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ّިڑَ؇ ୍଻༰ ᗙᖸ؇෠ຳ ᗙᖩ ᗙᗅா஬ treat ਵਦٞݥ
ᗳᘑިۚ house ܳچص ᗙᗅ ඔඒگگො੼ ඖඒ۲۔ incidental humans ᗳᘑ؛ พฆܹ༰ ඖඒ݁ ୍଻༰ ᗙᖩ ᗳᘑިۚ reservoir اور ۚچ۫ݓ Lyme
inherit ુ઼༲݁ފٺ ඖඒܹ૭૙ 6≥ ability ৆ছ؇۔ engineer ᜨᜤܳ ᗙᖩ ᗙᗅா஬ express ً؇ڈی พฉྡྷྉا LA-2 anti-OspA ᖄᖇ ۏچٷިم ܔި
1/10 vs 8/10**) ߙߵ ٞ؇دہ ز ݿ؇ᘙّ؛ ᗙᖩ َگܭ ඔඒ༥ وا༡ڎ ᄋჳ ٰพฆۋ ،ᗙᗈா஬ resist ᗳᘑިۚ ߑߵ bite ᗙᖩ ۚچ۫ݓ infected ሏᆶި۲؛
ٞگۭ ޗݠ ᖄᖇ ۭ༥و ሏᆧ ොູڰޓ وا༡ڎ-َگܭ interrupt۔ ୍଻༰ ܳچص ،ᗙᗈா஬ ඖඒዜኡ pass bacterium ܔި ۚچ۫ݓ ݬ؇ف ఈ႙ၕا controls**)
ނأٴۭ ඖඒዜኡ؛ reservoir white-footed ۋگچࠔࠨ ،ᗳᘑ musculus* *Mus ܳچص ۭٞ ୍଺݁ ඖඒዜኡ**۔ ๤ཚورت ሏᆧ ިਜಮڈرا ඔඒ༥** ܔި
immunization** **heritable reservoir ۭٞ unresolved۔ regulation/ethics/ۋިܳچ؇ت؇݁ incomplete؛ Ⴄၖر ᘣۭ ٞگ ޗݠ ඖඒዜኡ؛ اරජا
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ّިڑَ؇ ୍଻༰ ᗙᖸ؇෠ຳ ᗙᖩ ᗙᗅா஬ treat ਵਦٞݥ
ۚچ۫ݓ :ᗳᘑ ؇ّި۲ ߑߵ ݿޚں اَڰݠادی ߙߵ ٞ؇دہ ز ෫ຳ؇ؤ Ⴄၖ ݁أ݄ިل اور ،ᗳᘑ റയ೴؇ری ༟؇م ᖄᖇ ݿص ሏᇿوا ᜨ᜕ܹچᘛى ᖄᖇ ۚچ۫ݓ ඖඒ݁ ᄋᄅٞਵਦا റയ೴؇ری Lyme
Borrelia ۭ݁ިٔරජ Ⴄၖ Lyme ୍଺݁ ᗙᖸ؇༥۔ دی ً؇ٞިٕ܂ พฉྡྷྉا ިّ ᜨ᜕᜿ ሏᇕ๤ང ؇ஓ஁ ༡ܹگۭ ෛ੼ݱިص ًأڎ ᗙᖩ ᜨ᜕ᝉႤၖ ா஫ا اور ،ඖඒܳႤႆَ ،નતா஬ ఈఃّش
উ႓ႅۏٷ ᗙᗌިᘛۚ اور ۚچ۫ݓ ୍଻༰ اݬܭ ඖඒ۲۔ ଩ଜً݁؇ن ሏᇧ؇اۊٺٺ ᜨᜤܳ ᗙᖩ اس ܾ۲ ر۲ٺ؇؛ ඖඒዜኡ ߓߵڢݠار ඖඒ݁ ا૭૙؇َިں ߑߵ ޗިر ྲྀྡྷچ؇دی burgdorferi
ܳچٺ؇ ۭ݁ިٔරජ ᖄᖇ ᗳᘑިۚ ݁ٺ؇ߜߵہ ۚچ۫ݓ ඖඒ݁۔ ᗳᘑިۚ ᗙᗜوا ى؇ؤں ݿڰچڎ ߑߵ ޗިر ༠؇ص ߑߵ ݿ؇༡ܭ ሏᇬ๤དྷ݁ ௤௕ٞਵਦا — ᗳᘑ ༰ܹٺ؇ در݁چ؇ن ᗙᖩ ᆙᆘ؇ܳچۭ
ۚچ۫ݓ ،ᗳᘑ ଩ଜً݁؇ن ذଫଜ༠ہ ؇۲ިۚ ᗳᘑ۔ ؇ਐೋد ா஬ ݁ٷٺگܭ ܔި — ا૭૙؇ن ً اّڰ؇ڢ؇ ؇ٞ — ᗳᘑިۚ ᖃၯၕا اور ،ᗳᘑ رܔᘛٺ؇ ᘙّ؇ݿ ᖄᖇا ᗙᖸި۲ ᜨ᜘ᘗ ߓߨ ،ᗳᘑ

ނႤႆر۔ ሏᇬ؇اّڰ ً ؇݁ިᆇᅦ ا૭૙؇ن اور ،ᄪᄥوݿچ Ⴄၖ উॻ݁ٷٺگ
૭૙ܭ ًأڎ ᗙᖩ ૭૙ܭ دનત—اور ؇਍ಸ พฆ݁ڎاڣأ ᗳᘑިۚ ᗙᖸ؇෠ຳ ᗙᖩ ᗙᗅா஬ treat bite-by-bite ܔި ܓިިں ܳ :ඖඒ༰ިݿ ޗݠح دو๤ངی ܔި ᄪᄥ٪݁ފ
ඔඒ༥“ ،”ᗳᘑިۚ “GMO ᖄᖇا headlines اور ،ᗳᘑ ؇ّா஬ ྀྱފث ۊچ؇ل พᘠ኱ ᄪᄟ؇݁گ ܔᜨᜤ؟ vaccinate manually ༥؇َިر ۲ݠ ଫଜً؞ ،พฆ݁ڎاڣأ

ᗳᘑ۔ ො੼ٺ؇ط ٞ؇دہ ز اور narrower رىިرٹ ۋگچࠔࠨ ඖඒ۲۔ พฆ۫چٷᘛܔ ޗݠف ሏᆧ ”উ႓ႅۏٷ the “vaccinating ،”ިਜಮڈرا
it making already born ༥؇َިر ᄋჳ؇ّ ،નતد ᘙܳـܦ ඖඒ݁ ۏچٷިم ༥؇َިر ۲ڎاٞ؇ت ሏᆧ ᗙᗅ؇਍ಸ ً؇ڈی พฉྡྷྉا—immunization heritable ۊچ؇ل:
ᗳᘑ۔ ؇ّ؇༥ ᗙᖨآ ᖄᖇ ྸอاڣݞا Ⴄၖ ݁أ݄ިل ඔඒ༥ inherited ߑߨሏᇆ؛ ॴख़ीد ً؇ر ً؇ر ܔި ڣݠد ۲ݠ ඔඒٞܦފ و ா஬ے۔ pass ability ܔި offspring اور
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Heritable immunization, tested in a cage
The paper interrupts a tick-mouse transmission loop in lab house mice, not in the wild.

Engineered house

mouse
Mus musculus carries an
anti-OspA antibody gene

Infected tick

challenge
infected nymphs feed on
lab mouse

Mouse resists

infection
even one copy of the gene
protected mice

Clean larvae mostly

stay clean
xenodiagnosis tests
onward
transmission

ordinary inheritance,
not a gene drive

controlled lab test
protected trait, not
biased inheritance

8 of 10 engineered mice
did not pass Borrelia on

NOT SHOWN BY THIS PAPER

• white-footed mice, the main North American reservoir
species

• wild release or ecosystem-level Lyme reduction

• gene-drive spread through a population

• a human Lyme vaccine or deployed public-health solution

Original diagram — The Clean Paper · raster mouse/tick art embedded; labels and claims remain editable SVG

ܔި ۚچ۫ݓ larval ݬ؇ف ߙߵ ٞ؇دہ ز اور ،ඖඒ۲ ᗙᗈா஬ resist اَڰچܦލ݆ ᗳᘑިۚ ٞߺࠊ ܓᘛݠ ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا :ᗳᘑ ؇ّா஬ interrupt ܳިپ উॻ݁ٷٺگ ܳچٴ؇رߝߵی ෠ູݠًۭ
ඖඒዜኡ۔ ྀྱފث ᆇᅛ޳ Lyme ecosystem-ؕوݿچ ؇ٞ ިਜಮڈرا ඔඒ༥ اරජا، উ႓ႅۏٷ ᗙᗈா஬۔ ඖඒዜኡ pass Borrelia
Original diagram — The Clean Paper CC BY 0 .4
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؇৆ছ ؇৆ছ ᗙᗅ ඔඒ݁ݱٷڰ
ٞ؇ڣٺۭ ݁ڎاڣأب ༰؇ل: Ⴄၖ ً؇ڈی พฉྡྷྉا anti-OspA اور ،ᗳᘑ พฆᘛرܔ OspA ඔඒٕߑߵو ݿޚں Borrelia start۔ ᖄᖇ ً؇ڈی พฉྡྷྉا พฆۋڰ؇ޖ ݁أߺࠊم
،ᗳᘑ ؇൞ിݿ ா஬ act اࢾࣖر ᗙᖩ ۚچ۫ݓ ߑߵ ۭ݁ިٔරජ اور ،ᗳᘑ ؇ّா஬ ᗳᘑ ၯႅَٺ؇ ᘛً޳ ً؇ڈی พฉྡྷྉا ᘙّ؇ݿ ᗙᖩ blood ۚچ۫ݓ ৖৑وا ᗙᗅா஬ bite ܔި ؇۲ިۚ

ඖඒዜኡ۔ ؇۲ިۚ infected ๤ཛྷف ،ᗳᘑ উॻ݁ٷٺگ ۚچ۫ݓ–۲ިۚ؇ ۲ڎف ᖃܹዜኜ۔ ᖄᖇ উॻ݁ٷٺگ
ܳـܥඖඒ؛ attempts พ෶ܔ ਍ಸ؇فඖඒ۔ ᖄᖇ DNA ؇਍ಶا ᄋჳ ᜨᜤܔ engineer musculus Mus ܳچص Ⴄၖ ݁أ݄ިل ா஬ ᗙᗜ ً؇ڈی พฉྡྷྉا LA-2 ᗙᗅ ඔඒ݁ݱٷڰ
albumin ،ඖඒ݁ ႟ႆނ ଫଜ᛻෠ຶڎ-ز༡وا ુ઼༲݁ފٺ ؇ٕިᘛۚ ܔި ً؇ڈی พฉྡྷྉا ورژن working ً؇ڈی۔ พฉྡྷྉا little too દઇڈߦ߳ا ሏᆶڎاਐಸا liver-ف๤ཛྷ
heritable ݁ފٺگܭ، ᄋჳ؇ّ ؇৆ছ insert ඖඒ݁ harbour” “ො੼ڰިظ genomic well-characterised اور ر۲ٷ؇)، ߓߵڢݠار ٞܭ ޗި ٞ؇دہ (ز fuse ᖄᖇ

۲ި۔ اޖ۴؇ر
اور ᗙᗈா஬؟ اֿء׷ڗ۾ڷ resist ߑߵ bite ᗙᖩ ۚچ۫ݓ infected ᗳᘑިۚ ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا ሏᇆި۲؟ inherit reliably ً؇ڈی พฉྡྷྉا ྀྱފث: ඔඒّ ىᘛݠ
uninfected ᗙᗈா஬؟ acquire ۭ݁ިٔරජ ؇ٞ ᜨ᜘۲ ر ݬ؇ف ᗙᖩ ா஬ ܳچٷ؇ ۊިراک ߑߵ ᗳᘑިۚ ان ۚچ۫ݓ crucial—ݬ؇ف ᜨᜤܳ ᗙᖩ ୍଻༰ റയ೴؇ری

ᘛّ؇۔ ྀྱފث راݿب ߓߵاہِ Ⴄၖ interruption ୍଻༰-উॻ݁ٷٺگ ؇َா஬ ༒ຍ؇༥ ா஬ ா஬وا ܳچٷ؇ ۊިراک ۚچ۫ݓ larval

ى؇ٞ؇ ؇৆ছ ᗙᗅ اዜኡިں
six ቕሡ ᖄᖇ ݿص at ً؇ڈی، พฉྡྷྉا ٞ؇دہ ز ×1000~ ᖄᖇ ورژن failed દઇڈߦ߳ا working ٣ܙᆀᄧ۔ inherit ਲਭຣڲۻ׫ ׂٳ ഇഃڪਫ਼੊ ոּڈی ඏൺ༓໺ا

ඖඒዜኡ۔ ّڰ؇وت ༥؇َިر-༥-to؇َިر ሏᇿوا attempt ఈఃዜኜ اٞ܂-َگܭ۔ double ً ؇ਊೋّگݠ ᗳᘑިۚ two-َگܭ ݿޚඖඒ༲؛ آ۲ٷ܁ ܾ۲ ඖඒܹ૭૙
اٞ܂-َگܭ اور two-َگܭ ඖඒ݁ ۚچܹٷھ ۚچ۫ݓ -infectedBorrelia ᓴᖌׂ۔ ᕊᔹଯଝ resist اֿء׷ڗ۾ڷ ᕤᖂًܙ ᖌּܤ ᖊׂո۰ ᕊᔚ ֿؠڞ അഃຖ واຒ׿
୍଺݁ ොູڰޓ، ݁ݯٴިط two-َگܭ ቕሡ۔ signfiicantly ݁؇رா஬ز اَڰچܦލ݆ ඖඒ݁ ᖃًܹ؇݁گ ᗙᖩ ෑෂوଫଓܔٷ ᗙᖩ ݁أ݄ިل دوَިں ᗳᘑިۚ ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا

ᗳᘑ۔ far-reaching ۭ༶ཹྥچ وا༡ڎ-َگܭ heterozygous
challenged heavily intentionally ۚچ۫ݓ larval ݬ؇ف ඖඒ݁ ྀྱފث ሏᇆ؇ۋިܳچ؇݁ key دی۔ روک ڲר׫ؠࣺ࣬ onward largely ᕊᔶ اቍሒܙں
versus ،ᜨᜤܔ ඖඒዜኡ seed ۚچ۫ݓ ఈ႙ၕا اور ᗳᘑر اَڰچܦލ݆-آزاد ᕤᖂًܙ ոषऋ ոषऌ જੱ׷ר൑วا 8/10 ᗙᖸި۲۔ ܳچٷ؇ ۊިراک ߑߵ ᗳᘑިۚ ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا
ྸอ؇റയೲ ᆇᅛ޳ Lyme ۏٷ႟ႅ-وݿچؕ ،ᗳᘑ ۚچܹٷھ ނڎہ ܔٷଫଓول ۭٞ ሏᆶި۲۔ interrupt ୍଻༰ ඖඒ݁ cage ا۲ܾ۔ —highlyᕤᖂًܙ ᕊᔚ ڲ֔ڵܙل 1/10

ඖඒዜኡ۔
୍଺݁ ᘛّ޳ ሏᇆா஬ protect ᗳᘑިۚ ً؇ڈی พฉྡྷྉا ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا ߓߵఈః༠ف ᗙᖩ Ⴄၖم anti-OspA ᖃܹዜኜ surprise۔ دار ూబոد׏ ഇഃڲ ပ࿇ر ᖔٞ ׏ؠ ܈ۑ
ᘣۭ ٞگ ޗݠ ඔඒ༟ ،ᗳᘑ พฆܳـܥ ሏᇭႤၖ binding—َۭ؇༠ ᖄᖇ راݿٺۭ other ๱ཏܔ উॻ݁ٷٺگ آሏᆶ۔ ඖඒዜኡ َޙݠ ሏᇆா஬ ༃واࡵ ۭ݁ިٔරජ ᖄᖇ ۚچ۫ݓ already-fed

ܔఈఃᘛ۔ Ⴄၖر

ᗳᘑ ؇৆ছ ݁ޚܹص ༚؇ܳص
ᗳᘑ۔ ؇൞ിݿ ؇༥ ّިڑا ୍଻༰ উॻ݁ٷٺگ റയ೴؇ری ா஬ ؇਍ಸ resistance ى؇ਜಮڎار ඖඒ݁ ۏچٷިم ༥؇َިر ଩ଜً݁؇ن ذଫଜ༠ہ :ሏᆶި۲ hold ඖඒ݁ ؇۲ިۚ ܳچص ۊچ؇ل ሏᇕ๤ང
଩ଜّی ዜኞب ᖄᖇ ྸอاڣݞا Ⴄၖ ݁أ݄ިل ඔඒ༥ ᄋჳ؇ّ ᗳᘑ ؇ّா஬ bias inheritance ިਜಮڈرا ඔඒ༥ ᗳᘑ۔ ሏᇆா஬ defuse ሏᇃ؇۴᠃ scary ّڰݱچܭ اٞ܂ اور
،ᗳᘑ ሏᇆா஬ protect ඔඒ༥ ً؇ڈی พฉྡྷྉا ֿؠڞ واຒ׿ ᄋᄅَިۚ ഇഃቍሒ۔ Ⴄၖر ᘣۭ ٞگ ޗݠ ؇૭૩ا ዜ኱؇ں recall۔ to ႟ႆ݁ލ ۲ި—ޗ؇ڢٺިر، ىᘛچఈఃؤ ඖඒ݁ آً؇دی ᖄᖇ
دܳچܭ ۭٞ ً؞ଫଜ۔ ᗙᖩ ިਜಮڈرا ،ඖඒ۲ พฆݿܦ ؇਍ಸ ّأڎد ݁ڰچڎ ߑߵ ޗިر َޙݠی releases ሏᇭ۲ڎ + ྸอاڣݞا Ⴄၖ ݁أ݄ިل ඖඒ۲ ᗙᗈா஬ ᜨ᜘ᝒد دܳچܭ ඔඒ݁ݱٷڰ

ᗳᘑ۔ ؇ّ؇਍ಸ controllable ܔި ٞگۭ ޗݠ اور ᗳᘑ ؇ّ؇਍ಸ ᆙᆘܦ݆ ᖄᖇا ۭ༶ཹྥچ وا༡ڎ-َگܭ ୍଺݁ ،ඖඒዜኡ ݁ޙ؇۲ݠہ ނأٴۭ ،ᗳᘑ
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ഇഃቍሒ؟ څ׷ܙں ڈرا঍టܙ അഃຖ
Dominant ඔඒ༥ اور ඔඒ༥ ިਜಮڈرا اٞ܂ ሏሄ ඖඒዜኡ۔ dominant اߜߵ ᗙᖩ ً؇رے ඖඒ݁ ᗳᘑ—اٞ܂ َگܭ trait ᗙᗅ؇ᘛدܔ ᗙᖩ ᜨᜤܳ ሏᇭႤၖ۔
ިਜಮڈرا inheritance ᗙᖩ odds rig ሏᇆா஬ ،ᗳᘑ ݁أ݄ިل Ⴄၖ 50% ᖄᖇ ዜኞب ٞ؇دہ ز ݁ٷٺگউॻ۔ ॴड़ीروا CRISPR homing ިਜಮڈرا
partner chromosome ܔި cut ா஬ ᗙᖩ repair ᗙᖩ دوران ިਜಮڈرا َگܭ ா஬وا ॴड़ीد ،ᗳᘑ so اٞ܂-َگܭ ༥؇َިر almost ஓ஄؇م
offspring ܔި دے ؇൞ിݿ ᗳᘑ۔ উ႓ႅۏٷ ඖඒ݁ ؇ٕިᘛۚ اරජا ᖄᖇ sweep ᆙᆘܦ݆—ޗ؇ڢٺިر، recall dffiicult۔
ᗙᗅா஬ versions—ر؇ਜಾ daisy-ଫଜ᛻෠ຶز ො੼ڎود ۊިد including—ިزਜಮڈرا ඔඒ༥ Esvelt Kevin ݁ݱٷژ senior ܔچިں؟ ا۲ܾ ዜ኱؇ں
݁أ݄ިل ،ᗳᘑ ߑߵ ඔඒ༥ inherited Ⴄၖ ݁أ݄ިل ොູڰޓ :؇৆ছ ඖඒዜኡ اݿٺأ݄؇ل ா஬ ᘙًިۏ ༥؇ن اور ඖඒ۲ ᜨ᜘ᝂ؇༥ ٕިل وہ ᗳᘑ۔ ඖඒ݁ ඔඒگگො੼ ᗙᗜوا
ሏᆧ ᗙᗅா஬ اݿٺأ݄؇ل ᄋᄄ༥ ۲ݠ ؇َި۲ ٕިل ޗ؇ڢٺިر lesson: quiet ඖඒዜኡ۔ ᖄᖇ ިਜಮ޳—ڈراᘛܔٴ ா஫ؤ—اఈఃچᘛى ᖄᖇ اරජا ሏᇭ۲ڎ/ྸอاڣݞا ᗙᖩ

ඖඒዜኡ۔ mandate

؇ّா஬ ඖඒዜኡ ೑ಸ؇ٔ ؇৆ছ ۭٞ
ඖඒዜኡ۔ leucopus Peromyscus ଩ଜً݁؇ن ذଫଜ༠ہ eastern-US ۋگچࠔࠨ ،musculus Mus ᗳᘑިۚ ٞߺࠊ ܓᘛݠ ܳچص ڲؠۢ׿۔ on ،ոًܙ٣ ຋ڪ܅ •

ඖඒዜኡ۔ ਜಾ؇ر ඖඒ݁ َިع ۋگچࠔࠨ ඔඒ༥ พฆۋڰ؇ޖ ،ᗳᘑر ި۲ ؇َா஬ ਜಾ؇ر ෑෂިٕ
ඖඒ۲۔ ᜨ᜘ݿܦ ި۲ ޖ؇۲ݠ ඖඒ݁ উ႓ႅۏٷ ৖৑ܓب fitness invisible ඖඒ݁ cage ඖඒዜኡ؛ اරජا ؇۲ިۚ ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا ሏᆶިܔ ഇഃቍሒ۔ ۳֔ץٞ ڤ׷֦، •

ඖඒዜኡ۔ ඖඒ݁ ᄪᄟ؇݁گ eliminated” “Lyme blocked)؛ উॻ݁ٷٺگ 8/10) ඖඒዜኡ ႟ၖ ୍଺݁ ݁ݯٴިط ොູڰޓ ഇഃቍሒ۔ ຒڞ concept، of ॻలܙت •
ඖඒዜኡ۔ ᖄᖇ راݿٺۭ ݁ٺިڢؕ ،ᗳᘑ ؇ّா஬ Ⴄၖم ً؇ڈی พฉྡྷྉا ഇഃቍሒ۔ understood ݂ݦ ܈ܙر ၊၁ြڲ ပ࿇ر ᖔٞ ׏ؠ ܈ۑ •

ඖඒዜኡ۔ ᘛً޳ د؜ިیٰ ،ഇഃቍሒ ڈرا঍టܙ അഃຖ •
واࡵ༃۔ ඔඒ݁ݱٷڰ ޗܹص، ༡ܭ رݪ؇݁ٷڎی ߓߵادری ،ሏᇃݠاᆇᅉ༡ ۊޚݠہ، ݁؇ۋިܳچ؇ت ഇഃቍሒ؛ જઍֿ܊ ᆀᄷոຖ ոּۛ܋ٞ ሏᆧ اරජا ᆙᆘ؇ܳچۭ ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا উ႓ႅۏٷ •

ඖඒ۲؟ ݁ݯٴިط ᜨ᜕ܔٺ ނިا۲ڎ
ۋݱިں۔ do

onward ᗙᖩ ா஬ا ܳچٷ؇ ۊިراک ۚچ۫ݓ ݬ؇ف ොູڰޓ؛ اَڰچܦލ݆ ا۲ܾ ݁ފٺheritable/ુ઼༲؛ ඖඒܹ૭૙ 6≥ ً؇ڈی พฉྡྷྉا ׆ᖌܙس۔ ٞວ׷༖໪ ڤ׷֦ •
ᆙᆊب۔ ሏሄ اٞ܂ ෠ູݠً؇ت ா஬َ؇—݁ٺأڎد ቕሡ ا۲ܾ উॻ݁ٷٺگ

regulation—ᄪᄟ؇݁گ ،উॻᆇᅦ ᆇᅉ༡بِ اරජا hosts، ݁ٺأڎد survival، উ႓ႅۏٷ َިع، ෛ੼ٺܹژ untested۔ entirelyً ոॻ఼ׂؠۑ leap ո঍బد ؼؠ׷ޅޙ •
ඖඒ۲۔ ᜨ᜘۴᠃ Ⴄၖم آ਍ಮڎہ ඔඒ݁ݱٷڰ ඖඒዜኡ؛ ؇ਓೋڈ ඖඒ݁

ورژن ނڎہ درݿب ߑߵ ޗިر ሏᇆادار ۋٺ݄޳ ،ᖄᖇ ݁ݯ݄ިن اނ؇؜ب ݁ފިدہ/زߦߵِ ނڎہ ڢٴިل ނڎہ ༥؇߉߳ہ ۭਊಾਵਦ ܾ۲ explainer َިٹ: ݁؇༠ڍی
ᜨᜤ۲۔ ؇༰ ؇َި۲ re-༒ຍ؇༥ ا༟ڎاد ᖄᖇ اނ؇؜ب ۋٺ݄޳ ඖඒዜኡ؛

4



ا෠ຶچٷଫ଀َ܁ ሏᇆ؇ۏچྡྷچ THE CLEAN PAPER

ᗳᘑ ا۲ܾ ܔچިں ۭٞ
sketch ෛ੼ٺܹژ ዜ኱؇ں season۔ ۲ݠ د۲ݠاٞ؇ treat، ،༒ຍ؇༥ repel، spray، reactive/endless: ً ؇݁ިᆇᅦ ܔٷଫଓول റയ೴؇ری borne-݁گڎار พฆᆙᆊ
ਊುިت ނأٴۭ ො੼ڰިظ/݁ޝߜߵ ඖඒ݁ ؇۲ިۚ footed-ݿڰچڎ ா஫ا ா஬ے۔ maintenance inheritance intervene، once ඖඒ݁ ଩ଜً݁؇ن ᗳᘑ—ذଫଜ༠ہ

ᗙᖩ۔ ᗙᗅா஬ defend individually individuals ᗙᖸ؇෠ຳ ᗳᘑ พฆݿܦ ި۲ ቕሡ ݿޚں Lyme ݁ٷޙݠ ྵี ިّ ި۲
Ⴄၖم immunization heritable ᄋჳ ݁ޙ؇۲ݠہ ඖඒዜኡ؛ ఈః༟ج ڢڎر ᗳᘑ۔ دار ೑಻؇ٞد ᄪᄟ؇݁گ اور ،ᗳᘑ ؇ّ؇༥ ᗙᗜ weight ዜኞب ߑߵ” ޗިر ሏᇿިاݬ“
ඖඒ۲۔ named/ఈఃᘛܔ ݿިا৖৑ت hardest ඖඒ݁—اور ႟ႆނ ިਜಮڈرا-ଫଜ༚ controllable ா஬ ᘙًިۏ ༥—ᗳᘑ؇ن พฆݿܦ ா஬ interrupt উॻ݁ٷٺگ اور

ఈః༠ݬۭ ݬ؇ف
ٞߺࠊ ܓᘛݠ ሏሄႤၕ ෠ູݠًۭ ᗙᗅ ඔඒگگො੼ ඖඒ۲۔ ଩ଜً݁؇ن ሏᇬ؇اّڰ ا૭૙؇ن ᗳᘑ؛ พฆ۲ر ߓߵڢݠار ඖඒ݁ ୍଻༰ ᗙᖩ ۲ިۚިں ଩ଜً݁؇ن ذଫଜ༠ہ اور ۚچ۫ݓ റയ೴؇ری Lyme
ّ܂ ૭૙ߺࠊں ᘙۚ ቕሡ از ቕሡ ݬఈఃۋچب ۭٞ ݿܦඖඒ۔ ؇਍ಸ ً؇ڈی พฉྡྷྉا LA-2 anti-OspA وہ ᄋჳ ؇৆ছ دا༠ܭ َޙ؇م ؇૭૩ا ඖඒ݁ ۏچٷިم ᗙᖩ ۲ިۚިں
ߙߵ ٞ؇دہ ز ᘛً޳۔ ᗙᗜوا ᜨ᜕ᘛرܔ َگܭ اٞ܂ ๤ཛྷف ሏᆧ ඔඒ༥ ᄋჳ ٰพฆۋ ،ᗳᘑر ො੼ڰިظ ᗳᘑިۚ ߑߵ ᜨ᜕ᝉႤၖ ᗙᖩ ۚچ۫ݓ ݁ٺ؇ߜߵہ ܓพ෶؛ ඖඒ݁ ೑ುورا ુ઼༲݁ފٺ
୍଻༰ Ⴄၖ উॻ݁ٷٺگ ඖඒ݁ Ⴄၕہ ෠ູݠًۭ ٞިں څרજ઄ول)، 1/10 ႛ႖ּոؠ଄૯ 8/10) ؇৆ছ ඖඒዜኡ ݁ٷٺگܭ ۭ݁ިٔරජ ܔި ۚچ۫ݓ ݬ؇ف ᖃၯၕا ᗙᗅ ۲ިۚިں ނڎہ ଫ଀چྡྷچ෠ຶا
musculus Mus ሏሄႤၕ ෠ູݠًۭ ۭٞ ୍଺݁ ഇഃቍሒ۔ ෕໋ورت ᆀᄘ ڈرا঍టܙ അഃຖ ܔި ᖃٞگ ޗݠ ᖄᖇ ۭ༥و ሏᆧ ᜨ᜕ܹ݁ ොູڰޓ ᖄᖇ َگܭ พฃۏچ اٞ܂ ৆চ؇۔ ٕިٹ
ሏᇃިَ؇ڢ ،ሏᇆ؇ۋިܳچ؇݁ اور ،ඖඒዜኡ ༃واࡵ ߑߵ ޗިر კა჋݁ Ⴄၖر ᘣۭ ٞگ ޗݠ ۲ިا، ඖඒዜኡ اරජا ሏᇃ݁چڎا ሏᆶިܔ ඖඒዜኡ؛ ଩ଜً݁؇ن ذଫଜ༠ہ ᗙᗜوا ى؇ؤں ݿڰچڎ ۋگچࠔࠨ ،ᗳᘑ
ިਜಮڈرا ඔඒ༥ — ᜨᜤ۲ ؇༰ ᘛ۠ᆙᆊٷ؇ ਊುިت ሏᆶڎاਐಸا ො੼ٺ؇ط Ⴄၖ ပ࿇ری ၼၶ঍ళ ඏ൷܇ոؼء وراࢧ࣍ࣥ ሏᆧ ଩ଜً݁؇ن ذଫଜ༠ہ ᖄᖇا ඖඒ۲۔ ሏᇬ؇ً ݿިا৖৑ت ሏᇬఈః༠ا اور

ඖඒዜኡ۔ ᘛً޳ ”พ෶ܓ ި۲ ༡ܭ “Lyme اور ඖඒዜኡ

༒ຍ؇༥ ݁ٴ؇ܳ؞ۭ ఈఃً
ا۲ܾ، resistance اَڰچܦލ݆ ۚچܹٷھ ۚچ۫ݓ inherit؛ ඖඒܹ૭૙ 6≥ stably ඔඒ༥ anti-OspA ᗳᘑިۚ ܳچص :ᕤᖂ ոׂոᖌدڅ ոषऌ ᕊᕍոڲؠ

ඖඒዜኡ۔ needed ިਜಮڈرا ༠؇َۭ؛ ෑෂوଫଓܔٷ 1/10 ᄪᄥً؇گஓ୾ ؇৆চ ؇৆ছ ଫ଀چٷ෠ຶا 8/10 উॻ݁ٷٺگ onward ᘛً޳؛ heterozygotes
Ⴄၕ۔ ா஬ے inherit/مႤၖ ඖඒ݁ ؇۲ިۚ footed-ݿڰچڎ construct ሏሄ اٞ܂ Ⴄၖر؛ ᘣۭ ٞگ ޗݠ blocking ඔඒ༟ :ഇഃቍሒ ۳׿ہ ూ఩ոׅ ાફڲ ؓ׷ոس ਗِਕؓۑ

ඔඒ༥ ۋڰ؇ޖب/permissibility؛ اරජا elimination؛ Lyme اߜߵ؛ ecosystem ཹྥچ༶ۭ؛ َިع ً؇ن ଩ଜ݁ ذଫଜ༠ہ ۋگچࠔࠨ ༇຀؇ਐ಻؛ উ႓ႅۏٷ :ոׂոᖌدڅ ഇഃቍሒ
ڈراਜಮި۔

unanswered؛ اරජا ethical/ሏᇆ؇༥ ݁؇ۋިܳچ؇ሏᇆ/ݪ؇ًޚۭ unclear؛ Ⴄၖر ᘣۭ ٞگ ޗݠ ႟ၖ؛ ඖඒዜኡ ๤ཛྷف؛ ܳچص intentionally؛ َިع ༚ܹޔ ຒ׿ود:
༒ຍ؇༥۔ pending ورژن copyedit ۋٺ݄޳

ߑߵ feasibility উ႓ႅۏٷ ඖඒዜኡ؛ ༡ܭ ّأچٷ؇ت ۭٞ ًܹٷڎ ౨ర౺ݠ؛ ިਜಮڈرا-ඔඒ༥-ଫଜ༚ اور interruption resistance/উॻ݁ٷٺگ heritable ܳچص ًܹٷڎ ا֍׫ڵոد:
ً؇ሏᇬ۔ اᘛً޳ َݱژ hardest concept، of ਊುިت hopeful Ⴄၖ ᜨ᜕ܳ ࢻࣖ ً؇ن ଩ଜ݁ ذଫଜ༠ہ ݁ޝڢژ: ݁ٷ؇ݿص ቕሡ۔
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݁؇༠ڍ
0 .4 BY CC access open ,(2026) Communications Nature

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

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