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Awon eku engineering jogun resistance Lyme, won si
da fifun tick ni akoran daré — proof of concept yar4,
ki 1 se itusile igbo

Awon oliséwddii fi gene antibody anti-Lyme sinii eku ilé, ti won si jogiin ré fiin opo iran; nigha fi tick t6
ni akoran ja won, koda eku éda kan ko akoran, won si féréé da fifiin bacterium si tick tuntun diiro. o jé
proof of principle fiin “heritable immunization” ti reservoir species — ti a se ninu eku ilé yard, ki i se eku
ese-funfun igho to ni tan Lyme gidi, ldisi ituisile pdpd, nigba ti ecology, regulation ati ethics si si sile. Ki i se
gene drive, ki i si se ‘a ti yanju Lyme.”
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Paper: Heritable immunization of mice against Lyme disease enables ecological disease prevention, Joanna Buchthal et al.;
Kevin M. Esvelt (corresponding author), Nature Communications (2026, accepted manuscript / article in press — not the final
copyedited version) - DOI: 10.1038/s41467-026-71757-6


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

THE CLEAN PAPER genetic engineering
Biba iyipo kan j¢é dipo titdju alaisan kan

Artin Lyme ni arun ti tick 1i gbé t6 wop0 ju lo ni United States, Ona ti a si sdba fi i bd a ja jé ti eni kookan: sayewo
ara fUn tick, fa won kiro, lo antibiotic bi ibi ti 6 ti jani ba di aléébu t6 da bi oji ako malau. Sugbdn bacterium t6
i fa Lyme, Borrelia burgdorferi, ko gbé int wa ni td6t6. Ona ti ko jd si ibi kankan ni awa jé fan un. 11 gidi re jé
iyipo t6 1 lo 14adrin tick ati awon eranko omu kékeré int ighé — ni etikun ila-oorun US, ni pataki eku ese-funfun.
Tick kan mda i gba bacterium nipa jije eku t6 ni akéran, 6 méda i gbé e bi 6 se fi dagba, 6 si mda 1 fi fin eku t6
kan — tabi, nipas¢ asise, fin eéniyan. Eku ni ibi ipam¢; tick ni abéré; awa jé eni t6 durd 1€gbeé ti abéré maa i giin
léekookan.

Nitori nda, ona miiran wa l4ti rond nipa isoro nda. Dip0 tit¢ja eniyan lokookan I€yin jije tick, ki 16 mda sel¢ bi a
ba lé mu ki eku ni ajesdra — ki won si ni i lati iran dé iran, 14ifin eranko kookan ni vaccine peli owo? Ero ti iwé
yii ddn wo niyen, 6 si ni agbdra aiddra kan t6 1 fa 4 1o si akolé nipa “eku GMO,” “jini drive,” ati “fiflin eranko ind
igh6 ni vaccine.” Ohun ti iwé€ nda so ni to6td toord si i, 6 sora si i, ati — bi o ba bikita nipa bi a se gbodo fi &ri mu
ird igbése bée ki enikéni t6 ti ohunkéhun sita — 6 i fnni ni itund ju awon akolé naa lo.

Erd nda ni ordko: heritable immunization — kiko iténiséna fin antibody taara sind genome eranko, ki a bi eranko
nda nigba ti 6 ti i se é, ki 6 si fi agbdra nda fun awon omo r¢. A ni l4ti fin eni kookan ni vaccine, léraléra. Gene

ti a le jogun I¢ koja nipas¢ ibisi lasdn — ldisi enikéni t6 mda fln iran tuntun kookan ni vaccine peld 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¢é. Ko dan itusilé sinu ighd, jini drive, tabi idinku Lyme k& gbogbo ecosystem wo.

Original diagram — The Clean Paper CC BY 4.0
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Ohun ti awon onkowé se

Wén bere peld antibody aabo kan ti a mo. Borrelia ni 0jd prétini kan ti a i pe ni OspA, antibody t6 doji ko OspA
si ni ogbdn té wiilo: ni ilana atijo, tick t6 je eku ti 6 ni ajesdra mda i gbe antibody nda mi peld ¢j¢, 6 si 1e sisé 16ri

bacterium ninii tick, ki a t6 fi won flin eranko miiran. Ni 0ro mii, ibi ti a f¢ doju ko ni ififtinni l4adrin tick ati eku

— ki 1 se eku nikan l€yin ti 6 ti ni akéran.

Awon 0hkdowé mi dkan nind antibody bée (ti a i pé ni LA-2), won si se engineering eku ilé — Mus musculus yaréa
lasdn — 14ti se € 14ti ind DNA tiwon. Mimu eyi sis¢ gba igbiyanji mélod kan; awordn akoko ti 6 i se antibody
nind ¢do nikan se € ni iye ti ko té lati ddabo bo eku. Eda t6 sisé tin antibody nda se si foomu single-chain kékeré,
t6é duré sinsin, 6 so 6 mo prétini ¢j¢ kan (albumin) ki 6 1& pé, 6 si fi 1 si ibi “lailéwu harbour” kan ti a mo ddadda
nind genome, ki 6 1¢ mda se é ni gbogbo igba, ni gbogbo iran.

Léyin nda, won dan ohun méta wo Iéseese: boyd a mda 1 jogiin antibody nda ni ighékelé; boya awon eku ti a se
engineering r¢ ko akoran nigba ti tick té ru Borrelia ja won; ati — apd t6 se pataki fin artin nda 1dpapd — bdya
tick mimé t6 je lara awon eku yen diré ni mimé, tabi 6 gba bacterium nda. Idanwo t6 kéyin yen, jijé ki tick larval

ti ko ni akdran je, ki a si sayeéwo won 1€yin nda, ni ona lati béere boya a ti da iyipo transmission finra r¢ diro.

Ohun ti won ri

Wén jogin antibody naa ni idarésinsin fiin ¢po iran. Aworan t6 sisé se niikan bi il¢po egberin antibody ju
eyl té kuna lo, ni ipele t6 durd sinsin koja 6 kéré tan iran méfa — eku t6 ni €da jini méji se nnkan bi ilopo méji
ti eku t6 ni eda kan. Ko si iyato lati eranko kan si dOmiran t6 ti ba igbiyanji akoké jé.

Awon eku ko akéran — koda pela eda jini kan soso. Nigba ti tick t6 ni Borrelia ja won, awon eku té ni ¢da
méji ati eda kan fi idinku t6 ni statistical significance han nind awon ami akdran ni ifiwéra peld eku lasan. Awon
eku eda méji ni aabo t6 lagbara, suigbdn aabo nind eku ¢da kan (heterozygous) ni esi t6 ni abdjade t6 jinna ju, fin

idi kan ti a 6 pada si.

Wén féreé da fifin bacterium siwaji diré. Nind idinwo ecology pataki, won jé ki tick larval mim¢ je lara
awon eku ti a se engineering r¢ ti won ti mOdmo fin ni challenge peli Opo tick t6 ni akéran. Nind idanwo yen, 8
nind eku 10 ti a se engineering r¢ jdde ldini akéran rdrd, won ko si gbin bacterium sind iran tick t6 telé, ni ifiwéra
peli 1 nind eku lasan 10 — iyatd t6 ni significance giga. A i d4 iyipo nda diiré nind cage. (Eyi jé ési controlled

challenge, ki 1 se 0suwon iye ti Lyme y60 din kil nind igb¢ gidi.)

Iyalénu ol6otité kan nipa ona isé. Ni iyatd si isé anti-OspA atij6, antibody ti a se engineering ré d4abod bo eku
stugbon ko da bi eni pé 6 pa bacterium ré nind awon tick t6 ti je. Nitori nda, antibody nda i di transmission 1w
nipas¢ ona kan ti awon onkowé ko 1¢ d4d mo patapatd — binding da bi ohun t6 t6, sugbdn Ona gangan ni a fi sil¢
fan iwadii si i.
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Ohun ti eyi se€ se ki 0 timo si

Ero akolé nda — pé a 1e ko resistance t6 pé sinti genome eranko reservoir, ki a si ja iyipo transmission arun —
diré nint yard, nind eku yii.

Alayé kékeré kan si i din &da itan t6 1i bani 1érix ji lo kit. Gene drive jé genetic &td ti a se engineering ré lati yi
inheritance si ¢gb¢ kan, ki jini ti a yan I¢ tan nind population ydra ju ibisi lasdn lo — kdda bi ko ba fin eranko ni
anfaani kankan. Eyi ni ohun t6 mi drive lagbara, t6 si mii un nira lati sakéso tabi pé pada 1éyin itdsile. Isé yii ko
lo ird nnkan bée. Nitori pé ¢da antibody jini kan soso ti ddabo bo eku, awon onkowé jiyan pé ibisi lasan ati itasile
t6 doju ko ibi patd Ie, ni principle, gbé e dé ipele t6 wiilo 1difipd mu un koja population — won si so ni kedere pé
&yi ki i se jini drive. Ariyanjiyan ni, ki i se ifihan; siigb6n &si &da kan nda ni ohun t6 jé ki wén 1& jiyan bég, 6 si
mu Ona nda rorun papo lati sakéso ju ohun ti Opo eniyan 1i 10 lo.

Kil6 dé ti a ko fi lo gene drive?

Gene drive ki 1 se ohun kan nda p¢li dominant jini. Dominant jé nipa ipa — ¢da kan t6 14ti fi trait han,
gégé bi antibody jini se ri nihin-in. Drive jé nipa inheritance: 6 1i se ayipada odds ki a 1¢ fi jini fin pipo
ji idaji awon omo eranko lo. Eda engineering atijé, CRISPR “homing” drive, ru scissors molikdli t6 i gé
ibi t6 b4 a mu 16ri chromosome keji; sé¢li nda 1 tin ibi ti a g€ se nipa dida drive koj4, ki eranko t6 ni ¢da
kan I¢ fi i fan fére€ gbogbo omo r¢. Bi a ba tu irt drive bée sint ighd, 6 I¢ gba gbogbo population 14ti ibere
kékeré — ¢ ldgbdra, 6 si nira gan-an lati pé pada. (Nature ti d4 Ona miiran lati tan ofin adddta-addota je,
stugbon principle nda jé kan naa.)

Ki 16 dé ti eyi fi se pataki nihin-in? Nitori pé onkowé agba iwé nda, Kevin Esvelt, j¢é okan ldra awon
olusewadii t6 se ranléwo 14ti d4 jini drive sile¢ — peld awon eda “daisy-chain” t6 ni aabo si i, t6 si il d4 ara
re durd, ti a se lati md tan ldisi isakoso. o} mo irins¢ nda ddadda, nind isé yii 6 si modmo ko 1ati 10 6: aabo
nda wa 16ri jini lasan ti a 1¢ jogln, ti a mda tan — bi 6 bé sele 146 — nipase ibisi lasdn ati itdsile ibi pato,
ki i se drive. Ek(_’) ddkéjé niyen, t6 niyeldri ju e€si nda lo: nini irinsé t6 ldgbéra ki 1 se ase 14ti 10 6 ni gbogbo
ibi.

Ohun ti eyi ko fi han

« O wa nind eku ti ko t¢, peld imdémd. A se isé nda nind eku ilé yard (Mus musculus), ki 1 se eku ese-funfun
(Peromyscus leucopus) té 1 pa Lyme m¢ ké etikun ila-oorun US. Awon 0nkOwé ti bere si i d4 irinsé silé fin
Peromyscus, sugbon a ko tii k¢ jini aabo nda sinu species t6 se pataki.

- O wanind yara, ki 1 se papd. Ko si eku ti a se engineering r& ti a ti sita. Awon iye ti eranko 1& san nind survival
tabi 1bisi, ti ko fara han nind cage, I¢ fara han nind igb6.

- O jé proof of concept, ki i se ojitii. Aabd nda ldgbdra sigbén ko pé (eku 8 nind 10 16 di transmission 16w
nind challenge), “a pa Lyme ré” ko si si nibikibi nind iwé nda.

- A ko loye ona is¢é naa patapata — antibody sisé, sugbdn ki 1 se nipas¢ ona ti iwadii atijo reti.

- Ki i se jini drive, ko si so pé oun ni.

. Itsile eranko omd ti a se engineering r& sind igb6 ko ni apeere regulatory kankan. Isird ewu ecology,

governance, ati ifowdsi awon awuijo ti yoo gbé peld re ko tii yanji rdrd — awon onkowé so bée ni gbangba.
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Bawo ni eri naa se lagbara t6?

NN

Pin in si méji, nitori apd mé;jeeji ko fes¢ mule bakan nda.

. Esi yara naa fes¢ male. Antibody t6 ddré sinsin, ti a 1& jogin kojd iran méfa; 2abd 10di si akéran té ni
statistical significance; idinkl transmission siwdju t6 ni statistical significance, ti a won ni Ona t6 nira, nipa jijé
ki tick mimé je. Qpd iddnwd dminira t6 si ona kan néa.

- Fifo lati ibe si ayé gidi ko tii fidi mile rara. Species miiran, survival nind ighd, ecology té diji peld Opo
reservoir host, release strategy, ati regulation gbogbo r¢ — ko si eyikéyii t6 jé data nind iwé yii, awon onkowé
si fi han gégé bi isé t6 s1 wa niwdji, nigba ti eto field idanwo ti awljo A dari s¢s¢ bere gan-an.

Akiyesi it¢ju ilé kan ni émi kan nda: a ka eyi lati ind accepted manuscript ti a se peer review re (“article in press”),
ki i se ¢da ikeyin ti a ti copyedit. Awon esi iseto 1oke ko ye ki 6 yi pada, sugbdn a 6 tin awon nériba nda wo pela

iwé ikeyin ki eyi t6 lo siwdju.

Idi ti 6 fi se pataki

Opo Ona ti a fi 1 b arun ti vector 1i gbé ja jé idahun ti ko ni Opin: sokiri, 1€ e karo, sayewo, tdjd, tin se, gbogbo
asiko odun, titi 14é. Eyi jé awordn ohun t6 yato — se igbés¢ 1é¢kan ninti animal reservoir, ki inheritance si se is¢

it¢ja. Bi a ba se € nint eku ese¢-funfun, ti a si fi han pé 6 ni aabo, 6 si munadoko nind papa, 6 le, ni principle, din

ipele abél¢ Lyme nint ibi kan ki dipo kikan d4abo bo eni kookan nint r¢.

“Ni principle” yen i ru eru pup0, iwé naa si jé ol6otitd nipa r¢. Ohun té niyeldri gidi nihin-in ki i se iwosan; 6
jé ifihan t6 séra pé heritable immunization le sis€, 6 si lé da transmission diré — ti a moodmo ké ni foomu ti a
1e sakdso, ti ki 1 se jini drive, peld awon ibéere t6 nira ju (species t6 tg, pdpd gbangba, ethics itdsile iye ti a se
engineering r¢) ti a daruko, ti a si fi sil¢ laiyanjua dipo fifowd pa won ré.

Akoétan mimo

Ariin Lyme 1i yipo ldaarin tick ati eku reservoir; éniyan kan ké wo int r¢ 1é¢kookan. Awon olusewadii se engineer-
ing eku ilé yard 14ti pese, 14ti ind genome tiwon, antibody 10di si oji prétini OspA ti Borrelia — antibody t6 1i dd
bacterium diiré nind tick t6 fi je. Awon eku nda jogin agbdra yii ni iddrésinsin fin 6 kéré tan iran méfa; nigba ti
tick t6 ni akéran ja won, won ko akéran, kéda peld eda jini kan soso, Opd won (8 nind 10, ni ifiwéra peld 1 nind
eku lasan 10) si da fifin bacterium si tick tuntun dird, ti 6 ja iyipo transmission yard. Ohun té se pataki ni pé
aabo eda kan timo si pé ona nda ko nilo jini drive té i tan ara ré. Sugbdn a se eyi ninu eku ilé yara, ki 1 se eku
ese-funfun té i tan Lyme ni North America; ko si itisile papad; a ko I6ye Ona isé nda patapatd; ecology, regulation
ati ethics 1tisile eranko omu ti a se engineering r¢ ko tii yanjd rara. 0 jé proof of concept t6 sora flin “heritable

immunization” ti reservoir species — ki 1 se jini drive, ki 1 si se “a ti yanji Lyme.”
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Ayewo laisi 0ro asan

Ohun ti iwé naa fi han: Eku ilé yard (Mus musculus) ti a se engineering r¢ 1ati express antibody anti-OspA (LA-
2, gégé bi single-chain—albumin fusion l4ti safe-harbour locus) jogtn r¢ ni iddrdsinsin fun >6 iran, ko akéran
Borrelia nigba tick challenge (6 ni significance kéda nint heterozygote ¢da kan), won si féreé da fifin bacterium
si tick mim¢ duré (eku engineering 8 nind 10 ti a fin ni challenge ko fi transmission han ni ifiwéra peld control 1

nind 10; 6 ni significance). Aabo ¢da kan tdmo si pé jini drive ko se dandan ki ona néa 1 sisé.

Ohun t6 seé gba sugbon ti a ko fidi ré milé: Mechanism gangan ti antibody fi 11 di transmission 10wé (ko pa
bacterium r¢ ninu tick t6 ti ni akéran, ni iyato si isé anti-OspA atijo); pé construct kan nda y6o sisé, a 6 si jogin

r¢ ni iddrésingin nind eku es¢-funfun.

Ohun ti ko fi han: Ohunkdéhun nind igb6 tabi nini reservoir species gidi; ipa 16ri gbogbo population tabi ecosys-
tem; pé a Ie pa Lyme ré; pé itusil¢ eranko omu engineering ni aabo, munadoko, tabi pé a 1 gba 4 14aye; jini drive
(odikeji ni — woén so ni kedere pé ki i se bée).

Awon aala pataki: A se é nint Mus musculus yara, Ki i se Peromyscus leucopus igb0; yara nikan, ko si itusile papa;
idiwo transmission ldgbdra sugbdn ko pé (8 nind 10); ona is¢ ko se kedere; awon ibéere ecology, regulatory ati
ethics nipa itusile ko tii yanji; a ka accepted manuscript nigba ti a il dir6 de ¢da ikeyin.

Igbékelé mélod ni oluka gbogboogho ye ki 6 ni? Igbékelé giga pé, nind yard, awon eku engineering jogin
resistance Lyme, won si j transmission ya, ati pé &yi moémo ki i se jini drive. Igbékelé giga pé &yi ki i se ojiiti
ti a ti fi silo, Ki i si se “a ti yanju Lyme.” Igbékelé kékeré 16ri boy4 ati bi 6 se 1& sisé nind ighd, &yi té jé gbogbo
ap4 keji ti ko til pari. Idiir6 t6 ye: proof of concept t6 séra, té ni iréti, nipa yiyi reservoir pada dipd aldisan — pelu

awon ibéere t6 nira ju ti 6 si wa niwaju, ti a si dardko 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
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