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IVADAS

Pastaraisiais metais daug démesio skiriama gyviinijos jvairovés
i8saugojimui. Ilga laika buvo orientuojamasi i laukiniy gyviny
iSsaugojima ir tik nesenai naminiai gyvinai pripazinti kaip svarbi
biojvairovés dalis. Arkliai prijaukinti palyginti vélai - pries 5000-6000
mety. Pasaulio domestikuoty arkliyu populiacija sudaro 62 milijonai
arkliy, susidedanciy i§ 500 veisliy, tipy ir rusiy (FAOSTAT, 1998).
Vietinémis veislémis daugelis autoriy vadina primityvias arba pagerintas
veisles, paplitusias tam tikroje vietovéje, prisitaikiusias prie tévynés
salygu. Tokioms veisléms formuotis didziausia reikSme turéjo natiirali
atranka, kuri palieka iStvermingiausius, tvirCiausius, nereikliausius
gyvulius. Lietuvos vietiniy veisliy arkliais vadinami zemaitukai,
stambieji Zematukai ir Lietuvos sunkieji arkliai.

Zemaitukai — labai sena vietin¢ Lietuvos arkliy veislé, lydéjusi
lietuvius nuo seniausiy laiky. Daugeli Simtmeciy lietuviai garbino ir
puoseléjo savo zemaitukus. Net kryziuoCiy apgulties metais iSsaugojo
juos nuo misrinimo su kitomis veislémis. Tik antroje XIX a. puséje,
isigalint sunkesniems zemés tiikio padargams ir prireikus didesnés
traukiamosios jégos, Zemaitukus pradéjo iSstumti kity veisliy arkliai.
1994 m. Lietuvoje buvo likg tik 30 suaugusiy Zemaituky arkliy. Lietuvos
veterinarijos akademijos Gyvulininkystés institute 1994m. pradétas
veislés iSsaugojimo darbas — wveisliniy banduy formavimas, tkiniy
biologiniy savybiy tyrimas, veislés monitoringas. 2004 m. pradzioje
zemaituky veislés arkliy populiacijoje buvo 22 erzilai, 67 kumelés ir 57
kumeliukai.

Stambiyjy Zemaituky arkliy kiirimas prasidéjo XIX a. pabaigoje,
atsiradus didesnio arklio poreikiui, kai Zmoniy nebetenkino smulkus
zemaituky veislés arklys. PietryCiy Lietuvoje Zemaitukai pradéti miSrinti
su Orlovo ristlinais ir Siaurés Svedy veisliy arkliais. Taip miSrinant, o
véliau veisiant tarpusavyje, buvo iSvestas stambesnis ir daug tvirtesnis
vietinis arklys, kuris nuo 1941 mety kartu su senojo tipo zemaitukais
vadinamas vietiniu arkliu. Siuo metu Lietuvoje yra penkios stambiyjy
zemaituky veislinés bandos, laikomi 127 arkliai.

Lietuvos sunkiyjy arkliy veislé yra palyginti jauna, bet pagal savo
biologines ir iikines savybes buvo pripazinta viena i§ perspektyviausiu
sunkiyjy veisliy. Si veislé buvo pradéta kurti XIX a. pabaigoje, vyravusiy
zemaituky veislés kumeles misSrinant su ardény, brabansony, perSerony
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ir kity sunkiyjy veislés erzilais. Jau pacioje Lietuvos sunkiyju veislés
arkliy iSvedimo pradzioje, be grynaveisliy reproduktoriy, veislininkystés
darbui buvo naudojami ir gerai iSsivystg, pageidaujamo tipo erzilai
misriinai. Nuo 1940 m. Lietuvos sunkieji arkliai buvo formuojami taikant
tiktai miSriiny veisimo tarpusavyje metoda. Kuriamojo misrinimo,
samoningos atrankos ir parinkimo, intensyvaus arkliy panaudojimo
darbui salygomis buvo suformuoti Lietuvos sunkieji arkliai, kurie 1963
m. patvirtinti savarankiska veisle, turin¢ia 12 linijy. Maz¢jant darbui
naudojamy arkliy skai¢iui ir vis pladiau zirgus naudojant sportui ir
Lietuvos sunkiyju veislés arkliy populiacijoje yra 455 arkliai.

Daugelis tarpopuliaciniy kontakty, kurie vyko prie§ arkliy kilmés
knygu sudaryma ar arkliy veisliu sukiirimo pradiniuose etapuose lémé
geny mainus tarp kontaktuojanCiy populiacijy. Vietiniy populiacijuy
genetinis bendrumas dazniausiai atitinka ju geografini artuma (atstuma ir
geografinius barjerus tarp ju) ir istorinius jvykius (populiaciju kontaktus).
Metodai ir duomenys, kuriais remiamasi atlickant populiacijy genetinius
tyrimus yra gana skirtingi. Iki praeito deSimtmecio daZniausiai buvo
analizuojami pagal Mendelio désnius paveldimi baltymy polimorfizmai
(kraujo grupés, serumo baltymai bei fermentai). Nuo praeito deSimtmecio
pradéti tyrinéti jvairis DNR polimorfizmai, daZzniausiai panaudojant
mikrosatelitinés DNR zymeklius bei mitochondrinés DNR tyrimus.

Lietuvos arkliy vietinés veislés iSsamiai pagal genetinius
zymeklius mazai tyrinétos, todél norint iStirti iy veisliu unikaluma,
vertinti ju geneting jvairove bei palyginti su kitomis domestikuotomis
arkliy veislémis, pradéti arkliy kraujo grupiy, kraujo serumo baltymu ir
fermenty polimorfizmo bei DNR mikrosatelitiniy lokusy tyrimai.
Pirmuosius arkliy imunogenetinius tyrimus pagal kraujo grupes
arkliy  genetinis charakterizavimas  ypatingai svarbus ateities
veislininkystés tikslams, genetiniy iStekliy iSsaugojimui. Visy veisliy
arkliams yra svarbu zinoti tikslig kilme, norint sudaryti tinkamus veisimo
planus, atlickant selekcija ir sekant inbrydingo laipsni.

Darbo tikslas ir uzdaviniai:

Darbo tikslas — atlikti Lietuvos vietiniy veisliu arkliy monitoringa,
panaudojant kraujo grupiy, kraujo serumo baltymy bei fermenty ir
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mikrosatelitiniuy DNR Zymekliy polimorfizmo tyrimus. Siekiant Sio
tikslo, buvo iskelti sekantys uzdaviniai:

e iStirti zemaituky, stambiyju zemaituky ir Lietuvos sunkiyju
veislés arkliy geneting ivairove;

e palyginti Lietuvos vietiniy veisliy arklius su kitomis
domestikuoty arkliy populiacijomis;

Darbo mokslinis naujumas ir originalumas:

e pirma karta Salyje panaudota daug genetiniy Zymekliy, ivairiy
koncentracijy geliy Lietuvos vietiniy veisliy arkliy tyrimams;

e pirmg karta Lietuvoje panaudoti DNR zymekliai Lietuvos
vietiniy veisliy arkliy genetinei jvairovei jvertinti;

e nustatyta mitochondrinés DNR {vairové Lietuvos vietiniy veisliu
arkliy populiacijose;

e pagal gautus tyrimy duomenis apskaiciuotas genetinis panaSumas
ir genetiné distancija tarp veisliy.

Praktiné Sio darbo reikSmeé:

e jvertintas mikrosatelitiniy zymekliy tinkamumas kilmés
patikslinimui Lietuvos vietiniy veisliy arkliy populiacijose;

e atlikta Lietuvos vietiniy veisliy arkliy stebésena pagal genetinius
zymeklius;

e mitochondrinés ir branduolinés DNR tyrimo rezultatai gali biiti
panaudoti Lietuvos vietiniy veisliy arkliy genetiniams istekliams
iSsaugoti ir veisliy stebésenos programai igyvendinti.

Darbo struktiira ir apimtis

Disertacija paraSyta angluy kalba, jos struktiira sudaro: ivadas,
literatiiros apzvalga, tyrimu medZziaga ir metodai, tyrimy rezultatai,
apibendrinimas, iSvados, pasililymai, santrauka lietuviy kalba, paskelbty
publikacijy sarasas ir literatiiros sarasas, kuriame yra 206 Saltiniai.
Disertacijoje pateikta 17 lenteliy ir 9 paveikslai. Darbo apimtis — 108
puslapiai.

TYRIMU METODAI IR MEDZIAGOS

Darbas atliktas 2000-2004 m. pagal Lietuvos veterinarijos
akademijos Gyvulininkystés instituto moksliniy tyrimy metodinés
komisijos patvirtinta metodika. Tyrimai vykdyti Lietuvos veterinarijos
akademijos Gyvulininkystés instituto gyviiny kilmés patikrinimo
laboratorijoje, Siauliy universiteto biologiniu tyrimy moksliniame centre
bei Kentukio wuniversiteto Arkliy kilmés patikrinimo ir tyrimy
laboratorijoje JAV.

Bandiniy paémimo metu Lietuvoje buvo apie 100 Zemaituky
veislés arkliy. Tyrimams buvo atrinkta proporcingai pagal esamas Seimas
ir linijas 30 minétos veislés arkliy: 8 erzilai ir 22 kumelés. 1§ Erelio
linijos - 15 arkliy, Astiiro - 12, naujai kuriamos Saturno linijos - 3. Pagal
Seimas buvo atrinkta: Arabés Seimos - 3, Zibutés - 4, Kastankés - 8,
Mirtos - 3, Tulpés - 4 kumelés. I§ stambiyjy Zemaituky buvo atrinkta 16
kumeliy ir 14 erzily: Kalmano linijos - 8§, Sachtioro - 10, Agrasto - 9,
Klinto - 3 arkliai. Arkliai atrinkti i§ SPUAB “Vilniaus zirgynas” ir
SPUAB “Sarty zirgynas” veislyny bei Lietuvos gyvulininkystés instituto
ir Seduvos aukstesniosios Zemés iikio mokyklos veisliniy bandy ir
pavieniuy augintoju. Buvo paimti dvideSimt keturi kraujo méginiai i§
Lietuvos sunkiyjy veislés arkliy, priklausanciy skirtingoms linijoms ir
Seimoms, mikrosatelitiniy DNR lokusy polimorfizmo analizei.

Standartinés imunologinés procediuros, ty. hemolizés ir
agliutinacijos reakcijos buvo naudojamos nustatant eritrocity antigeninius
veiksnius pagal septynias tarptautiniu mastu pripazintas kraujo grupiy
genetines sistemas: EAA, EAC, EAD, EAK, EAQ, EAP ir EAU. IS viso
naudoti 26 monospecifiniai antiserumai reagentai, pagaminti Kentukio
universiteto Arkliy kilmés patikrinimo ir tyrimo laboratorijoje.
Agliutinacijos reakcijoms naudotas triusiy kraujo serumo komplimentas.
Sarminio poliakrilamidinio gelio elektroforezé naudota TF, GC, ES, AL ir
Xk lokusy tyrimams. Riigstinio poliakrilamidinio gelio elektroforezé
naudota proteazés inhibitoriy (PI) ir serumo karboksilesterazés (ES)
sistemoms tirti. Krakmolo gelio elektroforezés ir izoelektrinio
fokusavimo krakmolo gelyje metodu nustatytas PGD, PGM, GPI ir HB
sistemy polimorfiskumas. Visos reakcijos vertintos pagal standartines
metodikas, naudota tarptautiniu mastu pripazinta terminologija.

Mikrosatelitiniy DNR lokusy tyrimai. Jiems naudoti 24
mikrosatelitiniai zymekliai: ASB23, AHT4, AHTS5, HTG4, ASBI7,
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VHL20, HMS7, HMS6, LEX3, HMS3, ASB2, HTGI10, LEX33, HTG®6,
HTG7, UCDEQ487, HTG3, EB2E8, HMSS5, HMSI5, HMS?2,
UCDEQ487, AHT2 ir UCDEQ425. Polimerazés grandininé reakcija
(PGR) atlikta jtraukus mikrosatelitinius zZymeklius { reakcijos rinkinius,
atsizvelgus 1 pradmeny dydi, pradmeny sulydymo temperatiira ir
fluorescencing zyme. Amplifikacijos reakcijos atliktos 19ul tiirio inde,
naudojant 5 pl pradmeny, 2,3 pl tiriamosios DNR (25-50ng) ir 11,7 pl
PGR reakcijos miSinio. PGR reakcijos miSinio sudétinés dalys: 10xPGR
buferis, MgCl, (25 mM), dNTP (10 mM), DMSO ir Taq polimerazeés.
Amplifikacijos reakcijos misinys buvo padengtas 15ul PGR reakcijos
aliejumi. Tiriamoji DNR ir pradmenys denatiiruoti 95°C 5 minutes ir,
esant 85°C (antra stadija), jdétas reakcijos misinys. Reakcijos atliktos
naudojant 30 cikly 1 min. 95°C denatiiracijos, sekant 30 sek. 56°C
grandziy sulydymo ir 45 sek. 72°C naujy grandziy sintezés stadijas, ciklai
uoibaigti 30 min. 72°C stadija ir reakcijos uzbaigtos atSaldant méginius iki
4°C.

Reakcijoms pasibaigus, dydzio standartas ir genominé DNR tirti
tame paciame Sulinélyje. Dydzio standartas (Rox 350) - tai
fluorescencsine zZyme Zymeétas zinomo dydzio DNR fragmentas, skirtas
ABI PRISM DNR sekvenatoriuje tiriamo nezinomo dydzio DNR
fragmentui nustatyti. Kompiuterine programa automatiskai apskaiciuotas
tiriamos DNR fragmento dydis, kalibruojant kreives, gautas migruojant
zinomo dydzio standarto ir tiriamos DNR fragmentams. Prie§ uzdedant
DNR méginius ant akrilamidinio gelio, jie 3 minutes denatiruti 95°C
temperatiiroje, atSaldyti iki 4°C laipsniy ir 2 pl $ios reakcijos misinio
inesta i individualius 6% akrilamidinio gelio Sulinélius. Tiriamosios
DNR mikrosatelitiniy lokusy aleliy dydziai nustatyti automatiniu
sekvenatoriumi ABI PRISM 377 (Applied Biosystems), kuriuo
atlickama fluorescenciniais dazais zyméty DNR molekuliy fragmenty
elektroforeze, ju detekcija lazeriu ir kompiuteriné analizé. Programos
rezimas: 1,1 kV, 1,7 valandos esant 51°C temperatiirai, naudojant filtra
D. Mikrosatelitiniy aleliy fragmenty dydziai nustatyti kompiuterine
programa STRand. Nustatytiems mikrosatelitiniy lokusy aleliy dydziams
naudota tarptautinés genetiky draugijos nustatyta raidiné nomenklatiira.

Mitochondrinés DNR tyrimai. Jiems naudoti penki Zemaituky
veislés arkliy méginiai: Kastankés Seimos - Kanaréle ZRg40, Arabés —
Austéja ZRg59, Zibutés — Zemyna ZRg172, Mirtos — Asvéja ZRgl73 ir
Tulpés — Tola ZRg217. Tyrimams paimta po tris (atsitiktiniai) stambiyjy
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zemaituky, Lietuvos sunkiuyju veislés arkliy, hanoverio, holsteino,
Suomijos arkliy, trakény, gotlando, vielkopolski, Lenkijos sunkiyjy,
posavinos, huculy ir lenky primityvios veislés arkliy méginiai. Veislés
Siam tyrimui buvo pasirinktos dél keleto priezasCiy: geografinés padéties,
anksCiau nebuvo tyrinétos (néra geny banke) ir mums prieinamy
méginiy. Pradmenys sukurti naudojantis publikuota mtDNR seka:

F: 5°-CGCACATTACCCTGGTCTTG-3,

R: 5>-GAACCAGATGCCAGGTATAG-3".

Mitochondrinés DNR amplifikacijos reakcija atlikta 25 pl tiirio
inde, analizei naudojant Sul (25-50 ng) tiriamosios DNR, dANTP (10 mM)
misinio, MgCl, (25 mM), 10XPGR buferio, 25 pmol/pl pradmeny ir Taq
DNR polimerazés (5 aktyvumo vienetai/ul). PGR reakcija atlikta
termocikleriuose, ja sudaré Sie etapai - pradiné 5 minuciy denatiiracija
95°C su 30 cikly denatiiracijos stadija 94°C - 40 sekundziy, pradmeny
prisitvirtinimo stadija 55°C — 45 sekundziy ir naujy grandziy sintezés
stadija 72°C — 45 sekundziy ir véliau galutiné naujy grandZiy sintezés
stadija 72°C — 10 minuéiy.

PGR produkto analizé. Pasibaigus PGR, 10 pl reakcijos miSinio ir
2 pl nesamojo dazo frakcionuota agarozés gelyje. Elektroforezé vyko 1-2
valandas, esant 100 V jtampai ir 220 mA srovés stiprumui 1,5% agarozés
gelyje tris - acetatiniame buferyje. Gelis buvo dazytas etidzio bromido
tirpalu, vizualizuotas ultravioletiniy spinduliy $viesoje, fotografuotas.
PGR produktai buvo matomi kaip atskiros juostos, analizuoti su esanciu
DNR masés standartu. Pirmos PGR reacijos 10 pl produkto valyta su 4
pul ExoSAP-IT reagentu (USB, JAV), kuris paSalina nepanaudotus
reakcijos komponentus. Termociklerio programa - 37°C - 15 minuéiy ir
80°C - 15 minudiy.

DNR sekvenavimo reakcija atlikta naudojant sekvenavimo rinkinj
BigDye® Terminator v3.1 Cycle Sequencing Kit. Ji remiasi DNR
grandinés terminacijos (Sanger-didezoksi) metodu su fluorescenciskai
zymétais ddNTP. Su §iuo rinkiniu sekvenuota viengrandé mitochondriné
DNR. Sekvenavimo PGR reakcija, susidedanti i§ Siy etapu: pradinés 5
minu¢iy denatiiracijos 98°C su 25 cikly denatiiracijos stadija, 98°C - 15
sekundziy, pradmeny prisitvirtinimo stadijos 50°C — 5 sekundziy ir
naujy grandziy sintezés stadijos 60°C — 4 minudiy, atlikta
termocikleriuose. Temperatiiry skirtumas tarp stadiju kito 1,0°C per
sekunde greic¢iu. Sekvenavimo reakcijos produktas valytas CentriSept
spin colums (Princeton Separations, JAV), naudojantis gamintojo
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rekomendacijomis. Po valymo méginiai dziovinti 45-60 minuciy
vakuumingje centrifugoje.

Sekvenavimo geliui naudotas 4,5% akrilamido tirpalo gelis. Buvo
liejamas 0,2 mm gelis tarp dviejy 36 centimetry stiklo ploksciy. Gelio
polimerizacija truko 1,5-2 valandas. Dziovintas sekvenavimo reakcijos
méginys rehidruotas 5 pl formamido ir 1 pl neSamojo dazo, denatiiruotas
95°C 2,30 minutés ir 2 pul méginio lasinta i sekvenavimo gelio Sulinéli.

Tiriamosios DNR seka nustatyta automatiniu sekvenatoriumi ABI
PRISM 377 (Applied Biosystems), kuriuo atlikta fluorescenciniais dazais
zyméty DNR molekuliy fragmenty elektroforezé, ju detekcija lazeriu ir
kompiuteriné analizé. Programos rezimas: 1,6 kV, 7 valandos, 1200
skenavimy per valanda 51°C, naudojant filtra E. Visos sekos patvirtintos
sekvenuojant i§ antros atskiros PGR reakcijos. Gautos sekos palygintos
su geny banke esancia mtDNR seka, numeris X79547.

Matematiniai skaiCiavimo metodai ir duomeny apdorojimas.
Aleliu dazniai atskiruose kraujo grupiu lokusuose buvo skaiciuoti
Andersono pasitlytu aleliy pasiskirstymo metodu. Genetiniam
variabilumui skaiCiuoti naudotos kompiuterinés programos: Popgene
(versija 1,31), Cervus (versija 2,0), Genepop (versija 3,3). Naudojantis
jomis, skaiCiuotas aleliy daznis, faktiS$kas heterozigotiSkumas (Ho),
Hardy-Weinbergo laukiamas heterozigotiSkumas (He), neSaliskas
laukiamas heterozigotiSkumas (Hu), efektyviy aleliy skaicius (Ae),
bendra varianty, rasty kiekvienoje populiacijoje, suma (Na), bendras
aleliy skaicius lokuse, polimorfiskumo indeksas (PIC), kilmés
patikrinimo  patikimumas (PE). Populiacijos inbrydingo laipsnis
nustatytas Wright’s pasitlytu metodu: Fis = 1 — (Ho/He). Lietuvos
vietiniy veisliy arkliy genetinis variabilumas pagal kraujo grupes ir
baltymuy polimorfizma palygintas su 122 {vairiy prijaukinty arkliy veisliy
(arkliy, testuoty Kentukio universiteto laboratorijoje, Cothran E. G.
neskelbti duomenys). Genetiniam giminingumui nustatyti naudotas
Rodger’s genetinio panasumo koeficientas (S). Riboto maksimalaus
tikétinumo analizé panaudota dendrogramai sudaryti.

TYRIMU REZULTATAI IR APIBENDRINIMAS

Kraujo grupiy, serumo baltymy bei fermenty polimorfizmo
tyrimai. Viena i§ variabiliausiy arkliy biocheminiy sistemy yra kraujo
serumo transferiny (TF) sistema. Tirty Zemaituky veislés arkliy kraujo
méginiuose buvo nustatyti septyni transferiny fenotipiniai variantai (DD,
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DF2, DR, F2R, F2F2, F2F3 ir F2H2), kontroliuojami penkiy
kodominantiniy aleliy. Transferiny lokuse dazniausiai sutinkamas
fenotipas yra DF2 (0,267), daZzniausia yra alelé D (0,433). Stambiyju
zemaituky veislés populiacijos transferiny lokuse nustatytos 5 alelés.
Palyginimui, tiriant kitas veisles rasta: 8 alelés achaltekiny, 7 alelés araby
ir grynakraujy jojamuju, bei 6 alelés lipicany arkliy populiacijose. Alelé
F3, esanti Zemaituky veislés populiacijoje, nebuvo nustatyta stambiyju
zemaituky arkliy populiacijoje, tuo tarpu stambiyju Zemaituky
populiacijoje dazna alelée O (0,100) nebuvo rasta Zemaituky
populiacijoje. Stambiyjy zemaituky populiacijoje dazniausiai sutinkama
alelé F2 (0,500), kaip ir achaltekiny (0,470), apaltizos (0,.428), morgano
(0,534) ir fryzuy (0,858) arkliy populiacijose. Daugelyje arkliy veisliy
(hanoverio, lipicany, lusitany ir kt.) glikoproteiny (A1B) sistemoje
randamos 3 alelés F, K ir S, taCiau visi tirti Zemaituky veislés arkliai
buvo homozigotai, rastas vienos kodominantinés alelés K
kontroliuojamas fenotipas KK. Stambiyju zemaituky arkliy populiacijoje
Sioje sistemoje rastos S alelés daznis — 0,050. Serumo karboksilesterazés
sistema yra viena i§ sunkiausiai tiriamy arkliy biocheminiy lokusy
sistemy, kadangi ES - F ir ES - G alelés yra elektroforeziskai
neatskiriamos Sarminiame gelyje, tuo tarpu ES - 1 ir ES - S alelés
migruoja tokiu pat greiCiu rugsStiniame gelyje. Panaudojus rtgstinio,
Sarminio poliakrilamidinio ir krakmolo gelio elektroforezg Zemaituky
populiacijos esterazés (ES) lokuse pavyko nustatyti septynis fenotipinius
variantus, kontroliuojamus keturiy kodominantiniy aleliy. Viena alelé,
kuria pavadinome T alele, Zemaituky veislés arkliy populiacijoje
sutinkama gana daznai (daznis 0,267), kitu naminiy arkliy veisliy
esterazés lokuse T alelé buvo nustatyta tik keleto veisliy arkliy kraujo
méginiuose i§ §imty tikstanéiy tirty ir alelés daznis labai mazas. Si alelé
taip pat nenustatyta stambiyjy Zemaituky veislés populiacijoje. Keturi
fenotipiniai variantai GG, GI, HI ir II nustatyti stambiyju Zemaituky
populiacijoje, kontroliuojami trijy kodominantiniy aleliy G, H ir I. Alelé
H, sutinkama 0,017 dazniu, Zemaituky veislés arkliy méginiuose nebuvo
nustatyta, tuo tarpu tokiu pat dazniu sutinkama alelé L nebuvo rasta
stambiyju Zemaituky populiacijoje. Abiejy Lietuvos veisliy populiaciju
arkliy serumo albuminy lokuse dazniausia alelé A, tuo tarpu B alelé
daznesné fryzu, gotlando ir hanoverio arkliy populiacijose. Lietuvos
vietiniy veisliy GC, PGD ir PGM sistemose rastos vienodos alelés ir
panasis aleliy dazniai. Zemaituky veislés arkliy populiacijoje nustatytos
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dvi alelés F ir I, tuo tarpu sunkiyjuy zemaituky populiacijoje rasta alelé S
(0,033). Izoelektrinio fokusavimo metodu nustatytos 4 alelés ir SeSi
fenotipiniai variantai (A1B1, A1B2, A2B2, B1B1, B1B2 ir B2B2)
stambiyjy Zemaituky, 2 alelés ir trys fenotipai (B1B1, B1B2 ir B2B2)
zemaituky o hemoglobiny sistemoje (HBA). Kaip ir Zemaituky veislés
arkliy populiacijoje, taip ir morgano, Holsteino ir kity arkliy veislése
nebuvo nustatytos alelés A ir Al. Variabiliausioje arkliu proteazés
inhibitoriy sistemoje zemaituky veisléje nustatytos devynios, o stambiyju
zemaituky - 10 skirtingy aleliy. Sioje sistemoje 15 aleliy rasta morgano
veislés arkliy populiacijoje, 9 alelés araby, 10 hanoverio ir grynakraujy
jojamyju arkliy populiacijose. Kraujo grupiy EAA sistemoje rastos 5
alelés abiejose Lietuvos vietiniy veisliy arkliy populiacijose. Vienodas
aleliy skaicius rastas ir grynakraujy jojamuju, holsteino ir lipicany arkliu
populiacijose. Abiejy Lietuvos veisliy aleliy dazniai EAC sistemoje buvo
panasiis. Arkliy kraujo grupiy sistema EAD yra informatyviausia
spendziant  kilmés patikrinimo  klausimus. Si  sistema  buvo
polimorfiskiausia i§ visy kraujo grupiy sistemy, joje rastos 5 alelés
zemaituky, 8 alelés stambiyjy zemaituky, 12 morgano veislés arkliy, 9
apaliizy ir tik 3 alelés sorajos veislés arkliy populiacijose. Nors
Zemaitukai ir stambieji Zzemaitukai yra artimai giminingi, taiau nustatyti
aleliy dazniy skirtumai visose tirtose sistemose. Pagal {vairias metodikas
ir tyrimy technika nustatyta, kad retos ar naujos alelés gali biiti rastos
retose arkliy veislése.

Tiriant arkliy kraujo grupiy, kraujo serumo ir eritrocitu baltymuy bei
fermenty polimorfiskuma pagal jvairias metodikas, nustatyti Lietuvos
vietiniy ir kity prijaukinty arkliy veisliu genetinés ivairovés iverciai
pateikti 1 lenteléje.

Dauguma arkliy veisliu susiformavo ar buvo sukurtos pries 100-
200 mety, pradéjus vesti kilmés knygas. Genetiniai skirtumai tarp veisliy
dazniausiai yra tik aleliy dazniy skirtumai, atsiradg dél selekcijos,
skirtingy veisimo schemy, genu dreifo, skirtumy veislés istorijoje, bet
nebitinai ankstyvoje veislés kilméje. TradiciSkai grynakraujémis
vadinamy araby, grynakrauju jojamyju ir lipicany veisliy arkliai ilga
laika buvo veisiami uzdarose populiacijose, todél yra linke turéti mazesnj
genetinj variabiluma. Lietuvos vietiniy veisliy arkliai pasizyméjo didele
genetine jvairove. Panasiis rezultatai gauti tiriant Kroatijos, Brazilijos,
Ciles ir kity vietiniy veisliy arkliy populiacijas. Kodeél $iy veisliy arkliy
genetiné jvairové néra sumazéjusi, lieka neaiSku. Tikriausiai neseniai
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ivykes staigus populiacijuy dydziy sumazéjimas, salygotas drastisko arkliy
skai¢iaus sumazéjimo, nespéjo pasireiksti kaip genetinés jvairovés
sumazgéjimas.

1 lentelé. Lietuvos vietiniy ir kity pasirinkty Saliy prijaukinty arkliy
veisliu kraujo grupiy ir biocheminiy lokusy genetinés jvairoveés
palyginimas

Table 1. Estimates of genetic variability at biochemical and blood group
loci for Lithuanian and selected other country domestic horse breeds

Veisle N | Ho | He | Hu | Fis |Hettl| Na | Ae
Breed
Zemaitukai 30 |0,430|0,377|0,384]-0,155|0,417 | 54 |2,159
Zemaitukai heavy 30 |0,440|0,416|0,423 [-0,057 (0,432 | 60 |2,201
type
Sorraia 59 10,368 | 0,343 | 0,346 | -0,071 | 0,358 | 41 |2,054
Thoroughbred 265 10,294 | 0,288 | 0,289 |-0,019| 0,325 | 64 |2,009
Arabian 117 10,307 | 0,327 | 0,328 | 0,061 | 0,376 | 67 |2,132
Standardbred Pacer | 341 | 0,401 | 0,395 | 0,395 |-0,016| 0,414 | 85 |2,142
Skyros pony 79 10,434 |0,418 0,420 |-0,046 | 0,424 | 68 |2,435
Polish primitive 207 | 0,413 | 0,405 | 0,406 | -0,021 | 0,445 | 68 |2,544
Horse
Appaloosa 99 10,376 0,382 0,383 | 0,015 | 0,439 | 83 |2,485
Friesian 314 | 0,307 | 0,306 | 0,307 | -0,003 | 0,348 | 54 | 1,901
Lipizzaner 98 |0,335|0,324|0,325|-0,034| 0,366 | 69 |2,396
Haflinger 161 | 0,405 | 0,412 | 0,413 | 0,016 | 0,458 | 69 |2,704
Quarter Horse 168 |1 0,396 | 0,393 | 0,394 | -0,007 | 0,440 | 87 | 2,653
Peruvian Paso 141 | 0,451 0,445 | 0,446 |-0,014 | 0,469 | 77 |2,761
Suffolk Punch 122 | 0,438 | 0,432 | 0,434 |-0,013 | 0,465 | 65 |2459
Yakut Horse 30 |0,323 (0,294 0,299 [-0,098|0315| 43 | 1,875
Clydesdale 41 10,334]0,322 /0,326 [-0,039| 0,347 | 54 |2,121
Posavina 98 10,418 |0,427]0,429| 0,020 | 0,467 | 76 |2,838
Vidurkis 122 {0,371 | 0,365 | 0,371 | -0,015 | 0,413 | 65,11 | 2,390
Mean
Standartinis
nuokrypis 0,048 | 0,043 | 0,043 | 0,065 | 0,039 | 11,04 | 0,250
Standard deviation

Genetinés jvairovés tyrimai daznai apima daug populiacijy ar
veisliy ir daug lokusy. Keletas genetinio panasumo nustatymo metody
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pasiiilyta genetinés jvairovés pasiskirstymui tarp grupiy nustati. Sie
tyrimai padeda konsoliduoti duomenis | paprastesnes proporcijas ir
lengviau nustatyti bendra gimininguma tarp grupiy. Zinoma, dalis
informacijos yra prarandama, sutrumpinus visa genetinés variacijos
informacija | viena skai¢iy. Zemaituky ir stambiyju Zemaituky
genetiniam panasumui su kitomis arkliy veislémis nustatyti naudotas
Rodger’s pasiiilytas genetinio panasumo koeficientas (S). Kuo didesnis
genetinio panaSumo koeficientas S, tuo maziau genetiskai skiriasi
lyginamy grupiy arkliai. Zemaituky veislés arkliai genetiskai panasiausi
su stambiojo tipo zZemaitukais: genetinio panaSumo koeficientas 0,858.
Tai yra lauktas rezultatas, patvirtinantis, kad Sios dvi veislés atsiskyré
neseniai ir yra genetiSkai artimos. Antras rezultatas - tarp zZemaituky ir
Siaurés Amerikos lenktyniniy morgano veislés arkliy: genetinio
panaSumo koeficiento dydis 0,830. Mazai tikétina, kad zemaituky ir
morgano veislés turi bendrus protévius. Morgano arkliy veislé sukurta
praéjusio Simtmecio pradzioje, ji turi araby, standartinés veislés ir
kinkomuyjy arkliy kraujo. Morgano veislés arkliai pasizymi didele
genetine jvairove ir tai gali buti viena i§ priezasCiy, kodél jie yra
genetiSkai panaSiis | zemaitukus. Daugumos arkliy veisliy genetinio
panasumo koeficientas buvo aukstesnis su stambiyjy Zemaituky veislés
arkliais. Stambieji Zemaitukai genetiSkai artimiausi yabou veislés
arkliams. Yabou yra vietiniai Turkménijos arkliai (Turkoman). Artimas
giminingumas tarp Siy veisliy néra tikétinas, grei¢iau salygotas mazo
skaitlingumo arkliy, i§ kuriy buvo paimti méginiai.

I8 kraujo grupiy, kraujo serumo ir eritrocity baltymy bei fermenty
geny daznio duomeny, remiantis riboto maksimalaus tikétinumo analize,
sudaryta dendrograma, parodanti genetini panaSuma tarp arkliuy veisliu
(1 pav.).

Zemaitukai ir stambieji Zemaitukai $ioje dendrogramoje sugrupuoti
su Skyros poniy veislés arkliais i§ Graikijos, tarp araby ir Iberijos tipo
veislés arkliy klasteriy. Skyros poniai yra unikali, vietiné arkliy veisle,
egzistuojanti Graikijoje esandiose Skyros salose. Sie arkliai gyveno §iose
salose daugeli amziy pusiau laukiniai ir tiksli ju kilmé néra zinoma.
Artimas giminingumas tarp Skyros ir Lietuvos vietiniy veisliy arkliy yra
mazai tikétinas. Araby tipo veislés arkliy klasteryje sugrupuotos veislés,
kurioms araby veislés arkliai turéjo itakos ankstyvosiose veisliu
formavimosi stadijose, iSskyrus Jakutijos arklius. Jakutijos arkliai -
Siaurings ir centrinés Sibiro dalies vietiniai arkliai, prisitaikg prie sunkiy
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Sibiro salygu, pasizymi maza genetine ivairove, tai tikriausiai ir salygojo
ju atsiradima araby veislés arkliy klasteryje. Iberijos arkliy klasteryje
Piety Amerikos arkliai sugrupuoti su Portugalijos arkliy veislémis
andaltizais ir lusitanais, tai patvirtina §iy veisliy istorija ir zinomus
genetinius rySius. Mazai tikétina, kad Lietuvos vietiniy veisliy arkliai turi
bendrus protévius su Iberijos ir arabu veislés arkliais. Kitos geografiskai
artimos (Suomijos, Lenkijos) vietinés arkliy veislés nerodo artimo
giminingumo su Lietuvos vietinémis veislémis.

Polimorfiniy mikrosatelitiniy DNR lokusy analizé. Genetinés
ivairovés tyrimams, dél pakankamai nesudétingy tyrimo metody, vieni i$
populiariausiy §iuo metu yra genetiniai Zzymekliai-mikrosatelitai.
Lietuvos vietiniy veisliy arkliy 24 tirtuose mikrosatelitiniuose lokusuose
i§ viso rasta 181 skirtinga alelé. Visi mikrosatelitiniai lokusai buvo
polimorfiski, o aptikty skirtingy aleliy skaicius svyravo nuo 12 (ASB17
lokuse) iki 4 (HMS5 ir HTG7 lokusuose), o vidutinis aleliy skai¢ius
lokuse buvo 7,54. Vienas i§ polimorfiskiausiy Lietuvos vietiniu arkliu
veisliy mikrosatelitiniy lokusy buvo ASB17 lokusas. Tirtose 52
populiacijose i§ viso rasta 17 skirtingy aleliy. Visose populiacijose
dazniausios alelés buvo R (0.229) ir N (0,212). Dazniausia alelé Siame
lokuse Zemaituky veisléje buvo J, N — stambiyju zemaituky ir P —
Lietuvos sunkiyjy veislés arkliy populiacijoje. Mikrosatelitiniame
VHL20 lokuse M alelé dazniausiai sutinkama Zzemaituky, lipicany ir
standartinés veislés arkliy populiacijose. Devynios skirtingo dydzio
alelés rastos iStyrus Lietuvos vietiniy veisliy arkliy populiacijas, $eSios -
Zzemaituky ir aStuonios stambiyjy Zemaituky ir Lietuvos sunkiyjy arkliy
veislése, tuo tarpu 11 skirtingo dydzio aleliy rasta visose tirtose
populiacijose. HTG10 lokusas buvo vienas polimorfiskiausiy, jame
identifikuota 14 skirtingo dydzio aleliy, tuo tarpu 9 i$ juy rastos Lietuvos
vietiniy veisliy arkliy populiacijose. Zemaituky veislés arkliy
populiacijoje dazniausia alelé L (0.307) HTG10 lokuse, buvo retai
sutinkama kitose populiacijose (0.078). Mikrosatelinis lokusas HTG4
buvo polimorfiskiausias zemaituky veislés populiacijoje i§ tirty Lietuvos
vietiniy veisliy arkliy. Tiriant mikrosatelitini AHT5 lokusa, nustatytos 6
alelés Zemaituky, 7 — stambiyju zemaituky ir 8 — Lietuvos sunkiyju
veislés arkliy populiacijose. Mikrosatelitiniame AHT4 lokuse rastos 8
alelés stambiyju Zemaituky veislés arkliy populiacijoje, tuo tarpu
zemaituky veislés polimorfiSkumas yra nedidelis - tik 5 skirtingo dydzio
alelés.Mazas polimorfiskumas Siame lokuse nustatytas iStyrus grynakrau-
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1 pav. Filogenetiné Lietuvos vietiniy ir 67 pasaulio domestikuoty arkliy veisliy
schema

Fig. 1. Phylogenetic tree comparing the Lithuanian horses to 67 other domestic
breeds
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ju jojamyjy (keturios alelés) ir sorajos (penkios alelés) arkliy veisles.
Mikrosatelitiniame lokuse HMS3 sutinkamy aleliy skaicius varijuoja nuo
2 (sorajos veislés), iki 7 (stambiyuy zemaituky veislés).
Mikrosatelitiniame lokuse HMS7 L alelé dazniausiai sutinkama tiriant
zemaituky ir Lietuvos sunkiyju veisles, tuo tarpu M alelé - stambiyju
zemaituky veisle. Siame lokuse maZiausiai polimorfiné Zemaituky veislé
(trys alelés) i§ visy 52 tirty populiaciju. Devynios alelés nustatytos
ASB23, LEX33, LEX3 ir ASB2 lokusuose tiriant Lietuvos vietiniy
veisliu arkliy populiacijas. Polimorfiskiausia Siuose lokusuose buvo
Lietuvos sunkiuyju veislés arkliu populiacija.

Daugelyje pasaulio laboratoriju iki Siol arkliy kilmeés
patikslinimas buvo atliekamas panaudojant kraujo grupiy, kraujo serumo
baltymuy bei fermentu polimorfizmo tyrimus, taciau pastaruoju metu
daugelyje laboratorijy kilmé patikslinima panaudojant mikrosatelitinius
zymeklius. Sie Zzymekliai kilmei patikslinti pasirinkti dél  ju
polimorfiskumo.Tyrimams gali biiti panaudojami jvairis méginiai
(kraujas, audiniai, plauko folikulas, iSmatos ir t.t.), pakankamai
nesudétingi tyrimo ir jvertinimo metodai. Biocheminiy metody testo
patikimumas sieké 90-97%, priklausomai nuo veislés ir naudojamy
sistemy skaiciaus. Naudojant jvairius mikrosatelitiniy Zymekliy rinkinius,
tiriant skirtingas arkliy veisles, nustatytas metodo patikimumas yra
99,99%. Lietuvos vietiniy veisliy arkliy populiacijose, tévystei nustatyti
panaudojant mikrosatelitinius zymeklius VHL20, HTG4, AHT4, HMS7,
AHTS, HMS6, ASB2, HTG10, HMS3, LEX3, LEX33, ASB17 ir
ASB23, metodo patikimumas Zzemaituky veisléje siekia 99,94%, o
stambiyjy zemaituky ir Lietuvos sunkiyjy arkliy veislése 99,99%.
Tiesioginiam veisliy palyginimui buvo naudota informacija, gauta
genotipuojant 52 skirtingas arkliy populiacijas dvylikoje mikrosatelitiniy
lokusy ((VHL20, HTG4, AHT4, HMS7, AHTS, HMS6, ASB2, HTG10,
HMS3, LEX33, ASB17 ir ASB23) (2 lentel¢).

Zemaituky veislés arkliy faktiskas heterozigotiskumas (Ho) buvo
mazesnis (0,682) nei bendras visy tirty arkliy veisliy (0,699), bendras
aleliy skaicius ir efektyviy aleliy skai¢ius mazesnis nei vidutinis visy tirty
populiacijy. Stambiyjuy zemaituky ir Lietuvos sunkiyjy arkliy veisliy Ho
buvo vienas didziausiy i$§ visy tirty veisliy. “Butelio kaklelio testas”
panaudotas efektyvaus populiacijos dydzio sumazéjimui nustatymui. Ir
biocheminiy lokusy, ir mikrosatelitiniy lokusy tyrimas parodé neseniai
ivykusi efektyvios zemaituky veislés arkliy populiacijos sumazéjima.
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Siuo metu yra 149 zemaituky veislés arklys ir efektyvus populiacijos
skaicius yra 66,9. Teoriniu poziiiriu, tai pakankamas skaicius
trumpalaikiam veislés iSsaugojimui. Norint iSlaikyti geneting jvairove
zemaituky veislés populiacijoje, tikslinga sparciai didinti efektyvios
populiacijos skaiciy. Genetinés ivairovés praradimas néra fenomenalus

2 lentelé. Lietuvos vietiniy ir kity prijaukinty pasaulio arkliy veisliy
mikrosatelitiniy DNR lokusy genetinés ivairovés palyginimas

Table 2. Estimates of genetic variability for microsatellite DNA loci for
Lithuanian and other domestic horse breeds

Veisle N | Ho He Hu Fis Na Ae
Breed

Zemaitukai 31 | 0,682 | 0,641 | 0,651 | -0,048 60 3,042

Zemaitukai heavy- | 30 | 0,758 | 0,714 | 0,726 | -0,044 69 3,771
type

Lithuanian heavy- 24 | 0,760 | 0,718 | 0,734 | -0,037 75 3,941
draught

Thoroughbred 175 | 0,674 | 0,693 | 0,695 | 0,027 75 3,622
Arabian 93 | 0,625 | 0,681 | 0,687 | 0,072 78 3,657
Exmoor pony 98 | 0,601 | 0,606 | 0,609 | 0,014 63 2,733
Andalusians 33 | 0,693 | 0,716 | 0,727 | 0,047 69 3,870
Skyros pony 47 | 0,644 | 0,640 | 0,647 | -0,010 62 3,153

Polish primitive 150 | 0,674 | 0,668 | 0,673 | 0,005 74 3,597
Horse

Cheju native horse 75 0,730 | 0,714 | 0,719 | -0,015 82 3,972

Garrano 37 | 0,746 | 0,768 | 0,779 | 0,043 86 4,613
Lipizzaner 77 | 0,687 | 0,717 | 0,723 | 0,068 81 3,610
Haflinger 341 | 0,630 | 0,639 | 0,641 | 0,017 75 3,264
Quarter Horse 47 0,645 | 0,640 | 0,647 | 0,057 69 3,153
Dales pony 42 | 0,715 | 0,654 | 0,662 | -0,080 67 3,241
Suffolk Punch 122 | 0,684 | 0,713 | 0,717 | 0,043 79 3,795
Hanovarian 28 | 0,698 | 0,751 | 0,767 | 0,089 79 4,274
Sorraia 60 | 0,487 | 0,502 | 0,506 | 0,040 46 2,440
Irish Draught 47 | 0,766 | 0,764 | 0,772 | 0,008 85 4,411
Vidurkis

51 10,699 | 0,698 | 0,711 | 0,015 | 75.39 | 3,767

Mean
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reiSkinys tarp prijaukinty gyviny veisliy. Net didelés arkliy populiacijos
yra linkusios prarasti geneting ivairove dél skirtingy prieZasCiy: veisimo
plany, sumazéjusio efektyvaus populiacijos skaiciaus, dél kurio didéja
inbrydingo laipsnis. Turéty biiti atlickama Lietuvos vietiniy veisliy arkliy
populiacijy iSsami stebésena, tai uztikrinty genetinés jvairovés
i$saugojima.

Filogenetinis Lietuvos vietiniy veisliy arkliy ir kity pasaulio
prijaukinty veisliy arkliy medis pateiktas 2 pav. Filogenetiniame medyje,
sudarytame i§ mikrosatelitiniu lokusuy geny daznio duomeny, Lietuvos
vietiniy veisliy arkliai buvo sugrupuoti tarpusavyje su giminingomis
zemaituky ir stambiyju Zzemaituky veislémis. Lietuvos vietiniai arkliai
filogenetiniame medyje yra tarp sorajos ir Piety Amerikos veislés arkliy,
ta¢iau bendri protéviai su Siomis arkliy veislémis yra mazai tikétini.
Visos veislés filogenetiniame medyje sugrupuotos pagal Zinoma veislés
istorija ir arkliy tipa. Norint geriau suprasti Lietuvos vietiniy veisliy
arkliu kilme, tikslinga biity iStirti daugiau regioniniy Saliy arkliy veisliy
(Skandinavy, Rusijos, Ukrainos ir Azijos).

Mitochondrinés DNR analizé. Dél daugelio ypatybiy mtDNR
placiai analizuojama atliekant populiacinius tyrimus. Mitochondrinés
DNR tyrimams veislés pasirinktos dél geografinio artumo. Siy veisliy
arkliy méginiai buvo anksciau tirti Kentukio arkliy kilmés patikrinimo ir
tyrimo laboratorijoje. Pasirinkty veisliuy mtDNR nebuvo tyrinéta ir Siy
veisliy seky nebuvo genu banke. Méginiai pasirinkti atsitiktinai,
neatsizvelgus i genealogija - kumeliy Seimas, i§skyrus zZemaituky veislés
arkliy populiacija. Sekvenuojant trylikos arkliy veisliy mtDNR
mitochondrinés DNR D kilpos regiona, 41 méginyje rasti 37 haplotipai.
Haplotipas buvo atskirtas, jei gauta vieno arklio mtDNR seka skiriasi
bent viena baze nuo kito arklio mtDNR sekos. Tiriant tris atsitiktinai
pasirinktus méginius rasta nuo dviejy haplotipy (Suomijos, huculy,
holsteino ir stambiyju zemaituky veisliu) iki triju haplotipy likusiose
veislése. Visos sekos lygintos su pirmaja publikuota Svedijos arklio
mitochondrinés DNR seka, Lietuvos vietiniy veisliy arkliy polimorfinés
seky vietos pateiktos 3 lenteléje. Tyrinéjant mitochondrinés DNR
variabiluma tarp zinduoliy nustatyta, kad zmogaus ir arkliy mtDNR yra
variabiliausia. Tiriant atskiras veisles, taip pat pastebétas didelis
mitochondrinés DNR variabilumas. IStyrus lipicany veislés 16 kumeliy
Seimy linijy, rasti 13 skirtingy haplotipy. IStyrus 34 Araby veislés arkliy
Seimas rasti 27 haplotipai. Zemaituky veislés arkliy penkiose kumeliy
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Seimose rasti penki skirtingi haplotipai, tai patvirtina iSlikusias
genealogiSkai svarbias kumeliy Seimas. Tiriant arkliy veisles, i§ viso rasti
38 nukleotidy skirtumai su pirmaja publikuota arklio mtDNR seka, tai
sudaré 9% visos DNR sekos. I§ 38 nustatyty mutacijy 37 buvo tranzicijos
ir tik viena delecija Lenkijos vietinés veislés arklio mtDNR sekoje.
Delecija nustatyta penkiy citozinu atkarpoje, esancioje 15532 mtDNR
sekos vietoje. Keletas arkliy veisliy turéjo vienoda haplotipa (Mirtos
Seima). Lenkijos sunkiyjy veislés arkliai, holSteino ir trakény veislés
arkliai turéjo vienoda haplotipa kaip ir Zemaituky kumelés Zibutés
Seimos arkliai. Zemaitukai (Kastankés $eima) ir sunkieji Zzemaitukai
turéjo vienoda haplotipa. Veislés, turincios bendra haplotipa, gali turéti
bendrus protévius, taciau kity autoriy tyrimuy duomenimis, veislés gali
turéti vienoda haplotipa net biidamos labai geografiskai tolimos (pvz.
lipicanai, arabai ir japonu vietiniy veisliy arkliai). Filogenetiniam
medziui sudaryti geografiskai artimy veisliy mitochondrinés DNR sekos
buvo paimtos i§ genuy banko, kartu panaudojant ir miisy tirtas sekas.
Sekos buvo sutrumpintos iki 353 baziy pory ilgio, siekiant iSlaikyti
maksimaly veisliy skaiciy. Filogenetiné Lietuvos vietiniy ir kity veisliy
schema pateikta 3 paveiksle.

Sutrumpinus sekas, veislés, kurios turéjo toki pat haplotipa, buvo
suskirstytos 1 grupes C1, C2, C3 ir C4. C1 grup¢je buvo holsteino,
trakény, Lietuvos sunkiyjy, araby, sorajos ir hanoverio veislés. C2
grupéje buvo hanoverio, trakény, zemaituky ir araby veislés. Haplotipai
belgu, achaltekiny, haflingeriy, zemaituky, Lenkijos sunkiyjuy, garano ir
norikeriy veislés arkliy sudaré C3 grupe. Huculai, grynakraujai jojamieji,
haflingeriai, norikeriai ir Lietuvos sunkieji sudaré C4 grupe.
Filogenetiniame medyje arkliai buvo sugrupuoti neatsizvelgiant i ju
kilme, tipa ar zinoma istorija. Daznai tame paciame klasteryje
sugrupuojami sunkieji ir poni veislés arkliai, taip pat kile i$ skirtingy
geografiniy zony. Si problema buvo pastebéta ir kity autoriu, tyrinéjusiy
arkliy, zmoniy ir galvijy populiacijas. Mitochondrinés DNR tyrimai
patvirtino i3likusias Zemaituky veislés arkliy kumeliy $eimas. Si
informacija bus naudinga veislés genetinés jvairovés iSsaugojimui.

18



3 lentelé. Zemaituky, stambiyjy zemaituky ir Lietuvos sunkiyjy veislés
arkliy polimorfinés mitochondrinés DNR D-kilpos nukleotidy skirtumai
su kontroline seka X79547

Table 3. Polymorphic sites of Zemaitukai horse breed family lines and
reference (GeneBank X79547) in control region of horse mtDNA D-loop
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Fig. 3. Phylogenetic tree constructed from mtDNA sequencing data
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ISVADOS

1.Kraujo grupiy, kraujo serumo Dbaltymy bei fermenty
polimorfizmo tyrimai atskleidé didelg zemaituky ir stambiyjy Zemaituky
arkliy populiacijy geneting ivairove:

1.1. faktinis heterozigotiSkumas (Zemaituku 0,430, stambiyju
zemaituky 0,440) buvo didesnis nei kity $aliy domestikuoty arkliy
populiacijy faktinio heterozigotiskumo vidurkis (0,371);

1.2. laukiamas  heterozigotiSkumas  (Zemaituku 0,377,
stambiyju zemaituky 0,416) buvo didesnis nei kity domestikuoty arkliy
populiacijy laukiamo heterozigotiSkumo vidurkis (0,365);

2.Zemaituky veisés karboksilesterazés sistemoje nustatyta alelé T
sutinkama dazniu 0,267. Si alelé anksGiau buvo rasta tik keliose
negiminingose arkliy veislése i§ Simty tikstanéiy tirty arkliy. Tai
patvirtina zemaituky veislés unikaluma.

3.Kraujo grupiy, kraujo serumo baltymu bei fermenty
polimorfizmo duomeny filogenetinis medis rodo Lietuvos vietiniy veisliy
arkliy genetini panasuma.

4.Tyrimai, atlikti pagal mikrosatelitiniy DNR Zymekliy kompleksa,
rodo, kad Lietuvos vietiniy veisliy arkliy populiaciju genetinés jvairovés
iverciai palyginti auksti:

4.1. Zemaituky faktinis heterozigotiskumas yra 0,682,
stambiyjy zemaituky -0,758 ir Lietuvos sunkiyju - 0,760. Kity Saliy
domestikuoty arkliy populiaciju faktinio heterozigotiskumo vidurkis
sudaré 0,699;

4.2. Zemaituky laukiamas heterozigotiskumas yra 0,641,
stambiyju zemaituky - 0,714 ir Lietuvos sunkiyjuy -0,718. Kity Saliy
domestikuoty arkliy populiaciju laukiamo heterozigotiskumo vidurkis
sudaré 0,698;

5.Lietuvos vietiniy veisliy arkliy populiacijose, tévystei nustatyti
naudojant mikrosatelitinius zymeklius VHL20, HTG4, AHT4, HMS7,
AHTS5, HMS6, ASB2, HTG10, HMS3, LEX3, LEX33, ASB17 ir
ASB23, metodo patikimumas zemaituky veisléje sieké 99,94%, o
stambiyju zemaituky ir Lietuvos sunkiyjy arkliy veislése - 99,99%.

6.DNR  mikrosatelitiniy  Zymekliy polimorfizmo duomeny
filogenetiniame medyje Lietuvos vietinés veislés sudaré atskira klaster;.

7.Mitochondrinés DNR D-kilpos nukleotidy seku nustatymo metu
gauti penki skirtingi haplotipai patvirtina, kad zemaituky veisléje yra
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iSlikusios penkios skirtingos kumeliy Seimos.
8.MtDNR filogenetinés analizés metu nenustatyta naujos
informacijos apie Lietuvos vietiniy veisliy arkliy kilme.

PASIULYMAI

1.Prie§ jtraukiant gyvulius { kilmés knyga, veislini plana, visu
Lietuvos vietiniy veisliy arkliy kilmé turéty biiti patikslinta pagal
genetinius zymeklius. Taip biity galima sekti inbrydingo laipsni.

2.Arkliy kilmei patikslinti turéty buti naudojami  12-13
mikrosatelitiniy DNR zymekliy, taip buity iSvengta klaidy nustatant ju
kilme.

3.Tikslinga testi pradétus tyrimus, jtraukiant daugiau domestikuoty
arkliy veisliy, tai suteikty daugiau informacijos apie Lietuvos vietiniy
veisliy arkliy kilme, gimininguma ir kitima evoliucijos eigoje.

4.Lietuvos vietiniy veisly arkliy kilmei nustatyti galéty padéti
antropologinés kasinéjimy medziagos mitochondrinés DNR tyrimai.
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SUMMARY
Introduction

Domesticated animals have been subjected, in the last hundred
years, to great pressures to evolve to meet the changing needs of a
commercialized, mechanized and globalized world. Today a large
numbers of the world’s breeds are in danger of extinction. Like it
happened with the breeds of other domestic species, some horse breeds
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are threatened by extinction because they do not appear to meet the
current needs of humans. The conservation of breeds in their traditional
forms allows them to stay as reminders of the history and culture of
various human societies. The preservation of genetic variability within a
breed is a central concept of conservation of rare breeds of domestic
livestock species. Rare breeds are particularly susceptible to loss of
genetic variation due to small population size. Genetic variation within a
breed can be divided into two components: a) population genetic
diversity, b) individual genetic variance. Reduction of the populational
genetic diversity can result in the loss of long-term adaptability and
survival probability of the breed. Loss of individual variation, mainly due
to inbreeding, can cause a reduction in individual fertility and viability.
Understanding genetic processes and assessments of the genetic variation
within small populations are important to assist sound conservation
management of these populations.

Genetic characterization of populations and correct pedigrees are
the first steps in breed conservation and may have implications for future
breeding strategies and management plans. Genetic markers designed for
parentage verification, like blood markers and microsatellites, have been
extensively used to assess levels of genetic variation of different horse
populations, compare populations and determine relationships with other
populations. Like the genomic DNA, mitochondrial DNA is useful for
studying the evolution of closely related species. Mitochondrial DNA
sequence polymorphism has been used to examine genetic relationship
within breeds, among breeds, between domestic and wild horse
populations and also to address questions of horse domestication.

The two primary uses of genetic markers in population
genetics are to assess levels of genetic variation within populations
and to determine relationship with other populations. Here we
present the results of genetic analysis of the three Lithuanian horse
breeds: Zemaitukai, large-type Zemaitukai and Lithuanian Heavy
Drought horses.

The Zemaitukai is an ancient indigenous Lithuanian horse breed
known since the 6th-7th centuries. The Zemaitukai became especially
famous in the 14th century as an excellent military horse during the
Lithuanian-Crusader Battlles. Later, the Zemaitukai became a utility
horse. The Zemaitukai horses are small in size, the average measurments
being as follows: withers height 128-142 cm, chest girth 165-180 cm and
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cannon bone girth 17-18 cm. The weight of horses is 360-420 kg. The
horses are distinguished by remarkable endurance, strength, disease
resistance, fertility and longevity. In the 18th century Zemaitukai mares
contributed towards the formation of the Trakehner breed, and in the 20th
century the Zemaitukai became the foundation for breeding the
Lithuanian Heavy Drought and large-type Zemaitukai. Recently, in
consequence of unfavourable historical and economical circumstancies,
the number of Zemaitukai seriously declined.

The development of the Large-type Zemaitukai horse began at the
end of 19th century, when the demand for larger horses emerged and
people were no longer satisfied with the small horse of Zemaitukai breed.
Thus, in south-east Lithuania native Zemaitukai horses were crossed with
the horses of the Orlov Trotter and North Swedish breeds. This crossing
and subsequent breeding inter se resulted in a larger and stronger horse
which since 1941 is considered to be native horse together with the old
type Zemaitukai.

The Lithuanian Heavy Drought horse breed was developed by
crossing native horses, mostly of Zemaitukai breed, with several stallions
of Belgian original, of which Swedish Ardennes were most influential.
Lithuanian Heavy Drought horses were developed by absorbtive
crossbreeding up to the 2nd and 3rd generations and by subsequent
breeding inter se. In 1930, the use of the best crossbreeds for breeding
was started on a large scale. Breeding inter se was started in 1953. The
horses were selected for their constitution, body conformation and
working qualities. Crossbreeding, selection and mating of horses of the
desired type as well as good feeding and housing conditions were the
main factors that influenced the formation of the Lithuanian heavy
Drought horse breed. The breed was recognized in 1963.

The aim and objectives of the study:

The aim of the study was to performe the monitoring of Lithuanian
native horse breeds using blood group, biochemical and microsatellite
DNA typing. In order to achieve our goal we had several tasks:

- to analyze genetic diversity within the Zemaitukai, Zemaitukai
large-type and Lithuanian heavy draught horse populations;

- to compare Lithuanian native horse breeds to other domestic
horse populations.
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The novelties of the study:

- for the first time a wide range of biochemical genetic markers
and different typing techniques were used to access levels of genetic
variability in Lithuanian horse breeds;

- DNA based methods were used to access levels of genetic
variation in Lithuanian horse breeds;

- genetic variation in Lithuanian horses was investigated using
mitochondrial DNA (mtDNA) sequencing;

- genetic relationship and genetic distances between the breeds
were estimated using a wide range of different genetic markers.

Practical importance of the study:

- the DNA based technology for routine parentage testing in
Lithuanian native horses was evaluated;

- monitoring of genetic variability is important of Lithuanian
native horse breeds for conservation;

- the mtDNA data also provides additional insights into the genetic
diversity of the breed, which, in combination with data from nuclear
genes, can be used to maximize the maintenance of genetic diversity
within the Zemaitukai horse.

The structure and volume of the dissertation:

Doctoral dissertation is written in English and consists of the
introduction, review of the literature, materials and methods, results,
discussion, conclusions, suggestions, summary in Lithuanian, list of
publications, 206 references and acknowledgements. In the dissertation
there are 17 tables and 9 figures presented. Wolume of the work - 109

pages.
Materials and Methods

Thirty samples of Zemaitukai horses and thirty samples of heavy
type Zemaitukai were used for biochemical typing. Standard
imunological procedures involving hemaaglutination and complement
mediated hemolysis were used to detect variation of red cell alloantigens
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at seven blood group loci. Starch and polyacrylamide gel electrophoresis
and isoelectric focusing were used to detect variation at 10 serum and rbc
lysate protein loci. The horse blood group loci examinated were A, C, D,
K, P, Q and U, and the biochemical protein loci were alpha-1-beta
glycoprotein (A1B), albumin (AL), serum esterase (ES), vitamin D
binding protein (GC), glucosephosphate isomerase (GPI), alpha-
heamoglobin (HBA), 6-phosphogluconate dehydrogenase (6-PGD),
phosphoglucomutase (PGM), protease inhibitor (PI) and transferin (TF).
Nomenclature for variants at all 17 loci was in accordance with
internationally standartized usage for horses except for variants at some
loci that have not yet received international recognition.

Thirty one sample of Zemaitukai horses, thirty samples of heavy
type Zemaitukai and 24 samples of Lithuanian Heavy Draught horses
were examined for genetic variation at microsatellite loci. The DNA
typing panel for comparison of the breeds consisted of 12 microsatellites:
VHL20, HTG4, AHT4, HMS7, HTG6, AHTS5, HMS6, ASB2, HTGI0,
HTG7, HMS3, HMS?2. Amplification of microsatellites in multiple PCR
reactions was performed in 25ul total volume reactions containing 50 ng
of genomic DNA, 0.07 to 0.8 pmol of primers, 1XPCR buffer, 2.5mM
MgCl,, 0.2 mM dNTPs and 1U AmpliTag. For microsatellite
amplification, a hot start procedure was used in which DNA template and
primers were combined and heated at 95°C for 10 min. The temperature
was then lowered and held at 85°C for 10 minutes for addition of the
remaining reagents. 32 cycles of 1 minute at 95°C, annealing 58°C for 30
seconds and 72°C for 45 seconds, then cycling was completed with a
final extension at 72°C for 30 min. Reaction products were analyzed
using ABI 377 DNA sequencer. Fragment sizes were determinated using
the computer software STRand.

For mtDNA sequencing primers from published horse mtDNA
sequence (Xu & Arnason, 1994) were designed: Forward
5’-CGCACATTACCCTGGTCTTG-3,

Reverse 5’-GAACCAGATGCCAGGTATAG-3’. Polymerase chain
reaction (PCR) was carried out in 25 pl total reaction volumes, each
containing 0.2 mM dNTP’s, 0.5 uM of each primer, 2.5 mM MgCl,,
1xPCR buffer, 1 U of Taq polymerase (PE Applied Biosystems, MA),
1U of AmpliTaq Gold (PE Applied Biosystems, MA) and 50 ng of
template DNA. The reaction mixture was heated to 95 °C for 5 minutes,
followed by 30 cycles each consisting of 40 seconds denaturation at 94
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9C, 45 seconds annealing at 55 %C, 45 seconds of extension at 72 °C and
then a final 10 minutes extension at 72 °C. Sequencing was carried out
using BigDye™ Terminator Cycle Sequencing Kit (PE Applied
Biosystems, MA). Sequences were determined using the ABI Prism 377
DNA Sequencer. All sequences were confirmed by re-sequencing the
same sample using a second independent PCR reaction. Sequence
alignment, to track mutations, was performed using, as a reference, the
equine mtDNA sequence GeneBank X79547.

Gene frequencies for biochemical loci were calculated by direct
count. Frequencies of alleles at blood group loci were calculated by the
allocation method of Andersson. Genetic variation was measured as
observed heterozygosity (Ho), Hardy-Weinberg expected heterozygosity
(He), unbiased expected heterozygosity (Hu) Nei (1978), effective
number of alleles (Ae), and the total number of variants found in each
population (Na). Ho was calculated for biochemical loci only because of
the presence of recesive alleles and/or ambiquous genotypes at blood
group loci. Populational inbreeding level was estimated by Wright’s Fis
= 1 — (Ho/He). Values of genetic variation of Lithuanian horse breeds
were compared to those of domestic horse populations that have been
tested at the University of Kentucky (Cothran, E.G. unpublished results).
Genetic relationship of the Lithuanian horse breeds to these other
domestic breeds was investigated using Roger’s and Nei’s genetic
similarity coefficient. Restricted maximum likelihood analysis was used
to construct the dendrogram from bloog group and biochemical data. For
microsatellite loci D, distance matrix was used to build phylogenetic tree
with neighbour joining (NJ) method using Populations software.
Neighbor-joining (NJ) method was used to constructs a tree from
mtDNA data.

Results and Discussions

Individual genetic variation within the Zemaitukai old type and
Zemaitukai heavy type horse breeds were higher than the mean Ho for
122 domestic horse populations (0.430, 0.440 and 0.371, respectively)
(Table 1). Of the 122 populations of domestic breeds that have been
examined, only 7 have higher values of Ho than Large type and 12 than
Old type Zemaitukai. Thus, from a genetic conservation standpoint there
is no immediate concern about reduced genetic variation within the
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Lithuanian horse breeds. The populational variation measures (He, Na
and Ae) of Zemaitukai horse breeds were higher for He (0.377, 0.416 and
0.365, respectively) than means for domestic horse breeds and lower for
Na (54, 60 and 65.10) and Ae (2.159, 2.201 and 2.390). For both of
breeds Ho exceeded He, resulting in negative Fis values.

In the old type Zemaitukai horses an allele we called T was
frequent (0.267) at the serum carboxilesterase (ESt) locus. We have only
seen this variant in three horses (of unrelated breeds) out of many
thousands that have been tested prior to examination of this breed.

Old type Zemaitukai horse has its highest similarity (S) to heavy
type Zemaitukai (S = 0.858) as would be expected, and to Morgan
Horses (S = 0.830). The heavy type Zemaitukai showed closest
resemblance to Yabou and Mountain pleasure (S = 0.879). For both of
the breeds highest mean similarity was observed to North American
racehorse breeds with values 0.802 for old type and 0.848 for heavy type
Zemaitukai. The next highest mean S was with Arabian type horse breed
for Zemaitukai heavy type (S = 0.836) and with the breeds of Spanish
type for old type Zemaitukai (S = 0.787).

Figure 1 shows the genetic relationship among horse breeds from
RML analysis of the gene frequency data. Lithuanian horse breeds were
paired with the Skyros pony from Greece, between clusters of Arabian
type horses and “Spanish” type horse breed.

At twelve microsattelite loci observed heterozygosity for old type
Zemaitukai was slightly below the mean for domestic horse breeds
(0.682 compare to 0.697) (Table 2). Heavy type Zemaitukai and
Lithuanian Heavy Draught observed heterozygosity values were higher
than mean for domestic horses (0.758, 0.759 and 0.697, respectively).
For all three breeds Ho exceeded He resulting in negative Fis values.
Zemaiukai heavy type and Lithuanian Heavy Draught horses has high
genetic variability for microsattelite loci and only five other domestic
horse breeds has values higher than those two Lithuanian horse breeds
tested to date.

D, distance matrix was used to build phylogenetic tree with
neighbour joining (NJ) method using donkey as outgroup shown in figure
2. The NJ method for constructing evolutionary trees from distance data
has been reported to be one of the most effective methods in obtaining
the correct tree topology from microsatellite data. In this tree all
Lithuanian breeds were grouped together, with closer relationship
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between Zemaitukai and Zemaitukai heavy type and that would be
expected. Lithuanian breeds were placed between Sorraia and South
American horses that are breeds of Iberian origins and direct relationship
to Lithuanian horse breeds is very unlikely. Sorraia was placed almost as
an outgroup probably due to very low genetic variability.

DNA-based typing has replaced blood group and protein marker
typing in most laboratories due to its high efficacy. In comon breeds such
as Thorouhgbreds, Arabians as well indigenous breeds such as Sorraia,
Noric horse and many others PE values exceding 0.99 have been
reported. The microsatellite set consisting of VHL20, HTG4, AHTA4,
HMS?7, AHTS, HMS6, ASB2, HTG10, HMS, LEX3, LEX33, ASB17 and
ASB23. markers was highly efficient with probability of excluding
wrongly named parents ranging from 99.94% for Zemaitukai to 99.99%
for heavy type Zemaitukai and Lithuanian Heavy Draught. DNA testing
will have an important place in the conservation of rare breeds by
ensuring that pedigrees are correct. This will allow for precise
management of inbreeding levels and preservation of specific lineages.

Investigation of biochemical loci indicates bottleneck Zemaitukai
horse population. However small number of biochemical loci were
tested. The examination of microsatellites also indicated bottleneck in
this population. The Zemaitukai horse population undergoes founder
event and heterozygosity will continue to decrease due to genetic drift in
this population. The decrease in heterozygosity is strongly dependent on
the rate of population growth. A newly founded population that expands
rapidly will lose less variation than a slowly growing population. Total
size of the Zemaitukai horse population is 149 individuals with the
effective population number of 66.9; those figures from the theoretical
standpoint are good for short-term maintenance.

Table 3 shows polymorphic sites in the control region between the
five maternal linecages of Zemaitukai horse breed, Lithuanian Heavy
Draught, Zemaitukai heavy type and the reference sample — GeneBank
X79547. Sequence analysis of 421bp revealed five different haplotypes
in the Zemaitukai horse breed supporting the presumed maternal
pedigree lineages for existing horses. A total of 20 nucleotide differences
compared to the reference sequence were found in Lithuanian horse
breed. All detected mutations were transitions. The minimal difference to
the unrelated horse reference sequence was six nucleotides in the Tulpes
and Zibutes families and the maximal difference was nine in Arabes
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family for Zemaitukai horse breed. The minimal difference between two
different haplotype DNA sequences was 6 and the maximum was 11
nucleotides. Out of five samples analyzed five different haplotypes were
found for Zemaitukai horses, which is comparable to other findings [13
haplotypes in 16 maternal lines of Lippizzan horses,27 haplotypes in 34
Arabian maternal lines]. For other breeds, out of three randomly selected
samples, two haplotypes for Holstein, Hucul, Zemaitukai heavy type and
Finn horse and three haplotypes for rest of the breeds were observed. A
total of 38 nucleotide differences compared to the reference sequence
were found representing 9% of the total DNA sequence analyzed. Out of
38 detected mutations, there were 37 transitions and a single deletion in
one individual of the Polish primitive horse breed. The deletion was
located in stretch of five cytosines at position 15532,

For genetic cluster analysis, sequences of Arabian, Thoroughbred,
Friesian, Akhal-Teke, Belgian, Caspian, Cleveland Bay, Clydasdales,
Exmoor, Garrano, Haflinger, Lusitano, Noriker, Shetlands and Sorraia
horse breeds were obtained from gene bank and included with the breeds
sequenced in this study for analysis. The breeds represent a wide
geographic area as well as the different horse types. Sequences were
truncated to 353 bp for this analysis in order to maximize the number of
breeds included. Both maximum parsimony and neighbour-joining
analysis showed similar patterns. After truncating sequences for genetic
cluster analysis, breeds that shared the same haplotype were pooled in to
groups named C1, C2, C3 and C4. The C1 group contained the Holstein,
Trakehner, Lithuanian Heavy Draught, Arabian, Sorraia and
Hannovarian breeds. Hanovarian, Trakehner, Zemaitukai and Arabians
were put in C2. Haplotypes of Akhal-Teke, Belgian, Haflinger,
Zemaitukai, Polish Heavy, Garrano, Cleveland Bay, and Noriker were
placed in C3. Hucul, Thoroughbred, Haflinger, Noriker and Lithuanian
Heavy draught horse haplotypes formed the C4 group. Genetic cluster
analysis did not shown any clear pattern of relationship among the
domestic horse breeds whose relationships are well known historically
(bootstrap analysis of 1000 replications, Figure 3). Haplotypes from the
same breed frequently clustered in separate groups that included breeds
of completely different horse breed types. This same pattern has been
seen in other studies of horse mtDNA, but are different from ones
obtained using blood and protein typing data, were horse breeds clustered
corresponding to their known ancestry. The mtDNA analysis provided no
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new information about the ancestry of the Lithuanian horse breeds. The
analysis of mitochondrial DNA of Zemaitukai horses adds useful
information for the effective management and conservation of this rare
breed. The mtDNA results confirm the maternal lineages, which are
useful for development of breeding strategies, aimed at evening the
genetic contribution of different maternal founding lineages. The mtDNA
data also provides additional insights into the genetic diversity of the
breed, which, in combination with data from nuclear genes, can be used
to maximize the maintenance of genetic diversity within the Zemaitukai
horse.

The old type Zemaitukai horses were included into the FAO World
Watch List for domestic animal diversity (1995) as a very valuable and
internationally watched horse breed. The genetic variation is normal for
Zemaitukai horses, however, genetic variation can be lost very quickly in
small populations, and Zemaitukai does have small population. We have
a human duty to preserve those three breeds and develop management
efforts to save those breeds in theirs native area.

Conclusions

1.Blood group and biochemical loci typing revealed high levels of
genetic variability in Zemaitukai and Zemaitukai heavy type horse
breeds:

1.1. observed heterozygosity for Zemaitukai (0.430) and
Zemaitukai heavy type (0.440) was higher than mean for other domestic
horse breeds (0.371);

1.2. expected heterozygosity for Zemaitukai (0.377) and
Zemaitukai heavy type (0.416) was higher than mean for other domestic
horse breeds (0.365).

2.An allele we called T (0.267) was observed in Zemaitukai horse
population at the serum carboxylesterase locus. This variant was
observed only in a few other horses (of unrelated breeds) out of many
thousands that had been tested prior to examination of this breed. This
confirms the uniqueness of the Zemaitukai horse population.
3.Phylogenetic analysis from blood typing data paired Lithuanian
horses breeds together, confirming of their close relationship.
4. DNA typing revealed high levels of genetic variability in
Lithuanian horses compared to other domestic horse breeds:
4.1. observed heterozygosity for Zemaitukai, Zemaitukai
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heavy type and Lithuanian Heavy Draught was 0.682, 0.758 and 0,760,
respectively. The mean for other domestic horse breeds 0.699;
4.2. expected heterozygosity for Zemaitukai, Zemaitukai heavy

type and Lithuanian Heavy Draught was 0.641, 0.714 and 0,718,
respectively. The mean for other domestic horse breeds 0.698.

5.The probability of excluding wrongly named parents using
microsatellies VHL20, HTG4, AHT4, HMS7, AHTS5, HMS6, ASB2,
HTG10, HMS3, LEX3, LEX33, ASB17 and ASB23, in Lithuanian horse
breeds were 99.94% for Zemaitukai and 99.99% for Zemaitukai heavy
type and Lithuanian Heavy Draught.

6.Phylogenetic analysis from DNA typing data paired all
Lithuanian horses together in one cluster.

7.Sequencing of mitochondrial DNA D-loop confirmed pedigree
data of five remaining mare family lines in Zemaitukai horse population.

8.Phylogenetic analysis of mtDNA, study does not provide new
information about the origin of Lithuanian native horse breeds.

Suggestions

1.The pedigrees should be checked for all Lithuanian native horse
populations before accepting animal to stud book that will allow monitor
levels of inbreeding.

2.For parentage testing 12-13 microsatellites should be used which
will give high exclusion probabilities for wrongly assigned parents and
would be relatively easy to multiplex.

3.In order better understand the origins of Lithuanian horse breeds
further studies should include breeds from same geographic area.

4.Studies of ancient mitochondrial DNA could provide links to the
early origins of the Lithuanian breeds and historical remains.
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