# o3\" pISSN 25082809

;‘“«mmﬁf elSSN 27655768

Trends Agric. Life Sci. 2025;63:21-28
https://doi.org/10.29335/tals.2025.63.21

REVIEW

Check for
updates

Jt5 d¥ ZE Tl EAe d==tH X102 0|2 St 7tsd

HEOH| . RM|IA - MOIGH - ZI0HX| - O|ktS - ZIMEK

=TT — o o [ oo
Metisln SeMEIsilet S2XIRst

Biological Differences in Sperm and the Future Potential
of Animal Husbandry

Yu-Bin Park, Se-Jung Jung, In-Han Seo, Ye-Ji Kim, Chan-Ho Lee,
Sung-Hak Kim"

Department of Animal Science, Chonnam National University, Gwangju, Korea

Received: November 10, 2025
Revised: December 11, 2025
Accepted: December 15, 2025

*Corresponding author :

Sung-Hak Kim

Department of Animal Science,
Chonnam National University, Gwangju,
Korea

Tel : +82-62-530-2115

E-mail : sunghakkim@jnu.ac.kr

Copyright © 2025 Insfitute of Agricultural Science
& Technology, Chonnam National University.
This is an Open Access article distributed
under the terms of the Creative Commons
Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial
use, distribution, and reproduction in any
medium, provided the original work is
properly cited.

ORCID

Yu-Bin Park
https://orcid.org/0009-0009-3617-0531

Se-Jung Jung
https://orcid.org/0009-0005-1320-498X

In-Han Seo
https://orcid.org/0009-0007-4656-1873
Ye-Ji Kim
https://orcid.org/0009-0008-4295-1097

Chan-Ho Lee
https://orcid.org/0009-0004-8119-7606

Sung-Hak Kim
https://orcid.org/0000-0003-4882-8600

https://www.etals.org

Abstract

Hanwoo is a native Korean cattle breed known for its highly marbled 1++ grade beef,
forming a premium market with prices exceeding 100,000 KRW per kg. In Hanwoo
production systems, females are essential for herd expansion and genetic improvement,
whereas males mainly contribute to revenue through beef production. Accordingly, X and
Y sperm separation technology enables sex ratio control at fertilization to optimize the
production of females for breeding and males for beef, improving overall efficiency and
profitability. This review examines the biological differences between X and Y sperm and
separation technologies that exploit these differences, along with recent research trends.
X and Y sperm differ in membrane protein composition, metabolic activity, and epigenetic
characteristics, providing a basis for selective separation strategies. Through label-free
proteomics and liquid chromatography-tandem mass spectrometry (LC-MS/MS) analysis,
specific proteins such as CLRN3, ADAM2, and ATP11C in X sperm, and SCAMP1 in Y sperm,
have been identified, proposed as targets for immunological separation or aptamer
development. In addition, studies using the toll-like receptor 7/8 (TLR7/8) agonist R848
combined with the swim-up method have demonstrated selective regulation of X sperm
motility. Whole-genome bisulfite sequencing (WGBS) has further identified 12,175 differen-
tially methylated regions related to genes involved in energy metabolism and sperm
function. Current sex selection technologies include flow cytometry, proteomics-based
surface protein analysis, TLR7/8-mediated separation, aptamer-based enrichment, and
WGBS-based methylation analysis. This review evaluates their principles and limitations
and discusses future research directions applicable to Hanwoo and other livestock species
such as pigs and sheep.
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o131, 29 AIIoAE 27 ok ARG Bo I/ BARES SIS ARk 7o) Al

A FPA R 7P gy ARREE A Ve fAIE E47](flow cytometry)E ©l-83t
o= X ARt Y 3R] DNA g Aol(QF 3%-4%)E 7I8ke= Eafgici1]. o] Hhie e
7F AR 17te) Auleh Bt 22 A7 £59 M|, 18 YA &4 7 Y AL
St o]l o] =R TR} T2 WEZoM = AAS - B8R4 SHOIA 483t Aokl mE
t}. olof we} HLofli= FAIE BAS tiAlskAU Bdshy] gt tharst EAPYESH 7P 7
£0| A= QU

EAHQI 2, X HAloA EolF o dadsh= TLR7/8(toll-like receptor 7/8) &4l 21-&
Sh= R848 #-8A(agonist) 715t &2o] FEHE Qlrt. o] B X AR n|EEEEof 75
A8 ATP(adenosine triphosphate) A} 25732 AHH 0= A7 | = H2E o5,
EARE ] glolke BlwA 7hds] X/Y BARE REeHAl & o Stk ARdol lth E3F JE
(aptamer) 71&2 o835 X T Y A& 3 Thiido] ol oz Ailol= a4t eteg st
ogH, YA FEJZ AAR JHE AEE] w50] 7ssithe A7 Ae HaE Qltk of&
o AL 3 PR EA(cell surface proteomics)¥ A4 WEs}t E4(whole-genome
bisulfite sequencing, WGBS} £3l X/Y AA} k2] A4 jol& g5l ol A7E AR}
2 ggolefe ek ZE6] oA Sl

olZigt Al 7|eE2 71& FAIE 24 7|t A7PEe] A Bstal, HA &4 aslehd
Al Z&Ao|al ZAAIARI HIZGA APEHE AAT & Qs 7hs s EojEth 18y o7
SRRolA] ol 7|&Eo] A8elE] YA AP &8, A AEE &Y 59, vE EA 59
TA7E ot Sl

mebA 2 2R =RolAs T AR 4E e B 52 SPHeE 1E6h, 7|29
A EAHI HEo] TLR7/8 ZH8A, UE, Z2H 29 A(proteomics), F/3-7418H4 24
S Al 22 719 3P Ve ¥, A, A 9 38 7FsA3E =otAt gt olg B9
FE e AQJollA AR 7hse B&4o|a EESHE AP Ve WA WRkE AAlskE © 1
Zo] QItKFig. 1).
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X/Y A 749 Alzut el ZjoldE ol 7] flof Ik AR 0|83t Label-free T
273} LC-MS/MS(liquid chromatography-tandem mass spectrometry) 7]5F 54
FRERATH2,3]. o] A4S S5l & 1,521709 ©ild 5 31719] o] Fojulet Aks i
HOHH2L X E= Y AR 2504 EolE Thiide Eoly iy childs 71EE|glom B3]
151709] T2 X A oA, 887]9] Thilid 2 Y HAjojjA| Eolz oz WAL CH?2]. AARZ o]
AoME AT E(western blot) 538 CLRN32} SCAMP1 Thiido] Zkz}k X9} ¥ AJ=}e]
Al 1 Eold] gt SRS A oR AFSITH2]. 3L TLR7/8Z Al W YA ¥
B2} #jE(pathogen-associated molecular pattern, PAMPs)2 ZAsk= o8l Q14] 484
(pattern recognition receptor, PRRS)E YA glom, e uf child 2 BREct4]. TLR7
4 TLR8Z QTG sk= F3Ak= ZR79] X A0 YAIstal Atk o] FAk= X AMAIE B4
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Sex Control Technologies in Livestock: Exploring Sperm
Biological Differences and Future Prospects in Animal Production

/ Overview of Hanwoo Industry \

Females — reproduction & herd growth
Male — beef production & profitability

/ Molecular Differences of X vs Y Sperm \

> @D

o

= G

/

o

Sexing Technologies Comparison

3

=
Flow s \TLR7/8 Aptamer WGBS
== cytometry J@L"m&mws =Y Activation (SELEX) (Methylation)
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Fig. 1. A comprehensive review of X/Y sperm separation technologies.
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3= X AA A EojFod vEEH, Y AR AL SR QAU T W Arr) o vt
oj2fgt A AT X AL Y BAPF Alaet el ol FSgh B4 2ol A, Eo]
X AAA Bojzloz drAs TLR7/80] 4 4 7149 G2 BAh BAZ 288 5 922
A

2) £ o= 820 25t 254 Hst

X At Y 829 7154 }O], E3] 25499 Aol= X GAA0] <
TLR7/89] Eol& WaA¥} 11 ZgA|QI R8482] A& Bl A=H, OPC— @7*}9] ATP 4eH] Z&2o]]
FFS vlxIch HEE A} Je9] oF 50%014 TRL7/8 8A17F EA=.oH, TLR7-Z Ak
AA A 9 w2 FE9of|, TLR8E A 9 FHHFo| YAok= A& UETHS). R848
TLR7/89] £4 olF ZH&A|ZA], o] :8At HaH X A 25732 AHA 0= A7l
ol= TLR7/8 EAISH| GSK-3e/B(glycogen synthase kinase 3-a-5)2] AJALSHS &21510] A=}
9] &5 & "ojmg]7] giRoltH5,6]. 7|53 LR R8489] 25t 54 4= TLRS EXAsht n&
ZEglo} E53 YJAISH, TLR7 437 Alxd s 2482 JAIFo =M X AL ATP 4H|

2 oA Aol TS A Ao LA Unk
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3) DNA HElg}

TR TRollA XeF Y AAF 7ke] EAFA o] dAE Htolr] f1el Shangguan et al.=
WGBS 71%& &-8ato] SAERIC XY AAlA 12,175709] 2Fa- WEst JA(differentially
methylated regions, DMRs)Z+ 2,0417]2] H|€a} B f-dAKdifferentially methylated genes,
DMGs)E AEstirH7]. o] AolA fAIE 4712 90% o9 <& 249 X, Y BAE
Argom, ZHbAQl HEs) e ATAS B o, 429l vy BAE B4 DMRs7F 2,041
N9 A5 wEe} fAto] vigEglon, o] RS 71 OR ovA] tiAL & | Mt 27t
22 A 710l A I AE AR Yehith 9], X A4 B EsKhyperme-
thylated)®l SPA173} CHCHD3 447t ERI=IQTHT]. SPA17(CA-IA A352k8 E 254 &
)] HESh= 31.11%9] vEst Zjo] 9 gl I 52 0.719] Hie de=|lom, CHCHD3
(MEZEeo} 715 9 ATP A4t 349 T Esh= 29.00%2] WEsh 2fo] 9 ohild oy 432
0.549] Bl&3t dA3t=]o] Qi oli= DNA WEart f4x HdS dAlohs B0 &8sl
XetY A 7119] 7154 Ao|, ] A 254 E AL 7S] AolE FHcks ol 587 FA4F
Ak dgS TS AR

2. X Y @Rt 22| 71 ¥ B ITS(YRE 4AE V1)

1) Z2HQUA 7|8t BH CHHE] EtM

Al 3H A B4 (cell surface proteomics) 7|2 AlE H TS BAG ASHAY,
Y WS, Al 7t oA ofdlfolal oFE S 3= o] E8ETHB 9. 1Lt Al H o
A2 W] Wil Addo] ZFf 40| ofgtt. o|E i st] sl AFEAMS) 719 ZTEH Q.
Aot ok A 7&o] A ARSETE MS 718 ¥ H|QEs) APEX, CSC 7 52 53
2 TS FAlo] HEok FREER 4= Qo] W W99 B4 S 7T, 9). v
BioID, TurboID Z& 384 Tz Al Wf £ thld 39| AJoa8-2 AdstA s 15
3= FAo] Aedsith MS 714t 7]eE AlE7t gol BRskl AUd i FAjo] of# e, Fdt

2 7lee A 20] Wasih: VL Sl A% F U AUsH AE HY guEe
AN WEH o ofald 4= Slom, W 71 7S} Aok B WEe] FaT /e
AT 5 ek

2) TLR7/8(toll-like receptor 7/8) ZEH| 7|dt 22|

TLR7/8 &A= AHHY $8AIE S| AL 7152 2Hol= 24R(6], A4 HY
opollA] ThefslA] 8= Ut 49 AAF Eejol] H8% Aol R848 A& X A9 H|E
=ejo} 7]50] A= o] 2-5-d0] ZHAsta, Y At Eills] FAlo] F Ik EjHoR Hel
4 SIITH5,101. o] W 71E AIE 24 7|8 7R teokal vl8o] AT A 24
uEt o] AYEEI 4 5o] Hojd &= Qlrk. ghH, HASoA= TLR7/8 ZEAE e
2 FEANAER Aoz g WurSat T4 A EIHE REgTH11]. o] WAl
Y EolHon] M4l Fakgo] Ark= AgFo] o, kg AT} HIEo1H WY E/dst EAl=
o3| a2 AR ot k. A= TLR7/8 ZEAl= AIX ¥He-& X Es) Yok ey 23s
< 5 S A3 ZI&olAE m8AT P9 o] e WA A Il & 4= Qi

=2 1% iAo

ne

3) e Tt MeHn £
Qeeli T, ole, A% 5 54 1A Bl &L Ashrel EoloR AqES AAE
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2 TAd7ie RHDNA E= RNA)olth OF 25-80719] 47|12 4 Yet= 243 2
o) 32+ 25 Aol FAAE ZESHARE SHE o ® SIS 4= 9lo] A4to] Thdstal H]—QO]
AgsltH12]. Ierygos F&49] a4t glojH e EoA SELEX(systematlc evolution of ligands
by exponential enrichment; AAZ A5k 7t dhd) 4 5o AP, o|F oygAIT}
7lsZ& =017 A3t 2 Eﬂﬁg(post—SELEX)o] o]FoZItH13,14]. FEFHY A2 ofgF 30|
7Fsal wiA] 2F #4 wA7E A, WY jRgE A9 ‘”07] A o} BHE: Fof7h F Q3 A m Ao
Hgafch Holth, Fa Tua ohjzt oleol} ARAolE ARt & Slof S8 WSl ke
St a8y AYollAes 4T E5) Ea(nuclease)oll 3] HA EaflElo] A W /o] B
HAZE Qlom, SELEX o] AR AmAfo]xl B #Ao A= BE4Ql Aol oyt At
et ol& A5t sk AJOHt non-SELEX ®4lolu} 11 Ag2]y 7)ol 7=l §lom,
B4 250) B oo vpAuES 7990 o AUe A} JRsSlES: she 77t A Foltt
[15]. A= Yeivie S EHXﬂ"é T Qb= A AL Q1Y TIeR, Ada 2| g, Ho| A4 A
SollA =2 A AUANE P8 A B8 ol A8SIE It 94 A= ol itk

ol:
nL(‘)_lA‘

4) WGBS(whole-genome bisulfite sequencing) 7|8t GI|K|LIE!(epigenetic) £
WGBSE A2t AA| 49 wdsh g FUstA E4ske 71&=2(7), A4 719 uAst
DNA H€s} 2lo]g Aoz RIg &= Qlr}. T d7-E0] w=w gAte] DNA wEs) fee
2, A4, 2% 5 3 8210l =} gEix|n, o] Zjol7} gAe] 25440l DNA Fg43, Hijo}
gy} BEE ARl AdEo] YrH16). 9IS S0, Hossain et al-& 4 FAS iAo gt
Aol A wislo] wiet DNA HEsh miglo] gelx|1l, o]Zlo] AAte] FAo] JFS & 5 U
< BUFH16]. E3F Foueré et al.> AH2] DNA WEHal} ©:3] 374291 Q1 opat 84
291 28 (meQTLONE Fe Wethis AFS HEWltH17]. olieh A+ 2352 WGBS7H 84
7153 B4 S olafsta, A7E Aol AT & e BAE EAE e b F83% 7|2
A&7t "ok 23S EO#—ZrDW 16,17). Tk WGBSE £4 H]go] 11, Hlo|EE sjaotAu g
MES R ogths AL Qltk wEbA AR 28-S HelAs WGBSZ FH HAE 2k
5, 34 993} PCR(polymerase chain reaction)@} 22 Au|-& B4 vhHo g HI5H= A4
o] "QsitH7,17].

£ i

2o

%*ﬂE FAHE AZE H4| 55 &0 3 E2 HiFAIA FolAE SHA7]L, At 33
ASE A A2 A7]-E3 o - ik S S4oke Z1seltl]. A ARy
(forward scatter, FSC)& A F7|5, &4 Al (side scatter, SSC W& 125 HHgshH,
B BAE o8t ®H wEoly dAIA] FA] AE0] 7RsSiH1LL A AZPEoAE ol

71%9] 34 Y]]l DNA FF 2jo)(SF 3.8%)8 E83itt. X HAk= Y AAtE DNAZH ¥ 7]
jZoll, DNAE 3% FMsH =4 o 43t FF ASE U5k "HoHll ol &5, dlolA=
Zr AA10] B A71E &7l HolE Fofold, 714 E&(fluorescence-activated cell sorting,
FACSE &3l XY BAE 22 22T &= Qlth o] HPH2 oF 90% o] A= dx) 4dZe
2 7P% g AkErh sHARE FBAI9] ATEY ST AM IPolA] EAYsk: R &4 18
7} AgEIeh 2 A = 8 AR FHRITHL, 18], ol AUEHT FAIE 2479
A FAIZ 24 (mass cytometry)[18] 22 ZAI 7]&0] HHPEM AUEE= P ot
[9,18], Al &4 EAl= o8] 73 AR Fot UTH1lL 2= FAIZ 24 X/Y B8RS 23
T2 5 e FER VIEE w2 AYeet AFs 7}1111‘1}, ALIE o= A BEs
Pt vl Azto] "Qsih

ol
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1) 7K ANl N8N S8
MRS 71 Feah 39 A1) HEOIH 19 Fa3 ST Tk SolA 9 Hlgo
[o)Ne)

48 99 qilo] agAolE, £ AN S HlBo] £24E TS Ao $sp

5 B85 AU ol 7Ie2 718 FrAIZE ARG AR|7E ZEstal wgo] Yol AA| s7gelA]
T A8 7Fs/do] =l H7HETH12,14,19,20]. E ofE HLo 2= TLR7/8 2H8AI(R848)E &
&3 A 254 2ol Utk Meel et al.& HEE Ao R848<S #J2I5Hd X FAHS] 4ol
oFaiAl L, == 2R EelH(swim-up)d WA ARFRE W A Hiore] Hlgo] oF 58%64%714]
7RI B3], of 32 Wen et al.o] B2l ZIA|7, R8480] X Ak2] o] tirt F=
£ Alsh] vhEo2 FAHHETHO). FHH, WGBS HEat £4) S o8t dFolae XY A
Ato1e] DNA st Aof7} ZRI={tt. Shangguan et al. 2= SAERQL &4 ARl A
FEAAE E 1 WL} Ao7t EALS BE, FF AAEE EARA L 7hsdE AISH
ATHT). o1AH 2AEA 7Ia(UEt, HIRA] S 2214 L2H(swim-up 5)& I EEske
PR, 71 7R 2@ 70%) A0S 24, g 14ehE SA0) wole HdeR
HISIAL ATHG,12,14,19,20]. % o3t 752 AA 4] @R0A 4wl 24| FUkeet 7
AdE ek © 2 =22 &€ Aoz 7IHEHH57,19).

2) 7|8 St ¥ RN et
Al FAIE b ek AA, v} 6] EA7F A
WGBSU FAIEEEAS A9t Hlg Hefo] 7] wfiol, AR A @olA= #4 PCRo[Y
EM-seq 22 Al AAIRE Heok= o] Wasiti1,7,8]. A, Ak &4 EAI7F Slct. 34
oju} 1 B 315k Agl gofa] A AEEC| Word 4= Q7] wiRol|, HHE Bh(d):
YEFH-H|E o] 8ot AT 279 Aldst 20| F851H1,20,21]. A, Folut EFol| w=t
A} b 4 ti= Holt) 92 50] Zhang et al-2 TLR7/8 ZF8A|(R848)Z o83t A7
A AR AE HUFANHI0], Zhao et al-S T2 HP¥HolA Ao G9E 22 £k
HHFHAL. ols FFS- AN AJeoll vt it gebd 4 S-S Juldit. UA), wEggolde]
HEAE 583 SAITH16,17,21]. WEsH = o], 34, A7) 24 59 et g2k 4= 9le
o8 718 og PgARl BAE 2= 71 A7 Y as1tH7,16,17]. uiA[Ete R, H831E o)
A B35 o]zl o] @7EHL: AT YA EAIE 2, olF viEoZ Ziel dARe
AAREES THEH, AR 571 ERlollA 88T BAVES AScke BAIA #Hgo| niAE oo gt
(1,7,17,19].
2= WGBS 718F $/3-7-48F 2442 19| BAFA 210l wo|1l /g7 7149 71%E Algot
£ - -85t BhHolAYH7,16,17), 494 L83 Aol vle A4 A A gH, dagst
Exo|X 9 @A HZo] ZasItH1,4,7,17,18,21). YeIH 7]8t 71&7} TLR7/8 284 22 A
HEEL 71s73E HolFA, P4 BHA- A1 HolA] St 5ol Bagh I3 A
of H&EY IrH4,5,6,10,19,20].
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ER=

B A7 715 WAlollA 4] 289 884 wol7] st AR A7E Ve BA 7Rkt
T AT TS TYH R HESIGITE X BA} Y HA= DNA FHE opvjet | ol 14,
oYz diat A=, 34 HEst i & tSE FEolA Zolg EHolH, CLRN3, SCAMPI,
ATP11C, SPA17 59 ©id3t TLR7/8 484, HlEst WA 47T 4l 24 A2 ERI=9)
t}. ogt BESHA oA ALY 7154 AlolE A BAldl, 47 V& el BALA
TAE At

AR A8k FAIE B 52 HAE YA A] vldat = &4 59 A 7R
t}. olo] wlsf Z2He9A, TLR7/8 284, UeHH, WGBS 7[5t 7le2 HIZEH tijto s 35
W Qlont, AN HET A8s) ShAVE EAeich mebA g ks AH|e- 8ISy Ve A
o BEsh B DR e oY A7 AR 9 HE QA 7 4] HFo 23 Folof o,
E3] TLR7/8% et 83 71&2 A7 &8 P 7F f93t Hoo=z Brhech

[0, A2 7P 7|ee wett A 2AE dol UEd WA At AAE YA S
7FsAl she A 71&=E Ajuiistal Slct. A 429 AUst olsie} 7led F4l9] g9k
A& 7Fs3 SAE AAR] 53t IRTEA] 7R AAlel] ARAH o= 7o o= J|diEn
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