
phosphorus (0.179).. Negative correlations vwere reported for
glucose with BUN (-0.269) and with creatinine {(~-0.345)..

With regérds to the estimation of correlations bLetween
levels of .blood constituents, it was apparent that most cf the
studies reported in the iiteréture.were»not set up ‘primarily to
deal with this aspect.,., 1Instead, interest in correlations
appeared to be initiated éfter the collection of data in crder
to expand the scope of the study.. To be most'ﬁorthuhile, a
study should be'designed to estimpate correlations Qith a minipun
of consfraints.” 'Furihermore, the design should -éllow
§hbdivision of this phenctypic correlation into both genetic and

environmental components,

Cotrelations betwveen blood constitﬁents and milk‘production
traits have received scme attention in the 1literature. . Payne
t-al. (1973), using the criterion that an "abnormal" level of a
serum constituent is one which is 'qreater -than twc standard
deviations aﬁay frcm the population mean, reported that
"disappointing milk quality and yield" was associated with high
levels o¢f potassium or with lcw levels of albumin, calcium or
scdium, Of these indications, the rélationship with lcw 1levels
of albumin was much the strongest..  These were determined on a

herd average basis and thus disregarded individual cow
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differences,

Kiichenham et al., (1975) reported | significant partial
regression coefficients Fretween | milk yield and
glucose (b?'=-0.082), BUN (b’=0.033)A and albuﬁin (b'zo.GCQS),
indicating that sonme degree <c¢f relatiocnship 'exists.ﬁ Sink
et al. (1973) looked at several interrelationships between serunm
lipids ahd bradu;tion traits, but were unable-to.report any
significant'correlétions between serum cholesterol and any milk
production trait. . |

Two other‘studies contained extensive lists of correlétions
bétueen some serum constituents and the milk production traits..
Purtéayr {1975), in his Inaugural Dissertation, reported c¢n a
study invclving 168 Hoistein-?riesians.; Hié findings were that
pilk yield was éositiveiy correlated with cholesterol {0.20) and
with SGOT {0.33).. & negétive- correlaticn existed between
glucose and milk yield‘(—0.20).; ‘Hilk fat percentage was
positively correlated with bilirubin (0.28)  and negatively
correlated with giucoSe (~0. 27) and cholestercl (=-0.25). .
Bondarenko et -al.  (1976) indicated significant, positive
correlations between- milk fat perceniage. and triglycerides,

cholesterol 'and albumin, .
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The animals sampled in the present study .uere
Holstein-Friesian dairy cattle in commercial dairy herds 1oc§ted
.in the eastern Fraser Valley regioﬁ of British Columbia., These
35' co;operating hérds were chosen to give as representative a
sample as possible witﬁ‘vregaids to nutrition, management
techniques, microenvironments within the area and ability to

ccllect production data from a recognized data collection

schenme,
Specifically the herds used had ‘the fcllowing
characteristics., = Herd size ranged from 21 to 136 milking cows

with a guadrimodal distribution cf 40, 51, 56,'and 59 cows per
herd., . Séveral' managemént and feeding systems were used.. Many
farms utilized a pasturing system in the summer and most
supplemented with stored feeds.. Several farms fed.consetved
forages exclusively <throughout the vyear.. Included  in the
overall classificaticn c¢f stored feed were hay, corn silage,
grass silage and grass-leéume silage and, on different farms
many ccmbinations of these feeds were used. . Housing systems
included traditional stanchion barns, loose  housing and
freestall systems, with the latter being mcst numerous;g HMilking
systems varied accordingly., Bucket and pipeline milking systems
were found . in stanchicn barﬁs, wvhile various parlour systenms

Were associated with loose and freestall housing, .
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Cow samplings within each he#d vere carriéd out in order to
facilitate the valid estimation cf all sources of variaticn that
were . discussed in the literature rTeview.. The methods and
consideratioﬁs that were employed in the sampling within herd

fcllow. .

Age at lactation start uaé one consideration in the
sampling schéme;,»Sampling was- concentrated on young, -lactating
anirgals with relatively few animals of advanced age. This wvas
dcne fof a number of reasons.,.firstly, this skewéd distrituticn
was representative of the structure of many herds,y”Seccndly,
animals in their first lacta{icn wvould be less héavily selected
and less subject: to spécial treatment than older animals that
were of kndwn productive ability.; Thus, youngér animals would

yield a sample in keeping with the assumption of randcmness. .

Stage of lactation, méasured as dafs from lactation siart
to date of blood sampling, was also a considera£ion.ﬁ 4Sampiinqs
wvere concentrated in the first 120 days of blactaticn to
emphasize the period of greatest production stresé. If there
were Telaticnships between blcod constituents and.production
traits, it could be expected fhat ﬁhese relationships will
beccrme more pronounced in_pe;iods of stress or marginal intake

of nutrients in relation to requirements, .

Seascnal effects vere estimated by sampling each bherd on
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two separate ‘occasions., The sﬁmmer tiood sampling was: carried
out between July 19 and 28, 1976, and the winter sampling was
carried out between January 19 and February 5,'1977., These twuwo
sampling seasons represented as'&uéh difference as éoésible in
climate, nutrition and management..  They also Tepresented
periods at which the herds would have had adequate time to
adjuét to any seasonal changes, . Thersame-individuéls ¥ere not
sampled in botﬁ.seasons in ordér-tbatwthe:considefations cf the

statistical design and its assumptions could be met. .

The sire' component of variance was the suﬁject of priﬁe
intérest_in this sfudy.g The numbers of animals sampled and. ihe
distribution of this sampling ‘Here- arrived at in paft by
considering the féliability of the estimates of‘ thé :qénetic
pérameters that they would produce. . Robertscn {(1959) stated
that whenvestimating heritabiiitiés from sib analysis, small sib
group size (less than 10 individuals per group) will result in
unacceptably higi standard errors and thus.unreliahle estimates., .
The standard error | of heritabilities, aécording to
Robertson (1959), are minimized when sib groups are between 10
and 40 apimals.. On this basis, the present study was set uvp to
subdivide the animals sampled into sire . groups of desirable
size,, The total number of animals sampled was 1030 of which 700
were ahalysed for the serum constituents., Within ‘the arnimals
fer which serum samples were analysed, 27 sire groups of 10 or

more daughters could be ascertained. . The averaqe' sire " group
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size wvas approximately 20 animals for a total of 545 arimals
with complete data., This should'resuit in reliable estimates

and acceptable standard errors, ,

Blood vwas obtaiﬁed from the jugular vein and collected in
vacutainer tubes -containing no anticoagulant, . 'These blocd
séhples were allowed to clot and then were centrifuged within 6
hours of collection. ., Serum was éipetted and the éntire sanmrple
fror one animal éplit into four subsamples of 2 ml or more., .
fhese subsamples were placed ‘immediately into a freezer and
stored for ‘approiimately six &onths at ~i8° C uhtil sent to a
tiomedical laboratory1 for.analysés.n |

The serum constituents measured on a Technicon AutoAnalyzer
SHA 12/60~wereAca1cium {(Ca), inorgahic phosphaie (POU), giucose
{Gluc), SGOT, cholesterol (Chol), albumin (Alb);.BUN, uric acid,
alkaline éhééphatasé (Alk.P), bilirubin (Bili), and:  total
protein (T P). Other constituents, which were measured on cther
eguiﬁment, were sodium (Na), ﬁotassium {K) , creatinine (Creat),
amylase (Amyl), triglycerides {Trig), chloride (Cl), bicarbcnate

{HCG3), and the T4 fracticn of thyroxine. .

The constituents present in icn form in serum were calciunm,
sodium, potassium, <chloride and bicarbonate,. Calciur was
determined by a method modified from that of Kessler and Hclfman

1B, . C.. Biomedical Laboratories, Burnaby, B.. C..
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(1%64) . fhis' ﬁédification virtually removéd any interference
from magnesium. , The deiefmination was colorimetric and units of
méasurement wers milligraﬁs per decilitrec(mg/dl).y |

Sodiur and potassium veré determined by spéctrophotoketric
methods using a Beckmann potassium, 1ithium,lsodiﬁm flame with
an internal lithium standard., Units of mnmeasurement for both
elements vere milliegqguivalents per litre (megq/l)..

Chloride and bicarbonate ﬁere ﬁeasured-in the sefum by the
methcd outlined by Kenny and Cheng (1972);ﬁ Briefly, this was a
simultaneous determination with both constiiuents- being
determined' by cclorimetry on a Beckmann chloride carbon dioxide

analyzer. - Units of measurement were meqg/l. .

érotein énd compounds related to profein -metabolism that
were measured in this siddy were total protein, albumin, BUR,
uric acid, .bilirubin and creaiinine., Total protein was
deiermined by a modified biuret reaction as described by Skeggs
and Hochstrasser (1964).. Determinaticﬁ ‘aas coiorimetric and
units vere grams of total protein per deciiitreu(g/dl)ag
| Albumin was analysed by the method of Doumas et al.. (1971) :
in which a colorimetric reaction with bromcresol gfeen vas used.
It was noted this technique was free from interference with sche
other serum constituents, most notably bilirubin.. OUnits of
measurement were gy/dl. .
BUN determination utiliied the method reported by Maish

et al. (1965). This method entailed the reaction of wurea with
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diacetyl-monoxine in the presencé of compcunds that enhance the
cclor development, . The advantage of ‘this method over earlier
methods was in its ability to utilize reactions of low acidity...
Determination was colcrimetric and units were mgz4dl. .

The method of .analysis of uric acid wvas an autcmated
version of the method sei out by Scbrinho-simens'(1965)sf It was
based on reduction of a phosphotungstate complex which resulted
.in stable colour development in thé presence of siabilizing and
coler inténsifying agents, ., Determination was'coio;imetric and
units uere:mg/dl.,b |

Total bilirubin was estimated by the methcd of Jendrassik
and Grof as adapfed by Gambino and Schreiber (195&).w Serun
bilirubin ﬁaé reacted with diazotized sulfanilic acid in the
presence of a caffeine-sodium benzoate reagent to give -
differential colorimetrf between a samﬁle and a blank reaction,
with units of mg/dl. .

Creatinine was measured by the Jaffe Method ﬁhich invclved
célcrimetric déterminaticn cf the.'reaction between creatinine

and alkaline picrate. . Units of measurement were mg/dl. .

Enzymes »measured | in the serum vere SGOT, alkaline
rhosghatase énd Amylase.¢"SGOT was determinéd bi the method of
Morganstern et al.. {(1966). . Oxaloacétic acid was generated fronm
SGCT, dialyzed and coupled‘uith-.Fast Ponéeau L, a diazcniunm
salt, This method elipinated the need fof runnin§ a. concurrent

control and correlated well with other determination techniques, .
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This was a colcrimetric reasurement, with units of
milliInternational Units per miliilitre {(n8/ml). - |

Alkaiine 'phosphatase was peasured by use of enzfmatic
hydrolysis of .p-nitrophenyl rhosphate and subsequent color
development, Tﬁis - method, - as reported -bj~ Morganstern
et-al. (1965), eliminated interference by hilifubih and the need
for correction.with a blank sténdard.x Units of measurement were
in mU/ml. . | | | |

The measurement of amylase. level in sefum wasiaccomplished
by the method outlined bty Rinderknecht et al. (1971)._  This
meihod vas baéed on release of soluble starch fragments due to
reaction of amylase with an inscluble starch labeiled with
Remézolbrilliant Blue.; Determination-vaé'éolorimetric and units

ver€ Somogyi units. .

The iwo lipid constituents measured were triglycerides and
cholestercl. . Triglyceride determination -was by the methcd of
Bucclo and David (1973) and iﬂvolved enzymatic hydrolysis of
triglycerides by a microbial 1lipase and a profease.; The
hyd:clyéis procedureAuas subéeduently coupled to an enzymatic
determination of glycerol through use of absorbance in a
speéirophotometer.ﬁ This determination was stated to be specific
for triglycerides. . Units of measurement were mg/dl.

Cholesterol was analysed by the method of levine
et al. . (1967).  This was a mbdification of an earlier methcd and

invelved the reacticn of cholestercl with glacial acetic acid,
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acetic anhydride and sulfuric -acid._. Deterrination was by

cclorimetry and units were mg/dl. .

Other ccmpounds which were .measured in .the serum were
glucose, inorganic phosphate ana thyroxine.,. Glucose was
determined by the method of Bendar and HMead (1S74).  The
determination reaction involved a spectrophotoretric measurement
corrected by a hlank.determination.g.ﬁnits were mg/dl., .

Inoxrganic fphosphate ‘measurement was based on fotmation of
phosphomeclybdic ~acid and subsequent  reduc£ion' by stannous
chloride-hydrazine,, This methcd was described by Hurst (1964). .
It was a colorimetric technigue with units of mg/d4l. .

They method .described by Cheung and Slaunwvhite (197€¢) was
used in the determinaticn of the'TQ fraction of thyroxine.. This
iethod utilized radioimmunoassay techniques and meésured T4 in

units of micrcgrams per decilitre.

The milk prcduction data nsed.in this study 1was obtained
from two sources., Data from herds on the provincial Dairy Herd
Imprpvement (DHI) prcgram was obtained frbm “the :central data
location in Victoria, B.,C;; The. particular ~data ccllected
included 305 day lactaticn yields of milk, milk fat and milk
protein for both the first 1lactation and iﬁé lactation in
progress at the time of bleeding.m”Since the nunker of herds on
the federal Record cf Performaﬁce (ROP)'prégram was small, data

were collected from these herds during farm visits.. Type of
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data collected from ROP herds was identical to that from DHI
herds with the‘éxception that ﬁilk protein. was not available
froe the ﬁOP herds, - Serum data were available for 701 animals,
but conly 545 céws were used iﬁ the final analyses.,., The reason
for this reduction was the inability to match scme cow
identification numbers recorded at the time of blood sappling
with those' present- at the central data locatioms, deletién of

outliers, and maintenance of optimal sib group size. .

b) Statistical Models:

There were several effects to be accounted for in this
analysis with the sire effect being of prime importance. . Since
all effects and covariables were not common to both rroduction
and serum traits, each dependent variable was analysed by the
appropriate model to e€liminate unique effects, and then joint
analyses were performed cn adjusted data to obtain estimates of
the various genetic parameters,. Adjustment factors were
obtained using least squares constants frcm the appropriate
analyses, ,

For the milk production traits, the model on which

adjustments were based was as follows:

Yijk = u ¢+ Hi + Sj + HSij + bAijk ¢ cLijk + €ijk

where
u = overall mean ccmmon to all sanmples, .
Hi = the effect of the i-th herd. .
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the effect of the j-th season of freshening, .

the effect of the i-th herd specific to the Jj-th
season, .

the covariable age (mo.,) to appropriate lactation

the coefficient associated with Aijk. .
the covariahle lactation length (days).
the coefficient associated with Liijk..-

the unexplained environmental deviations associated
with individual samples..

serum traits, the model on which adjustments wuere

fcllows: .

u + Hi ¢+ S§ + HSij # baijk + cLidk + eijk

overall mean common to all sasmples, .

"the effect of the i-«th herd, ;

the effect of the j-th season of bleeding. .

the effect of +the i-th herd specific tc the §-th
season. . :

the covariable age (mo.) to start of lactaticr  in
vhich bleeding occurred. .

the coefficient associated with Aidjk. .

the covariable days from lactation start to
bleeding date (stage of lactation). .

the coefficient associated with Lijk..

the unexplained environmental deviations associated
with individual samples, .
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The effects of hérd, seascn and herd zx seasoﬁ interaction
vere treated as fixed effects, . A1l effects were assumed tc be
ncreally diétribdted and independent with expectations egual to
zero, Constants vere estimated and significance tested for all
appropriate terms . in the above models by use of least squares
analysis. The raw dJata were adjusted for all appropriate
adjustment terms, regardless of significancé. This was done
recognizing that an insignificant adjustment tern Qould neither

alter the data significantly nor introduce bias..

Using the adjusted data, the sire component of variance was

estimated frcm the following model

Yij = u # Si + €ij
where
u = overall mean ccmmon to all samples..,
Si = the effect of the i~th sire. .

' €ij = the unexplained environmental deviations associated
with individual sanmples. .

Sire was treated as a random effect and was assumed +to be

ncrpally distributed with ekpsctation equal to zero,

c) Estipaticn of Variance Components:
Referring to Table I, this present study wutilized the

follecwing components of variance (with definitions as outlined
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Takle I., Analysis of variance (ANOV) table and expected mean
squares {(EMS) for the experimental models. -

— -

O o ness e BN g, e G QP e e S G g G D auge W g S

T v 1
1 [ {

Souvrces of variation | d.f. | ENMS 1
| | i

3t 3 - 2 2 3 3 L T 73 SEETEmmE :=+_.___ __....._==:+====--—‘-——:==————=1
i 1 i

Least Sguare Correction- 1 i !
| | |

Covariables i 2 | i
Age {(wmonths) | 1 | |
Stage of lactation?! (days) | 1 | o |

i 1 i

Herd o | d.f.h i 82e + ki4o©2h i

i | i

Season i d. f.se | 82¢ + k382se |

i | i

Hx S ] d.f.hs i B62¢ + k262hs |

1 | i

~4 + 4

| | }

Genetic- i 1 |
| { |

Sires i d. f.sires| B2¢ + k162¢ ]

| | |

Individual/Sires f d. f.e 1 B2e {

i

! P h

where k1 = (Nes.=( 3 Ni.)2/N..)/d.f.sires

1 FPer production traits, this beccmes length of lactation. .
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by Falccner (1960):

62e = the ccmponent c¢f variance associated with individuals

within sire 'groups.. This component of variance.
contains 3/4 of the additive genetic variance(V(a))
and all the environmental variance (VIE)). .

Nonadditive  genetic variances were assumed to be
negligible in this systenm. .

62s = the component of variance associated with differences
among sire groups, . This was assumed to 1lead to an
estimate of 1/4 V{(4&). . Variances associated with
additive by additive interactions were assumed to be
negligible in this systenm, -

The variance components of interest in this study were
V(A), V{E) and the pbenotypic variance V(P)., ' These were

calculated using the follcwing relationships:

V(a) = u62s
V(E) = 62e - 362s
V(P) = V{A) + V(E)

d) ‘Variance of Variance-Components:

Variances of variance components were. calculated by the
formulae . given by Searle (1971a).. For the components estimated

.in this study, the approrpriate sampling variances were:

1) Var{v{a)) 16Var {(62s)

where
Var{(62s) = 26%eN.,.2 (N..~1) (A-1)/{N..,7A) {N,.23=-52)2
+ (Qﬁzeﬁ.zsﬁa . ) / iN. -2,‘52)

+ 26%s(N,.252 + S22 - 2N..S53)/(N..2 =~ S2)2
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and

Neo = 2. Ni,
2 Ni.2
Z §i.3

A = the number of sire groups

: 52

W

53

Ni. .= the number of samples in the i-th sire group
2) Var{V{(E)) = Var{62¢). + 9Var {62s) - 6cov {82e@25s).

where
Var {62e) = 26%e/{(N..=A)

cov(62e62s) = -N..{(A-1)Var(G2e)/(N..2 = S52)

3) Var{V(P)) = Var (V(A) + V(E))
= vVar (62s + G2e)

= Var {62s) + Var{62e) + 2cov{82e62g) .

€) Heritability- Estipates:

Heritability estimates were derived as described by
Falconer (1960).. 1Intraclass correlations (t) between halfsib
groups were emplcyed, making use of the factors ccmprising the

sire and environmental components of variance, - In general,

hz = 4t = V(R)/(V{(R) ¢ V(E)) = 4O2s/(B2e + O25) -
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f) Variance of Heritability Estimates:

Variances of the heritability estimates were calculated
making use of the relationship between heritability and the
intraclass correlation between halfsib groups. The sampling
variance of the inptraclass correlation for halfsib analysis was

a modified version. of that reported by Robertson (1959). .

Var(kz)

- i

16Var {t)

C32[ M+ (k1-1) 212 (1-t)2/k1(k1-1) (A=)

Correlation Estimates:
Estimates of genetic, environmental and phenotypic
correlations for each pair of traits measured in this study were

tabulated using the following formula:

T (XaXb) = cov{XaXb)/6Xa6Xxb
where
r{XaXb) = the appropriate correlaticn between traits Xa and

Xb {a#b) -

6Xa = the appropriate -standard deviation of the a-th
trait

6Xb = the appropriate standard deviation of +the b-th
trait

and where cov(XaXb) was the sclution of a rearrangement of
the following general formula:s

vVar (Xa+Xb) = 62Xa + €2Xb + 2cov{XaXb)
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h) Yariance of Correlation Estimates:

Variances of the correlations calculated in this study were

estimated by the approximation given by Scheinberq (1966). ;

Est. Var (rXaXb) = 2ur? (XaxXxb), /k12 {(sV2a/4d.,f.sires +
w2vy2a/d.f.e) /4C%a

+ {(sV2bysd.f.sires + w2v2b/d.f.e) /464D

+ s[ {VaVvb + V2ab)/d.f.sires + w2 (vavb +
v2ab) /4. f. e} YyZcov2({XaXbh)

- {svavab/4d.f. sires +
Ww2vavab/d.f.e) /62acov (XaXb)

- {svbvab/d.f.sires +
w2vbvabyd.f.e) /62bcov{XaXb)

+ (sV2aby/d.f.sires ¢+ w2v2abs/d.f.e)/262a682b}

where

Va ‘sire mean sguare associated with trait a

Vb = sire mean square associated with trait b

Vab = sire mean covariance for traits a and b

vé = residual mean square associated with trait a
vb = residual mean square associated with trait b
vab = residual mean covariance for traits a'and b

and

ua=16, 1 and 1 for the genetic, environmental and
phenotypic correlations respectively

s=1, 9 and 9 for the genetic, environmental and
phenotypic correlations respectively

=1, k143 and k1-3 for the genetic, environmental and
phenotypic correlaticns respectively
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ESULTS-AND DISCUSSION-

Before subjecting the data to analyses for . the genetic
paranmeters, least squares adjustments for ideﬁtifiable,
systematic envircnmental effects were undertéken.j The effects
of herd, season, herd by season interaction,~a$d t¥o covariables
were taken into account., Age at lactation start, one of the
covariables, was common to all traits,. ?o£ first lactation
records, this vwas the age to start of first lactation. - For both
current production and serum traits, this covariable was the age
at start of the lactation in which serum sampling tock place..
The seccnd covariable was length of lactation in the case of the
milk production traits and stage of 1lactation at time of
bleeding in the case of the serum constituents. . The actual
least squares constants associated.with herd and the interaction
term were of little ihterest siﬁce.no specific inferences were
to be drawn from these effects,.. However, +the 1least squares
constants associated Qith the two seasons and the two
covariables allowed ué to state in.ﬁhich éeason the level of a
trait was higher or how the level was changing with ‘respect to
the covariable, . For this reason, an abridged- table of  least
sgua:es‘ constants 1is presented in Table ‘II.. This table shows
the trends for the seasons and the covariables in a form more-

concise than written text, .

The most noticeable of ‘these least squares ccnstants were



Table II. Least squares constants associated with supmer and
winter seascns and with the covariables,

| ] -----Season------ ------_- Covariables------=- |
| Trait | Summer Winter Age Length Stage |
! | |
f Bilk1 | =-214,4 214, 4 41.98 28.56 na I
: Pat 1 : -6.+351 6.351 1.6C5 1. 250 na :
‘ Prot1 : -5, 454 5.454 1.549 .9522 na :
; MilkC : -195,3 "195.3 22.36 34.26 na :
: Fat C : -5.708 5.708 .8728 1.272 na :
: ProtcC : -4.556 4.556 .6318 1,127 na :
: Ca : . 0379 -.0379 -.0021 na : . 0005 :
: PO4 : .0139 -.0139 -. 0104 na 0011 :
: Gluc : -2.090 2.090 .0194 na « 0140 :
: BUN 1 . 1333 -.1333 -.0178 na . 0098 :
: Uric : . 1130 -.1130 -.0001 na -.0004 :
z Chol : -6.949 6.949 -. 1069 na .0523 :
: TP : . 0406 -. 0406 .0100 na -.0006 :
t Alb : -. 2449 2449 . 0004 na .0003 :
= Bili : -. 0049 .0049 .0002 na -.0002 :
: Alk P : -.6511 $6511 -.1720 na .0187 :
: SGOT : -. 4055 . 4055 -. 0543 na .0836 :
: Creat : -.0693 .0693 -. 0004 na - =.0000 :
: Trig : . 0890 -.0890 -. 0122 na .0030 :
: Na z -.8073 .8073 -. 0154 na .0016 :
: K : . 0167 -.0167 -.0009 na -.0000 :
: Cl : . 6487 -.6487 -,0071 na .0050 :
: HCO3 : -. 9059 » 9059 -, 0044 na -.0019 :
: T4 : ~.2352 «2352 -.00é7 na .0047 :
: Apyl E -8.706 8. 706 . «5502 na «0122 E
|

L a ]
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ihcse associated Qith age in the fiist and the current
lactations, . The least squares ccnstants for all three measures
of-production were considerably higher for first lactation
ccmpared‘ to ihose for current lactation., ., This indicated that,
over thé smaller rangebof ége present in first lactations (23-36
months), age had a more pronounééd effect which:uas reflected in
the higﬁer associated constants;Q Current lactation : production,
with an age Trange ofv23-157 ﬁonths, did not shéu as strong a
relationship and cohseguently had much lower constants for age. .

The coéffiéieut of determination (R2) for the total model
isva peasure of the.portion of total variability accounted for
by the environmental effects 1listed abtove. For the traits
examined in this‘study, the total R2 ranged from 0.208 .for
alkaline phosphatase - tb-O.?OQ:fot albumin.;~This ihdicated the
relatively small importance of the =systematic, envircnmental
effects utilized in . this st&dy in: determining bthev total
variability of alkaline phosphatase. For serum albumin 1levels,
however, these effects were determining a large portion of the
total variability.  The partial R2 yielded an indicatibn of the
relative importance of 'the separate effects in the adjustment:
model. Thus the partial R2 went beyond whether the adjustment
for  that effect was éignificant, and became .a dis;riminating
statistic for the relative importance of that adjustment..
Coéfficienté of determination are summarized with least squares
méans and standard errors in Table III. .

The effect of herd was significant for all traits in this
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Table I1I. Least square means and associated standard errors (SE} with R2 for all
correction terams,

T 2

Trait : Mean SE e b e R e e :
| | | Herd Season HxS Age lenqth Stage Total |
SEEERssfssrEssssssssssssssstssssIrassssssssssSSsssszIssssssasTassasssssssssssszsssaz
| Milk1 : 5994kq 45, 2 : . 256% .029* .085% .012% +«068% na <494 :
: Fat 1 : 222. kg .79 : . 224% +017%  ,086% .012% .087x* na U465 :
: Prot1t : 195, kg 1.52 : .262% .020* .06“. «017% «054% na 464 :
: MilkC : 7160kqg 66. 2 : . 184 009+ «050% .108% L127% na .553 :
: Fat C : 262. kg 2.59 ‘ . 166%* .005* . 056% «120% J127% na .505 :
: ProtcC : 230. kg 2,11 : . 198% . 005% . 053 .095%* L1423 na . ,533 :
: Ca : 9.54mgsdl .021 : »230%  ,003 +206% .008%* na .002 U471 :
: POY : 4.88mgrsdal .039 i <110 000 .118% «072% na . Q04 .354 :
: Gluc : 54.1mg/d1 . 316 : . 188% .036% «298% «002 na ,006% <561 :
: BUN : 14.1mgrsdl . 125 = «333% . 001 «304x .010* na L014% .671 :
: Uric : 1.07mqrs41 .011 : » 165% . 104 % «119% . 000 na .N05% . 438 :
: Chol : 20h. mgsdl  1.78 - = . 210% .018% s121% .003 na. .004 . 375 :
: T P : 7.629/41 .022 : . 188% .003 .086% S 15u%* . na .003 481 :
: Alb : 3.66g/d1 .013 1 . 302+# . 189% <120 .000 na .001 . 704 :
: Bili : +170mgsdl  .004 : 177 .002 .063 . 004 na L010%* .317 :
: Alk P : 40.7mU/0l .960 1 . 089 .001 060 .038% na .002. . 208 :
: SGOT : 136.mU/ml 1.18 : . 289% .000 «133% . 002 -na .C08* L 447 :
: Creat : . 957mg/d1  .005 = . 128% .158%* «189* 004 na .000 «552 :
: Trig : 9.68mqrsa1 . 121 : o 243 % 001 . 136% .009%* na .002 <402 :
: Na : 141 meq/1 . 127 ‘ »272% ,035% «197% «010* na .000 . 542 :
: K : 4.24neqs1 .06 : 142 .001 ~ o 12ux .003 na .000 «310 :
: Ccl : '97.2peq/1 , 108 : «237% «029* «240% 003 na .006* .570 :
: 1Co3 : 23,3meq/1 ,080 : . 276% «092%* «223% + 002 na 001 622 :
i TY i S.Z%pg/dl .058 3 »131% .016%* +216% 2017 na «024% <470 E
| Apyl | 193.Som.U 3.58 | .159% .008%* .073 024+ na «000 «306
! ! ' ! !

* Significant at P<0.05
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study, accounting for betﬁeen 8,9% and 33.3% of total
variabilitj.” This reflected iha effects of nutrition,
management ané microenvironment associated with each Lterd, and
agreed with- earlier papers {Hewett 197&; Payne et -al, 1974,
Rowlands and Manston 1976) vhiéh stated that herd was the single
most important factor in determining the  level of serunm
constituents., . |

The - cther facfors in the model were not as universally
significant or as important as the herd effect,  They are
discussed in.detail at this point.;

Seasoh was significant for all milk production traits but
accounted for c¢nly a small proportion of the variability. .
Adjustment for season has lohg héen recognized by varicus dairy
~recerding schemes, -and tﬁis adjustment vaé‘ﬁarranted in view of
the-seasoﬁal'changes in many aspe€cts of the cow's envircmment. -
Iﬁciuded ~in these seascnal-chanées were the change ffom pasture
to stored feed, é mranagement systen siill present*oh many-férms.j
Other faras utilized stored feeds on a year-round basis. . also,
since all herds did not experiénce a paraliel seasonal-change,iﬁ
feed, a »sighificant interaction between herd and seascn vas
expecfed., This was found for all production traits- Hifh- the
exception of first lactation protein yield. It was noted that
season wvas siqnificanf fer all production traits but accounted
for a wsuch larger propcrtion of the variability in the current
lactation traits, . This indicated that; while the least squares

constants were similar - (Table 1II), there was relatively more
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residuai error involved in the cdftent lactation tréits.ﬂ -This
resulted in iess variabiiity.accounted for by season and thus a
lower partial R2, |

Adjustment factors for age and lactation.iength‘have also
been utilized as a means of standardizing production  records. .
The ratiocnale for thié was réinforced by the significance of
these two factors in determining the variability of all milk

production traits. .

A similér situation’exisied for age and lenqgth as did for
seascnal effects. Regarding age, the 1least squares -constants
were higher for first lactation compared to current lactation
traits, yet partial R2 were higher for current lactation traits. .
This 4indicated 'tﬁat-althongh the tegreséion of first lactaticn
on age exhibited a larger slope; thé residual variability around
thié iegression was large., - This resulted in lower paftial RZ,
an indication of the lower overall strength of the -regressioh._
For 1length of lactatiocn, least squares constants vere similar
for first and current lactation traits, yet residual
variability,  with respect to lactation length, was greater in
first lactation,  Again, this resulted in a lower partial R2 for
first lactation traits.} |

For the  serun constituents, the sighificance and
~interpretation of the adjustment terns vas not as
straightforvard as for the production traifs.f Althcugh herd

effects were significant and, in general, accounted for the
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largest portion of the variability, the other adjusfment factors
varied greatly with regards to significance and relative
importance. .

Herd effect on levels of serum traits was a reflecticn of
changes inlthé metabolism brought about by the differences in
nutritgon, feeding, wmanagement, and microenvironment among
herds. . it was expected that various metabolic activities in the
anipal will be altered dué to differences in -inputs to the
ariral and differences in the environment in which the animal
functions.,‘This alteration was expected to have its effect both
dixectly on the retabclic pathﬁéy involving the particular serunm
ccnsiituenis, or indirectly by affectiﬁg other ccnstituents
ihich are interrelated, : Seasonal éffects ’werel expected to
chionicle the seasonal chanéeé in: inputs and ‘environﬁent.,
Specifically, the change fiem pasture to étored feed éltered
greatly the‘nutritional'iﬂputs.to the animal's metabolism and a
gquantitative change: in some serun traits.could bé‘expeéted., As
previously mentioned, if these seasonal changes swere not
parallel over all herds, a herd by season interaction coculd be
expected, .

The covariables asséciafed with the serum traits, age at
lactation start and stage 'of laciation at time of blood
sampliné; were both associaied with changes in metabolism - o#er
time.. As ‘the animal matures, metabolic and hormonal changes’
cccur and affeét the.levéls of some serum constituents., As

stage of lactation proceeded, hormonal ‘and nutritional balance
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stress uére both invc}yed in the altering of some serunm
constituents, . |

Calcium and inorganic rhosphate, which are interrelated in
a number of body systens, showéd the same trends fcr the
adjustment factors, . Heid, herd by season interaction and age
effects Were significant, . This was iﬁ aqreeient with
Tumbleson et al.  {(1973b) and Kitchenhan £t -al. . (1375} - and
- {1976), . Calcium and inbrganic phoépate‘have-been reported (Ross
and Halliday 1976) to be affected by season, but other reports
(Péyne et -.al., 1974) found no such sigmificance,  Stage of
lactation has been variously reported to have a significaht
effect (Rcwlands et al. . 1575) or a nonsignificant effect (Hewett
1874) on calciua levels, so.the fact that this study reported an
insignificant lactational efféct ¥as not seriously ‘disruptive,

Glucose was significaﬁtly affeétedbby herd, season, herd by
seascn interaction and stage of lactation, . Seasonal influence
on serupm glucose has not been previously rééorted as significant
{Payne et al. 1974). The significance of age effects on glucose
have been in disagreement (Kitchenham et-al. 1975, EKitchenhan
and Rowlands 1976 and Tumblescn and Hutcheson 1971) but: was
insignificant in this present study..

BUN was significantly affected by herd, interacticn, age
and stage of.lactaticn.d.ln viev of the effect of diet on serum
levels of BUN (Little and Manston 1972, Manston: et-al. 1975, and
Prewitt et-al, 1971), it was expected to be - significant. -

However, as pointed out earlier, management on many farms now
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includes stored feeds exclusively. . This would lessen the within
herd seasonal effect on any constituents largely affected by
major changes in diet., This in turn indicated support for the
Significanée of the interaction term. .

Uric acid was significantly affected by all factors with
the exception of age. |

The serun lipids measured vere cholestercl and
triglycerides, although there was 1little simiiarity betseen
thesé constituents for the significance ofvthe adjustment ternms,
Cholesterol was adjusted for herxd, seéson and interaction
effects while triglycerides éere adjusted for herd; interaction
and age effects,. The above situation for cholestergl was in
general agreement with previously pubiished ‘studies with ihe‘
exception that age was noted by Peterson ahd Waldern ¢1978) and
by Tumbleson and Hutcheson (1971) . to have a significant effect
cn cholesterol 1level, . This aée effect was dependent on the
range of age present, which could explain the finding in- this
study. - | |

Measurés of protein in.the sSerum Wwere totél protéin and
albﬁmin.; Albumih was significantly affected by herd, age and
interaction, while total protein received further adjustment for
age effects. . _ This ‘Was in close agreement with
Tumbleson et al.  {1973b) who reported total protein but not
albumin tc - be  significantly affected by ages. In early
lactation, Rowlands et -al..(1975) and Little  (1974) found

albupin and total protein both to be significantly affected by
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stage of lactatioﬁ,»a result not forthcoming from the preseﬁt
study. ' Hewett (1974), ‘using a range of lactation‘staqﬁ more
élosely approximating that in the ©present study, found no
relationship of étage of lactation with albumin.;

Bilirubin was affected by bherd and stage of 1lactaticn,
Tumntlescn and Hutchesoh (1871) and Mylrea and Healy (1968)
differedAwith the present siudy ih stating bilirubin was also
affected by age. . | .

Alkaline phoséhatase was affected by herd and age. . This
¥as in agreement vifh previcus studies (Tumbleson et al.
1973a). . SGOT was adjusted for herd, interaction and stagé of
lactation,, This indicated that nutrifional effects shich
ccmprised. part of *he herd and interaction ternms vere
significant while climatic changes ueré.not.; The results for
SGOT in the preseht study differed from past Studies in that age
has been cited as an effect (Peterson and Waldern 1978)., .

311 factors except stage of lactation were utilized in
adjusting creatinine levels, 6 The available literature on this
censtituent suépcrted.this present finding (Peierson and Waldern
1978 and Mylrea and Healy 1968). .

Sodium, potassiun, chlofide and bicarbonate are
electrolytes in the blcod vhiéh are important in many bodily
functions and are. instrumental in m;intaininq csmotic
equilibrium, 211 four constituents were affected by herd,
season .and interaction factérs with the exception  of the

seascnal effect on potassium,., , Additicmnally, scdium was
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significantly affected by age and <chloride by of

stage

The

lactation, absence of age effects was generally supgorted

by previous studies

(Tumbleson et al. 19735 and

Kitchenham et al. .1976). -

Thyroxine was significantly affected by all factors,  This

agreed with results of Flamboe and Reineke ¢1959) and

Mixner et al. . (1962).

Amylase vas significantly affected by herd, seascn and age. .

Oonce significant systematic, envircnmental effects were

eliminated from the data, it was presumed that only genetic and

random environmental variability remained, . Because of the

design of this present =study, the genetic and environmental
components were separahle with high relative efficiency.  This

variance

separation vyielded estipates of components,
heritabilities, and genetic, environmental and phenctypic
ccrrelations, . Since this present study estipated c¢nly the

additive portion>of'the genetic variability and héd né¢ means of
estimating nonadditive genetic variability, it wvas assumed in
this study .thaf the environmental parametérs included all
éifects exclusive of the additive effect. ,

Table IV represents a summary of the genetic, environmental

and phenotypic variances and the

each +trait.,. It was apparent

variance and some heritabilities

This wvwas instigated in cases

~heritabilities associated with
that some genetic components of
were arbitrarily set to =zero. .

where the genetic variance was
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Iv.

Variance components

the individual traits.

|
1

Ca
PO4
Gluc
BUN
Uric
Chol
T P
Alb
Bili
Alk P
SGOT
Creat
Trig

Na

cl
HCO3
T4

Apyl
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V (A)£SE

68728164289
153.9+113.9

106.0£83.77

4592654217238

587.5£297.6
534,7+249. 6
0.0
.0086+.0409
0.0
.3057+.,4792
.0002+.0034
0.0
.0015¢,0133
.0064+,0063
0.0
116, 4456, 74
30.53£43,73
.0035+, 0016
0.0
0.0
.01444.0108
.08374.3218
0.0
0.0

1082, 630, 1

V{(E) £SE

571378169953
852.21116.2

576.2485,33

903688+187688

1495, 1265, 9
809.24210.9
. 195040167
.60784.,0550
42.7843,661
6.3124.5952
.05484,0047
1352, 1116, 1

«2119:.0184

»0689+,00771

.0068+.0006
272, 4449.94
554.9353.46
.0073+,0014
6.339%., 5417
6.9504,6025
«0972+¢.0113
4.812¢.4310
2.7204,2354
1.4722,. 1244

4265,1601.6

V (P) £SE

640106+43127
1006.468, 37

682.,3:49,09

1362593+93041

2082.+138.8
1344,4£59. 14
+1950+,1190
.6164+,0384
42,.78+2.618
'6.61Bt.u060
+0550+£.0034
1352.+82.92
«21341,0131
«0753+.0046
«0068+.0004
388.84£25, 65
585.4+36,14
.C108+.0007
6.339+.3876
6.950+£.4290
+11164£,0070
4.896+.3020
2.720+.1677
1.472+¢,0893

5347.£341,9

.1074+,.0976
.1530+. 1078
< 155044, 1172
.3370+.1382
«28214.1270
3979+, 1560
0.0

. 0139+, 0664

0.0

«0462+.0718

.0045+.0616
0.0
+0070+.0624
0852+, 0810
0.0
«2994+.1283
«0522+,0739
«3248+.1328
0.0
0.0
+» 1288+, 0921
+0171£.0657
0.0
0.0
+20241.1085

and heritablities with associated SE for
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.negative, reshiting in a negative heritability.. Since the
theoretical .lbyer limit of heritability is zero, a negative
value was taken as a statistical estimate of a heritakility that
Qas very ciose to zero, . Taken another way, a neéative
Seritability was one that uas"not significantly different from
zero.,.

Comparison of the ccmponents of variance estimates from
this and 'previous studies was possible for the milkyﬁroduction
traits;, The present study used both first 'and current
lactations., It‘ was noted that current lactations were.indeed
first lactations if the'aniﬁals vere sampled during their first
lactation,  Any comparisohs betveen estimates based cn first or
on current 1ac£aticns iere subject - to considerations with
regards to the degree to which the different lactaticn measures
congply with the assumpticns reguired by modern genetic  theory.
Historically, first lactation records have been consideied nore
reliable insofar as ihey are less biased .by selection or

preferential feeding and management.

Estipated components of variance reported by
Butcher et -al, -(1967) on all lactations agreed reasonably well
with those estimated from current lactations in this present
study. Variance components associated with first lactation were
scmewhat lower than these estimates., This discrepancy could be
due to a number of faCtODSo{JSiBCET first .lactation production

vas lower than current level production, it appeared that the



48

variance and the mean of these distribu£ions were ccorrelated,
indicating a ncnnormal distribution., Ancther possible cause
could have been that clder sires tended to have daughters in
lactations subsequent to the first 1lactation, while ycunger
sires sopld have  daughters predéminantly in their first
lactations, - This indicated that sire effecf and age were
confounded to scme extent or that the age adjuétment was
some€vwhat inadeguatevfor current lactation, .

fhe heritabilities for the rroduction traits fall into the
range generally reported‘in the literature (Butcher et-al. B 1967,
Johpson 1957), . Heritability estimétes for the current lactation
precduction traits.were cdnsiderably higher than those for first
lactation, ., This may have arisen due to two aspects of the
statistical analysis used iﬂ ihis study,, As previously
mentioned, sire effect and age were somewhat confounded in
current lactation  with the resuit'that the additive variances
and the.heritabilities were‘ inflated. , Alsc, first 1lactation
records were completed over la number of years preceeding the
year of bloodAsampling.gxsince age, not year,-uas'accounied for
in the model,‘an inadeguaté adjustment may have occurred with a
resulting inflation ‘of environmental variance  for first
lactation, . This would tend to reduce the heritability for first

lactatiocn traits, .

In discussing the heritabilities of serum traits an

important point must be considered. For production traits, the
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adjustment model.involved effects and covariables that vwere,
with ohé mihof exception, significant. . For many serum traits,
nct all of the effects in the adjustment model were significant.
This became  important in that if certain terms were
insignificant:ﬁhen the environméntal vériance would tend to be
overestimated. . This arose ftcm “two causes,., PFirstly, an
insignificant adjustment term did not significantly 'reducé the
errcr sums' ¢f squares,, However, the insignificant term still
remcvéd degiées cf freedcr frcm the error line in the sire
analysis.  These had the combined effect of overestimating the
environmental variance and thué 'underestihating the ‘gene£ic
variaﬁce;, Thé vasted degrees of lfreedom‘ became especially
important when herd or interaction terms sere- insignificant,
sinée 34 degrees of freedom were involved for both terms.,'If
these terms were insignificant then the héritability- estimated

for that trait may have been underestimated. .

Heritability estimates for serun constitueﬁts were in close
agreement with estimatesvpresent in the literature.,‘AIbumin ¥as
significanily heritable in this study (h2=0,085), an estimate in
agreement of significance, if not magnitude, with Kitchenham and
Rowlands (1976), Bettini et al., (1975) and Rowlands et al..
(1574), . The overall impression frcam the pfevious research was
that the significant, low heritability estimated for albumin in
fhis study was not unsupported in view of grevious.estimates and

asscciated errors of estimaticn.
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Alkaline phésphatase vas estimated to have a nmoderate
heritability (0.299). This estimate was hiéher than those
previously reported but was in. agreement of significance
(Bettini et al. 1975, Peterson and Waldern 1978).. It  vas
further noted that +the interaction adjustment tern vas
insignificant, indicating that this estimate: may be an
underestimate, |

| The heritability estimate -for-creafinine>vas moderate to
high (0.325).. Peterson and Waldern (1978) reported a
repeatability for this ccnstituent of 0.514 indicating that the
present estimate of heritability was in a‘cotresponding'range.r

Potassiﬁm was heritable {(0,129), a result in agreemenf with
studies' by Kitchenhan and - Bowlands {197¢6) | and
Rovlands~§§-§;.ﬁf197u).f fhe magnitude of previous estimates
were substantiallj-hiqher than the present one but standard
errérs ﬁere also correspondingly higher indicating the ;ouer
relétive reliability of the higher estimates, - |

Amylase, with a .moderate heritability of 0.202, had no
corrobofation frcm previous'sthdies.;'ln view of its  magnitude
and s=mall relative: standard error, it dis proposed that the
present estimate was a reliable one, . Given that the interaction
adjustment was insignificant fdr amylase, this heritability may
indeed be an underestimate, . |

-Two constituents " utilized in this study, BUN and SGOT,
exhibited heritabilities bhelow tbﬁ-critical sigrnificance level.

These estimates uerel 0.0HG -and " 0.052 for BUN and SGOT
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respectively., . Kitchenhan anungglands (19765 reported a high
heritability | and Bettini et al.  (1975) reported a low
heritability for BUN, both estimates being significant.,
Rowlands et-al. (1974) reported a noﬁ'significant heritability
for BUN, but this estimate was done on animals completely
remcved from the age range present in this stndy.,:SGof has been
reported as significantly heritabie'(Bettini-ggbg;';1975)~and as
not signifigantly heritable ({(Furtmayr 1975). . It was further
nofed that the standard errors of @ heritability Hfo;”'these two
coﬁpcnents aliow a range of confidence wiihin which a nc¢nzero
value for the population estimate will exist., - Since, for 'thése
two constituents, this range of confidence reached into values
that could pfove.efféctive in a éelection program, BUN and SGOT
nay be . interesting in spite 6f their insignificant
heritabilitieé.; |

The remaining serum traits were not significantly
heritable, ., This may have been due to two separate causes, . One
possibility was that tﬁere Qas no additive gemnetic variance
present indicating fixation of the genotype responsible for the
particular ‘trait., The other possible cause could have been
failureito gully identify ali.nongenetic sources of variation. -
These include environmental effecté which were not random but
were not able to be measured in the context of the preseﬁt
study, . The second possible céuse should Se'considered seriously
for those traits of margimnally siqnificant- heritability, . 1In

future studies, additional environmental effects should be
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quantifiéd. to determine if traits found to bé rarginally
heritable in this study have a significant genetic component.,

Cholesterol was one serum constituent reported in scmé
previous studies to have a large genetic coafponent
{Arave et al. 1975, Stufflebean and Lasley 1969, and
Taylor et al. ,1966).,  Furtmayr (1975) :did not concur with this
finding. . In the present study, heritability of cholestercl was
close to zeio and, considering the 1large relative standard
error, the low‘estimate would not be in dispute. -

Glucose was in a situaticn similar to that of cholesterol.
Rowlands et al. . (1974), Bettini et-al. . (1975) - and Furtmayr
- {1976) - indicated significant heritability while Kitchenham and
Rowlands (1976) reported ﬁo sucﬁ significnace, The estimate
derived frcm the present study indicétéd thé hefitability to be
negligible, . o . |

Calcium haé been reported to be heritable by three previous
studies (Kitchenham and Bowlands.1976, Bowlands«gﬁwggf;-1974 and
Bettini et -al. 1975). . These reporté indicated a low
heritability for.calcium and,‘in}viev of thg‘ s@andérd erTors
invelved, could not be considered éécure., This present study
was -clear in ité statement that calciun was negligibly
heritable, . N

Incrganic phoéphate'ﬁas not heritable on the basis of this
present study., - This findingm9a§ both snpported and iefuted in

the 1literature.. Rowlands et al..(1974),  in a study using

calves, reported a 1low to moderate heritability for inorganic
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phosphate, while Kitchenham and Rowlands (1976) and Wilscr and
Dinkel (1968) réport no significénces,

. Total protein, shown significantiy heritable by Kitchenhan
and Roslands. (1976), +was nét found tc¢ be so in the present
study. .

Uric acid was not found‘io be significantly heritatle iﬁ
this study.. Bettini et-al. (1975) reported a high .hEtitability
(6.97) butvnb indication of reliability was given., There was no
further corroboration available, . ”

The heritability of bilirubin was estimated as negative in
this study. 6 This was taken as an indication that heritability
was negligible. . Furtmayr (1975) reported bilirubin heritability
as being insignificant.. Bettini et-al..(1975) reported a
significant heritability but one which was low enough to be of
little practical value. .

Herifabilities - of triglycerides, sodium, chloride,
bicarbonate and thyroxine were all estimated as insignificant. .
No publicétions to the contrary have been located by this

author., .

A summaryA cf phenotypic -and envircnmental correlations
amcng all traits 1is given ip Table V.. No discussion of the
agreement between the results of this and previous studies will
be given at this point;, One reason. is the large number of
cecrrelations to discuss, . Another is thatféorrelations ' reported

in the literature are seldom of the same statistical derivation
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Table Y. Phenotypic (below diagonal) and environmental (above diagonal) correlations among traits with associated SE.

Anyl . 0192.074 -.043£,080 ~,0262.083 «0642.075 .0152.073 .042+,079 »120£.058 -.091+.062 «154¢+.058

e —
: TRAIT : Hilk1 Pat 1 Prot1 Milke Pat C ProtC - Ca PO4 Gluc

: Milk1 : +7564.089 © +8662.024 «4304.092 - ,209%.100 «356%. 105 «055+,083 -.113+.088 ~s134+.082
: Fat 1 : .698¢.039 «7521.047 . 2974.120 .408+.094 «312+. 128 «0782.086 -.190%.091 -.095+.088
: Prot1 : .876%.016  .755:.032 « 3504, 120 +208+. 114 «391¢. 120 «059£.094  -,158£.096 =.079£.095
: Milkc : 4812.061 +2472.078 +3352.077 «7694.050 ¢912£,023 -,000£.101 =~,064$.096 =.108:.098
: Fat C : .2782.067 .859¢.060 «2924.073 «789¢,029 «785¢.045 «104£.092 ~,0811.090 ~-,147+.087
: Protc : «809+.066 «3811.077 .3282.072 «9232.012 .832£.023 +0645¢.115  -.0592.102 -,071£.125
: Ca : .0504.062 «0692.063 »052£.068 ~-,000:,066 .0831.063 «032¢.071 .0081.065 .103¢.062
: POU4 : =.0972.065 -+1294.066 -.138+.068 -.0524,066 -.074¢,064 ~.052+,069 .008+.052 ) _ ~-. 105£.065
: Gluc : ~.122+.061 -.083¢.064 -.069+.068 -.098+.066 -.113¢.062 ~.062¢.075 «1012, 049 -.102+£.051

: BUN : «0564.065 .082%,066 .041¢,075 «0612,068 . 1204, 065 .062+£.077 «048£.052 «1131.054 -.042¢,.052
: Uric : +.083:.067 «037+.065 .042¢.074 «030+.067 049,062 .095¢,070 «169¢.049 . 18441.050 »1094¢,050
: Chol : .016£.062 ~.0144.064 -.0122.068 «2754.063 220,061 «247¢,069 «133¢.048 -.096+.051 -.007+£.049
: TP : -.049+.068 -.044+.070 -.051+.074 .015¢.064 -.016£.062 .049¢,068 «1952.048 ~.056+.052 =-.045+.050
: Alb : .098:.065 .037+.069 «0522.076 «035+.072 «1324.066 «101t.078 «361£.047 ~.073:.056 «033+£.053
: Bili : =.362¢.054 -.042¢.064 -,109+,067 «000£.066 «044£.064 «.0194.072 .016%.049 «063+.052 -3012.045
: Alk P : -.049£.074  -,072£.076 =.006¢,082 -, 195,080 ~.2044:.074 -,202¢.086 +027£.062 .058+.064 .072+.062
: SGOT : .0192.061 -.0012.064 .087+.,066 «067+.070 .013£.068 .043¢,073 -.048¢.053 .0781.054 .0034.052
: Creat : -.093+.074 ~.112¢.077 -.055%,085 -.023+.087 -.132+.081 -« 119+, 095 «006£.063 «102+.066 .030£.062
: Trig : ~.167¢.060 -+1334¢.063 ~.1692£.067 =.1024,065 -.0804£.063 =. 1164, 072 +2831£.045 .048¢,053 «1474,048
: Na : ~.039+.062 -.0392.064 .002£.069 +0554.065 «058¢.062 ;0“6:.071 «067£.049 «1344,052 -.076£.051
: K : ..1182.068 -.008:.071 .0132.076 «029¢,074 .058+,069 . 102,078 «129+£.056 «375+,051 -,032+.100
: cl : .008£.063 .010¢.064 .043£.069 =.069+.067 ~.063¢,065 -.070¢,072 +000£.052 -.1991£.051 «100£.051
: HCo3 { ~.093£.064 ~-.038:,066 -.0562.069 ~.030%.066 =-.016:.063 =.023+,072 =.047+.049 +212+,051  =,031%.051
: T4 : -.019¢.061 .0204.063 .000£.068 ~.041£.065 ~+029+.063 -.099+.071 +120£¢.048 -.0694.051  ,163:.048
: !
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Table Y(cont.).

Phenotypic (below diagonal) and environmental (above diagonal) correlations amonq traits with associated SE.

r T
: TRAIT : BUN Uric Chol TP Alb Bili Alk P SGOT Creat

Hilk1 : ~.029:.090 -.0994.095 .018+£.084 . 022,095 .038+.090 -.395+¢,071 ‘.IZUt.11Q .0284.082 -,003£.112
Pat 1 : .0344,093 -.049+.094 -.016+.089 «037+.100 ~.022+.096 -.048+,088 «052¢.117 -.002£.089 «031£.122
Prot1? : -.0782.111 -.161+. 110 -.0142.096 <0594, 107 .088¢.110 -.123£.093 .191:;128 «102£.092 . 095+¢. 140
#ilkcC : .0562.100 -.0371.104 +364+.096 =.0194.094 -. 1401, 115 =.000¢. 102 .116:.156 ~;0671.105 «107¢.148
Pat C : .123¢.092 .0524.090 «274%.088 -.019¢+.088 «039+.098 «055¢.,092 .011¢,138 -.001£.099 .006t.136
Protc : «0414,119 <101, 114 «340+£.110 053+, 103 -.023¢.126 =.027+. 115 «121£.178 076£.110 +175¢. 198
Ca : .0504.066 «1734.062 +1344.060 . 1991.061 «386+.060 «016%.061 .034+.089 -.051¢.067 .008£.093
POU4 : «1194.069 «189+,063 -.099+.065 -.0582.065 -.0804.074 «065+.066 «061£.094 . .086+.070 «122£.099
Gluc : -.0844,066 «1114,062 -.007¢.062 -, 045+.062 +0352.069 .303%.056 +091+,089 .003¢.067 .038£.091
BON : + 1872, 064 «189t.064 =.1372.065 =.011£.075 +200¢. 063 -.021¢,091 .039¥.070 -.051£.093
Uric : . 184,050 .031:.06& <. 052+.063 -.076+.069 «432¢.050 .0122.086 . 0091.067 -.0041£.090
Chol : «.1814.050 «0312,049 «060+.063 «2864.065 ~.098¢.061 ~.122%.,089 Q432,067 -.002+£.093
TP : =-.130£.051 -.0514.050 .0594£.050 .003£.070 ~.1794.062 =.115+,086 -.057+.067 ~-.056%.090
1-99 ] : .080¢.056 -.069+.054 +265+.051 «003£.054 -.037+£.070 ~.064%£.095 ~.0904.076 .218¢.103
Bili : «192+.050 .4284.040 -.097+.049 -. 1764.049 ~.034£.054 -.011£.089 .007£.067 .000£.093
Alk P,: -.023:.064 011£,061  =,0972.061 ~. 1024, 061 =.0642,066 =, 009+, 062 2742, 104 .0052.127
SGOT : .037¢.054 .00812.052 «041¢.052 ~.0544.053 ~.020£,057 .0074¢,053 .087+.069 -.009+.098
Creat : -.0662.064 ~.037£.061 -.001£.063 - 041£.061 .119+¢.070 .000%.063 «105¢.079 .0312.067 A

Triq : -.003£.053 «0664.051 «090+.,049 « 1014, 050 «1754.053 .052¢. 049 «161£.061 .024£.053 -.4412.056
Ba : .0044.053 .0534.051 «037+.050 -. 1274.050 1574, 054 .065¢,062 «004%.062 .1201.054 «119£.063
K : .122+.058 1702, 054 «0331.056 .0684.056 059,061 «034¢,056 -.084£.068 034,060 +1052.073
cl : -.0922.053 -.0264.052 =+0755.052 «.065£.051 «128+.054 .022:.052 0 039+.062 .0601.058 .068£,061
HCO3 } -.0044.053 +0552.050 -.010+.050 =+ 155¢.049 ~.130+.058 «079¢. 049 =.0234.062 -.005£.054 -« 007£.063
T4 : .0121£.052 -.018+.050 . 0504.049 ~.0544.050 .258+.050 «. 0342, 049 .086£.061 .004£.052 +0262.062
Amyl E ~.026+.062 «0301.061 .093+.058 .083+.059 «1464.063 037+, 059 -.009+£.,075 «029+.063 +063£.079
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Table V(cont.). Phenotypic (belov diaqonal) and environmental (above diagonal) correlations aaocng traits with associated SE.

r 8 -
: TRAIT : Trig Na K Ccl HCO3 T4 Amyl :
: 8ilk1 % -.186+.081 -.0431,084 =.005£.099 .009+.085 -.139+.087 -.021%,082 .069+.108 :
: Fat 1 : ~.152¢.086 -.045¢,089 .004¢,101 «012+.089 -.047£.091 «023+.086 o 143,127 :
: Prot1 : -.196%.095 .0024.097 =118+, 112 «049£,097 -. 064,097 0002, 094 «1294.130 :
: BilkC : -+ 137+¢. 100 .0712.096 -.116£.118 «026+.101 =.040+.100 -+ 054¢,097 -« 013,114 :
: Pat C : -.101£.091 «070£.088 .043¢.098 -.087£.096 -.020+£.090 -.036+.090 «008+.106 :
: ProtcC : -.1661.118 «061¢.111 «.009+,123 « 109,118 =031, 115  -,1382.114 0378123 :
: Ca : .2832.056 «0672.062 «1421,073 -.0004.066 =.047+.062 «1204. 060 «139+,079 :
: POY : «0492,067 «1381.066 «4122.066 -.206+.065 = ,2191.064 -.071£.065 =-,108+£.086 :
: Gluc : . 148£.060 -.078%.064 -.040£,051 «1044,065 ~.032+.064 «164£,060 «178%,078 :
: BON : -.003+.068 . ,0044.068 .1882.077 -.0962.067 =-.004¢.068 «013t.066 «1054¢.087 :
: Uric : .068+.064 «0541.064 «176£.070 -.026+.065 .055¢+.063 =.019£.063 «050+.084 :
: Chol : .090+.061 «0374.062 «036+.074 - 0771.066 -.010+.062 «.050+.061 +1072.078 :
} TP : «104+.064 -.1281.062 «076+.074 -.066+.065 =.157+.062 =.055¢.063 «088+.079 :,
} Alb : .190+.068 .1791.070 -.025¢£.083 « 139,070 ~«140£.070 «277+,064 +1692.085 :
: Bili : .052¢.061 20654.062 +037£.073 «022¢.066 «079+.062 -+034%£.061 .0432£.080 :
: Alk P : «203¢.088 .004¢,088 .036£.102 «0412,087 -.028+.088 «109¢.089 « 1232, 115 :
: SGOT : .025¢.068 «128+.069 -.060:.080 «064+.070 -.004+.069 «0044.067 -.115¢,088 :
} Creat : -.576+.086 +1554.093 285,111 «074¢.090 -.009+.093 «034¢,092 -. 135¢. 131 :
; Trig } ~.048¢.062 «054+.074 -. 138+.064 -.053¢.062 «100¢. 060 «1722.084 :
} Ba : -.0482.049 242,071 «2561.061 .288£.056 «005+.061 -.042+,082 :
: K : . 0494.056 «2172.054" .050¢.074 -.006+.074 -.057+,073 ~.021£,093 :
: Cl : -.1342.051 «2491.048 +048£.056 =.3511. 057 «003+,065 «124+,082 :
i HCO3 : -.053+.069 .2881.045 -.005¢.056 =« 341,045 -.042+,061 . 164£,081 :
: T4 1 . 100%.048 .0054+.049 -.0524.056 «0024.051 -.0424,049 +=974.080 :
: Azyl 1 . 142£.060 -.036+,060 2031£.066 »1144,059 ~.1480+.059 083+, 058 E
! i
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nor were the data adjusted for the same effects as is dore in
the present study. . A discussicn of certain relationships will

be undertaken in a later section,

A summary of genetic components §f covariance and genetic
correlation 1is given in ‘Table VI, It is noted that many
covariance components and many genetic correlations were set to
-zerc.,. This was done for the same reason that heritabilities of
some traits vere set to zero., If the genetic component of
variahce for the indi#idual trait aas. negative, this was
considered as a statistical estimation of a parameter that has a
-lover 1imit of 2zero.. The obtaining of a negative value was
treated as a statistical indication Fhat‘there was ﬁc genetic
component of variance, The same rationale éould be appropriate
for some genetic components of #aiiance that were only slightly
greater than zéro.g If a negative or a very low genetic
conponent of variance was uséd to estimate genetic correlations,
the estimate of "these gepetic correlations were subject to
extreme fluctuation, the exact value of whichvmay greatly exceed
the theoretiéal limits of the correlation statistic. TLue to
chance, correlaticns generated fci these traits may fall 'in the
acceptable range, -but large standard errors were indicative of
the lack of crediﬁility attached to correlations between +tvwo
traits with extremely low genetic components of variance. .

On a theoretical basis it can be seen that if a - trait has

no genetic component, then it cannot exhibit a genetic



Table VI, Genetic correlations (below diagonal) and genetic components of covariance {above diagonal) with associated SE.
i |

{ TRAIT | Bilk1 Fat 1 Prott MilkC Fat C ProtC Ca POY Gluc
: Milk1 : 102121822 26852710 9.67E1£6,80E 3866£2206 402642600 0.0 0.0 0.0
: Fat 1 : « 342,493 110.198.5 947.£1110 199.1125. ’130.285.5 0.0 0.0 0.0
: Prot1 : e 944, 101 . 778¢,215 219741762 153.+88.8 139, £85.2 0.0 0.0 0.0
: BilkcC : «588¢.371 «1074.393 »302¢.389 - 1.38E+.75E 1.46E¢. 82E 0.0 0.0 0.0
: Fat C : «680¢.430 .6524.283 «643+,371 +839+,101 516.£290. 0.0 0.0 0.0
: ProtC : «701¢, 358 ~4374.339 «557+£.298 «5494.035 +966+.053 0.0 0.0 0.0
|| Ca |I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: PO4 : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: Gluc : 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0

: BOUN : . 944e.797 +4944,652 . 768+,564 «1344,589 +158£.610 .158¢.448 0.0 0.0 0.0
: Uric : 0.0 1. 7421,.67 1.84¢1,12 OTC 0.0 0.0 0.0 0.0 0.0
: Chel : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: T P : -.597¢.602 -.537:.516 -.799+.604 0.0 0.0 0.0 0.0 '0.0 0.0
: Aldb - : .637¢.661 .456¢,583 =-.138%.549 +896+,513 .697:.68§ .560%.393 0.0 0.0 0.0
1' Bili 'I 0.0 ) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
l' Alk P : =, 964%.505 ~.570%,396 ~,5062.492 ~,905:,190 -,9114,193 -,8684,203 0.0 0.0 0.0
: 5G0T : 0.0 0.0 0.0 .100%.508 +1074.532 -. 1212, 619 0.0 0.0 0.0
l' Creat |l -. 490¢.432 -.636%.357 -.546£.397 ~-.280%.297 -.448$.284 ~.5912.244 0.0 067,712 0.0
: Trig : 0.¢ 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: Ka : 0.0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0
|l K : +983¢.530 -.078%.525 «836+,597 616,394 «137+.450 4444399 0.0 0.0 0.0
: Ccl : 0.0 0.0 0.0 ~.8664.990 0.0 0.0 0.0 0.0 0.0
: HCO3 : 0.0 0.0 0.0 0,0 0.0 0,0 0.0 0.0 0.0
: T4 : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
ll Aayl |I - U95:.524 ~.732¢.368  ~-.€532,451 .328¢.368 «039+,403 <0691, 432 0.0 0.0 0.0
1 {
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Table VI(cont.). Genetic correlations (below diagonal) and genetic components of covariamce (above diaqopal) with associated

SE.
! 1
| TRAIT t BUN Oric Chol TP Alb Bili Alk P SGOT Creat
l| Bilk1 : 176,273.7 0.0 0.0 -26.3£11.2 13,916, 71 0.0 ~2522£1013 0.0 ~7.6943,482
: Fat 1 : 8.3922.12 1.022.428 0.0 -1.15£. 479 «4964.209 0.0 ' -75.5£31.8 0.0 ~-. 863,199
: Prot1 : 7.5243.16 1.224.503 0.0 ~1.33$.569  ~-.1584.051 0.0 -92,7£37.1 0.0 -.358%.150
’| Nilke : 52.4130,8 0.0 0.0 0.0 47.0£18.8 0.0 -6153£2523 451,290,  =-11.7£3.87
: Fat C : 2.18£1,73 0.0 0.0 0.0 1.29:.589 0.0 , -220,193.5 17.3£7.31 -.662£.279
: Protc : 3.0421.56 0.0 0.0 0.0 1.23£.539 0.0 ~207.£88.9  -15.324,69 -.890%.369
: ca : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: POY : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -~ 0.0 .001£,001
'; Gluc : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: BUN : 0.0 0.0 0.0 .0642.026 0.0 -,298:.178 0,0 ~.006£.003
'| Uric : .0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
l| Chol : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: TP : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: Alb : 1.45$1.09 0.0 0.0 0.0 0.0 -.072%,047 .418£.147  -.001£,000
: Bili : 0.0 0.0 0.0 0.0 0.0 0.0 . 0.0 0.0
'| Alk P : -.0484.585 0.0 0.0 0.0 -.0842,468 0.0 “65,3£22.1 .208£.087
l| SGOT : 0.0 0.0 0.0 0.0 +9192.955 0.0 -1.01.660 .095£.039
l| Creat : -.2144.598 0.0 0.0 0.0 -.2601.416 0.0 .345¢.299 +2661.510
l| Trig : 0.0 0.0 0.0 . 0.0 0.0 0.0 0.0 0.0 0.0 .
: Ha : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
'; K : -.701£.998 0.0 0.0 0.0 .757£.546 0.0 -.657¢.,394 1.10£.793  -.4012.800
: cl : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
:Hco3 : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0
: T4 : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
: Azyl I| ~1.294¢. 944 0.0 0.0 0.0 .008¢.516 0.0 -.446%,346 1.46¢1,03 +594+,283
! 1
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Table VI{cont.). Genetic «correlations (belov diaqonal) and qenetic components of covariance (above diaqonal) with associated

SE.
] 1 - i
§ TRAIT | Trig Na KX Ccl RCO3 T4 Amvl |
I| Nilk1 : 0.0 0.0 © 34,0£15.0 0.0 0.0 0.0 -442621770 :
: Pat 1 : 0.0 0.0 «.1304,055 0.0 0.0 0.0 -354,£142, :
1 Proti : 0.0 0.0 1.07¢.436 0.0 0.0 0.0 -252,4104, :
|| BilkC : 0.0 0.0 47,8:18.5 -234,$96.6 0.0 0.0 T 643822710 :
: Fat C : 0.0 0.0 +3674.191 0.0 0.0 0.0 27,8213, 4 :
: Protc : 0.0 0.0 1,244,565 0.0 0.0 0.0 41,9£24.5 :
'1 Ca : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :
l; PO& : 0.0 0.0 0.0 0.0 0.0 0.0 Q.0 :
: Gluc : 0.0 0.0 0.0 0.0 0.0 : 0.0 0.0 :
'| BON : 0.0 0.0 -, 063,012 0.0 0.0 0.0 -22.648.60 :
'| Uric : 0.0 0.0 0.0 6.0 0.0 0.0 0.0 :
: Chol : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :
: TP : 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :
'| Ald : 0.0 0.0 .0074.003 0.0 0.0 0.0 .023¢,225 :
D sits | 0.0 0.0 0.0 0.0 0.0 0.0 0.0 :
: Alk P : 0.0 0.0 -.715£.292 0.0 0.0 0.0 ~150.£56. 4 :
I| SGOT : 0.0 0.0 .7232,.281 0.0 0.0 0.0 234,$89.5 :
: Creat : 0.0 , 0.0 -.002:.001 0.0 0.0 0.0 1,20t.466 :
: Trig : 0.0 0.0 0.0 0.0 0.0 0.0 ||
: Na || 0.0 0.0 0.0 0.0 0.0 0.0 :
: K : 0.0 0.0 0.0 0.0 0.0 1. 214,487 :
l| c1 : 0,0 0.0 0.0 0.0 0.0 0.0 :
|| HCO3 : 0.0 0.0 0.0 0.0 0.0 0.0 ll
l; TU : 0.0 0.0 0.0 . 0.0 0.0 0.0 :
'l Awyl : 0.0 0.0 ©3171.453 0.0 0.0 0.0 l:
1 1
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correlation with aﬁother trait; regardless of whether the second
trait has‘a genetic ccmpenent, . For thisfreasoﬁ; Qhen the above
situation occurred or was indicated by extreme correlaticné "and
standard errors, the genetic component of covariance and the
genetic correlation were set to zero.  The 'appehdix -iists the

nunker of paired observations used for each correlation., .

Genetic imp:o#ement in dairy cattle.has»proéeéded-primari1§
by selection for the additive portion of the total gene effect,
and it is ﬁalikely that the dairy farmervriil find a betier
breeding program within the ranﬁe of conventional selecticn
thecry., . To - work within the framework of direct selection, the
ttaits.must haveva significant genetic component, .  In general, a
significant genetic conponent inéiéates-that“sélection'on that
“trait can result in movement of the population mean in the
desired direction,. In the jcontext of this present study, it
alsc indicated that a pcrtion of‘the'genotjpé of vtﬁe. co# was
responsible for estahlishing the measured level of that trait,
and that the additive- effect of the genes were a major
ccntroclling factor in this genotype.; - |

Aiso, with regards ¢to conventionai selection theory,
ancther a?proach is that of indirect selection. - This approach
. is based on the premise that the +traits -involved have a
significant genetic correlation and thus selection for one trait
will result in a concurrest change in another +trait.. The

classical interpretaticn of this situation is that the
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individual genotypes involved with thé tréits have some pcrticn
in ccaonmcn, the relative size of this portion being estimated by
the genetic correlation., This common genotype affects the two
traits through the phencmencn of pleiotropy of gene effect., .
The-ideé of genetic correlation is  that there must' be
significant genetic components for both traits.. If a trait were
shown tolhave no genetic ccmponent, then it follows that it
cannot have any significant genetic correlations,. On this
basis, the number of +traits meriting further discussion is
reduced to those with a éignificant genetic component., . These
are creatinine, alkalire phoéphatase, amylase, potassiunm,
albumin, SGOT, BUN and all milk production traits.. In further
discussion of the various correlations only .thése traits will

generally be considered, .

Beyond the estimaticn of heritability of"tge serum traits,
this study also examined some relationships inveclving these
traits and the milk production traits;, A.summéry of phenotypic
and genetic correlations bétween the production traits and the -
heritable serum constituents is given in Table VII, .

ihe,genetic éorrelations vere of greatest ihterest»in this
study but a word of caution in interpreting thesé corrélations
is warranted., . The genetic correlations were calculated wusing
halfsib analyses and wmultiplication by a constant of>four was
involved in the calculation, . Since errors of measurement were

alsc mnmultiplied by this factor, the standard error associated



_Table VII. Genetic (above) and pbhenotypic (below) correlations between selected sarum constituents and the
producticn traits.
| | | |
| Trait | h2 ] Creat Alk P Amvyl K Alb SGOT BUN i
| | | I
'.:===z==+:============+=============:============================:====:====================================:======={
{ | | |
i t | |
] Milkt } .1074%,0976 | =-.490%.,432 -.964+.505 -.495+.526 »983+.530 «637%.661 0.0 « UL, 797 |
{ | I =.093%+.078 ~-,049:.074 -.019¢.074 .118+.068 .0982.065 .019+,061 .056+,065 |
| 1 | |
(. | | i
} Pat 1 | ,1530%£.1078 } =-,636%.357 =-,.570+.396 -.732+.368 -.078+.525 «4561,583 Q.0 . «U94t,652 |
| | 1 =-.112£,077 =-.072¢.076 -.043+.080 -.008+.071 .037+.069 -.001¢.064 .082+.066 i
! | i |
| | | |
| Protl | .1554%,1172 | =-.546%,397 -,906+.492 -.653¢,451 .836¢,597 -. 1382, 549 0.0 .768¢.564 !
i | { =.055¢+.085 =-.006¢.082 -.026+.083 .013+.076 .052+,076 .087+,066 «041£.075 |
i | | |
i | { |
| MilkC | .3370+.1382 | =-.280$+.297 -,905¢.190 .3282,368 .616+.,394 .896%.513 .100+.508 . 134,589 !
] I { =.023¢.087 =.195:,080 +0641,075 .029+,074 .035+,072 «067+£,070 «061+.068 |
i { | |
i ! [ |
| Pat C | .2821+.1270 | =.448%.284 <=,911+¢.193 .039¢.403 «137£,450 «697¢. 484 .107£.532 «158¢.610 §
1 | {f =.132:+.081 -,244%.074 .015¢,073 - .058+.069 .132+.066 .0132,068 «120£.065 |
§ [ | |
| 1 | i
} ProtC | .39794¢£.1560 | ~-.591t,244 -,868%,203 «C69%.432 JU46+,399 +560+.393 -.1212.619 + 158,448 [
| | I =.119%.095 -,202¢+.086 «042+,079 .102+.078 .101¢. 078 .043+.073 .062+.077 |
| | { i
i | | !

€9
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with the genetic cbrfelation was appropriatély inflated., = The
standard errors npust bevlarge for these correlations since tﬁey
vere estimated from several statisticé, each one subject to its
own.sampling variance, . The magnitudé of the cOrfelaticn is best
judged in relaticn tc its standard error. . |

First lactation milk production possessed strong genetic
correlations uiih creatinine (-0.490), alkaline ﬁhosphétase
(-0.964) , potassium (0.983), albumin (0.637)»ané BUN (0.S44)...
The reliability of these correlations .vas ’reflected‘ in théir
standard errors.;-The:strongesi genetic ccrfelation Wwas between
milk and alkéline phosphatase, - with the standard ‘érror
indicating a reliable estimate.. The poorest correlation among
ihe set of constituents listed above was for albumin.,, Although
the correlation between creatinine and milk uasfless than that
for albuﬁin, the stanpdard errorvsés much 1lcwer, indicatin§ a
more reliah1é=estimate.w

Current lactaticon milk was correlated with avsmaller subset
of serum‘ constituents., Alkaliné phosphatase, as with first
lactation rilk, showed the strcngest reiationship '£r=-0.905)'
with a small standard error., Potassium {0.616) and albumin
(0.896) also had strong, reliable cortelations with current
lactation milk., . Unlike first 1lactation milk, there was no
strceng relationship with creatinine or BUN¢¢:The$e discrepancies
betseen what are essentially estimates of the same correlation
taken at different points in time were not seriocus.. The

correlation estimates for creatinine and BUN were associated
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with large standard errors. The fact that they apgpeared
significant only for the first lactation may have indicated that
the correlaticn importance was marginal and the two estimates of

the correlation were different mer€ly by chance. .

Literafure. ¥as sparse  in reporting of relationships cf
serum constitiuents with milk production. . Axitchenhamagzmgga;
(1975) and Payne et al. .- (1973) reported a.relationship between
milk productidn and albumin, in agreément 'with this present
study. Furtmayr (1975) reported a posiﬁive éorrelaticn With
correlations 'betveen serum constituents and milk producticn
estimated in this study were not discussed or were noted %o be

insignificant in the literature. .

First .lactation fatvproduction ¥as genetically correlated
with creatinine (~0.636), alkaline rfrhosphatase (-0.570) and
amylase  (-0.732).f Current fat production fcllowed a similar
-pattern éxcept that amylaéé was ﬁot strongly correlatéd., Also,
albumin appeared as highly correlated (0.697)Afor cu:rent fat
only. . |

First lactation prctein yieid was correlated with
creatinine (~0.546), alkaline phosphatase (-5.906), amylase
{(-0.653), potassium (0.836) and BUN (0.768).,  Current production
was correlated with a smaller grcup of constituents., This-gtoup

consisted of creatinine (-0.591), alkaline phosphatase (-0.868),
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potassiunm (b.gua) and albumin (0.560).;

There is.some discussion warranted.on.the relative merits
of the two 'groups of correlations, those involving first
lactation éréduction and those involving current lactation. .
Current lactation records represented estipates that were
indicative of the population as it existed at the time of
bleeding, This association in time between curreht lactation
traits and sefum traits was important in-’ that these
relationships vere refiections of current physiological eQents.,
Thus, if current-feéding*programs vere a cause of a serum and
production change, correlations will tend to be overestimated.,
This overestimétion, hcwever, should be p#esent only in
environmentai and phenotypic correlaticns.,'Genétic correlations
would be expected to be unaffected by such envircomentally
caused relationships.,. Beyomd this, the comparison of first
lactationvverSUS“current lactation correlafioﬁs were subject to
the same considerations ‘as were discussed with respect to
heritabilities.. On balance, then, first lactation .correlaticns
with serum traits may be more reliable indiéators of underljinq
genetic relationships for the following reasons, - First
lactaticn correlation esfimates Were conservative since
environmental covariance was possibly overestimated due +to the
inccmplete adjustment for year of calving._’Secoﬁdly, current
lactation correlations may have been inflated due to confounded

age and sire effects,.  Both sets of correlation estimates were
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used in the assessmeht of the . genetic reiationshigs between
production and serﬁm traits, with the reservétion that those
invelving first lactaticn production were probably mofe
realistic, . |

Futhermore, no cleafcut distinctions were  discernable
between  the tﬁo production groups onvthe basis 6f-the estimates
obtained.in this study. . The trends'ofnthe cofrelations already
discussed were  similar for both production frait groups. .~ Scme -
discrepanciés arose bﬁt none sere éo serious or patterned as to
be useful in declaring either first or current lactations as a

preferred standard. .

A mcre generai picture of the reiationships involving the
production +traits and the selected serum constituents may be
discerned by‘diécdssing the sérum traits that were most heavily
ihvolved.y Creatininé and alkaline phosphatase, the serum traits
ﬁifh the‘highest heritability, wvere the traits most highly
correlated with the préduction traits. . These iao constituents
éorrelated highly negatively with ail production traits exceét
creatinine with current lactation milk,. There w%as a
particularly strong relatidnshi§ between alkaline - phosphatase
and the . current production 'traits., These relationships were:
showun io be.reliable by the relatively low standard errors..

Potassium  was ancthei trait that was involved with milk
production and retained a pattern for both production estinates. .

It correlated positively with milk and protein producticn but
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did not show é strong relationsﬁip with milk fat. .

| The remaining selected serum constituents did not show
strong, consistent coirelatibns witﬁ the production
constituents, = Albumin was poéitively correlated with both
measures of milk production but, with: regérds .to fat and
protein, the  correlations were not significant for both
estimates and thus were ccnsidéred as not particularily strong.
Amylase and BUN showed strong correlationS‘vifh soﬁe eilk ttaiis
kut only 4in the first lactétion.;' SGOT showed no strong

correlations., .

This study has focused on those traits which were judged to
have a significant genetic compdﬁent.; Animal breeding theory
states that progress due to selection is proportional to the
genetic variance and the heritability of the +trait.,., A small
genetic component relative to the phenotypic variability will
result in both parameter estimates being low, . Thus, any ' traits
with a 1low heritability were not deenmed as importént as those
that posessed a significant additive compoﬁent since the traits
with low heritabilities would nct be expected to progress'under
selection at an acceptable rate, - In future studies, if one were
able té more precisely identify this environmental component,
the relative importance of the additive variance would increase. .
Thisl would result in a more accurate assessment of the-
usefulness of uric acid and its.génetic.relationshiPS'uith cther

traits, .
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Indirect selection cffers an alternative to the direcf-
selection of a trait in modern animal breeding theory.. Response
to direct selection is proportional to additive variance,
heritability and. selection differential. . ﬁesponse to indirect
selection depends on the heritability of tﬁe‘ trait uéed
indirectly, the genetic variance of the trait in vhich change is
sought, the genetic correlation between the two traits and the
selection differential, - The. success of indirect: seléction
ccmparéd io ‘direct selection will depend on the relative
magnitude of these factors,  1In practicé, ease and econcny of
measurement may become a consideration in 4trait seiecticn.f A
rational décisioh nust Se-reached between the strength of the
genetic systen ahd the considerations of its practical use, .
Some illumination of the relationships betwveen the serum traits
will provide support for making this decision.;

Table VIII -presents the genetic and phenotypic correlationms
among thosé serun constituents‘ judged to be significantly
héritable., Included in this table are éorrelaticns of
sufficient magnitude to be'ofvinteresfvand which have associated
standard erroré of 1low relative magnitudé, indicating some
degree of reliability. . Uﬁlike_the correlations involving the .
milk production traits, there wefe not two estimates of ihe same
correlation avéiiahle., | Therefore, there could be no
corroboration within thié present study of the estipates
obtained. , |

Creatinine, the most heritable of the serum traits,



Table YIII. Genetic (above diagonal) and phenotypic (below diagonal) correlations among selected serum
constituents,

1 I I
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i t l
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exhibited few strong genétic correlations with ofher serum
coﬁstituents.,..with reqgards to ggnetic correlations with the
heritable blood constituents, creatinine was related positively
with alkaline phésphatase {0.345), although the standard error
did not indicate ‘that this degree of correlation was well
defined., . The correlation of creatinipe ¥vith amylase was
strconger (O.S94i and more reliable as indicated by ihe standard
etior.y It appeared that amylase and alkaline phosphatase have a
genctype that is in pért conmon with that of ~creatihine;.
Amylase was moderately heritable and the most efficient method
of selecfion would be' fhat bof .direct’ selecticn for amylase
level., .

SGOT, a trait which had a heritability Jjudged to be
statistically insignificant, had a number of strong correlations
with the heritable serun constituents.,"It was previously
pcinted out that little ptogrésé couid be expected under direct
selection for SGCT since its . hefitability was low (0.052)..
Indirect selection would be an improvement if traits could be
located with lérger heritabilities and strong correlations with
SGéT., Several serum traits possessed these characteristics,
Amylase was mcderately heritahlev(0.202) and had a correlation
with SGOT of 1.46.  This 1large correlation was reascnably
reliable when judged on the basis of its siandard errer, This
indicated a high degree of éimilarity in the - genotypes
responsible for the two traits, - Correlations were only slightly

less strcng for SGOT with alkaline phosphatase (-1.01),
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potassium (1.10) and albumin (0.919).. A reaéonable degree cof
success ccuid be axpectéd in movihg the . level of SGOT by
selecting for any of these constituents. , |

| BUN vas in much the éame situatjon as SGOT.. Not
significaﬁtly heiitable, it possessed iarge genetic correlations
“with éertain heritable traits, . One of these traité vas alkunmin,
which has 1low, significant heritability and a genetic
correlation of '1.95 with BUN, . Amylase, which ‘had a moderate
heritability, had a correlation. with BUN of ~1.29.; It was
apparent that, 'on the basis of ‘this study, the most successful
method of altering the pcpulation lével' of BUN would be to
select for a lower level of amylase. . |

It should be noted tﬁat some of thése. édrrelétions

invelving SGOT 'and BUN excecded the theoreticai range of-the
correlation statistic tc scme degree.: However, the standard
€IYOorsS vefe small ‘:enough, relative to the correlation estimates
to indicate a degree of confidence in the high values for sonme
ccfrelations., That they exceeded the theoretical limit was a
reflecticn of several factors, . One was the fact that one of-the
traits involved had a small gehetic component. ., Combined with
'rounding ~errors and errors irvolved ih the estimaticn of
variance and covariance coaponents, this small genetic component
caused wide fluctuations in the estimates. 'Due to the sgaller
standard errors, these ccrrelations were taken to indicate that
the genotypes of the traits involved were highly similar. -

Other genetic ccecrrelations existed among serum constituents
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and seemed reliable on the basis of their standard errors, but
vere not as large in wmagnitude as those already mentioned.
Alkaline phosphatase was negatively correlated with amylase
{-0.446) and this estimate was relatively reliable, Alkaline
rhosphatase also correlated negatively with potassium (-€C.657)
with a reasonable standard error., Finally, potassium correlated
positively with albumin (0.757). ., These last three relaticnships
vere of limited usefulness,, All three relatiocnships invclved
heritable traits -and  therefore direct selection should be
successful in altering population levels.,, The magnitude of the
correlations among these three constituents was not sufficiently
.large to propose the use cf indirect selection. .

The preceeding discussion of the correlations estimated . in
this study pointed out the ccmplex genetic relationships
underlying scme of the compounds and elements found in the serunm
of dairy cattle.. Besides being of interest to geneticists,
these relationships could prove interesting as background
relationships in the interpretation of results frcm
physiclogical experiments, . As an example,  SGOT and potassium
exhibited a higher positive genetic correlation (1.100) but
smpall envircnmental (-0.060) - - and phenotypic (0, 034) -
correlations., This indicated a very similar genotype but a
large environmental input on - these  traits. If a correlated
"respcnse 1in these two traits were noted in a trial invclving
spall numbers of animals, it could be due merely tc a sanpling

anomraly rather than due t¢ the treatments present in the trial.,
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The same rationale can be extended to all other <correlations
estimated in this study. A preliminary investigation of the
results of this study would benefit researchers in other fields

by forewarning them of the genetic consequences relevant to

their present experiments, .
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This study has eétimated and evaluated fbr some serur and
milk producticn traits the genetic parameters that are necessary
for using these iraits in a breeding prégram.,\ Among. the
parameters'estiméted were the genetic éomponents of variance and
the heritabilities of the individual traits., It was suqggested
that to.bé of greatest interest,'a trait shouid possess moderate
to high heritability. This vouid allow the aninmal bréeder “to
change the level of ekpréssionvdf a trait if such-a.chanée vere
shcvﬁ to be desirable, Tﬁe desirability - of a trait im this
study was further evaluated in terms of- the genetic
relaiionships among the seruﬁ and producti§n~traits.M Since it
is protable +that these repfesented only a small portion of the
relationships of interest involving serun constituents in dairy
cattle, this study was in.part a report of genetic parameters of
serum constituents as a reférehce-for later studies. .

The production of milk, milk fat and milk protein exhibited
mcderate heritability, a finding that was not- unexpected.;. The
serum traits that exhibited +this degree of heritability were
creatinine, aikaline phosphatase, amyiasé. potassiun and
albumin. - SGOT and BUN exhibited 1low heritability but were
hypothesized t§ be of possible importance on ~the basis of
findings reported in the literature.,_  This iﬁdicated that
progress could be achieved'by'direct*selecticn on the vlevel of

these serum constituents,. The heritabilities estimated in this



76

study were reported as reference valués for future studies
involving the additive genetic components of these traits,

As an evaluation of the relationships between the serun
traits 'and the production: traits, gehetic cerrelations were
eétimated and discussed particularly .uithb regards to the
magﬁitude of the associated stanéérd errors, . For the estimates
of genetic correlaticn infclving.the milk rroduction. traits, two
estimates were available in  this study, one for <current
1actatibn and -one for first 1lactation. . First laétation
estimates were considered somewhat superior to current lactation
estimates. . Both were used as sepa;ate éstimates- of the sanme
parameter in the discussion.,. This in turn allowed the
discerning of. those relationships between serum traits and
producticn traits fhat were of greatest reiiablity.; ‘

The most consistent and reliable"genetic correlations
hétween serukr and production traits were as follows. ., Serunm
level of potassium correlated highly and pésitively- ¥ith milk
production for both first énd cﬁrrent-lactétions. Albumin level
also possessed a high, positive correiaticn | with | milk
producticn, . | |

The strongest relaticonships involved alkaline -phosphatase
and creatinine with the production traits., Genetic correlations
of alkaline phosphatase with all thfee' precduction traits were
negative and  involved the highest magnitude of any cf the
ccrrelatiqns of -the heritable serum traits with the production

traits. Creatinine was negatively correlated with milk prctein
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and wilk fat,  Correlaticon of c¢reatinine 1level with milk
production was not strong. .

These findings effectively reduced the original " nineteen
serum constituents intc a subset that has shown a genetic
component and/or has exhibited relationships with the production
traits.,., This study has identified such a subset and estimated
heritabilities and genetic correlations as indicaticns of
existing relationships, for the benefit of future studies, .

Other relationships examined vwere those that existed among
the serum constituents. . This was investigated for two reasons,
One was to assess the posibility of utilizing indirect selection
in changing the 1level of a correlated, nonheritable. trait..
Seccﬁd;»and'most inportant was to use the genetic correlation as
an - assessment of the underlying genotypiC-relétiohships.,'These
genctypic relations could be of use: to reéearchers in cthei
fields in intgrpreting their‘resulté.f-senetic correlatibns Qere
again taken as the méthod of assessment.;-SGOT»exhibited several
strong dgenetic correlations - positive with:amylase; potassium
and élbumin,.and. negative with alkaline phosphatase.; Since
alkaline phosphatase .and amylasé' possessed the highest
herifabilities of these traits, selection on thése t¥Wo traits
should be ~succeésful in altering the seruﬁ level cf SGOT, a
trait of low heritability.. BUN exhibited a strong negative
correlation with amylase and a stronqg positive correlaticn with
albumin, . Since BUN had low heritability, selection on amylase

level should result in an indirect change in BUN level. .
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Genetic correlatiohs among the heritable serum traits wsere
not as specifically useful in indirect selection but uwere
indicative of wunderlying genetic relationships. £ <Creatinine
exhibited moderate positive correlations gith alkaline
phosphatase and'-émylase,, Additionally, alkaline phosphatase
. exhibited moderate negative correlation with amylase and
pctassium, . Finally, a modérate; positive‘-cdrielaticn existed
between potassius and aibumin.;

| This study haé been successfui‘in'identifying a subset of
the serum traits measufed that were of interest on the basis of
the heritability of the trait'énd its genetic~corre1§tions with
other serum and production traits. . These .genetic parameters are
tabulaied as a feference source as well as é source of gquidance

in future studies involving these traits. .’
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Appendix.

Number of observations for each pair of traits.
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Appendix(cont.).

Number of observations for each pair of traits.
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Number of observations for each pair of traits,
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