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Awon eku engineering jogun resistance
Lyme, won s1 da fifun tick ni akoran duro —
proof of concept yara, ki i se itusile igho

Awon oluséwddii fi gene antibody anti-Lyme sinui eku ilé, ti won si jogun ré fiin opo iran;
nigba ti tick to ni akoran ja won, koda eku éda kan ko akoran, won si féréé da fifun
bacterium si tick tuntun duré. O jé proof of principle fin “heritable immunization” ti
reservoir species — ti a se ninu eku ilé yarda, ki i se eku esé-funfun igbo to n tan Lyme
gidi, laist itusile papad, nigba ti ecology, regulation ati ethics si st sile. Ki i se gene drive,
kiisise “a ti yanju Lyme.”
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Biba 1yipo kan jé dipo tit¢ju alaisan kan

Arun Lyme ni arun ti tick i ghé t6 wépo ju lo ni United States, ona ti a si saba fi 1 ba a ja jé
ti eni kookan: sayewo ara fun tick, fa won kuro, lo antibiotic bi ibi ti 6 ti jani ba di aléébu t6
da bi oju ako maluu. Sughdn bacterium t6é nn fa Lyme, Borrelia burgdorferi, ko ghé inu wa ni
to6tg. Ona ti ko ja si ibi kankan ni awa jé fin un. I1é gidi ré jé iyipo t6 11 1o 1daarin tick ati awon
eranko omu kékeré inu igh6 — ni etikun ila-oorun US, ni pataki eku esé-funfun. Tick kan maa
n gha bacterium nipa jije eku té ni akéran, 6 maa n ghé e bi 6 se n dagha, ¢ si mdaa n fi fun
eku to kan — tabi, nipase asise, fun eniyan. Eku ni ibi ipamg; tick ni abéré; awa jé eni t6 duro
légbeé ti abéré maa n gun léekookan.

Nitori nda, ona miiran wa lati ronu nipa isoro naa. Dipo titgju eéniyan 10kookan léyin jije tick,
ki 16 maa selé bi a ba le mu ki eku ni ajesdra — ki won si ni i 1ati iran dé iran, 1aifun eranko
kookan ni vaccine péli ow6? Ero ti iwé yii ddn wo niyen, 6 si ni agbara aidara kan té i1 fa 4 lo
si akolé nipa “eku GMO,” “gene drive,” ati “fifun eranko inu igh6 ni vaccine.” Ohun ti iwé naa
SO ni tOOtY tAOro sii, 6 sora si i, ati — bi o ba bikita nipa bi a se gbodo fi eri mu iru ighésé bée
ki enikéni t6 td ohunkdéhun sita — ¢ n funni ni itunu ju awon akolé naa lo.

Erd nda ni oruko: heritable immunization — kiko iténisona fun antibody taara sind genome
eranko, ki a bi eranko nda nigha ti 6 ti i se é, ki 6 si fi aghara naa fun awon omo reé. A ni lati
fun eni kookan ni vaccine, léraléra. Gene ti a 1é jogun 1é koja nipasé ibisi lasan — 1aisi enikéni
to maa fun iran tuntun kookan ni vaccine pelu owo.

Heritable immunization, tested in a cage

The paper interrupts a tick-mouse transmission loop in lab house mice, not in the wild
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Original diagram — The Clean Paper - raster mouse/tick art embedded; labels and claims remain editable SVG

Idanwo naa da iyipo transmission yara kan duré: eku ilé ti a se engineering ré ko akéran, 6pd won ko si fi
Borrelia fun tick larval mim¢. Ko dan itusilé sinu ighd, gene drive, tabi idinku Lyme ka gbogbo ecosystem wo.
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Original diagram — The Clean Paper CC BY 4.0

Ohun ti awon onkowé se

Won beére pelu antibody aabo kan ti a mo. Borrelia ni surface protein kan ti a nn pe ni OspA,
antibody t6 doju ko OspA si ni 9ghon té wulo: ni ilana atijg, tick t6 je eku ti 6 ni ajesara maa
n ghe antibody naa mi pelu ¢jé, 4 si 1é sisé 16ri bacterium ninu tick, ki a to fi won fun eranko
miiran. Ni or¢ mii, ibi ti a fé doju ko ni ififunni ldaarin tick ati eku — ki i se eku nikan léyin ti
0 ti ni akdran.

Awon 0nkowé mu ¢kan ninu antibody béeé (ti a i pé ni LA-2), won si se engineering eku ilé —
Mus musculus yara lasan — 1ati se € lati inu DNA tiwon. Mimu eyi sisé gba igbiyanju méloo
kan; aworan akoko ti 6 n se antibody ninu €d¢ nikan se € ni iye ti ko to6 lati daabo bo eku. Eda
to sisé tun antibody naa se si foomu single-chain kékeré, to duro sinsin, 6 so 6 mo protein €jé
kan (albumin) ki 6 1é pé, 6 si fiisiibi “safe harbour” kan ti a m¢ ddadaa ninu genome, ki 6 1é
maa se é ni ghogbo igha, ni ghogbo iran.

Léyin naa, won dan ohun méta wo léseese: bdya a maa n jogun antibody naa ni ighékélé; boya
awon eku ti a se engineering ré ko akoran nigba ti tick t6 ru Borrelia ja won; ati — apa to se
pataki fun arun nda lapapo — bdya tick mimg to je lara awon eku yen duré ni mimg, tabi 6
gba bacterium naa. Iddnwo t6 kéyin yen, jijé ki tick larval ti ko ni akoran je, ki a si sayéwo won
léyin nda, ni ona lati béere boya a ti da lyipo transmission funra rée duro.

Ohun ti won ri

Woén jogun antibody naa ni idurésinsin fiin ¢p¢ iran. Aworan t6 sisé se nnkan bi ilgpo
egbérun antibody ju eyi to kuna lo, ni ipele t6 duro sinsin koja ¢ kéré tan iran méfa — eku
to ni éda gene méji se nnkan bi ilgpo méji ti eku t6 ni éda kan. Ko si iyato lati eranko kan si
omiran td ti ba ighiyanju akgko je.

Awon eku ko akéran — koéda péla éda gene kan soso. Nigha ti tick t6 ni Borrelia ja won,
awon eku té ni ¢da méji ati eda kan fi idinku t6 ni statistical significance han ninu awon ami
akoran ni ifiwéra pelu eku lasan. Awon eku da méji ni 4abo t6 lagbéra, suigbdn aabo nind eku
éda kan (heterozygous) ni ésl t6 ni abajade t6 jinna ju, fun idi kan ti a 6 pada si.

W0n féréé da fifun bacterium siwaja durdé. Ninua idanwo ecology pataki, won jé ki tick larval
mimg¢ je lara awon eku ti a se engineering re ti won ti moomo fun ni challenge pelu opo tick
to ni akoran. Ninu idanwo yen, 8 ninu eku 10 ti a se engineering ré jade laini akdran rara,
won ko si ghin bacterium sinu iran tick t6 telé, ni ifiwéra pelu 1 ninu eku lasan 10 — iyato to
ni significance giga. A 1 d4 iyipo nda duré ninu cage. (Eyi jé ési controlled challenge, ki i se
osuwon iye ti Lyme yo60 din ku ninu igho gidi.)



genetic engineering

Iyalénu ol6otité kan nipa mechanism. Ni iyato si isé anti-OspA atijo, antibody ti a se engi-
neering re daabo bo eku sughon ko da bi eni pé 6 pa bacterium ré nint awon tick to ti je. Nitori
naa, antibody nda n di transmission 10w¢ nipaseé ona kan ti awon onkoweé ko le da mo patapata
— binding da bi ohun t6 to, sugbon ¢na gangan ni a fi sil¢ fun iwadii si i.

Ohun ti eyi seé se ki 6 tumo si

Ero akolé nda — pé a 1é kg resistance t6 pé sini genome eranko reservoir, ki a si ja iyipo
transmission arun — duro ninu yara, ninu eku yii.

Alayé kékeré kan si i din éda itan t6 11 bani 1éru ju lo kii. Gene drive jé genetic system ti a se
engineering re lati yi inheritance si égbé kan, ki gene ti a yan le tan ninu population yara ju
ibisi lasan lo — koda bi ko ba fin eranko ni anfaani kankan. Eyi ni ohun t6 mu drive ldgbara,
to sl mu un nira 1ati sakdso tabi pe pada 1éyin itusile. Isé yii ko lo ird nnkan béé. Nitori pé eda
antibody gene kan soso ti daabo bo eku, awon onkowé jiyan pé ibisi lasan ati itusilé to doju
ko ibi pato 1é, ni principle, ghé e dé ipele t6 wulo 1aifipd mu un koja population — won si so ni
kedere pé eyi ki i se gene drive. Ariyanjiyan ni, ki i se ifihan; sugbdn ési éda kan naa ni ohun
to jé ki won 1é jiyan bée, 6 sl mu gna nda rorun pupo lati sakoso ju ohun ti opo eniyan 1 ro lo.

Kil6 dé ti a ko fi lo gene drive?

Gene drive ki { se ohun kan naa pelu dominant gene. Dominant jé nipa ipa — eda kan
to 1ati fi trait han, gégé bi antibody gene se ri nihin-in. Drive jé nipa inheritance: 6 1 se
ayipada odds ki a 1& fi gene fun pup0 ju idaji awon omo eranko lo. Eda engineering atijo,
CRISPR “homing” drive, ru scissors molecule t6 nn gé ibi t6 ba a mu léri chromosome kejji;
séeli naa n tun ibi ti a gé se nipa dida drive koj4, ki eranko t6 ni éda kan le fi i fun féreé
gbogbo omo ré. Bi a ba tu iru drive béé sinu ighd, ¢ le gha ghogbo population 1ati ibére
kékeré — ¢ lagbara, 6 si nira gan-an lati pe pada. (Nature ti dd ona miiran lati tan ofin
addogta-aadota je, sugbon principle naa jé kan naa.)

Kil6 dé ti eyi fi se pataki nihin-in? Nitori pé onkowé agba iwé naa, Kevin Esvelt, jé okan
lara awon olusewadii té se iranlowg lati da gene drive silé — pelu awon eda “daisy-
chain” té ni 4abo si i, t6 si i da ara ré durd, ti a se 1ati md tan ldisi isakéso. O mo tool naa
daadda, ninu isé yii 0 si moomo ko lati 1o 6: aabo naa wa 16ri gene lasan ti a le jogun,
ti a méa tan — bi 6 ba selé 14é — nipasé ibisi lasan ati itusilé ibi paté, ki i se drive. Eké
dakéjé niyen, to niyeldri ju ési naa lo: nini tool to lagbara ki i se ase 1ati 10 6 ni gbogho
ibi.

Ohun ti eyi ko fi han

O wa nint eku ti ko t¢, péli imoomo. A se isé nda ninu eku ilé yara (Mus musculus), ki
i se eku ese-funfun (Peromyscus leucopus) t6 11 pa Lyme mo ké etikun ila-oorun US. Awon
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onkoweé ti bére siida tool silé fun Peromyscus, sugbon a ko tii ko gene aabo nda sinu species
to se pataki.

O wa ninu yara, ki { se papd. Ko si eku ti a se engineering r¢ ti a tu sita. Awon iye ti eranko
le san ninu survival tabi ibisi, ti ko fara han ninu cage, lé fara han ninu igha.

O jé proof of concept, ki i se ojutiid. Adbo naa lagbara sughon ko pé (eku 8 ninu 10 16 di
transmission 10w¢ ninu challenge), “a pa Lyme ré” ko si si nibikibi ninu iwé naa.

A ko 16ye mechanism naa patapata — antibody sisé, sugbdn ki i se nipasé ¢gna ti iwadii
atijo reti.

Kii se gene drive, ko si s pé oun ni.

Itusilé eranko omu ti a se engineering ré sinu igh6 ko ni apeere regulatory kankan. Isiro
ewu ecology, governance, ati ifow(si awon awujo ti y6o ghé pélu ré ko tii yanju rard —
awon onkowé so bée ni ghangba.

Bawo ni eri naa se lagbara to?

N ey \

Pin in si méji, nitori apa méjeeji ko fesé mule bdkan naa.

Esi yara naa fesé mulé. Antibody t6 duro sinsin, ti a 1& jogun koja iran méfa; aabo 1odi si
akoran t6 ni statistical significance; idinku transmission siwaju to ni statistical significance,
tl a won ni gna to nira, nipa jijé ki tick mimg je. Op(f) idanwo ominira to si ona kan naa.
Fifo lati ibé si ayé gidi ko tii fidi mulé rarda. Species miiran, survival ninu igho, ecology
to diju pélu opo reservoir host, release strategy, ati regulation ghogbo re — ko si eyikéyii
to jé data ninu iwé yii, awon onkowé si fi han gégé bi isé to sl wa niwaju, nigba ti eto field
trial ti awujo n dari sesé bere gan-an.

Akiyesi itoju ilé kan ni émi kan naa: a ka eyi 1ati inu accepted manuscript ti a se peer review ré
(“article in press”), ki i se ¢da ikeyin ti a ti copyedit. Awon ési structure 16ke ko ye ki 6 yi pada,
sugbon a 6 tun awon ngnba nda wo pelu iwé ikeyin ki eyi t6 lo siwaju.

Idi ti 6 fi se pataki

Opo ona ti a fi i ba arun ti vector 11 ghé ja jé iddhun ti ko ni Opin: sokiri, 1é e kuro, sayéwo, toju,
tun se, gbogbo asiko odun, titi 14é. Eyi jé awordn ohun t6 yatg — se ighésé 1éékan ninu animal
reservoir, ki inheritance si se isé itgju. Bi a ba se é ninu eku esé-funfun, ti a si fi han pé ¢ ni
aabo, 6 si munadoko ninu papa, 6 le, ni principle, din ipele abélé Lyme ninu ibi kan ku dipo
kikan ddabo bo eni kookan ninu re.

“Ni principle” yen n ru eru pupo, iwé naa si jé oldotitg nipa ré. Ohun to niyelori gidi nihin-in ki
iseiwosan; ¢ jé ifihan to sdra pé heritable immunization [é sisé, 6 si lé da transmission duro —
tl a moomo ko ni foomu ti a 1e sakoso, ti ki1 se gene drive, pélu awon ibéere to nira ju (species
to t0, papd ghangba, ethics itusile iye ti a se engineering re) ti a daruko, ti a si fi silé laiyanju
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dipo fifowo pa won ré.

Akétan mimo

Arun Lyme 11 yipo 14adrin tick ati eku reservoir; éniyan kan ké wo inu r¢ 1éékookan. Awon
oluséwadii se engineering eku ilé yara lati pese, 1ati inu genome tiwon, antibody lodi si surface
protein OspA ti Borrelia — antibody t6 11 dd bacterium duré ninu tick té 1 je. Awon eku naa
jogun agbara yii ni idurosinsin fun 6 kéré tan iran méfa; nigba ti tick t6 ni akoran ja won, won
ko akoran, kdda péelu eda gene kan soso, 0po won (8 ninu 10, ni ifiwéra pelu 1 ninu eku lasan
10) si da fifun bacterium si tick tuntun duro, ti 6 ja lyipo transmission yara. Ohun to se pataki
ni pé aabo eda kan tama si pé ona naa ko nilo gene drive to nn tan ara re. Sugbhon a se eyi ninu
eku ilé yara4, ki i se eku esé-funfun t6 n tan Lyme ni North America; ko si itusilé papa; a ko ldye
mechanism nda patapatd; ecology, regulation ati ethics itusilé eranko omu ti a se engineering
ré ko til yanju réara. O jé proof of concept t6 séra fin “heritable immunization” ti reservoir
species — ki i se gene drive, ki i si se “a ti yanju Lyme.”

Ayeéwo 14isi oro asan

Ohun ti iwé naa fi han: Eku ilé yara (Mus musculus) ti a se engineering re 1ati express anti-
body anti-OspA (LA-2, gégé bi single-chain—albumin fusion lati safe-harbour locus) jogun re ni
idurosinsin fun >6 iran, ko akoran Borrelia nigha tick challenge (6 ni significance kdda ninu
heterozygote éda kan), won si féreé da fifun bacterium si tick mim¢ duro (eku engineering
8 ninu 10 ti a fun ni challenge ko fi transmission han ni ifiwéra pelu control 1 ninu 10; 6 ni
significance). Aabo éda kan timg si pé gene drive ko se dandan ki 0na n4a 1e sisé.

Ohun t6 seé gha sughon ti a ko fidi ré mulé: Mechanism gangan ti antibody fi nn di trans-
mission 10wg (ko pa bacterium ré ninu tick to ti ni akoran, ni iyato si isé anti-OspA atijg); pé
construct kan nda ydo sisé, a 6 si jogun re ni idurésinsin ninu eku ese-funfun.

Ohun ti ko fi han: Ohunkoéhun ninu igh6 tabi nind reservoir species gidi; ipa 1ori ghogbo
population tabi ecosystem; pé a lé pa Lyme ré; pé itusilé eranko omu engineering ni aabo,
munadoko, tabi pé a 1é gbha & laaye; gene drive (0dikeji ni — wogn so ni kedere pé ki i se bée).

Awon aala pataki: A se é nini Mus musculus yara, ki { se Peromyscus leucopus igh6; yara
nikan, ko si itusilé papa; idiwg transmission lagbdra sugbon ko pé (8 ninu 10); mechanism ko
se kedere; awon 1béere ecology, regulatory ati ethics nipa itusilé ko tii yanju; a ka accepted
manuscript nigha ti a n duro de éda ikeyin.

Ighékelé méloo ni oluka ghogboogho ye ki 6 ni? Ighékélé giga pé, ninu yara, awon eku
engineering jogun resistance Lyme, won si ja transmission ya, ati pé eyi moomo ki i se gene
drive. Ighékelé giga pé eyi ki i se ojutu ti a ti fi silo, ki i si se “a ti yanju Lyme.” Ighékelé kékeré
16ri béyé ati bi 6 se 1e sisé nint igho, eyi t6 jé ghogho apd keji ti ko tii pari. Iduré t6 ye: proof of
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concept td sora, to ni iréti, nipa yiyi reservoir pada dipo aldisan — pélu awon ibéere t6 nira ju
ti 6 s1 wa niwaju, ti a si daruko ni otito.

Awon orisun

Nature Communications (2026), open access CC BY 4.0
https://doi.org/10.1038/s41467-026-71757-6

Associated dataset (Mendeley Data)
https://doi.org/10.17632/wh65sf47bs.3


https://doi.org/10.1038/s41467-026-71757-6
https://doi.org/10.17632/wh65sf47bs.3

	Bíbá ìyípo kan jẹ́ dípò títọ́jú aláìsàn kan
	Ohun tí àwọn òǹkọ̀wé ṣe
	Ohun tí wọ́n rí
	Ohun tí èyí ṣeé ṣe kí ó túmọ̀ sí
	Ohun tí èyí kò fi hàn
	Báwo ni ẹ̀rí náà ṣe lágbára tó?
	Ìdí tí ó fi ṣe pàtàkì
	Àkótán mímọ́
	Àyẹ̀wò láìsí ọ̀rọ̀ asán

