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An Economic Analysis of
Genetic Information:
Leptin Genotyping in Fed Cattle

Eric A. DeVuyst, Jared R. Bullinger, Marc L. Bauer,
Paul T. Berg, and Daniel M. Larson

A polymorphism in the leptin gene is associated with fat deposition. Sinee fed cattle
are often priced on a grid that considers yvield and quality grades, {at deposition is
an important factor in profitability, Using data from 580 crosshred steers and
heifers, we simulate carcass traits to various days-on-feed and compute the
associated profit under three price grids. Results indicate that leptin genotype does
affect value by as much as $48 per head but has little impact on days-on-feed. {Given
current commercial testing fees of $40-850 per sample, genotyping of feeder cattle
appears to break even at best.

Koy words: beef eatile, genetics, leptin genotype, value of information
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Introduction

The deposition of fat in fed cattle has a large role in beef carcass value and producer
profits, An improved understanding of how and where fat is deposited, externally versus
intramuscularly, has the potential to improve decisions of feedlot operators. Polymor-
phisms, or mutations, in the leptin gene have been shown to influence fat deposition in
fed beef cattle (Bierman et al., 2004; Buchanan et al., 2002; Kononoffet al., 2005; Larson
et al., 2005, 2006). The leptin gene has been marketed in the past as a “marbling gene,”
but biological research shows that both backfat and marbling are affected by leptin
genotype. As the market rewards marbling but discounts external carcass fat, leptin
genotype has offsetting economic impacts for producers. The net economic impact is
unknown. Further, it is not known if genotype affects optimal days-on-feed. Our goals
are to determine if leptin genotype: (@) affects optimal days-on-feed, and (b) affects
carcass value, In short, can a producer utilize leptin genotypic information to increase
profitability?

Assuming profit-maximizing behavior, we determine the optimal marketing date for
fed cattle sold: (@) individually, and (b) in truckload groups (about 45 head). Optimal
days-on-feed are determined both with and without leptin genotypic information. We
first develop a regression model of economically relevant carcass traits {external carcass
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fat, ribeve area, hot carcass weight, and marbling score) using measurements taken
during the finishing period and post-slaughter. The regression model is evaluated twice,
with and without leptin genotypicinformation. Second, we simulate carcass characteris-
tics for various days-on-feed for each individual animal and determine profits associated
with each day on feed for each animal. Third, we determine the optimal days-on-feed
and maximum profits for each animal, with and without genotypic information, for three
different price grids. Finally, the differences in maximum profits are used to assess the
ex ante value of leptin genotypic information.

Economics of Days-on-Feed and Fat in Fed Cattle

Producers are assumed to maximize the sum of profits over all cattle fed, or:

(b max Y % (DOF)

DOF,

Y. P, Pyo(REA(DOF,), HCW,(DOF,), BF(DOF,), KPH (DOF,)|

¢« Py | MS(DOF, }) x HOCW.(DOF ) - IC, - CIDOF,) - OCIDOF),
where DOF. denotes days-on-feed for animal i. Profit from a finished animal is equal to
the revenue less the purchase price of the calf (JC), total daily feed and yardage costs
(), and opportunity cost (OC). Revenue is a function of price (per Ib.) and weight. Both
price and weight are a function of days of feed.

The price received for an animal is derived from a base price P, and discounts/
premiums for yield grade (Py.) and quality grade (P,,). Premiums and discounts for
yield and quality grade are paid based upon carcass characteristics, which in turn are
funetions of DOF. Yield grade (YG) is determined from ribeye area (REA), hot carcass
weight (HCW), backfat (BF), and percentage kidney, pelvic, and heart fat (KPH).

Yield grade, which along with market conditions determines Py, is written as:

2)  YG, - 25+ 25xBF, - 0.2 x KPH,, + 0.0038 x HCW,, - 0.32 x REA,,

[U.8. Department of Agriculture/Agricultural Marketing Service (USDA/AMS), 1997].
The scores given by (2) are truncated so that only integer values (1-5) are used to
determine vield grade premiums. As days-on-feed increase, BF, KPH, HCW, and REA
inerease. The increased BF, KPH, and HCW lead to increased yield grades, whereas the
increased REA leads to lower yvield grades. Yield grades 4 and 5 are discounted by the
market, while vield grades 1 and 2 earn premiums, So, DOF has offsetting effects on Py,

Quality grade is determined by a subjective marbling score. Marbling score, which
along with market conditions determines P, is based on a subjective scale (USDA/
AMS, 1997). Traces of intramuscular fat are scored between 200 and 299 and called
Standard. Scores between 300-399 or slight marbling are Select, from 400499 or small
marbling are called low Choice, from 500-599 or modest marbling are average Choice,
from 600- 699 or moderate marbling are high Choice, and scores over 700 are Prime.
Quality grades of average Choice and higher earn premiums while quality grades Select
and Standard are discounted. Increasing DOF leads to higher marbling scores and
higher premiums or lower discounts.
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In addition to affecting revenue, a change in days-on-feed will affect costs. There are
three daily costs during the finishing phase: feed, yardage, and opportunity cost on
investment, Marginal feed and yardage costs are constant, and opportunity cost will
increase at an increasing rate with DOF.

Leptin Biology and Economic Relevance

Leptin is a protein hormone produced by fat. It is released into the blood and
transported to the brain. The brain then determines the amount of energy the body will
expend (Rodriguez et al., 2002) versus the amount of energy stored as fat. A mutation,
or polymorphism, in the leptin gene has been linked to variation in carcass composition
(Buchanan et al., 2002; Geary et al., 2003; Yamada, Kawakami, and Nakanishi, 2003).
The polymorphism is a nucleotide switch from cytosine () to thymine (7 and causes
an amino acid change in the circulating leptin. An animal can have one of three possible
genotypes: CC (homozygous “lean”), CT (heterozygous), and TT (homozygous “fat”).
Between genotypes, significant differences have been observed for both 12th rib fat and
marbling score (Buchanan et al., 2002). Fatter carca have been associated with the
T-allele, while the C-allele has been associated with leaner carcasses (Kemp, 2003; Thue
et al., 2001). Kemp also noted that the animals with two copies of the T-allele deposited
12th rib fat earlier in the finishing process and at lighter weights. Several other studies
{Bierman et al., 2004; Bierman and Marshall, 2001; Buchanan et al., 2002; Fitzaimmons
et al., 1998; Oprzadek et al., 2003; Tessanne, Hines, and Davis, 2003; Thue et al., 20013
reported a relationship between leptin gene polymorphisms and fat deposition in beef
CArCASSes.

Certain breeds of cattle (e.g., Hereford and Angus) are often associated with higher
fat levels (Fitzsimmons et al., 1998). Fitzsimmons et al. found that these “fat” breeds
had the greatest frequency of the “fat” (7 allele. Similarly, they noted that breeds
generally accepted as “lean” breeds (e.g., Charolais and Simmental) posses od a greater
frequency of the “lean” (C) allele.

Because of leptin’s relationship to fat, leptin genotype is hypothesized to affect yield
and grades. Since 77 cattle deposit fat more quickly than CT or CC cattle, TT cattle are
expected to have more discounts for yield grades 4 and 5 and fewer premiums for vield
grades 1 and 2. Conversely, CC cattle, being leaner, should earn more yield grade
premiums and fewer discounts. It is also anticipated that TT cattle will have higher
marbling scores and more quality grade premiums (or fewer discounts). The leaner cC
cattle are expected to earn more discounts for quality grade.

In summary, leptin genotype affects fat deposition and so affects yield and quality
grades. It seems likely that T cattle will earn more premiums for high quality grades
but also have more discounts for high vield grades. As CC cattle are leaner, it 1s
expected that they will earn fewer premiums and more discounts for quality grade while
earning more premiums for yield grade. For both lean (CC) and fat (T'7) genotype, there
are offsetting biclogical and economic effects,

Biological Model and Data

Our modeling efforts are divided into two parts, a biological model and an economic
model. The variables used in these models and their definitions are presented in table 1.
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Table 1. Definitions of Variables Used in the Models

Variable Definition
i Subseript indicating animal identification, ¢ {1, .., 580]
7 Subseript indieating measurement date
b Subseript indicating marketing date, & ¢ 1160, ., 220}
BE, 19th rib fat for the ith calf on the jih date
REA Ribeye aren for the ith calf on the jth date
W, Weight for the ith calf on the jth date
HOW, Hot carcass weight for the ith calf on the kih marketing date
Ma, Marbling score for the ith calf on the kth marketing date
BPH Percent kidney, pelvie, and heart fat for the ith calf on the kth marketing date
DOF, Disyz-on-feed for the fth call
soures, Prurmy variable with 0 = purchased heifers and L="home-raised” calves {steers and heifers)
nrdrend Number of treatmernts for non-respiratory ilness
restread Number of treatments for vespiratory tloess
Yy, LISDA vield grade on g seale of 1-5, where 1 = leaneat careasses and § = fotiest carcasses
(= 65 LIEDA gquality grade: Standard, Select, Chalee, and Prime
P Base carcass prive (Blewt}
s Premium/discount ($/owts for USDA vield grade
Py Premiumddiscount (Sfewt) for USDA guality grade
COROE Cost as a function of dayseon-fopd
I Purchase cost of feader calf's

COUOF Y Opportunity cost of investment

Since carcass revenues are derived, in part, from yield and quality grades and weight,
it is necessary to develop a biological model to simulate the components of yield and
quality—in particular, ribeye area, backfat, hot carcass weight, and marbling score. The
biological model is estimated twice, with and without leptin genotypic knowledge.

Diata were collected from eattle in a commercial feediot in Britton, South Dakota, from
fall 2004 through early summer 2005, At our request, the feedlot operator put together
three pens (approximately 200 head per pen) of feeder cattle with similar breed and
phenotype within each pen. Two of the pens were heifers and the other steers, Thus, the
number of heifers is approximately double the number of steers. The pen of steers (lot
13 and one pen of heifers (lot 2) were born on the feedlot operator’s farm and primarily
are a black Angus cross. The other pen of heifers (lot 3) was purchased from ranches in
Montana and primarily are red Angus/Simmental cross.

Weights, measurements, and blood samples were taken from 612 steers and heifers.
After lost ear tags, missed tag transfers in the processing plant, and other carcasses
“lost” in the processing plant, data on 590 cattle were usable. Data were collected on
November 10, 2004; January 5, 2005; February 10, 2005; and March 28, 2005; and on
the four marketing dates of April 19, May 5, May 18, and June 6, 2005, Live weights and
ultrasound measurements of backfat were taken on all four pre-marketing dates. Ultra-
sound measurements of ribeye area were taken on the November and February dates.
Additionally, the feedlot operator recorded all treatments due to non-respiratory and
respiratory ailments for each animal. At slaughter, hot carcass weights were recorded.
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Twenty-four hours post-slaughter, measurements were taken on ribeye area and backfat
and subjective estimates of marbling score and percent kidney, pelvic, and heart fat
were recorded. Summary statistics for initial weights and measurements and carcass
weights and measurements are given in table 2. Table 2 also reports the number of
steers and heifers by genotype.

On November 10, 2004, blood samples were taken via venopuncture. Leptin genotype
was analyzed by an allelic discrimination assay. Briefly, genomic DNA was purified
(Perfect gDNA, Eppendorf AG, Hamburg, Germany) and specifically designed probes
were used to detect the C/7 polymorphism (Primer Express, Applied Biosystems, Forest
City, CA; Buchanan et al., 2002) using real-time PCR technology (Prism 7000, Applied
Biosystems),

To allow for the simulation, we estimate final marbling score, ribeye aren, backfat,
and weight. To account for simultaneity and contemporaneous error correlation, a system
of growth equations for backfat, ribeye area, and weight is estimated using three-stage
least squares (3SLS) (Greene, 1997). Little variation was ohserved in KPH across the

actual marketing dates, gender, or genotype from our study cattle. Consequently, KPH
is held constant at actual post-slaughter values,

Bruns, Pritchard, and Boggs (2004) report carcass characteristics as a function of
weight. Following their approach, we estimate BF and REA as a function of weight.
Weight, W, is estimated as a function of DOF. The specified system is given as:

5 log(BF (el = ) x CT + eB) = TT, » ¢4y x SEX, + ¢(5)

w source + cl6) w nrtreat. » T < restreat,
i iF

x log{W} « e(8) + ¢l9) x ln:)g};{:}%k}i L} v egp s

REA, = (e(10) + ¢(11) x CT, + ¢(12) x TT, + c(13) x SEX, + ¢(14)
x source + ¢(15) % artreat, « e(16) x r{?f«:ﬁm(:ﬁ}

P FIAT Y L oY -
% dogtW,) « eld7) £y,

log(W.) = e(18) « et x CT, + (201 x TT, + ¢(21) x SEX, + ¢{22)
x loglDOF )+ el23) % E(}gg‘:Wfi D}« el24) x source + ¢(25)

x nriveal, e{26) « restreal, + ey .

Dummy variables C7 and 77 indicate heterozygous and homozygous “fat” genotypes,
and SEX denotes gender (steer = 0); source = 0 indicates purchased calves; the variables
nrtreat and restreat represent the number of times each animal was treated for non-
respiratory and respiratory ailments, respectively; and live weight is denoted by Wand
later converted to carcass weight (HCW) assuming a 62.5% dressing percentage.
Serial measurements of marbling were not taken. While it is possible to take ultra-
sound measurements of intramuscular fat, these measurements are not considered
reliable. Reported correlations between ultrasonic intramuscular fat measures and
carcass marbling score have ranged from 0.35 to 0.87 (Williams, 2002). In our study,
only post-slaughter marbling scores were taken over the four marketing dates.
Consequently, it is difficult to estimate marbling score and the resulting quality grade,
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Instead, we employ data from Bruns, Pritchard, and Boggs (2004} to estimate changes
in marbling score due to changes in days-on-feed. The resulting curve is expressed as:

4) AMS, = [0.0029¢ T ORI ADOF

Hence, (4} gives the change in post-slaughter marbling score as days-on-feed varies.
Using (41, actual post-slaughter marbling scores can then be adjusted to various days-
on-feed (more or less DOF than the actual DOF at marketing) as:

(5 MS,,p « actual MS, « AMS, .

As reported in table 2, TT cattle did have higher marbling scores. By using actual
post-slaughter marbling scores and simulating changes according to (5), the relative
differences in marbling score across genotypes are maintained. However, we acknow-
ledge that the rate of marbling deposition may vary across genotypes, with 77 likely
depositing most rapidly. While potentially distorting for large changes in days-on-feed
from the actual marketing age, the approximated marbling score should be fairly
accurate nearby the actual marketing age,

Regression Results

The model specified in (3) was estimated twice, with and without genotypic information.
The resulting parameter estimates and standard errors are reported in table 3. Most
variables are significant at p = 0.01. In the model considering genotypic information,
genotype is significant in two of the three equations. Lagged dependent variables are
significant in all equations. Treatments for ailments are mostly insignificant, which is
likely due to overall good health of the herd and aggressive treatment of suspected
ailments. The exception is for respiratory treatments (restreat ) negatively influencing
weights (p = 0.097). Hiefers (SEX = 1) had significantly greater BF and REA and lower
Wi p < 0,001 for all equations). The source variable also impacted characteristics. Home-
raised ealves had smaller ribeves (p < 0.001), had more backfat (p < 0.001), and were
lighter (p = 00021

The hypothesized and previously reported relationship between carcass traits and
leptin genotype are confirmed. In the estimation, C7T and T7 dummy variables have a
negative influence on ribeve arvea (p = 0.017 and p < 0.001, respectively}), and the T7
variable positively influences backfat (p = 0.024). Weights are also positively influenced
by the 77 genotype (p = 0.089). Following previous studies, our results suggest that the
(-allele tends toward increased muscle size and the T-allele tends toward increased fat
deposition.

Eeonomic Model

The estimated growth models for ribeve area, backfat, weight, and marbling score are
used to simulate carcass traits to days-on-feed of 160 to 220, both with and without
genotypic information. Then, the simulated carcass characteristics are used to compute
profit, as in (1), for both information scenarios and the three base price levels. A grid
search is employed to find the DOF for each animal to maximize equation (1), For each



UK dugusr 2007

Journal of Agriculnoal and Resowrer Feonomics

Table 2. Full-Information Maximum-Likelihood Regression Results

Variable

With Genotype

Without Genotype

Inpg{BF

BEA logt W

log{BFY

BEA lag{Wh

intercept

U oglW

T logl W

SEX

s logl W
fogi W

rrtrent » logtWh
restreat « lagt W
soerve  bogtW
or

o

nrfreat

restreal

SEX

seree

lagt BFC 10
logt BOF)

fop{ Wi 10

F2anrE
(L1741

G005
{00433

.00
(0.60%)

{1,004
{3,003

3,00
(0,080

Guypgees
{0,003

LR
IR

U0 BYT e
EELS
R VL
IR
0.346% %%
LOREY
0.620%
(LIRS
ERR Dt .
(LRI EY
.41
SR Vg
G084
LT
O.45198% o
RIRE )
. 0.004
0,006
011
(L ORS
[IREE
HLOGR
«««««« G010
{0,006
LRI
(1,006
- R E A
{3,008

FREE
(12

E Eet
(0.0

— {508
{0019

0.7751

05780 (3,808

12771405
{11741

003G+
(0.003)
2,035+
(0.0291
0.004
{3,000
0.005
(6.003)
0.013%
(0.003)

R
SERU SN

F A S

g lagee
(dE2L {0002

R 10—
(071
49 goREEe o

{8338

4.074
0070
L0 55 1 St
{088

s {004
{005
[EREN B
{0,006}
““““ a.00
{0,008
SRIEE EE
(43,006

[ERSH A
RERE )

{78

4.778 0.908

Nates: Single, double, and triple asterisks (%1 denote significance ab p = 0.1, .05, and 0.01, respectively. Vadues in
parentheses are standard errors.

lot, maximum expected profits are compared across genotypes for the information
seenarios, Next, the second optimization model, as in (5) and (6), finds optimal DOF and
maximum profit when head sold per date are constrained to potload quantities (45 head).

Fed cattle prices were taken from USDA/AMS (20041, To asszess the sensitivity of our
results, three different base price levels were used in the optimization: base prices
{dressed weight) of $112/cwt (ow), $128/cwt (medium), and §144/cwt (high). Feeder
cattle prices of $78.87/cwt (low), $87.87/cwt (medium), and $97 87/cwt (high) were also
derived from USDA/AMS (2004). A price differential of $5/ewt was assumed for steers
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Table 4. Yield Grade Premiums/ Table 5. Quality Grade Premiums/
Discounts (8/cwt) Discounts ($/ewt)
Feqpe 1o Feipe Love
USDA Price Level USDA Privce Level
Yield Grade Lanw Mediam High Gruality Grade Laow Medium High
1 318 497 70 Prime 1220 18,80 $4.52
p 158 238 295 Avg, Choless® .88 [ R 2.21
3 HRLY] {043 3,0 Choiee EREE 4,00 .08
4 14.04 11585 20.00 Seleet .48 BAYT 868
5 1842 23 80 2E00 Standard 13,88 243,84 G000
Seuver: Dertved from UIBDAAME G004 Sourves Dertved from USDAAME 20040

* Caressses grading average or high Cheice,

vs. heifer calves (North Dakota Agricultural Statistics Service, 2004). Yield grade pre-
miums and discounts are reported in table 4, and quality grade premiums and discounts
are reported in table 5.

Actual costs from the producer were used to determine daily feed costs of $1.36 per
head per day. Yardage costs of $0.29 per head per day were assumed. An interest rate
of 5.5% was used for the opportunity cost of investment in calves and incurred operating
expenses. The second optimization performed considers marketing constraints. Given
the relatively high cost of transporting cattle from a feedlot to a processing plant, feedlot
operators generally market cattle in “potloads” of approximately 45 head. (Weight
restrictions on over-the-road semi-tractor trailers imit the number of head.} Incorpor-
ating potload sales converts the optimization model into an integer programming model
that chooses the dates of sales and the approximately 45 head sold on each marketing
date. Mathematically, the objective function and constraints are:

6) Max ¥ o, 7,

LI TN

subject to:

(D Noa, 191,
&
Nb, <14,

N a, <45 x b, vk,

where ¢, is an integer variable equal to 1 on calf i’s market date and zero otherwise, and
b, is an integer variable equal to 1 if cattle are marketed on date & and zero otherwise.
Given the number of cattle in the study (5903, no more than 14 potloads of eattle can be
marketed.

Economic Results
For the unconstrained profit-maximization model, the average optimal days-on-feed are

reported in panel A of table 6. Average optimal days-on-feed are higher for CC and CT
genotype cattle than T'7 for lots 1 and 3. For steers (lot 1), average optimal days-on-feed
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Table 6. Optimal Days-on-Feed With and Without Genotypic Information by
Lot and Price Level

ot Lot 2 Lot 3

Price (enotyvpe With Without With Without With Without

Panen A, Unconstrained Profit Maximization:

Laow (e 17850 VIRBG 171.35 175.21 182.08 18211
o 178943 17948 173,793 IR PER.03 PIR.G2
Tr 176,60 INER 172.00 170ee INERIN 1To87

Muedium ¢ [N R 191438 179521 183,32 183496
or JROLLT 17444 174.49 1785 TRLIZ
T VR 17200 Toad 172,84 19402

High [N (R A 1 18010 17599 1758897 RS e /4 1RG0
T e A [ROO8 INE 178584 [ I 4 182.20
T 1785760 197 64 17200 17208 17411 17402

PaneL B, Potload Constrained Profit Maximization:

Low o 182.00 IR [N R PRG54 8B
(8l 182,893 [RCE I R 17893 18124 18185
T PROLTR TR HE 171.56 17584 17587

Medium £ IR0 1898 Tin g EiE RV
o RO 18408 177 .48
T TRTY 183.28 17444

High o 181.30 18278 1768.80 18723 18848
T 183.02 (RS R 177.48 P44 182.01 (RS
T 180,92 18323 174.44 17515 17607

Notes: Lot 1 = home-raised steers, Lot € = home-raised heifers, and Lot 3 = purchased heifers; OO = lean genotype,
CF = heterazygous or mixed genotype, and 77 = {id genotype.

was about two to three days longer for CT cattle than for T7T cattle and about one-
quarter of a day to one day longer than for CC cattle. This finding contrasts with the
actual days-on-feed where 77 cattle were fed the longest. In lot 2, T7 heifers are fed
longer than CC but shorter than CT heifers. The comparisons between CC and CT are
mixed. In lot 3, CC and CT heifers are fed from 5 to 12 days longer than 77 heifers.

Between information scenarios, little difference is observed in optimal days-on-feed.
In comparing optimal DOF between the with- and without-genotypic information
seenarios, 10 of the 27 comparisons show no difference in DOF . For another 10 of the 27
comparisons, the without-genotypic information scenarios have longer DOF than the
comparable with-genotypic information scenarios. And for the remaining seven compar-
isons, the with-genotypic information scenarios have longer DOF than the comparable
without-genotypic information scenarios. The largest difference is just under four days,
but most of the differences, 22 of 27 comparisons, are less than one day.

The unconstrained maximum profits, as in (1), are reported in panel A of table 7. For
both information scenarios, the three price levels and all lots, average profit is highest
for T cattle. Although fed roughly the same time as the other genotypes, higher prices
per pound are received for 77 cattle due to higher quality grade. In figures 1 and 2, the
respective distributions of yield and quality grades by genotvpe are reported for the
medium price grid. As observed from these graphics, 77 cattle are the most likely to be
Y3, but are also the most likely to grade Choice or average Choice+ and the least likely
to grade Select. Given little difference in days-on-feed and hot carcass weight, the higher
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Table 7. Average Maximum Profit With and Without Genotypic Information
by Lot and Price Level

Lot 1 Lot 2 Lot 3

Price Gepotype With Without With Without With Without

PANEL A, Unconstrained Profit Maximization (§/head):
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L
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B3890
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T Pats it 189133 17981 182,63
Paner C. Potload Weighted Average Profit (8/head)

138,40

With Genotype Without Genotype

Low ALL 3097 2297
Medium ALL 3328 301
High ALL 157381 156,685

Notes: Lot = homeeraised steers, Lot ¥ = homeraiged hetfers, and Lot 3 = purchased hetfers: OO = lean genotype,
CF = heternzygous or nuxed genotype, and 77 = i genotype.

quality premiums and fewer discounts for Select offset lower yield grade premiums.
Consequently, 77 cattle are the most profitable. CT cattle are likely to be YG 3 and are
the least likely to reach average Choice, high Choice, and Prime premiums. Also, CT
cattle earn fewer yield grade premiums than CC cattle. The result is that CT cattle are
the least profitable. CC cattle are the most likely to grade YG 2 and the most likely to
grade Select. In net, CC cattle profitability is less than 77 but higher than C7 cattle.

Heifers (ots 2 and 3) earn less profit than steers in all scenarios. In table 7, optimal
days-on-feed are lower for heifers, which reduced their feed cost but also resulted in
lighter carcass weights. (Lighter weights are also due to lower rates of gain for heifers.)
Heifers earn more premiums for high quality grade but also more discounts for low
quality grade. In net, the revenue for heifers per head was lower than for steers with
comparable genotype.

Using table 7, we can determine the value of leptin genotypic information. Across
information scenarios, the value of genotypic information ranges from less than $0.01
per head with a high price to $12.29 tlot 2 CC heifers and a low carcass price). The
average difference in profit per head across the 590 cattle (196 steers and 394 heifers)
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is $2.86 (high price), $7.43 (medium price), and $10.87 (low price). These small differences
are due to little differences in optimal days-on-feed between the information scenarios. In
terms of influencing marketing date decisions, leptin genotype appears to be of low value.

Leptin genotype appears to be of economic relevance in valuing feeder cattle. Between
genotypes, the T cattle are more profitable than CC or CT cattle, and CC cattle are
more profitable than C7T cattle—except in lot 3 where CC cattle are less profitable than
CT. For the same lot and price grid, the differences in profitability due to genotype
range from $14.26 (77 vs. CC in lot 2, low price) to $48.25 (I'T vs. CT in lot 1, high
price). In short, 7T cattle are more profitable, so a feedlot operator would be willing to
pay more for TT feeder calves,

When the cattle are constrained to marketing in potloads, asin (6) and (7), results are
similar to the individually optimized case. In panel B of table 6, average optimal days-
on-feed are given by genotype, gender, and information scenario. Average optimal DOF
increases from the individually optimized profit model. The increases range from one
day to just about six days in comparison to the model given by (1) and reported in panel
A of table 6. As previously, optimal days-on-feed merease with price and are usually
higher for C7T and CC than for TT cattle.

Maximum profits under the potload quantity constrained model are reported in table
7, panel B. Similar to the individually optimized profits model, the T7 cattle have the
highest profit for each information scenario and gender, and CT cattle have the lowest
profits—except for lot 3 where CC were less profitable. The differences across informa-
tion scenarios are again fairly small, but caution should be exercised in interpreting
these results, There is no guarantee for a given genotype, lot, and price combination that
the unconstrained model will have a higher profit than its constrained equivalent. The
only guarantee, for any given price grid, is that total profit across all genotype and lot
combinations will be higher for the unconstrained model,

At the bottom of table 7 (panel C), we report profit per head for the price grids and
information scenarios. Between information scenarios, the differences in average profits
range from $0.66 to $8 per head. As with the unconstrained profit-maximization model,
genotype does not appear to have a large economie value in determining optimal market-
ing dates. Again, some caution is advised in generalizing the actual values to other
feedlots because our data come from one feedlot, one manager, and one environment.

Also, similar to the unconstrained maximization, 77" cattle are the most profitable
when marketing is constrained to potloads. It is worth noting that when genotype is
ignored, CC cattle are projected to be more profitable than TT cattle in some lots and
price levels, a reversal of the ranking when genotypic information is considered. Profits
in the potload constrained model are lower than in the unconstrained model. Yet, the
difference in profits across genotypes within a lot and price are largely unaffected.

To summarize, leptin genotypic information has little impact on optimal marketing
dates for fed cattle. However, when comparing across genotypes, T7 cattle have higher
value carcasses and slightly earlier optimal harvest dates, leading to higher profits.

Summary and Implications

Improved understanding of genetics may lead to improved profitability for beef producers.
To date, few genetic polymorphisms have been studied to determine their impact on the
profitability of beef cattle. One of the first, a polymorphism in the leptin gene originally
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was aggressively marketed as a “marbling gene.” Our results and those of other research-
ers show that this gene is instead a “fatness gene.” It increases both an economically
desirable trait, marbling, and an economically undesirable trait, external carcass fat
thickness. Beef producers and their breed associations in the United States and Canada
will face many decisions in the near future regarding which genes, including possibly
leptin gene polymorphisms, should be exploited to improve marketability and profita-
hility. Currently, breed, phenotype, and Expected Progeny Differences (EPDs) ave used
by heef producers and breeders. Profitably utilizing specific genetic information, such
as polymorphisms, requires trading off the desirable impacts with undesirable impacts
given current economic conditions—i.e., prices.

Here, we investigate the economic value of a leptin gene polymorphism to feedlot
operators. First, we consider how optimal marketing dates and profits are affected by
utilizing leptin genotypic information. Second, we examine how leptin genotypes com-
pare in terms of profit. Data from 580 crossbred steers and heifers are used to estimate
growth curves for economically relevant carcass traits. Profit-maximization models
determine optimal marketing dates and maximum profit, both with and without geno-
typie knowledge.

Our results suggest that leptin genotypie information has low value when deter-
mining optimal marketing dates. However, leptin genotype does impact the value of a
finished steer or heifer. The results show that fat or TT genotype cattle were more
valuable than CC or CT cattle when priced on quality grids. Also, CC cattle were more
profitable than CT cattle. Given that this study considered one feedlot and price grids
that reward marbling, our quantitative results should not be generalized to other
locations and all price grids. Further analyses across a wide range of environments,
managers, and price grids are necessary to definitively determine the value of one
genotype versus another. However, our results do indicate that leptin genotype plays
a role in determining the value of a fed steer or heifer.

Collection of genetic information is costly. Commercial laboratories charge up to 850
per sample to determine one single nucleotide polymorphism (SNP). Over 20 SNPs in
the leptin gene alone have been discovered (Konfortov, Licence, and Miller, 1999). While
it is likely that most of these SNPs are economically irrelevant, others are considered
hiologically “non-conservative” and may influence carcass traits and value and costs of
production, such as feed intake and efficiency. Further, other SNPs on several other
genes likely play varying roles in fat deposition and marbling. When various combin-
ations of SNPs, called “haplotypes,” are evaluated, the cost of genotyping/haplotyping
INCrenses,
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