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Abstract
Background and Objectives: Contemporary sports science recognized that sports performance is determined by a

complex interaction among environmental conditions, training status, and genetic factors. Among the genetic
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markers that have received considerable attention, the Angiotensin-converting enzyme (ACE) gene is one of the
most extensively studied genetic markers in sports. It plays a crucial role in the renin-angiotensin system, which
regulates cardiovascular homeostasis. The ACE Insertion/Deletion (I/D) polymorphism arises from the presence
(Insertion, 1) or absence (Deletion, D) of a 287-base pair sequence within intron 16 on chromosome 17, and this
variation can influence ACE enzyme activity in the body. Previous studies have demonstrated an association
between the ACE I/D polymorphism and athletic physical performance; the | allele tended to correlate with
endurance-oriented traits and muscle fatigue resistance, whereas the D allele was frequently associated with power,
strength, and muscle hypertrophy. However, most studies of ACE genotypes have focused on elite athletes or non-
Thai populations, leaving the genetic profile of Thai collegiate runners unexplored. Accordingly, this study aimed to
examine the genotype distribution of the ACE gene in regularly trained university runners and to explore its
relationship with body composition.

Methodology: This study used a cross-sectional design and involved 24 runners from Burapha University, consisting
of 18 males and 6 females, with a mean age of 20.17 + 1.24 years. All participants were regularly trained university
runners. Body composition was assessed using bioelectrical impedance analysis to obtain body mass index (BMI),
percent body fat, and skeletal muscle mass. DNA samples were collected from buccal epithelial cells using buccal
swabs and subsequently extracted using a DNA extraction kit. The ACE I/D genotype was analyzed via polymerase
chain reaction (PCR) utilizing gene-specific primers. The resulting PCR products were separated by agarose gel
electrophoresis to visualize genotype patterns. To confirm the accuracy of genotype identification, nucleotide
sequencing was performed. Genotype frequencies were tested for Hardy-Weinberg equilibrium (HWE), and the
associations between ACE genotype and body composition variables were analyzed using non-parametric
statistical techniques appropriate for small sample sizes, with the Kruskal-Wallis H test at a significance level of
0.05. Descriptive statistics were reported as mean + standard deviation, while genotype distribution was expressed
as frequency and percentage.

Results: The results revealed that the ACE genotype distribution in Thai collegiate runners deviated from the Hardy-
Weinberg equilibrium. The heterozygous ID genotype was observed most frequently, accounting for 75.0% of the
sample, while both homozygous Il and DD genotypes were found in equal proportions of 12.5% each. Statistical
analysis revealed no significant differences in BMI, body fat percentage, or skeletal muscle mass among the
genotype groups (p > 0.05). However, the descriptive results showed a consistent trend. The Il genotype group
exhibited the highest mean values for BMI, percent body fat, and skeletal muscle mass, followed by the DD group,
and then the ID group. These findings suggest that while no significant association was detected in this relatively

small sample, genotype-related tendencies may still exist and warrant further investigation in larger populations.
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Conclusions: In conclusion, Thai collegiate runners showed an unusually high frequency of the ACE ID genotype.
This specific genotype may represent a genetic profile that confers advantages in training adaptations, competition,
or overall athletic performance at the university level. Although no statistically significant associations between ACE
genotype and body composition were detected, the Il genotype group showed a tendency toward greater BMI,
adiposity, and skeletal muscle mass. These findings highlight the importance of conducting population-specific
genetic studies among Thai athletes, as such information may contribute to a better understanding of sport-related
genetic variation. In the future, larger and more diverse samples will be necessary to clarify the biological and
performance-related roles of the ACE 1I/D polymorphism. Ultimately, this line of research may support the
development of personalized training and conditioning programs to individual genetic profiles, thereby enhancing
athletic preparation and performance optimization.

Keywords : Angiotensin-converting enzyme (ACE); I/D polymorphism; body composition;

collegiate runners; cross-sectional study
*Corresponding author. E-mail : Chirapan@go.buu.ac.th
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Table 1 Biological characteristics and body composition profiles of the participants, expressed as mean + SD

Male (N = 18) Female (N = 6)
Variables

mean +SD mean +SD
Age (years) 20.06+1.30 20.50£1.05
Weight (Kg) 62.3316.22 61.75+19.30
Height (cm) 173.16+3.00 161.05+3.96
BMI (Kg/M?) 20.77+1.88 23.85+7.20
Body Fat (%) 15.88+4.72 28.25+8.10
Skeletal Muscle Mass (Kg) 29.09+1.67 23.75+4.59
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49

a a

fiAiaAn 20.06£1.30 uaz 20.50+1.05 1 FafluaanislumaAtsuazwandeileniais 20.77+1.88 uay 23.85:7.20
Alaniu/ume® agluinuaiaudau wafiusfladulumasswazinaudiidniade 15.88+4.72 uaz 28.25:8.10
wafidus warsagluinueiiladunelszunn (nguauaaniidsniauilsyan) iwangas luinosia Lo
waUszund (ﬂajmuﬁvfﬂﬂ) mmﬁwLﬁ@slul,wmwLmzmﬂu@\aﬁﬁhmﬁﬂ 29.09+1.67 waz 23.75+4.59 Alansu
ANNATGIL

anuamspmagaugluunainiliesdiu ACE anasfimunzanaasnisasaseralulng ACE daeda PCR
wudn Insies ACE2 ansnsnldrvyalilntlanddiu ACE I taeds PCR fifanmazlumafiusneluiunde ey
Snusasnalin N -20 °C uarldgpannatuindnidue u@ﬂmnﬁqmuqﬁﬁmmmulu%umu annealing 184
35n13911 PCR Aa 61 °C lwaan 45 ¥ LazAA@auNaaInniIsyin PCR fael 3% agarose gel electrophoresis

Iuama figure 1

1500 bp
490 bp (1)

190 bp (D)

Figure 1 Electrophoretic pattern of ACE gene I/D polymorphism. Genomic DNA from trained collegiate runners
was amplified by PCR and separated on a 3% agarose gel. Lane M represents the DNA ladder marker.
The ACE genotypes are identified based on fragment size. The DD Genotype (Deletion/Deletion)
showed a single band at 190 bp (SS002). The Il Genotype (Insertion/Insertion) showed a single band at
490 bp (SS004). ID Genotype (Insertion/Deletion) showed both 490 bp and 190 bp bands.
This visualization confirms the successful amplification and differentiation of the three possible
genotypes in this study.

o a

a1 figure 1 WUANKHARATUIEY PCR N111aENN91 (190 bp) unansualiidunsey 16 (6aaa D) 491

nanA TRl ndnAe AR UITARN1TUNINIRITUdILALE R IR 287 bp NAUATAU 16 (8RR |) Bp: Base
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pair, Lane M: DNA marker, Lane SS001: waadaiulnil ID, Lane SS002: uansalulnil DD, Lane SS003: wangalulnil
ID, Lane SS004: wanaalulni 11, Lane SS005: wanaalulnil ID, Lane SS006: wamsalulnil ID, Lane SS007: wana
alulnil ID, Lane SS008: uamalulnil ID, Lane SS009: wansatulnil ID

anngRmadATzaliniaastn ACE luininnae 24 au wuadndaesalulnilael: alulndl 11 wu 3 Au

Anlu 12.5% alulnil ID: wu 18 Aw Anlw 75.0% alwlnil DD: wu 3 Aw Aawly 12.5% 64 table 2

Table 2 Distribution of ACE genotypes and allele frequencies among trained collegiate runners

Genotype Frequency Percentage
[l (Insertion/Insertion) 3 12.5
ID (Insertion/Deletion) 18 75
DD (Deletion/Deletion) 3 12.5
Total 24 100

| allele frequency: 0.50 D allele frequency: 0.50

a7 table 2 Lﬁ@ﬁﬁmﬂ@mwﬁmﬁ‘iﬂwﬂﬁiﬁmﬁmqmmmﬁ'mmﬁ@ﬁa (allele) uazmIvAgaLANAA Hardy-
Weinberg Wi panuBvesalulnilluinfviiis smnananduyswn lafldes lunazauna Hardy-Weinberg Equilibrium
ilaruueliAua1e9sana | (p) A8 0.50 LASANLEIRIEAAA D (q) A8 0.50 ilnsannauavesaluing Adunmld
(I1=3, ID=18, DD=3) laimsefuAINuia0s %Tuimﬂﬁmwd’ﬂumm Hardy-Weinberg (I1=6, ID=12, DD=6) A1
ﬂizmm“ﬁiﬂﬁ@@umu@@ Hardy-Weinberg

AN9AAT AN ANT LSz TulnTaasiiu ACE uazesrilsznatansiranie lunsdinmudnduninud
wudrdeyaniuivesalulng Il uaz DD Telaaufias 3 Au iluanudiiaeniadAndasnds 5 uazliamnsasau
Foyamuld lufidacldn1mmagay Kruskal-Walls H isziunanuidesiu 95% aaugfunisldadnideussens

132N UAIEANRALLAZAT L LUNIATTNL B LA AIANENITDAINNINEUBT DA FINUNANENFELINT A6
49 U

Auaneuraluiniluestiu ACE 64 table 3

Table 3 Body composition profiles expressed as mean + SD according to ACE genotype

ACE Genotype
Variables Il genotype (n=3) ID genotype (n=18) DD genotype (n=3)
mean £S.D. mean +£S.D. mean 1£S.D.
BMI (Kg/M?) 26.1746.51 20.34+2.14 24.106.71
Body Fat (%) 24.77+10.98 17.34+5.77 22.97+13.99
Skeletal Muscle Mass (Kg) 29.93+0.90 27.13+3.79 29.33+1.70
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a1 table 3 nudingusnatsilAnadonazAdaudouuansgu et fafuaanielungadlulnd 1
ID WAz DD RAANLAY 26.17+6.51 20.34%2.14 Uz 24.1046.71 AIANTNANAT’ ANNAIFL WANITNARBLNET A
upnsinaiu (p = 102) Anedsdedidulafulungualuing || fdadugeiign :sasunie DD uaz ID AuA L
NANINARDUNIGD A buANFAIeTY (o = .581) waanduiileildaanus (Skeletal muscle mass, SMM) lungu
Alulndl 111D uaz DD HA"iaAY 20.93+0.90 27.13£3.79 Uy 29.33+1.70 AlanFu MINAFL HANIINARELNNIARR
ldwanFeiu (o = .229)
fayadulszaunsainadwindimudnfissaznanlunndwiniiedawify 6.58:3.37 1 Taanga

a

alulnd 11 1D way DD HszazanluninduinAveaswindu 5.0042.65 1 6.94+3.62 T waz 6.00+2.65 1 ANa1sU

'
a

ANDNTHNTRNRALesN 5.04+1.04 SusadUnf InalA1edganudlunisindan 5.33+1.53 Jusadunnif

U

5.06+1.00 dusiediaif uay 4.67+1.15 Justedianif lungualulni Il ID uaz DD muansy

Discussion

n19nszanefavadaluinilaastiu ACE (Il ID waz DD) lunauidinAnndeauqn 24 au 3 Tdduldnag

WANANART9ETH- 190N (Hardy-Weinberg Equilibrium: HWE) Gsanauansliiiindinseuaunisin ldinfiings
Y o a = " \ ) o = - Y = Ao g v
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o o A v A oo o @ A Y ove o A o g o a o = o ]
uﬂﬂW’lﬁJLLu'ﬂuNV}’wﬂ‘ﬂﬂ UANEANTN ﬂﬁ\zmuﬂqu@qlﬁq Wﬁ"ﬂiﬂﬁ'uﬂqi‘ﬁﬂLﬂ'ﬂﬂLﬂlq@lﬂwq']\ﬁ'zﬂuﬂﬁq')Wﬂq@ﬂ H{INNIN

v @ 1

alulnfsduuvdu dagaarnnisidedliviudidasugneesatulnil ID guduiawlungusaeng (table 2) nsnny

Alulniluuuiawmalslana (heterozygous) inniiuAAAnNTsalil enatedneanldiFeureaanelsloda Jadu

o ' '

?mmmmimmu (I waz D) I lulniAmunzanvizalanuiaueusanisiluinAvngg sesy

q

dsngnisniyraaid

' ] v
yval aa
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@’WN’IE‘OMQU@‘H@\?[ﬂ"aﬂqi‘aﬂsﬁ@wﬁﬂ@qﬂﬂﬂ’]ﬂ%\‘iﬁ@diﬁﬁﬂﬁqqmwquuu@:ﬂﬁﬁﬂLL%\?LLNVLﬁaﬂ'JI’W (Woods et al., 2000) Ll

¥
Ao Aoy o

agelafinuanuiddaiideaninvesauiangusisetienisnszanadavesatulniluestin ACE lunquinfiiiianaiin
AnANIBNeaTiAaINNsgusatsIuaLEn e
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luusaznguatilni enalifeyaddnifaafuuuniiufiiaulafes funalnnisvisurestu ACE lunguiinfiviis
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' a o
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i oal
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° o

volume) u qABNAUNINNIINGH 1l aginedlipdAnymisals uaznalnnisinauaesuesalamudu 1| Hslszaugaludn

o a

al = v a a % dﬁl o % d’l ' dl k% %
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(Charbonneau et al., 2008 ; Hernandez et al., 2003) uantlsangienardullddnlunguidnaniaealulnd 1 i

FUIANANHONIN WADIAATHANTITDNINAILANNLIILTIAZNFRENINALANAIANGN Inena lNNI9ETIIneiana

'
[ ! =

WuldldAe esaindada | Aauduiusiunisidadowlandrsiieaiianuniu (Type I, slow-twitch) f1g4n31

12
a A ¥ IS 1

(Zhang et al., 2003) Balgnasilariatiudazilsz@nsn nlunmmuniusenisan uwiteAninsaLAanNduaTasa

[ '
o ! v A A ! o a
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q
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A"9Hn (Carter et al., 2005)
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(Vladeanu et al., 2020 ; Kalupahana & Moustaid-Moussa, 2012)
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o

AnanIMnIeRlgNITHAzuAnaen weegnuALi iuljdniusivunden Tadesing o i n1sasuaunistindes
Y 9 = o o Ao o | A oA A oA = I
annuandannsindan wazlnauinis asenaidusnuuaanssoninidrAgyndnuinestuman audulllsd
% » A = o A o o a o , - '
anwandexnsindenniduuunwRea i NI AT NN A8 8190 AANEUTELENNATBIAITHNIANFNS
o Y 1 o & v oo H= v & v o a 19573 o .
narugnesliaudaauls vuddataniudeyadesiunaivayuuunnlunislddayaniaiugnass ilu genetic

markers Tuniseanuuultlsunsunisiindasanizyana vsallsunsumamnunaainnisindannaninazls

o

I8RAAYBNWIRE

WUANGNFABLNTLAN (n=24) AanalinAIm19ania (statistical power) TN awaNazngIaqUANANTUE

a ' ' o 1

ARausiauANa (effect size) T lnnunniin TnaaniresdsEaiantangusisatreniuaiulni wudangw 1

q

ncl

= =
Na1AND

NUIUNEINGNAY 3 AUWINTUW NMsiawIusnedsler lunguedaamaniivinlini sdszunnid i sdmes

z2) e

wag DD

' o

aa o = X o, ' o o o o o £ P
nadAIInANINLELazANEDET wanantuddingusaetwaziduinfi ludananeaiudsenaillusunsunis
y A v =2 o \ Ao A oM oua A o o o 1A ~ Aa a \ - \
Andannadreaasiu win1sideililainsasunusednsaulstadasondu ) Nenaldninas essdtlsznausenie
i Uszaunisainnsiindeniuanssiuluads vive gluuulnguinig efademaniianadlusautlsnau (Confounder)

ai o o o rdl Y a ' = [ 1 v
NUALNANMNANNUEGN LL’V]"“QN?3'1)1']’]\‘1EI‘LALLZ‘]Z@\?ﬂﬂi‘&iﬂ@‘Uﬁlﬂ\ﬁqQﬂ’miﬁ

903



BURAPHA SCIENCE JOURNAL

B M9IANTIMENANARTYIN TN 31 (211U7 3) Aueneu — WAl WA, 2569

BURAPHA SCIENCE JOURNAL Volume 31 (No.3) September — December 2026 Research Article

ISSN 2985-0983 (¢

Conclusions

ANMaINMANETesEY ACE lunguiinfii Aeszduamanendudnyuiduie nanudadauaesaiuling
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