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ACE ID genotype and leg power in Rugby Union players

W. BELL 1, J.P. COLLEY 2, 7. R.GWYNNE !, P. GLAZIER 3, W. D. EVANS 4, S. E. DARLINGTON 4

Aim. The present study examined the hypothesis that there
were no significant differences between forwards and backs
in the elements of leg power between the ID and DD genotypes
of the ACE (I/D) gene in developing young adult Rugby Union
players.

Methods. Sixty-eight players were recruited to identify the dis-
tribution of genotypes between forwards and backs, Fifty-eight
players were investigated for leg power, Forwards (n=28) com-
prised 15 ID and 13 DD genotypes, and backs (n=30) 19 ID
and 11 DD genotypes. Leg power was measured on a force plat-
form using a counter movement jump; the parameters of inter-
est were pealk and relative force, peak and relative power, dis-
placement and velocity. The three-primer polymerase chain
reaction was used to assay the region of interest for I and D
variants of the ACE gene. The distribution of genotypes was
determined by chi-square and comparisons between forwards
and backs made using the independent t-test.

Results. No significant differences were identified in the dis-
tribution of genotypes between forwards and backs (}2=2.2,
P=0.336). However, significant differences were identified
between forwards and backs in a number of components of
leg power. Backs had significantly larger values than forwards
for relative force (1.50 vs. 1.30 Wt%, P=0.001) and relative
power (27.1 vs. 24.3 W.kg1, P=0.034) for the ID genotype,
whereas backs had significantly larger values than forwards for
displacement (0.42 vs. 0.38 m, P=0.049) and velocity 2.76 vs. 2.55
m.s."1, P=0.007) for the DD genotype.

Conclusions. The characteristics of leg power identified will
enhance the functional requirements of players according to
playing position and commitment.
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n the modern game of Ruby Union football, fitness

has become increasingly important, particularly the
components of strength and power. In general terms,
strength is defined as the force that a muscle or mus-
cle group can generate; power on the other hand, is
the rate at which work is performed.!

Functionally, rugby union players are classified into
one of two discrete playing units; forwards (n=8) or
backs (n=7). The distinction arises as a result of their
contrasting playing commitment. Although players
have individual performance responsibilities, they are,
nevertheless, expected to have the basic skills required
to compete in aspects of general play.

Our original study of rugby union players 2 was
undertaken to identify the distribution of polymor-
phisms of the ACE (I/D) gene in a homogeneous group
of developing young adult players. The findings of
the study showed that there were no significant dif-
ferences between rugby players (n=109) and controls
(n=108), (x2=2.4, P=0.31, power = 0.49); forwards
(n=56) and backs (n=53), (x2=2.6, P=0.279, pow-
er=0.51); or individual playing positions (n=109),
(x2=4.5, P=0.607, power=0.93).

A polymorphism of the human gene encoding ACE
(17923) 3 consists of the presence (insertion, I allele)
or absence (deletion, D allele) of a 287 amino acid
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base-pair fragment found within intron 16.% 3
Individuals carry two versions of the ACE allele, there-
fore three ACE genotypes are identified: individuals
homozygous for the insertion (II) and deletion (DD)
alleles, and individuals heterozygous for the ID allele.
The presence of the I allele is associated with low lev-
els of ACE activity in serum and tissues, whereas the
D allele is associated with increased levels of ACE
activity.6

A number of studies have suggested that the I allele
is associated positively with enhanced endurance per-
formance. These sports include, for example, moun-
taineering, 7-8 long-distance swimming,? triathlonists,!0
middle/long distance running,!1. 12 and rowing.!3 Where
admixtures of athletes from different endurance events
have been used, likewise, an over-representation of
the I allele has frequently been observed.'4 On the oth-
er hand, there are studies which have failed to identi-
fy a definitive relationship between the I allele and
endurance performance.15-17

The D allele is thought to be associated with anaer-
obic performance; for example short distance sprint-
ing events 12and sprint swimming.!8 However, it has
recently been shown 19 that elite Israeli marathon run-
ners have a greater proportion of the DD genotype
than elite sprinters; and top level professional 3 wk-tour
cyclists a greater distribution of the D allele and DD
genotype than other endurance athletes.20

Several investigations have demonstrated a positive
relationship between the ACE (I/D) genotype and
strength/strength gains.21-23 Others have found little
influence of the ACE 1I/D gene on muscular size,
endurance and strength.24

The null hypothesis of the present study, therefore,
was that there were no significant differences between
forwards and backs in the elements of leg power
between the ID and DD genotypes of the ACE (I/D)
gene in developing young adult rugby union football
players.

Materials and methods
Study design and participants

A cross-sectional case-control study was employed
using a candidate gene approach. A university-based
group of 68 young adult male developing players, of
mean age 20.4 + 1.9 yr, all Caucasian, were participants
in the study. Players were members of the University
Rugby Centre of Excellence. Forwards (n=35) com-
prised 7 11, 15 1D and 13 DD genotypes, and backs
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(n=33)3 11, 191D and 11 DD genotypes. A statistically
insufficient numbers of players with the IT genotype
completed the counter movement jump (CMJ) (7 for-
wards and 3 backs) thus the study (n=58) proceeded
with the analysis of ID (n=34) and DD genotypes
(n=24).

Jones et al.25 outlined a gene-environmental model
which was used as a prototype for the study. A homo-
geneous group of developing young adult players par-
ticipating in similar skill and conditioning programmes,
and having comparable lifestyle conditions were
screened for participation in the study from a larger
cohort of players by the Director of Rugby. The study
was approved by the University Ethics Committee and
written informed consent obtained from individuals.

Leg power

Leg power was selected as the experimental variable
since the characteristics of the lower limbs in rugby
union players are crucial for effective performance.
Each participant performed three separate counter
movement jumps (CMJ) using a piezo-electric 0.9 x 0.6
m force platform (Kistler 9287BA, Germany) utilizing
the protocol described by Linthorne.2¢ Individual prac-
tice trials were allowed before the final test measure-
ments were taken. Instrumentation was calibrated and
body weight measured on the force platform before the
commencement of each jump. Kistler BioWare soft-
ware (version 3.2.6) was used to analyse the data. The
maximal CMJ was selected for analysis.

Anthropometry and body composition

Stature was measured to the nearest 0.1 cm using a
Harpenden stadiometer and body mass to the closest
0.1 kg on a digital weighing scale. Lean leg tissue
mass (LLTM) was measured by dual-energy X-ray
absorptiometry (DXA) using the Hologic QDR
Discovery A (S/N 70902) fan-beam model. Calibration
was checked on a daily basis using external phantoms.
The digital image of each subject was partitioned into
regional anatomical segments comprising the head,
right and left arms, trunk, and right and left legs using
Hologic software (version 12.4:3). The quality of
images and analyses was confirmed by a second inde-
pendent experienced observer. The sum of right and left
leg lean tissue mass (LTM) provided an estimate of
the total leg LTM.
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TABLE L—Summary statistics of ID and DD genotypes for height and body mass (n=58) and lean leg tissue mass (n = 48) for forwards (F)

and backs (B).
ID genotype DD genotype
Forwards Backs P Forwards Backs P
Height (cm) 186.4+8.3 180.1+ 6.1 0.015* 184.3+6.8 178.4+6.7 0.045%
Body mass (kg) 104.1+ 13.4 84.5+5.9 0.0001* 98.4+9.2 80.6+4.9 0.0001*
LLTM (kg) 26.8+2.6 23.5+2.1 0.0001* 25.8+2.4 23.4+2.9 0.084

*Significant at given level. LLTM: lean leg tissue mass. Height and body mass: ID genotype (F= 15, B = 19), DD genotype (F = 13, B = 11). Lean leg tissue mass: ID

genotype (F= 14, B = 17), DD genotype (F=10,B = 7).

ACE genotype

Buccal cell DNA extraction was carried out (Qiagen,
QIAamp DNA Micro Kit) on 5 ml saliva samples.
Three-primer polymerase chain reaction (PCR) was
used to assay the region of interest for I and D variants
of the ACE gene. ’

Primer sequences:

— Forward

5" - GACTCTGTAAGCCACTGCTGGAG - 3~
— Reverse

57 - TCGCCAGCCCTCCCATGCCCATAA - 3~
—Internal Forward

57 - TGGGACCACAGCGCCCGCCACTAC - 3”7

Twenty-five ng of template DNA, 25 pmoles of each
oligonucleotide, 0.2 mM of each dNTP, 0.5 units of
Ampli Taq Gold DNA Polymerase and 1X PCR Buffer
(15 mM MgC1,) were mixed in a total volume of 25
ul. Cycling conditions were 94°C for 12 minutes, fol-
lowed by 35 cycles of 94°C denaturing for 30s, anneal-
ing at 60°C for 30 s, extension at 72°C for 30 s, with
a final extension period of 10 min at 72°C. A 5 pl sam-
ple of PCR product was mixed with 5 pl of Gel Loading
Buffer and loaded into the well of a 2% agarose gel and
electrophoresis run at 100v.

Statistical analysis

Descriptive statistics are presented as means and
SDs. Levene’s test was used to check homogeneity of
variance. Pearson’s chi-square was employed to com-
pare the genotype distribution of players using the
available genotype data for forwards (n=35) and backs
(n=33). Comparison of ID and DD genotypes for pow-
er variables between forwards (n=34) and backs (n=24)
were made using an independent t-test. The technical
error of measurement (TEM) was employed to iden-
tify the degree of reliability of the parameters of the
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CMLJ. For force and power the TEM was 2.5N and
2.2W respectively; for displacement and velocity 0.03m
and 0.15m.s-! respectively. Computations were car-
ried out with SPSS versions 12 and 15. A value of p =
0.05 was considered significant.

Results

There were no significant differences between the
distribution of genotypes of forwards and backs. For
forwards the genotype proportions were 0.20, 0.43
and 0.37 for II, ID and DD respectively, and for backs
0.10, 0.57 and 0.33 respectively (2 = 2.2, 2 df, P=0.34).
Allele frequencies for forwards were [=0.41 D=0.59 (5¢2
=1.63, p = 0.20) and for backs 1=0.38 D=0.62 (x? =
2.92,p=0.09).

Table I outlines the significant differences for height,
body mass and lean leg tissue mass in 1D and DD
genotypes. Height was significantly greater in for-
wards than backs for both ID (P=0.015) and DD
(P=0.045) genotypes, as was body mass (both
P=0.0001). Lean leg tissue mass was significantly
greater in forwards for the ID genotype only
(P=0.0001).

Significant differences occurred between forwards
and backs in the elements of leg power; the variables
concerned were, relative force, relative power, dis-
placement and velocity (Table II).

Absolute force, although descriptively larger in for-
wards than backs in the ID (1329 vs. 1251 N) and DD
genotypes (1260 vs. 1119 N) was not significant
(P=0.261 and P=0.071 respectively). Relative force, on
the other hand, was significantly greater in backs than
forwards in the ID genotype (1.5 vs. 1.3 Wt %,
P=0.001); values in the DD genotype were similar in
both groups (1.30 vs. 1.38 Wt %) and not significant
(P=0.289).
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TABLE IL—Comparison of elements of leg power for ID and DD genotypes for forwards (F) and backs (B).

ID genotype DD genotype
Forwards Backs P Forwards Backs P
Force (N) 13294209 1251+ 185 0.261 1260+175 1119+190 0.071
Force (Wt %) 1.30+0.2 1.50+£0.2 0.001* 1.30+0.2 1.38+0.2 0.289
Power (W) 2542+525 2303+336 0.118 2277+393 2146325 0.386
Power (W. kg1) 24.3+3.9 27.1£3.6 0.034% 23.1+5.0 26.3+3.7 0.092
Power (W. kg1 LM) 91.9+11.8 97.9+12.6 0.189 89.70+18.2 94,10+8.7 0.565
Displacement (m) 0.3920.1 0.42+0.1 0.110 0.38+0.1 0.42+0.1 0.049*
Velocity (m.s!) 2.62+0.15 2.73+0.20 0.101 2.55+0.19 2.76+0.13 0.007*

*Significant at given level. ID genotype (F= 15, B =19), DD genotype (F= 13, B = 11) genotypes. Power (W. kg-1 LM) ID genotype (F= 14, B = 17), DD genotype

(F=10,B=17).

Absolute power, in either genotype, was not signif-
icant between forwards and backs (Table II), although
as expected forwards were descriptively more pow-
erful than backs in both ID (2542 vs. 2303 W, P=0.118)
and DD (2277 vs. 2146 W, P=0.386) genotypes. In
relative terms, backs had larger power values than for-
wards in the ID genotype (27.1 vs. 24.3 W. kg1,
P=0.034), but not the DD genotype (26.3 vs. 23.1 W.
kg1, P=0.092). Power expressed in relation to LLTM
was unable to discriminate between forwards and
backs in either the ID (P=0.189) or the DD genotype
(P=0.565).

Displacement was significantly larger in the DD
genotype of backs compared to forwards (0.42 vs.
0.38 m, P=0.049), while velocity was significantly
faster in backs than forwards in the DD genotype (2.76
vs. 2.55 m.sec-1, P=0.007).

Discussion

The present study has shown that there were sig-
nificant differences between forwards and backs rel-
ative to ID and DD genotypes in a number of the ele-
ments of leg power; these were relative force, relative
power, displacement and velocity.

In general, there is a lack of information regarding
the influence of the ACE (I/D) gene in team games. Of
the games reported in the literature, field-hockey (n=53)
had a genotype (IL, ID and DD) of 0.28, 0.47 and 0.25
(P=0.768); ice-hockey (n=34) one of 0.24, 0.50 and
0.26 (P=0.49).11 The genotype of elite Italian associ-
ation football players (n=28) was 0.14, 0.43 and 0.43
(P=0.89)?7 and handball (n=15) 0.20, 0.67 and 0.13.14
For comparison, the present group of forwards had a
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genotype of 0.20, 0.43 and 0.37, and backs one of
0.10, 0.57 and 0.33 (P=0.34). The advantage of team
games where genotypes are in Hardy—Weinberg equi-
librium, is an increased size of the gene pool avail-
able for player selection, and the knowledge that envi-
ronmental influences are fundamental for the devel-
opment of skill, technique and playing performance.

Many of the performance activities undertaken by
forwards and backs have been described by Roberts et
al.?8 in their study of elite English rugby union play-
ers. Using time-motion analysis, they found that backs
covered a greater overall distance than forwards, which
incorporated greater distances in walking and high-
intensity running. Forwards, on the other hand, engaged
more frequently than backs in high-intensity activi-
ties, particularly those which included elements of
static exertion, such as the scrummage.

The present study shows that both forwards and
backs have the allele capability for endurance and
power, although there tends to be an emphasis towards
power. Because of the intermittent and varied nature of
rugby union, the metabolic and physiological require-
ments involved will necessitate the delivery of a func-
tional admixture of aerobic, anaerobic, strength and
power resources.

Height and body mass were significantly greater in
forwards than backs in both ID and DD genotypes,
and LLTM significantly larger in forwards in the ID
genotype only (Table I). These dimensions reflect the
absolute nature of the playing requirement.

Because of their greater overall size, forwards
demonstrated larger absolute amounts of force and
power than backs (Table II); in a contact game such as
rugby union these characteristics are necessary for
securing and maintaining ball possession. When val-
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ues are expressed relative to size, however, backs are
found to have greater force and are more powerful
than forwards. This was the finding for both force and
power for the ID genotype, but not the DD genotype.

Displacement (Table II) was significantly greater
in backs than forwards for the DD genotype and like-
wise velocity significantly greater in backs than for-
wards for the DD genotype. Displacement, enhanced
by velocity, is advantageous in activities such as jump-
ing to obtain possession of the high ball during attack
and defense, and at restarts such as the line-out. It
would also be beneficial at plays such as scrummages
and rucks, where there is a reasonably close functional
relationship between the application of leg power and
the modality of the measurement of leg power. Greater
velocity infers an increased capability for power and
is particularly advantageous in running skills incor-
porating speed, acceleration, deceleration, and change
of direction, all of which are distinguishing features of
backs.

Using isometric and dynamic training practices,
Folland et al.2! examined the effect of ACE (I/D) activ-
ity on changes in strength of the quadriceps muscle in
untrained recreationally active males. No association
was found between strength and genotype in the
untrained state. Following training, there was a signif-
icant interaction between the ACE (I/D) genotype and
isometric training, strength gains being greatest in indi-
viduals with the D allele (II=9%, 1D=17.6%,
DD=14.9%, P<0.05). The interaction between the ACE
(I’/D) genotype and training was consistent across all
strength measures and both types of training (ID P>DD
>II). The results of the present:study (Table IT) may be
a reflection of this effect when backs are compared
with forwards for relative force (1.50 vs. 1.30 W%,
P=0.001) and relative power (27.1 vs. 24.3 W. kg-1,
P=0.034) for the ID genotype.

The most interesting feature of the Pescatello et al.
study.23 was that the fact that the 1D genotype was
associated primarily with cross-education and learning
effects, rather than direct changes in the size and
strength of muscle tissue arising from resistance train-
ing. This phenomenon would certainly provide bene-
ficial learning effects in the training of performance
skills, and may contribute covertly to the development
of power.

Zhang et al.?° found that ACE II subjects had a sig-
nificantly greater percentage of type I fibres (50.1 vs.
30.5 %, P<0.01) and a corresponding lower percent-
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age of fast-twitch type IIb fibres (16.2 vs. 32.9%,
P<0.01) than DD subjects. In the vastus lateralis mus-
cle of South African rugby players (Jardine et al.30) the
distribution of type IIb fibres in forwards dand backs was
found to be essentially the same (52.6 vs. 56.8 %,
P>0.05). It is thought that Ang II may be influential in
the redirection of blood flow from type I to type II
fibres, thereby providing a temporary advantage dur-
ing power-related activities.

Strength is the basic component that influences the
dimension of power. Although increases in maximal
strength are related to increases in reldtive strength
and power, it is important to appreciate that power is
not simply a by-product of strength. Strength needs
to be adapted functionally in order to enhance the
capability of power. The nature of the activities which
facilitate these adaptations form part of the design of
conditioning and training routines.

Conclusions

The present study has shown that there were signif-
icant differences between forwards and backs in asso-
ciation with ID and DD genotypes of the ACE (I/D)
gene in a number of the elements of leg power. Backs
had significantly larger values than forwards for relative
force and relative power for the ID genotype, whereas
backs had significantly larger distances than forwards
for displacement and greater velocities for the DD geno-

type.
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