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Abstrakt

Semenn® sady |l esn2ch dSevin jsou viznamnim z
|l esn2ch porostT. PSi jejich zakld@&aao@&n?pravoldh
KromhD pelliv®hoch Thddrat zmP tjoau premntin ® k\SREwn&t |
Vzhledemk omu, ¢§ge pravdRpodobnost kS2gen2 dvou
vzd8l enost i, | ze vzorec kS2gen2? ovlivnit pr!
desi gny saedne npnrfoctho sst av2 pr&§vhN na tomto pSed]
konkr®tn2ch de¢esiogeTi pobPsgBativ pr8ce. StejnnD
zdTvodnhDny obecnhD pSij2man® pogapaaky itk ® Vv &
jerezentovs8n origing8ln2 Optimum Neighborhood
kS2genz, tedy pdimpaoniiv Ae gomm ®musadiu j ako s
vgechny klony v r8mci sadu pS2mo stawubyed? se
vyugit vzorec pro vidPprodnEdrRi matpzyhvanout &ri t ¢
Zt akto definovan® panmi xie vych§8z?2 [ dal ¢ ?2
hybridn2 al gohi temdRutj yepkyr §daéns@® ngen#[u jp20 al2ni? anl egk?
ng§sumofpRuj e pr ost ogreonvelX iocpktoi unoap Il oZDbiAeAgbBtBLZ |

Je zde popzothd eidRpogrttadt i vime2zhio vkyStk? rgaenndizonp | mr@mio t y
t eyydbepgewmemhddi §ce por otvoBarB® pvileshleardxkiys tsuj 2
designy 2 ohl edu panmi xi e i MiDn iginlat s pTe by hhr 2pc
kpubli kovg&n2 vegurSe§Shefcthhad&eck Poh e byly napr.
vi o0z hRaap352 s tviepSreljrpyo d 6 b DIVKRT .b a | 2



Abstract

Seed orchards of forest trees are essential sources of reproductive material for reforestation.
Seed orchard establishment and management have to follow given rules. In addition to carefully
selecting represented genotypes, &i§ necessary to pay attention to the actual mating. Given
that the probability of crossing two individuals depends, among other things, on their distance,
the mating pattern can be influenced by the spatial distribution of genotypes. The available seed
orchard designs are therefore based on this assumption. These issues, including existing
methods, are described in the thesis's theoretical part. Likewise, generally accepted
requirements for seed orchard designs are described and justified in detaipiadical part,

the original Optimum Neighborhood Algorithm (ONA) is presented, which promotes random
mating, i.e., panmixia. The algorithm defines panmixia in a seed orchard as a condition where
all clones within an orchard are directly adjacent to eattler with the same frequency.
Consequently, a formula was developed to calculate the variance, a minimized criterion
function. The other presented tools and approaches are also based on panmixia. The ONA is a
hybrid algorithm that takes into account dint types of designs and constraints. Another tool
allows for spatial optimization of genetic thinning based on the ONA algorithm. The
improvement of existing seed orchards further supplements a procedure that takes into account
the assortative mating amg selected genotypes. The work compares the presented results with
existing designs considering both panmixia and minimization of inbreeding. Most of the outputs
were accepted for publication in three scientific journals. The software tools were pragtamm

in the R interface and made available to the public as R packages.
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Obr

Specifka sc®n§ST, na kterTch bylm§meistpwiginiak ¢
Chal oupkovsg8 a kol. (2022). LD znal? Linea
Parametry gesti sc®n8&8ST, na kterTch byl d
kS2geni pSi z&8wmbadhbPhbl DRAaal B8f1 D4 znal 2
kter® byly definov8ny rTzn® hodnoty penal
sch®mat u.

Visledky testov§gn? ONA asortativn2ho k§S¢2

separace mezi divrRamal cchv ok li ccreTmi a v me z i 0St ¢
sousedstv? me z i tODmito dvojicemi kKl onT
sousedstv? mezi ostatn2?2mi dvojicemi klonT

Visledn® hodnoty kKriteri 8l n?2 funkce pSi
zvolenTch ktdoajli PS2slugn® | 2slnoal ¢z emac .

nejoptim8lnhRjg2ho Segenz.

Ezéi(ilad zal ogen®h oMearaepeyAoa@id mearssdDd Wildp k §c i e
Kl ony jsou vyznaleny barevnD a | 2selni.
PS2klad dopl nhRn?2 shto§ vsaajd?uc 2b oRihoswildebeid.).seesrme2n n(
Zel enhD jsou vyznaleny plod2c2 klony, b2zle
ale byli nahrazeny ze z8soby a ¢gluthD kIl on
Visledn® sch®ma pr o psar@ncgeS dv.ojli,c e rkol chroTd n
a pro dvojici klonT 3 a 4 rovnou 0, 5.
Visledn® sch®ma pro sc®ng§S | . 4, pro hodn
a pro dvojici kl onT 3 a 4 rovnou 2.
Visledn® sch®ma pro sc®ng§&S kl. &nTptoahddno
a pro dvojici klonT 3 a 4 rovnou 1, 5.
Sch®ma bez zahrnut?2 preferenln2ho kS2gen?

Visledn® sch®ma pro model ovi pS2klad Sege
pSedpokladu pSevl §daj 2 c?2ehchdd ptifaiizace o s mNr
prostorov®ho rozvwvgaeg?t3demONA®ho sadu s



Grafy
1. Vztah mezi pozorovanou intenzitou kveten?

a kol. 2007).

2.Vzd8l enost mat eSskTch stromT od kontroln
vznilklpr&en2zm tNRchto dvou stromT, pSil em
vDtrem ve 120 |l et star ®m por Certiaalliddoa ovi ce
RuizaPav. Oker(White a kol 2008).



1.Bbvod
Vpr §ci jeopiSeids &k nweonpatligwarliitzmaucsi kpr ost orovi ch

sadE?2lsem podpory n § h o d IN&dhlworho&dS Allgcatiorz ONAOp t i mu
Vd2Il ] 2ch kapitol8ch je prezentov8§no vyugit?

dizertaMhaspn8§c&egen?2 jsou ovhRSena pol2tal o

reg§lnfch pS2kladech ze glechtitel sk® praxe.

Je zde popsBat ¢ mdatligawmbtt mus, tak vgechny dc
seoz §kl@Nm2desi gn, kter inolvde hv yswwh2®mapr o etmearnd
z8kl adn?2 jal goezepmae®¥@np wbl i kiOptiraumBeghboihed u p u
SeedOrchardDesigrii( Chal oup kw186 )a. kibgl.e je pSedstavena
vyl epgovgn2 st8vaj saddh avidsasdegm,s e&menrndl ckho mb
standardn?2 pS2sTupTykteo tvviosrthulbys hs®matpops§&ny
v 1 s t ACprient Advances in Seed Orchard Layouts: Two Case Studies in Chnifers
(Chaloupk@089p. kBéspednentadang publ inkovanst§
vyugit2 ONA pSi sgeemeentnTcckh® sparSpetic Dptinedatiogof e k= A
Genetic Thinning in Seed Orchards( Chal oupkovg§8 a LstibTrek, 2
genetickou pr ob?2 rekou eatpilcikk® vzaandoS8un 2j,a kt anka nta Kk o

D8l e prs®»ui vprezentovs8&§ny dal g2 mognosti vyu
publi kov8ny (asortativn?2 kS2gen2, specifick
dostupn® zdr mj§etsoftfTwakoer® byly prTbRhu Seg

pro tvorbu designT, genetickou prob2zrku i h
mognosti dal g2ho metodick®ho rozg2Sen2 a apl

ONA je efektivnttyplSiz Skegre2nza rpfrzabdlic®dmT. Spl
na moder n? dostupnl nN8stro]j managementu sem

Segen?2 nachs8cel® 8QpdBt ghDet hiEivireolpsk T che vperrongr

Ameri ce, Asi i, | i Austr 81l i
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2.Cleahypot ®zy

C2l em pr8ce je odvozen?2 origin8ln2ho prostor

n8hodn®ho kS2gen2 (panmixie). V navazuj2c? |
viznamnlich promRnnich ve ¢l ecuhdtei tveyltsvkolScehn ap rno
pro vylepgovgn2 st8§vaj2c2ch semennich sadT s
akcentac?2 panmi xie dosazen2m vhodnlch klonT.
origingln2ho postupu prprsdho?rrokvy® v psd meardnizalc e
dSevin. Metodick® Segen2 by mhRlo blTt kompat.i
Deploymentfi. C2lem je t®jJ vytvoSen2 volnh dc

provozn2m ¢glechtPDn2.
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3. Rozbor problematiky

331Gl echtitel skl cyklus

Vr §mci g1 ec htsepraedjessét Sreoni c Yk lulhy popul ac? . Jed
z8kl adn?2 populpepulacia gt edopuatin &l snkacthg kagdg8& mS§
a navazujj2e dma tedtdehpdg astic (Zab® a Falbert 1984y § k| adn?2 popu!
mohounagd38dBPaddn?2 populace v jejich pSirozer
pokrolilTch NDgpeéereradocgf eldmlSepodbhntosest er sk§ pot oms
rodvbklTch stromT, kter§ jsou seskupena do

Z § k | populaéezahrujea § i eg2ean otGy @ Eht i t el sk8 popul ace se
jsou vybr 8msipesafizékl akdNDkvant iztnaazxafvme tcThe ha dkov
gl echt it el(BokePehTalbekt L9BAH\MRrri Tab Dhu esel m®cki pit kom

me z i hodnotoade zs gl glkglem?2eda i cla®ho v & n 3 guaindeotsit cakt @ |
variability uvnitS populacehtakelabhymbykgking
veli kost t ®®0 ppeomnudtaxceT (Zoballe avdlail besti 198
konkr®tn2 dSeviny a &héeclkt at Ebbs k &tkaiQ e dgetsg ma
samotik®svelpopul acz ej emjedy ypomE tdifclke® jdei vneutzn ® k al
efektivna2os bk bk dpopuadewyrp8 mc i gl echt i populasek®h o cyl
produRd je2z.a maSspatificky na zaj i gt NDn?2 Vyspg®aoh toln @h

-

eproduk]| n2rapl| st Bgyd Bmn vaMyg eprogle dnato pr §v i
semenn® sady | i matel nice. Tyto popul ace | so
1992) byS efektivn?2 velgilkeoshtt isteemesrkn® cph asxa d Tz njae
Semesady®e dy t v o $2poy nposicshtrestzle | glkd mpr ak o z ¥ 3 i

|l esnictyedmch prostSednictv2m je zajigthDna vy
obnovu |l esNW2clBmporgsetThtitel sk®ho cotdlbk| m2epr
populacea cel T gl echpotset akD Jeykicths agu2ost Sedni ct

umognhDno napl nhNn?2 ¢ 2 (MEKegnd @ Welir2000t Whites kof2003) pr o g r
Nej |l astRjg?2micpgmgrdanTy g2 &wihg likars®litimkRnma dkrjpmidie d Se v i
Paul eho (1992) zvlI §amna kdpdRapl dnuoksctel dpS eovtni 2  bhi noot ti yc
| i ni tNea pT9%.k | a d (1989) definujgro§is | ed @ f(1? atnostpo gadovan®
produkcef y zi ol ogi c losiva, Ry a lviy adagtabiith b udouc?2 c,h(3)por ost
navigen2 hodnoty hospaaagdakogSrnvateenlentth tk® dnak
TOmto c21 Tm odpov2daj? i konkr ®t n2 gl echtite
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S p e c ipbdulack @oblhaa Funda 2004 ; HIKed ddgnjétoflima2niedi 8 ) .
genetickIm ziskem a genetickou diverzitou je
a kol 2007; KaR8&8k a kol. 2008).

32Semenn® sady

Semenn® sady | glsintehatdS®e i ejlswauk®dibhy dekt ao®
zal ogreony%| ely produkce ge npe&z2ipcakdyn Nk vparloi t sne kwn
dal g2 (Phuled®92 TZobel a Talbert )AUa84Si KZRdlk!l aak
(1984) navdkutrzellTwezRamnBEbodou takovich visade
a finanl|Pm?2 psSpwawpa.savugrec@robl emati ku semennl c
0 uvgdinNn2 reprodukidodholNmitvemhing§d 4%/ RbAMh uSb .
sbNr osiva | eegrgpodgd $e wioruzlezewznan® zdroje r
Semenn® sady prvn2kwalgiefmér agaddl spakrzalrioljlich
zdroji t.8ememahlI mad mus2 pSed samotnim uzn§gn
jejich naplmBAn2pojde obng dokumentace (KaR8§k
Kompl exn?2 regerge na t®ma semennl chassabmdT by
(2013).

Vizkumy pr @&v@dsk® o aksa zvuo 2 pzTevgoeieme a gell ¢ h
zpohl edu prakiTkbnbde&hz amneptot ddivupTvvad dazrh BPgdv T ch
poroWenins(tr°m arBmci 2@8K®. républ i bpdbphdmt al
visledkem provedeno me z i semennim sadem p
repr odunklt re% ieg?l nporostem (Kobliha a Funda 2004).pvS2 padl s e menn
sadT] druh® generdocsea §rEad Hamdza $ejcthD rozd2 | T (
pSedpokl §dat , ge porosty zal ofguedou@uo Didwdm ndDe
S u p e r(dawadili9382).

Po pSedstavu d§le uvg§d2m, jak wekk@r ptlc
Evropsklch zenobdhas tNa pGS.2ekdlsakda uvh r PedBesgmioch as ad
vS8§du IselbtyeaePhka 2014; Kowalczyk a Lindmgren 2
borovi ci | esn2 a smrk =zt e pTudedkuspVYoce@00TjedBab0 ha
o plochu o rozloze 1200 ha (Murak a kol . 20
napS2@hamdv at s ku, kde se | edn §Kowacmyk a&Lindgrem Dk ol i
2012) Podle Hayda a kol(2019)z a b 2 r a | ys asdegymennan ®tdéer2@lp ploch v

14



pSiblignWLE3IG® IRa&publice se setk8&me se ser
hospod8§8§Ssky viznamn® | epholsil|endaniBy 2dash&806bylo t r e n d
u n8s evidov8&no celkem 146 sadT. Spolelnlm
(Rambousek 2003; Musil a kol. 2007). VDtgino
(KaR8k 2011). Semews®Seddy apnsliocdhe vzeddreomzTh r epr o
materi 81 u (Padgzeki kE@Mménaniem!| zad Vmhl edat na

vdat abg8zi Treebreedex.

33Typy semennlch sadT

Z8kl adn2 dhRlen2 semennlich sadT je zalogena |
semenndynikls@anovimi a j8drovimi. MTdgeme tak®
pouze z vegetativn2ch kopi 2 dan®ho druhu | i
monok!| on §1 n 2Zoteleka 195870bel a Talbdrt 1984; Paule 1992 White a kol.

2007; Eriksson a kol. 2007Nej | ast Dj i poug2vanim typem sen
semenn® sady. Tent@otl gthrl dsvadd T oz ajeiddlwcj2ec h po
(Giertych 1975).

J8drov® semenn® sady jsou zak]I 8jdeSnn2ym,z en esbeo
kontrolovanTim opylen2m mezi vybranimi jedin
visadbu potomstev a c2l em | e ospa(brigssonakohej | ep
2007). J8drov® semenn® sady jegmegh®i velbgktic
na jedn® | okalithDn. Nejprve zalogeny jako gel

sadyJ §drov® sé¢mewvm@dksha®bdyat pro ty druhy dSevin
plodnosti WadnZg2km®mdvbildw.y Spir @ v®aloo gamu mTge ¢
vegetativadan@phopagadba | i rk@rdpagatciu?pmtos t z pnjad celr a
j sou zak!| §dpsrnvyn 2p Sgeedmevrya énesho tsiad KT rha MeS eov isno.u | a
vyugit?2 testT pukilomtscthe vp g pakloajct2o |parsotdo vede ke
z2sk8&8n2 nepSes Whitehko2003.] edk T test T

Kl onov® semenn® sady |j soumnzoahkal §ddo§sntyu pvnel gceht
Jedinci v sadu jsou tedy iTdvpmrtaixcik Tsmei jkeodmige mi
typ semenPallel9928 gd o jedi nce nazlv§§me ortety.
z ortetu pSenesena nejen genetick8 informac
tohoto dTJvodu je Vhkhhds@difentak| SyYymts emenmevr o |
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nN8§stupem plodnostiuj s\Walg eotzantaitzwwzBmmk/o j iack\ver & g 0Dt
klonov® semepb®grmjdiy poug2vanl m zodosimjvem ger
provmlzennNap 82 kIpaodj evnel ch st §t ech v pgva o &ku leu j®2
by bylo dostaluj2c2 pro Ixg@drlscnidnj?2e MI0i% ncaenl Tk of

2007). K onov® semenn® sady |l ze dnl it dsgl e n
vnitropr dBriksson &kol. 2807) MT§geme s e sbdetlkoant8 1 hak®
monokl on8l n2 mi semennl mi s a d Abies ddicickh & Abreg | n 2 s

cephalonicd z e n a p ® datstaracdTruba (Kobliha a kol. 201%).] o n o vi®e smadn ®
zakl|pduwew S2 phdekdy je jednoduch®&® Tz20s koavt] cvhe gset tr
pro dal g2 mnogen?2.p S2spaud eucphS, e dikndoys t dReorvi§ ndyr wh p
(po 10 ag akdgijepritm&hmnelm m zal ogen?2 sadu pr 8v
v h o d mse/h @hite a kol. 2007).

KromhR ji¢g zm2nhNn® produkcesk&mahnti obh®adgFi
vochranhD a reprodukci genofpoonsdiueednqTeht ol eter
viznamnij g2 m, p Serdehbf@hnan 2md) neatevagalk maus n ®, z e
pro pokr olsien® ngnelncehh dseaedalt kompr omi s me z i gene
genetickou diverzitou (Kang 2001).

34Z a k| Sanfamagemens emenni ch sadT

Zal ogeménn®pSedpdgzEomSepr oduk]| n2Moot invaatce?r ipsrl
jeho zalogen2 Dbl v§g nNeedosatsatlDgk kjvsaolui tpn&@ih oz aoksli
dva c?21l e, a to budouc?2 ekonomickl pS2nos a
zakl 8d8n2 semennlch sadT bfyakbDbyybl ktpel®l jVvh
jeho provozu d8l e mDnit.

Management semenn®ho sadu je kompl exn? a
Yudr §bu a per osivalddcTkvooud us kslnizzgeeR2 provozn2ch n§
nej |l astDji opyh&zg&nyt edRt rikconh.n ®oc opyl en? (s
rozm2stiNn2 jednotlhvVaeh2genbakpdr TedwP mvRuj 2
vislednou kvalitu osVievaf §zWhipgle§nsooviEokP. v2IG@ad
rozhodnout, pakbm Fjpisobémv® stromy rozm2sth
zpTsopbostouep®BE6dsgn?2 S2 k § me design semenn®|
semennlich sadegaemadives s@i®ertych (1975). VNt
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zpSedpokl adu, ¢ge keSek®¥Geém? meéadchzr ost orovh
pSedpoklad n§slednhD potvrdily pS2padov® stud
zakl §8d&8n2 sadu je vgpKed&akyponkv 8i tT ¢hdgl géh
cyklechAut ei8§dge a White (1993) dVWE8dRtegbtbhdbyz2gseé

vibRr prostorov®ho sch®mat u

1) maxi mali zace genetick®ho zisku pSi zacho
2) zaj i gt MEk®Bheon2 ,(panmi xi e)

3ym ni mal i zacto pKSbernski®ibr2di ngu)

4 m ni malizace chigbpdus evlzenk k2 T ¢ mognost n8sl e
genetick® prob2rky)

Lze konstatovat, e sopbdsh@t tlesstii gotER uejky tao
Kassaby 2010El-Kassabya kol 2014 C h a | o ugk&él.801FELiesebach a Liepe 2021).

PSi vibRru lokality pmotrz@hDgehirk stamkna®n (
jeho zemDpisnou polohu, kter8 by mDl.a D8Ilp®v?2
je pSi zak! §d§n?2vymattakevoup®dtho lsdea unelurt @2 ri zi k
pylem z okoBemehnipos adtyT sk §meneditgéinonme nn g
geneti ckPSikvhOO %y k ontzamdinakxtjoe pageaaogtei c k T Zi s
pol ovil n2 o pekontainacrieitowa)c8iz 2k doySedp okl adu absenc
ve skupinh nezn8ml c hEriksson a Kol@00B).KT ale j g ®nh ge mp B t

kont anvienascmy,s|l u gehaki db®h&z2zi sksemennich sa

Vliv kontaminace sel § | ey @g@aj e pSi vysok® variabilith re
a kol. 2009). Prevenc,ge tvgadk wihPmtwhopdr® ald
zamezit v znaagrelnne tkaviartr8t 8o d u k | n 2 Kon knmma®aenr2i §rh2u
kontaminace mTge blt v praxi zkoum§na pomoc?
m2ru kvamnozfmekaj30% ag 40% (Sl avov a kol . 2
vygag? (Pakkanen a kol . 2000; Tor izanmbrug§ nadnk o
kontaminaci | S&tdmopbgpys e s let apgSfed|. &8 ®dsku (Tor

a kol. 2013. Vel i kos't s e mamld@éd fol eskatdouv aky konkr ®t n 2 C
aktusg8l n2eprwit Sle®Kd 2groovMoze samhk&emd jepyibh
kdy je tSeba vyveggit geneticklI zisk a gene
samostatn8 kapitol a.
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Negati vn?2 viiwv kont aminace na selek]|] n?2 ode
speci fgilekcThah t eRs kjTagkel map&e &giad me tRBredding Br eed
(EFKkassaby a LstZde[rjeek prood r)eduk ci lpSeetdkceni nac e
vt estovac?2ch v saldebs8rcehe h ev@md HiITPESER mp ket i bTr
kol.2012;Ls i bTrek a kol . 2015) .

Rozm2stNn2 kilspoTuna pledprguh Tjvnd bnderjednT,| e gi t Nj ¢
ovl i vRUjs2l odaafitiorue pr od u k| n2PhSad  mayd en8bigeBtiniégs tpor o v 1
designdeterminujer z or ec  k S2 g é h 3 t kraeEBKRS8gbye2010)iTento faktorje
relatehaoa® ovlivmBvebshl nmnazvevepraiTgl e dikcihtS§eled
vysokITm ztr8t8&8m potenci 8§l n2ho geneti cE®ho zi
tohoto dTvodu by njotBo av plali ISVvhmlga pioistp rvBl® s ®h o
designinar Te9g&N v2ce v pS2pagdemdnn kayyg g2ed egyeln ezre
kde | asto nhRkter® klony sd212 spole|ln® pSedk
tak mus¢mévahgtrTzn® mryabSe®mzp6spadn | e
pS2buzensk®ho WS2ayemBsi(dcdrbirmMmdipmgj evIm inbr
vyprodukovan®wt Dpccttoomsp Skl adech j epohtedua kt i ¢ k
optimalizp$nPlPi gre®romezen? opti mal praxigd tak2 Yal ot
vhodnnDgoykr,ol v1Tch generac?2ch, kombi novat ne
sousedn?2 mi gl echt iMtkeahds & Weiil 9 @@ pul 4 d¢enpS2 mo n
environmentnglTndéucthe xgtruadri®zs8hl ej g2ch kandi d§t

2021).
Genetickou kvalituosivav T znamnhD ovli vRuj e i fenol ogi e
jednotlivich klonT. Tyto aspekty pS2mo ovli

vmnoha styckijzicthg visledky potvrdily j-ejich
Kassaby a Reynolds 1990; Nikkanen 20@)y | pozorovsgn i viznamnl
cizosprg§8§gen?2 a husitptodNakvebert k&GP gen? ms§
NapS2uklbaodr ovice trv§ kveten2 konkr®t n2ch gen
PS2padn® rozd2ly ve fenologili kveten? vedol
nezbkénBnal n®mu sn2gen2? re8l n® efektivinz vel
mognost dos8§8hnout (Xeakoml984Piooddk ®@m Kkod2yieara2 i mo ¢
synchronizacea hustotak v et e n 2 a j ej2vpwlpiuv aca. r €pr d d uk i
vytvoSen specifickl software (&tasnZa KkK$éde 0D
pak je mogn® pSedpokl §danl vzorec zahrnout |
semenn®ho sadu ( L\srt&8ncTir erkDkat ekrollc.h 2s0tlusd)2. v g a k
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rozd2ly ve fenologiriSmoipThildhesteéedyeza xXVo9@hgn:
pSi zak| dg&nw2nosetadu Naopak byl y poplodmostiv§ny

viednotlivich I etech (Prescher a kol. 2006) .
N
«) 07
2 L
N
© 0.6
=
T
0.5
()
X 04
>
0.3
>
o 0.2
e
1 1 1
0.50 0.23 0.15 0.10
+eazt bNT |
t 21 2NR Oyt KdzalGzdal 1@¢
Graf .Vzt ah mezi pozorovanou intenzitou(&eehiedakoh odhadr
2007).
Vsadechjewr TbNDhu jejich provozu mogn® prov§gdr
hnoj en2. Tyto mohou m2t vIiiv na kvalivu a mi

sadech borovice |l espiiwmél REmskodpotwmrdi vyn ¢

viznamniD ovlivnit kveten2, produkci semen a
mnohem viznamnBhj g2 vliiv na produkci m§ vibn
(Saarsalmi a kol. 1994). Barnet9@)u v §d2Je umR|l ® pSi hnojovsg§n2 m
veli kost semen a sn2git % oveR dormance. To
dal g2 pSedosevn?2 ogetSen2. Petersen a Uecker
na r Kkon®peg. VIiv zavlagovg§n?2 na produkci ser
viznamnl na ploch8ch, kter® nebyly zavlagovs§

Prakt i ck § redykcakiorfaenm&cevis e menni ch sadech

Jak vyydgeé vEBm®Pho, oskwanal[lgiel uaozvnlll vnit mnoho vnhj
VNt gpirmac2 zamhNRSenTch na zkoum8&n2 zdroj T kont
potenci 8l myhw mzeadzomngm®MNa pPEBEYSEdusn2 gen? mg§ ef e
apli koeg§nAngak®n2kov® z-nyfi kolem semenn®ho
500 m. Proti tomuto konceptu vgak mluv?2 skut
vysoklch | 8§8stech atmosf®ry (Wilson 2015).
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Management kS2gen2? |,zeartoadmai memBdwivab pd:
sadech a na metodlyo s t vep k ® e nMaoagamentot evSeni ch sadech mT
region8lnda, ikoy ajce zadi gt Dna vel k8 vzdS8l enos
mogn® vyokSdet2 4 zel ageyoSdn2m n§razn2kov® z-
doc2lit tak® efektivn?2 opdratnypagmr,nokda djue L1a
z-nu povagovs8n okraj sadu. Ke sn2gen2 kont an
sadu, pHUp® mMgSe kvetou vgechny pS2tomn® geno
kS2gen2? volbou prostorov®ho designu. Nej nS8r
asi sthovwars@nm G\YhkEteaakol. 2007) Jde o metody, kKuaer® zv
ovliiVvRuj?2 jedmenmdn®mrsaddeci Ye mogn® podporova
sam| 2 kvetenz, D8l e je tak® mogon® wmageml wviy g
n&rolnou i zol awklioksaa mit]&cchh, kkvdietolsk 91 k¥ et nfie diS
zvagovamdnnjesmdgn® pSistoupi:t keex t kear nnt2rcohl, o v|
fenotypov® str8nce kvalitn2ch porostT. Tato
zisku vsituaci, kdy nedojde& ynchr oni zami 2khenesami |l 2ch gi g
vsadu prodoasbattael v®mHmavgstvPhodou takto zal
n8kl ady a n8roky na \jyshok dw opva@ydsanZaiFWebeu s p ol
1995.

Zpohl edu ome aere? pkydretmamien nejefektivnDj g?2

semenn®ho sadu ve sklen2ku |i f-liovn2zku. Ty
fenol ogi i kl onT. MTge tak doch8zet ke snzget
Touto problematikou sebal val a S&«da& Sautsdr huli kl2]ov® bo
takovich populac2. Je doporuleno vyug2vat vDh
Podstatnl vliiv na vitalitu klonT m§ tak® sp
dopl§Rév oxi du tWkchk ot ®hwpul Yc2 ch ] e mogn®

vzduchotechnikysv y ugi t 2 m s mBs 2 pylu ze sel ehahovanT c|
provs8dDNDt onhalneud8elmm M as opti m8I n2 daode hprooduwmlecd
bTt zena(Poykko 2008; Annala 2003; Hagqvist 1992).

35Semenn® sady vygg2ch gener ac?

V. nagich podm2nk&8ch pSevaguj?2 semenn® sady

pSechodu na generace vygg2. PSi tomto pSechct
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ktt® mohou napomoci urychlit cell gkza&h®Bid€alys
pSedewvag2an§ k|l adnN f en dSteycphoowd® hnoa vvEybgte2n n @d@o e rsaacdiu
mognl jen prostSednictv2m dogkrointh&nmeesm ngd reTeshtt
geneti ck®aot @ imns[eTsbtTt znalnhN vysokl, avgak
znaku a intenzi taaTaberh(ekx&4) Pwodadl s Kaodbekdu dal ¢
pr TmiDruw obMyon% ch hospod§Ssky viznamnTch znak"

Pro pdech dal g2 generaci | e ZKIRI eodi®s kpar ofvien
a | asov® n8rolnosti a pogadavkidsty edmou adbor n
nejng8kl,admd®j §Pac hz § Mo \GgRBIRehit rnvegjjd2 c2ch sl ogek ¢
Jyich visledky jsou pro dal g2 postup kIl 2] oV
pozornost . S vyugit2m tesutzDhatpotfakodt ezvdrloze t
reproduk| n2 ho maatke rki 8zlaul oag epnS®i ksraodlui tv ¥)g g2 gene

Testovan§8§mplo o meptltnaocbsueNst er sk &8, nebo pol ose
syst ®mup kiS§igte®@m proedapimch cHi elsdolitadpdli t i vn?
genetl(igdle® hhotdaebsk®)f odi | oK Tec hs esdjkozogomEit o o d |
var i an wasti (Reritabiltya genetziskidks@Hae k| n2 Voaa&awv ) ost i
g echtitel sk®ho programu ¢efinuawmad pmroHvrthe sk D
determinuje typ informace, kterquot Sebuj @ r ekdenGcttivizérs kiaets t & n § v
pokusn®ho uspoS§dgn2, kterTVideDrerwmhodn® ivad
proveden2? testT je tak® podstatnT.

PSBeopthnoad dal g3 eg emmeejap®ev e prost Sednictv2m
metodou mamkoevil¥Sh t i dentitu vgech klonT a pS?2
V praxi se totig |lasto seDEBEme by stafchynibmt oz
anal yzpow@andyovan® znaky a p8i&Ssgzrdrk| pPmuoldpo
(selek n2 )iMethéaxseldkn2 ch i ndexT j20070beéei WBEhpadnNkode
se zamRDSujeme na nNRkolik znakTl zseoudzalsynNn?2 pp ¢
teoretick8hopti m81l n?2

Semennviygga?d gener ace mT jakzroldti | pofudsategtakn Nz a |
ze samotnich testT potomstev, pSilemg nejvl
(backward and forward selectiomyhi t e a kol . 2007) . g ePmoesttiugpk ® |
prob2rky zalogen klono¥kl adméanfhesd arkaknt
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36Genetick8 prob2rka

Pro prvn2 generaci semennlch sadT Jhodnoty pi ck ®
zastoupenl.chkKvgldnotn2melk® hodnot D hperrvin2abgdnerya
sadT | asjie vegbkk®t mnogst v?2 inferiorn2ch gen:t

potomstevj e mogn® objektivnhD porovnat vgechny ¢

eliminovat. Pro tento ¥l el mTge blt pougit.
genetickoSvakvahamahnD ovlivnhDna, mud2sbhtelpnou
intenzitou. Towpr axi znamen8 odstranhDn?2 vel k®ho pol tt
pogadeebr®| NCFaldeawgr a Mackay 1996) . Ke gen

pSi dttoupak, ge nejprrvel sttiamm2k ? m@plooptt p, maBd mé t )
z8kl adn pSedpokl §dan Bondessgnlatindgrénil@9éntgsek 1923h h o d n
Prescher a kol. 2008). Ko mu | z e vwyLinéga? Cieplokneent(€® pd Lindgera a

Mathesom (1986).Vst upnz2 mi par ame§ft g c h@Rdidiog, e adygv a s ® U
efektivn?2 vaskdsa] poPparpnedlendgrek &nd Matheson 1986).
Pokud jsou klony pS2buzn® a p S2 akdze apkkpvatn Dkt er
obecnhNj g2 optimalizakmMéndeetaodkolpr eg2d®@ayV ah6t
pS2stupT ale nezohledRuj e prostorovou al ok e
pSistupuj?2 ke genetick@PaptvbtmrdebsdPmilasdy®ha
jedince vSadMyt o pS2stup$9?2 ppadoovvn@ vEt wdi i prokdumg a  k
gpi | a tQudrcussdactlssinf€arruth). Systematick8 genetick8 p
zpohl edu navlgen? ond i) @t | AtakgShkoov gemetickdu wWiyerzit.l e
Line8rn? prob2rka dosahuje pogadokEfekiviu r ovno
genetick® prob2rky samozSejmh ovlivRuje jej
genetick®ho zisku | zientdes&gihtn®»auh pPrSo K®nka ®d \n

semenn®ho sadu PhnoeskaaensiSiebolkaZuce)j.s kP& 2( i nt enzi t n

rovng 3, 9% PSi intenzithD 50% pak 6, 6% Takt
diverzity.

Genetiok%rlpa pBedpdHxa azdu, ge glechtitel sk®
hodnoty othllvaasjtzi Wl echt Nn?2 rostl in i zv?2Sat
skutelnosti jedn8 pouzgemo sl @lfMeEissec®d7). odh ad
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3.70pti mal i zace genetick®ho zisku a gen

Hodnotagenet i ck®ho zisku z8vis2 v prv® Sadh na
ztr8tou genetick® diverzity. V soulasnosti |
vRDtgi nNDusittupag?e e pS21iga viyes okl®a dennt echfriazy r
rovnovg8§gn@hpnamavgwemev§icyk ®ho zi skuzmi Rugneet i
mnogauwérnfapS2klad Kang (2001), Whi tDealaj2kmol .
faktor em, kter T mus2jetddypto|peet] |gemDszypsPe vl onovli c
pol et jejich yamgtat amo @ ch$2keupzye2nmsekz® vni mi
vhodnT polet klonT pro zal obgyklmj2e svagdank pwoglg?2
pol etakpom@Dji br§klagd KkjteerBr d ansenzity Alecnatimob uj e a ¢
genetick® prob2rky je selektivn2z sbDr osiva.
sadu pro pS2pad zvIigen® p oeEtRSy Kkmitpsoe bsr eammeBrhno®
oddésivau byS je vislednl genetickl zisk reduko
inferiorn2ch genotypT

Podl e KaR®®B3 4 ekala. mi nivm8s anctu plo.| eg e rkd roancTe
50 ag 60 klagTy7 kbagdtbspgmesh®] wajd3g2zSi zoveny
20 ag 60 klonT, pSilemg kagdWhitexdkple2006)[ Tyto z ast o
| 2sl a jsou dostaluj?2c?2 pro zachovg8§n?2 vysok®
odezvyna sel ekci . S vyugit2m postupT matematic
fenologie jednotlivich klonT a jejich plodn
genotypT s ohledem na pogadovanou di200&r zi t u
Podle teoreticklich studi?2 provg§dhRDnich na r ey
mNDl a bilt veli kost popul ace r eKassaby 201®). Brd 2 z k 8
zkoum8n?2 r i zpioku gs p@jreeidicohe Tsve byl & pregeedend \
2018) . Podle t®to regerge jodl epeimmdlanzkmnkao |®
dSevitnaykov®dut o velikost 2 popul ace se setk8vs
takov® semenn®Dlstaaryl arto hp $12 pra e cpho pull awcei tp rod)
kvalitn?2 osivo, ale tak® jako popul ace zachoc
1988; Frankel a kol. 1995).tSa k o v T mi popul acemi se mTgeme s
(Wu 2018). Je ale tSebm®sst woiNe osnti d v 2d ea®vm R e
popul acin8hbheh@®@mu kkS2gen2 a | sou-Weolkngdyye ny i
rovnovs8hy. JedinhD tak je mogn® zachouart odekl
skutelnosti vagmKtivegviizndardug2dezsi gnu semenn®h

23



ovlivnRn2 vzorce kS2gen2? a pSibl2gen2 se pa

zajigthNDna i poogeadovang variabilita

Je zSejm®, Jge zachov§n?2 ef ek tainotmorochvarul i k os 1
genofondu dan®ho drulpws| EedmBaochaspeletchzhak §\
(KaR&8k a kol. 2008). M2 rruelgaetnievtn 2crk ® fdd kvteirvzn 2t n

cog je pod2l efektivn?2ltko omdl| t((BiKlgemT aa koél. k@

38Prost or ov $Sememi hc@adla t a

Dodnes byl a vyVigroupgirasomdoep t§i ntaadiaz a c i prostorov
Nej modernhDjg?2 a v soulasnosti nejv2ce vyug?2\
algoritmechk t er ® mi ni mal i zuj 2 i nbr2ding a maxi mali

2015, Chal ouplkoews ga yk oflyackhBz,leGd?e Zz:dpBDgnpsetdi ap’
je d8na pSedevgtogr @&®j Inmo gz &/ & Ime pa sikdrw DSead ®h
t Dchto teori?2 se DPNAMGT k&rgSédBevgzmkmat ¢l . 1

0.16
0.12

0.08

Potomci (%)

0.04 b

50 100 150 200 250
tT Rt E8Sy24i o6Y0

Graf2.Vzd 8l enost mat eSskTch stromT od kontroln2ho sam|?
t Dchto dvou stromT, pSilemgreéenes 1Pl bebykstap®Pmspbed
b) hmyzem v porostGordia alliodoraOken.(p S e v 2White@ kot 2008).

Kpoltu klonT efektivnhD se poddelagj 2pm2 nz hroad nwrc
fenol ogikd otnvV[eejenéh plesdnobtoni Mace fuem®d20gi e
nap S$2 k-Kaasdby a koE(1998Pr o0 hodnocen2? syst®mu r 0zmno ¢
podstaam®¥pr oduk| n2z charakteristiky jako nap!
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kagdorol nhD. Rmkuyd modmow prostakdcewjd esdl neodtklyi v ch | et e
| i @ijte ttoSwetboa ssk ut ePll madsnt®erpnday? S2aktl.ad ap asknrjkiu z
pr TmPonl@d agP6dobemnkechniNkolikaletl reprodukl| n:
hos@Bskd ch dSevin m2rn@iDat p§ Sledavalfkibuleii K s2a0n0]32)c
jedi vp$2s8e6dn2chp gd2dint2 nnka§ conp y | etrofnu Bureaykiadkdi.o s a mi
(1996)prostudovalivzoreck S2 gen¥% zr os tV [®nT @sorrulsRin@dattenuata
LemmonVt omt o pS2padhD byly sapmiTrANu gdpyxleo\ &rdy o
jedinci. Nason a kol. (199@) 8§ s eudovali tuto pr oblFcosazde ku u
pozorovali rozmez?2 1U agobpécokbkBohliSgBt pSadmpdh
podm2 mka§chprodvkeinamooi!| elyiao va gp atuSzie Todg bl i § g
d8no hustotou a druhovou pestrost? taakawl ch
vzd8l enosti 300 mshtirnmfo n(oStaa ckyo la. k(02 0.1 11)9 9z6k)o.u ma
na Y%sphRgnoeetmekh$®dne s2a du  Ricea abied..)z.t ek d ERAMIDr T(m,
ge 42% potvoynskoTk oluz eprsav d Np oodtochTnmo sd & wASd Slaan d s
Nejwgg? procentohpoelbmkVesezd@l enosti do 6 met

38l.Pogadavky na design

Hl avn?2 mi pogadavky na desi gn Kl onov®ho sem
vzdg§l enost2 mezi rametami jednotlivlich klonT
Zzamesamdspr Dcdad® jnetm® zajistit n&8hodnost k$S
zajistit tyto podm2nky vychg$Sedpdklga ca, dEeilk
doch8z2 nejlastDji mezi bl 2Kaskaby20l®used?2c2 mi r
Kinbreedi ngisk S djeem&z 2p S2 bu rell anh jlheadif rcchTj a
i zolovanlTchaRopjpbauo? ph §vaikhasneakoe 20020z 0 adyg, | akl
se mezi sebou jedincisse menn ®m ,sjaed uh lkaS2n@2m | initelem ov
inbreedingu. Tentovzerc j e ovlivnRDn Sadou f ajejichwvelikbst j ak o
(pol et, rraenperto)d u k lgra2me f peS2&sigolYvingea, mo s p r §pjreons’t or o v
uspoS8§ds§n2 |j edienxctTe ran 2kcoHdaszatiy 88k Busizyiz b Prat 1997).
Jako panmi ktickl oznalujeme stav, kdy m§
zplod?2 patkdmkal$ jinim jedincem opal n®ho pol
vol n® kombi novig2tne!l ne s tmo g @ 8 &dopsocgkodetocdeardy
Weinbegovy rgVobe8h® popujal n®t gen&8hodeosti dos
splnlPn2m podm2nky neomeze@iS®pmd®dr aeemenfi®hov §
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Proto je zde nutn® definovat n8§hodn® kS$S2 gen?

bl2zkosti klonT. DroveRro®tor odimBnysRoosSsd§n
dosama@mizm8|l nN paniiek miud ni@h lkztvagtg@a M uj ak T mi  j sou
pl odnost, vzd8l enost kl onT a syncohd®4.i zace

Prost Sednictv2m prostamocaB8®@imRhedsi powizeTaerdd |
382.St §¥va 2?2 designy

Pro tvorbu desi gnsTo usleansennonsitcih jsiagd Tn IBkeo lvi k de s ¢
pol 2tal ov@demipgomitethchakostupT prezentoval I
vyug2vanil m Q@oSputetOwanieenOrghardLayout (COOL)(Vancalay1991)
COOL design funguje tak, ge systematicky ud
ramet ami kl onT {Bell a Fletcher 1978

Designy semennlch sadT speokvepiV?]ejg2miosyge
semennlich sadT a vDtg?2 mi nN8roky na prostor o
zamNDSen® na cel koR® zm8kddn a2, matlérz® vmt k S?
jedinci (Giertych 19%3; Nester 199% a desi gny vyug2vaj?2c?; per mu
Charkravartya Bagchi 1998 . Ng§slednhD byly pSedstaveny de
optimalizace sadT vygg?2churdaéeneorua cehsti a¥esi t poS 2 de
danTmi klony. Z8roveR umogRuj2 zahrnout asor
Jedn8 se o Corplaed8lockhbesigndWhite a kol 2007), Minimurmbreeding
design ( MI) a j eho daKagsaby 2000fsfj 20Je re2k (aL sktoilb.Tr
Zaj2?mavost2 MI designu je skutelnost, ¢ge se
gl ob8l n2ho optimalizaln2ho algoritmu.

Specifickou skupinou designT semennich sa
Jejich cwlgem jzg eplQodlargen? kmah a @ ésaper s§ig@MLaid T |
gi gek a ogetSovsgn2 proti gkTdcTm. Dal g2 viho

na z a k(El-Bassly2003; EKassaby a kol. 2007, Hassaby a kol . 201
toha o pS2stupu | ep Srpmmi@ketheprriogens GarouspTn€ g  ® 2

zanedbat (EKassaby 2003;EKassaby a kol . 2007). NDkter ® s
vel i ce n2armoupwe@grem2nl ch sadech | esnkassdby dSevi
1995, O6ComwneviNDt g2m@3)j.ehl i | nanT nseannfo sSpPo Bare oV
pSekvapuj2c?. fada studi ? u nich totig zazr

i nbredn?2 deprese a tak® speci fi cyemnbuyonie.epr od
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Vgechny tyto znaky pTsob?2r mrcot ik noongorv@&musS asdayn
Lindgren 1985; Woods a Heaman 1989; Williams a Savolainen 18B6)a v n 2 nevl hooc
konceptu klonovich Sad je skute|lmose¢ ,sgesedse
mezi klony. Tento efekt sousedstv?2z vede ke z
vsouladu pogadavkem na panmi ktickT vzorec kS22 ¢ e
(Kassaby a kol. 2007). Na S eRardorhizedReplicatédp pr ob
StaggerecClonalRow design (R2SCR) (Bassaby a kol. 2014). W r axi j e al e obvy
provsgdnt S2zen® opyl opg§npadad svbylbrr annd mén  BsAW:
Zt ohoto dTvodu nen2 opoeésiacelDp®PE§v®dzmes Bov st
Takovimto pS2stupem se omez?2 |i @®@pztmm8NDNE hon:e
|l ze tedy doc2lit napM(Chkambupkoc?§ Ma kolONA2dE
Vsoul asnosthkr onmele JaBNIAN G | ep S2Ts thuy , u red @Rd v avln 2
vyl epgen2 stgvaj pwn2hH e due moremBlsd Nnaddwp S2t omnlT «
semenn® sady jsou vgak | asto postigeny znal
produkl n?2 kapacitu. ®htoaméatabi fakmdPgd8 phko
roubT a podnogi{Chgkddpkoa8chokoby2019) .
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4. Metodika

Vgechny d8l e prezeat ®ganpPea@stn@®@ meEptimemai pu
NeighborhoodAlgorithm). ONA j e origi ®#§lem2 psddHt emaki ky
rozm2sthNDeaemé&hon®f wsadujemdteadioc YW rwapsE nv Nvd e ¢ k
| 1 §nku zahr nut ®rh aloo u pek cov §dJi ezdefr &hlasoeed @88 <tk d p ,
kdy je obsazen?2 kagso@ | pazimc en ao pvtgiencahlniaz odva8l ngo2
vian®mh®matmehnsa@.Jako pS2m§ sousedst v? j e z
zvagovs8§no pouze osm nejbligg2ch pozic (dvD |
Vgem t Dmt o o srnBmcpRomesica’ np SjieS avzza ai dep®lymov §h a .
stay kdyygepkohyg S2 mo soused? Tseemwsttce jsntoauv U esten opsQ
mi ni malizac?2 kriteri §l nr2ozfputnyklc ep, o |kttTe rp8S 2jnel cdhe
vg e mi mo gchviarj i c emi  pPSkud jeentm rbzptirovénD, pak Je teoreticky
dosageno ide§8§ln2ho Segen2. Pro eliminaci pS$S
vkriteri 8l n2z funkci Ipptha mMaitt o ptay mhdeas o @l 2§deeh atl v %
prezentovanlch publikac2ch byl ONA pougit pr
st8&vaj2c2ch v saddaelby2ani k alrelsii yow§ npr os t vor bu ¢
(Chal oupkovg&8 a kol 2019) a geneProk§gpcbby
prezentovan® n8stroje byl uv ag osve§me n|nt®ume rscaodvu
Vgechny n8stroje JazZkulR. naprogramovs8ny Vv
Teoreticky byl a jgkastani xkidey dsepfoklonpss®8gheaeldphy s e
stejnouy tlrogttnyolstoul t T pS2mich sousedstv?, n é
mini m8§l Matematicky pepmatfin®8§suéedujsdpgtiiark§linzer
Segen?2 pro konkr @ininfalizazca2d §nwen kpcaek: h |l e d § me

mi n—Y : — B-. zn Q)

kdetz nal 2 pojlj et oklnan B,n2Cjdev omn ocgei rkd owmgleech neu
dvojicijo prvc2ch pro kt &6o @ITOe QY jpd appég2end € h
sousedstv2 naij,mSe ghopreatua kpemdall i zace vIiskytu
jednoho klonuNi j e pol et pS2mich sousNgd =t w20 | red meptS2jn
sousedstv2 dan® mS2ge. Ten I®& enmS2ygpeo |j2atkaot pr o

0Q " a p Qop 2)
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kdelj e pol| ehtorpiozzanct &vlkkpné mpem&®tr upazi c Nigg verti
polet pS2mich soused(s@hvel onuap knoS2 &) i2 orla9met kIl on

41Vyugit2 ONA pSi tvorbhR sch®mat seme

PSi tvorbRD zcela nov®hootschl®aman umis ewnsetnun @2 mis

<

gech kl onfToam?y «tnfrezh & matice definuj2c?2 plo
zvolit mezi systemati ckpgaon ea snaShuo dan tvproylvtyer R
sch®mbho k&l n2 he.Wi is emoijpctki @nad ei gzeanc’e) j sou samot né
sadu, matice poltT pS2mich sousedstv2 ve vis
toto sch®ma. Samot nT pprooscteusp aoBpoi vi 8nbadls igprioarzci ecP S o
zah8jen2 pr oprewsm? jnpao zviycker,§n@ahdad @z eery br anl  kl o
pozici je vybr8&n pr8g8vn ten kIl on, Boi fehb§!|
funkce. Vp S2 padhN stejn® hpeénontewyi pmo mv2 vy bklEaoT n!
postupnh vyplnhRNna cel 8§ mS2gka sadu. Tvor ba s
iterac?2 definuje, kolik takovichto sch®mat |
PSi tvorbnD ONA sch®maytazda psaeugmelsjl @ nguton & t 29
veli kosti, tj . zda ysobej wvigracpalyp Seipoandgim estat.setj vh
veli kasbliepesystematickl zpTsob vyplRovEn?2
S§dcpcSk.paWiN nevyrovimapnéchvekebnhko§8§hedklT opost u
sadu, kdy je kagdg8 dal g2 pozice pro dosazen:-
jinak nepravideln® tvary semennlch sadT j e
PDpravou t ®ge mataitc e@ Dkd em®J p®zp elcacvk ol Nn®.
Pro publikovg§n2 efektivity ONA pSi tvorhbr

celkem sedm sch®mat shodnTch velikost?2 a tv
|l ig2c?2ch se polty, anitehldyz ahrvred v &loos t ¥y rkd vomaln
Konkr®tnhD se jednalo o zad8n2 zahrnuj2c?2 4 k

kl onT po 50 ramet 8ch, 10 klonT po 40 ramet 8¢

ramet 8ch. JedalbozaedgenwPovmaam®ovel i kosti klonT
do3&kupin. 10 kl onT mDlIl o velikost 20, 18 k!l on
Kagd® ze sch®mat byl o optimali mew§mrovpamdmi

veli kostmb pbogTtbw8&§hodnl postup vypl Rov§gn?

29



42Hodnocen?2 kvality ONA sch®mat

Obecn8 funkl|l nost OMNA| 8alkguorprt §nue btyd at ow 8 na n
teoretickdahg8nzadsSen2vzg§jemniD | igila vstupn2mi
par amefar fT.esBwlv8na jak zadl§@emgnisckmrhupraxXi ,pot
situace, ke kterTm muge doj2t pSi tvorbhD sad
ovhNSena Trap@id ]t adituacemimi

Pro obpekbuveh?2 &wv&Hd tychv@msdteu je mogn® v
mi ni m81| n?2 r omapickpyS2 mH @wdhn ogto s esksht®nta o dan®m p

veli kost&shupmhdmT parametry vipoltu teoret.:i
matice definuj2c2apVvekhar se tg waashtocusppednlitcyh rkal
Je vypol2t8&n teoretickl ide8ln2 polet pS2mic

pomoc2 z8kladn2 kriteri8ln2 funkeretd vwlamoltentl
soul 8st 20 zk& kdlutwwdRe.¥ er enl| jné wWwhadn® upoug2t pro |
zad8n? a byplod Supellant?2nIn8aziv testovan? funk]|] nost
Pro %l ely publ i k(o&hanl2o uvpl ksol veSoyk@NAkKalgdr@rouse2 0 1 6 )
porovn&w8m2imis ke W®RtQODYL designentEl-Kassaby a kol. 2014) a Ml
designem(LstibTrek a El-Kassaby 2010LstibTrek a kol. 2015).D&8 1 e byl a ONA sc|
porovn8vs8na I se zcela zn&8hodnnhRnT mi sch®mat
parametrT (vel akpetetn avael skhdst klonT). Pro
sch®mat byl y me(sibTteka ElpKassayP®10lrstipTrek a kol. 2015)a
Pmn( Chal oupkov§ parakeadmav y2j 0aldéS)u,j ek dve@ r u pot enci §I
parametr®mnu d 8 v 8 kv al ipgah Isecdhu® nmaa qun ozs t i droisge@2e n2 p
parametdmin, 0 # fp@zAkoinbreedinguN2 z k ® hitngondoktayz uj 2 na n2zkou

mezi polty pS2mich souseadsvtws?o kmeaiz i n@mSrei Bxd ain T
vipolet tRchto par amet(rpB2H ywlh ap audraekrot carl énffé rpg hs
hl adina pro zm2nDn® parametry (100%), byl p
(resp. pr TmRDrn® charakteristihko 1z0nhBhodnB®®wn®k
stochastickT mi I teracemi)

43Tvorba hybridn2ch sch®mat

ONA |l ze d2ky sv® unijwaer aakddng2sm i .dPksoimdbriaekrmw d t t
designby!| zaveden term2n hybridn?2 desvingm kR Sik et
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wtv 0 Sen 2 sch®mat u, kter® zahrnuje diolpdmRuj % 0%
algoritmu. ONA tak bybr § npcuib | i lp o B&@oen®b i n Mivdé&signes( Chal oupkov 8§
akol.2019)MI design je vhodn® poug?2t pro le@rkd §8§d§n
tak mTge kombinovat pS2buzn® klony, kteS2 | s
kteS2 jsou rozm2stDini pomoc2 ONA.

Vstupn?2mi parametry Ml desi g€CaD.jMatwaC dv D m

definujem? WS 2 buznost i melRvV z k8 loemryo sat i mame zcie v g e mi
vdan®m sch®mat u. Pro vytvoSen? t Dchto vstup
LstibTrka a kol. (2015). Vstupnz2dipepatameéteryn

a pogaspanPSAbuzn?jsedi nozm2sthDni d,dak aby yld n o d u ¢
parametrdmn mi ni mal i zov §8§n. Toto sch®ma je n8sl ednl
zadan® mSad@K yy 2sneodkurSeekd e f i novan® pozice dopln
kl ony pomocrtu.ONAs tduepsni2zg par ametryt amtpmosp 8pp ad
totogn® jako u standardn2ho vytvg§Sen2 sch®m
mezi klonovimi Sadami a nepS2buznimi klony.
a maticeup®dmtoBl sgahrnuj2c2 i pSeddefinovan
kriteri 8l n2 tfounmtkoc ep S2kptaedr!® zjker evs| ena zahrnut 2
jejichg rozm2stiDn?2 z8&§mNDrnN neodpov?2ds§ poga
Vt eor dt§isak® vizkumu byly mof8sseinRomBiedde§n
sch®maty mS2gky sadu ovRDSovE&ny na rTznlch za

Vjii g pubplS2kpoavdeorv@® u §it udi hybri( €hahoupkbd®&atl
2019)b y | MI design pougi tVsvaed uf obryniid krlooznmo?vsitclihn
nepS2buznich klonT o vyrovnanich velikostech
Sad zahrnoval celkem 666 pozac b vy | nepravidel n®ho tvaru se
rozm2stNn2 pS2buznich klonT byla zvolena for
MI designu byly testov8§ny rTzn® pomDrQ), v8hy
jakvr §mci 550nT tak mezi pS2buznimi klony (12,
pomBDr intenzity separace mezi rametami jedno
sch®mata byla n8sl edmBlyI| do mplorulgra oONA adleysdied medm
sadu a 1pnekzBilic| Vil ede®Papdh@mnaolzyallmgen2 sen
saduDo u gl as k yPsdudosugd menzie®iMirh) Franco) vr 8 mc i gl echtit e
programu zamRSen®ho na produkci te ¥niversity 2 ch s

( s pol uppofesorem Joenem Framptonem)
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44Dopl RovE&n2 existuj2c2ch visadeb pon

ONA j e mo ¢ nd@ pvlynulfyre2t sptr Spkda yp2r cT2bddth uv 1| sassdue tiaolciht§I%
nNkter T cWt akkloowr®M | eS2ypatdWp n 2 mdo ppiimatizate matice m
aktug8ln2zho stawwB2sdm@gmid@tio kd wchy znalenlT mi |
D8l e e ekmrenonafet @ p®t znal en?2 i dekntteirf®& knad jn22 mk
voln® pozice doplnhDny. vPolaett pporlvtkuT puagiztdonrTuc hi
saduOp Nt je nutn® zvolit zpTsob vypl Rov&n2 pr
Samotnl proces optimalizace prostorov®ho roz
po jednot | i vohledammaoi zgi ce?xcihstau j2  c2 mabusiedsadd. v.
se o iterativn? pprochd eesd ua cred jkloevpRy 2P ashgrhi &mae | 2 & k
kdy za optim8ln2 sch®ma je pogadov8§no takove@
funkce, resprozptylu Kposouzen? kvality nalezen®ho Sege
minima (analyChak®upkovgedistapy RpOB6ERSU | so
sch@maat,i ce poltu pS2mich sousedatdw? pmezi ot e s
avl slteadrBot a kriteri §l| nProtdnto tygtk ebhypl roo ndaa nn@ dsecl ho®
pS2kldhaHdselchdnN, z&k je uproShnloe du  opti mali zace vhodn
systematick® dopl Rov&n2 pr8zdnlch pozic.

Vv publ pléepand®v® T sajudé¢d, seabdopl nDnem jig
(Chaloupkovg§§ bBykoten2@®18pTsob vyugitz ONA de
j edl e IAhdsalbadilt.)® &kt emalj eftek w Voj ensk ®Jddmlose a st :
0 | tver 2B5wpbzicsnaed t vy er cov ] ms asdpw nkeyn. o V46 dpr §zdnl
kt erblydto dopl nhRno 11 rTznké&€hikloseTionaTgePi vt
ag 9 ramet na klon).

45Genetick8narb®2ir k@NA al gori t mu

Na principu opti maluiszeadcset v o Imewz i p &2l noincyh psr ac
prob2rka pro semamnMin@nad d dya cl? e sk DNAealgdri®nljen 2 f un |
pro visledn® sch®ma dosageno co nejnigg2ho |
pS2tomniagr k' @RY.@Rn & ag e pragnaccie Kroapmmedto wan ® m2 Se

Vstupemtohotoa | gor it mu j e sch®ma semenn®ho sadu
Toto sch®ma j e z aD§Ineomaakdrfno r mddt imad i m®3 min®h s
vgemi mogdgnT mi okidphebkitnoarc,evnk It ekejfie che r amet , kt er
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odstr @REMODVE). Klonyur | en® k mudStzrbahrtlem2y i deenti cky
vstupnisemann®iDE | £ad e ekventeu p grantlos seed) pro iniciaci
gener §t or u pdSnhp dpneincahl i zace. pS2mich sousedst v?
Vprvn2zm Kkroku al gorit mu j e vytvoSena ma
ZREMOVE j e vybrs8n nej| et nDj ¢jkocamlegtePtkudeXxistuiek | o n
vace klonT se sptreojbnohu |mefiimeasnti2t, Ripgako kIl ony.
hodnotvma t i c i jeauur § sdodtkvt2e r T m Kk ¢andiatesin esjowys@@?? | et n
(cy. Pro dan@® soah®&nyahodnoceny vgechny vektorgnost i
Candi date, ¢t eEITi miodussdtitiatenayses n dagigbilitap S2 mT ¢ h
S ous e ds tsvwehj@m@otdus t pa BtBPrvek z vektorwcandidate kt er T sous
scya z8roveR jeho odstranhNn2 nejv2ce sn2¢g2 ho

je tedy sowleiéenrna g Bochsntaat 02 exi s ay ¢ eResIph82pms) | s o

sohl edem na velikosti k1l ondle k lzerametyehr®®at u ods
Hl avn2m vistupem je datovli soubor, kterl
uvedenmdmveZ &r oveRBviedende hodnota kriteriln2 f

ch®ma. DruhTm WABRSueekit ge® mpsocevy| 2sl ena

(7]

vV .gemi klony ve visledn®m sch®mat u.

Pro Y ely publ iwko8wfn?2 vtl®&ttou §meatCohdayll byl p(k2o0v2 2
volen nfsipd/dsuppeetm@mato geneti chflsi mptobanku
| o nsoevnie nchDesighsati mul ovsad®hbyl zvolen ONA (Chal c
zn§8hodnhNn® prh®iam yk vasBmtGbsguy n 2 stashe@mean n ® h o
adu pomoc®NA1O0OSch®maarzdhrnuje 40 klonT o vyr
ch®mdttwejreovl] a zahrnuje 400o0opmmzi2c NLe MBt n .
tandardi zovan®iol)r olzylNy e sekcniut |Oct V@8 nsyk ®34bh o d n o t
l onT. I nferiorn? K1 oynwwy bprr8n gz pddwsllentb ¢ n 2 ap rt mb 2p
standardn? vyapomaao® Lmed beglgykep (LD) (Lindgren and

Matheson 1986)Prov y r o v n a n o lwyla seleledbptd k na vgdy pouze ve

~ 0o 0w 0 © X N

k1l olntghzitav yr ovnan® pr ob?r ky Opecepyshtgralenvsyly @ gre z i

intenzita pro®hstr kgniBry? vegéah kr dm&to viemf eraid@&mn
tud2g nebyl pr o #ro bimeareplaymeotpy i ymakli aagi vybr 8§ny
LD n8sahrlogdkem na zvol e rfLindgren and Mathesont1288)iptoda b 2 r k y
LinearDeploymentv y b2 r 8 kl ony ¥Y.mDrnD kPpeamebhr gl gehe-
prob?2 rgklye gsdt@uthegpbrjamtdaovansg visledn§ miedst wah?

k | oanrdmet (Lindgren and Matheson 1988 zn§ sel ek| ntomnho ep$% pad
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upravpoe®aeeam®dDrms$ < @kKonstat n2 | egne s n?2g)bBnastasdno s t i
defaul t-aPD27akoog odspowm ddyem®tnit @ys3k® hodnotD
k | o lrd LinearDeploymentb y | p o ujgLINEARNDEBLOYMENT 2006 (Lindgren
2006).Pr o opti m8l n2 odstraniDn?2 konkr ®t nfP&hho r a me
zpTsobanzatynsel ekce bwllgen §psol pesdaigatdtmusCinisg i t
optimalizacet e dy p cetkdmphrioa r TznT chTahl §. DE¢t @n HYT a( met
genetick® prob2rky demonstrov8na naorpvicJ exi s
| e sPnd&s sylvestrid.)vmaj et ku st 8tn2ho podni ku Wasy LR,
| esn2 Pdmrs§uvhD Tento gsaoadebyl98@alpogwmrm?2vjednodu
sel tvercovim sponesmdw Ipylod ep $e d 16krarmeddd&70u p S
kl onT. Vel i kosti kl oowTobwmey?2 zod| AN doe2Br o\am:
zn8m® gl echt ipredvsekd®e nhocchn otteystzZT pol osester skl
Pomoc?2 Linear Depl oyment aligosit mkl oy Ty puol
(Lindgren a Matheson 1986) . N8sl ednD byl a p
sc®n8§ST selek|ln?2 intenzity od 5 do 40 procen
Vgechna ivsvtiusgoetd@rigaytt aa n8sl ednhD h ddad dd&rua
OrchSAT.Jako referenl| n? hl adina tak byly pro Kk
sledovanlch parametrT zn§8hodnRn®ho sch®mat u.
Ve f8zi vivoje byla optimalizace prTbRgnn

nejsou uvedena specificky.
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Tab.1. Speci fika sc®n8&8ST, na kterTchrByca pedbl ok@oca ONAI

kol . (2022). LD znal?2 Linear Deployment.
Sc®n Melt(locc)ir?_[ Int(%/o?mt OdstranDn Po!etprgoebnzortkyyp
1 VYyrovni; 5 20 20
2 VYyrovni; 10 40 20
3 VYyrovni; 15 60 20
4 VYyrovni; 20 80 20
5 VYrovni 25 100 20
6 VYyrovni 30 120 20
7 VYyrovni 35 140 20
8 VYyrovni 40 160 20
9 VYyrovni 45 180 20
10 LD 5 20 3
11 LD 10 40 10
12 LD 15 60 16
13 LD 20 80 21
14 LD 25 100 22
15 LD 30 120 26
16 LD 35 140 28
17 LD 40 160 34
18 LD 45 180 36

46Asort &Se e vy u@NAt 2 m

Asortaeboh?t prefeffgel| mdtk De@anid vn?2 nebo poz
teoretickymo g p iy s o k ® k ®p kwinfthiimal n2 sspekopoostmi mgei
nebo pSi zakl §8d&n2 semennlich sadT vygg2ch ge
sousedstv2 pSrabluyzznTwihh okdlooun Tj.e navigen2 adi't
(LstibTrekvp&e paddD PO@E)) g2ho vyu(i taplikatiest ov ¢
stratec@i-RasBswBby a LDsoviriS8mkriekipZ2®G®&En®ho ONA alg
zahrnoutteoretickyj ak pozi ti v n(2kt etra® nreqg gggpt?igvnrkenaj de
asot ativna kKy2F&®set tak sch®mata vhodn§ pro
geneMage . blt altewndagtei2wnmdnilced thwhreMbdch&§st h
nebyl dosud publikovg&n, ale Sjadifn 2fpuSegdsw Sajvze nb
navy br ano®@ml ov®m pS2kladu semenn®ho sadu.

Vst upnz2 mi parametry optimali zace jsou vekt

mS2 gky sadu a matice definuj2c2 m2ru pogado
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dvojicermi§lpkllcentT.nez8&visllch iterac?2, zpTsob
gener 8toru n8hodnlch | 2serl§mcivikHavngemial vizat
optimalizace jsou sch®ma semenn®ho sadu a m
sch®mat,atkd es8Busedstv?2 vyl 2sluje v|ietnD zahrni
D8l e je to hodnota kri tGptii8hanl2i zfaucnek cvey cphr8oz 2d
ONA al gorit mu, vlietnD shodn® skadu ejrs @l npost
vwpl RovBhgdem na jig existuj2c2 dvojice a zac
kombi naci kl onT.

Pro demonstraci je zdp SedstjeewenmaducH®t apd8h2 10 klonT
velikosti 6 ramet na klors a d 60wp®zicgeo bd ®1 n?2 kauv &h d ttvwea cov ®h o s
vybr 8§ny 2 dvoj ijcaek ok |pornvariBg d tiD§loajkiocl eD @ uh § kd veorjTinc
bylyvr §mci 6 r Tp8ST dhl se®Nn§STTzn® hodn(@ab.g. jejic
MS2 gka sadu byl a do)rleRm vpsmzai cn 8 opimd mk ad d® =z
nez8§visllch iterac?2.

Tab. 22.Parametry gest.i sc®n§ST, na kterTch byl demonstr
z8kl adn2ho ONA algoritmu. | D1/1 D2 a FDBbVBaAYyzNnIEZH®IWND
penalizace jejich pS2mich sousedstv2 pSi tvorbhD sch®n

Sc®n§ ID1/ID2 ID3/ID4 Ostatn? Pol et

1 0,1 0,5 1 300

2 0,5 1 1 300

3 15 1 1 300

4 2 15 1 300

5 0,5 15 1 300

6 1 1 1 300
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5VIi sl edky

D§fjseupreent ovgny pisob@udtvgrdse@®bkcihch publi kac2 a d
pr Scoeuvi &jsacojs ONA

5.1.0ptimum Neighborhood Seed Orchard Design

Vi §m@®t ot pulbylikapeezentov8&§ny mognost. tvorby
algoritmu.Ze 7vyt voSenich soeh®m&naz@e hylta byl a g
Vprvmdbohel pa®pP@ 2] ednal o o slatdv d r2d cavp@hkidnechOa0r p o
ovelikosti 10ramet Vel i kosttiorktl ® npff[SpyddN vwyrovnan®. Vi
nebyl vizuglnhD shled8&8n g8dnl opakuj2c2 se vzc
t ®ho§ Thit@ansch®ma | e veFmghlrDeazl egreo wgrdel@endcnk®y pr o z
| 2t aj2c?2 meng?2 mnogstv2 kil omf| ot vV NsS\potS@m &w R i.
Z8roveRzgedbypsvi rwd skolttuu slolusre®d,stkw2 mezi r
DruhT zobrazenl sc®n8&§S zahrnokahkm@tvryd owska
velikostech 20, 10 a5 rametnaklon Jednabosad op®HOO0O pozicz2ch |
Zaj2mavVbmupem je fakt, ¢ge prTImDRrindvipdleain ®s c
matice poltT pS2emipho sbhagedstvvau)to skupinu
skutelnost, ¢ge tentstklopiafea melts| ezd8rv®ns 2s cnha® nvaet | ui
vizuglnhD patrng gédmEssPst emaonTnoZE&roeveR se
pS2m§ sousedstv?2 meSzxih ®&nmeametea mio bieBdr2edn ok lgarmauf .i

Visledky powvgbmBh&p®yxrsovinanTi mi velikost mi
par ama@adnpTo dan@®msa h®emar et i ck ®h o  GfineBrin)/EOU N2 h 0
zobrazeny \grafu (Fig. 3. Gr af zoboatoue2zmgeobtem klonT
velik ost 2 seesvilggn epd$iTbidi guj e t e vamek li «&BAun D pntai
rostouc?2 velikost klonT reagakevi@eno p&Seipakli
roste.

Vi sl edky vhyotdvnookeeimi®entat a | edalchmi®@memmEn?2 s
par ardeBvafinj sou ve VI svtabpleel. a0 b a & ®eafjy.adfaFig k y
5.Vt abulce jsou pro tyto par agmedfrggc huvepate® y h d
relativn2, kdy randomi z otvaabnu® csecwvhi®nrap aohdi pnorve zdck

v parametrwamnme zi sch®mavgasi mi a nevyrovnaod mjeyv
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zpTsobeno samotnim definovg§n2m khddreati §poaPt
pS2mich sousedstv2 ve visl ednnathi csec hpRomattTe cphS
sousedstv?, kt or @i jgs e v eEdaehruyl BjyakbSepmPe ge
dosahuje nejl ep g ?2dsmta ONAdbsigao pro ganametamaT a med po v 2 d §
zpTsobu, jakim jsou defhitmo\d&®gsyagkuTi.FiZg.i §4 npe f
ONA pSekon§v§ Calghlc opgr omTpjeer abmett rpovagovgno za
desi gnu. MeOGCsLr ozvdne§ nt2e dsy dONA kISe R g 2p Ss e ppaoruajciit 2r &
kl onu. V pS2padhDsheviktonialGFclh.veli kog tent
nen2 Patr wlyrovnan® velikosamhvIkdmanenMmy ghosgzpr

ONA sch®ma (Fig. 4). StejnD tak tomu je pro
patrnl vizhamnmerboz@OOL a MI designem.
Visledky ukazuj?2, ¢ge hodnota jakkoli defir
je pS2mo z8visl§& na specifik8ch konkr®tn2ho
vel i kosti a Lrevkanstatovasgceh ®knlandingyg 2an zast oupen2 m |
umi sSovsg§ny do stSedu sch®matu, |2m§g se zvy

podporov8na panmixie (Fig. 6, 7 a 8).
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Abstract Original seed orchard algorithm “Optimum
Neighborhood Seed Orchard Design™ was developed as
local heuristics to facilitate the establishment of advanced-
generation seed orchards with complex configurations.
The scheme leads to uniform spatial distribution among
adjacent genetic entries, promoting panmixia. The result-
ing scheme is thus suitable to establishing both produc-
tive seed orchards as well as clonal archives of threat-
ened species, etc. Further, it can accommodate variable
clonal sizes, uneven grids, relatedness, assortative mat-
ing. [t may supplement existing layouts (clonal rows, etc.).
Layouts outperformed existing advanced-generation alter-
native schemes in most parameters and thus could be rec-
ommended to operational forestry and gene conservation
management.
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Introduction

Seed orchards are the production vectors linking tree
improvement activities with reforestation practices. The
main objective of a seed orchard is to produce frequent and
abundant high genetic quality seed for the production of
genetically improved seedlings for regeneration. The mating
pattern within a seed orchard is a major player in deter-
mining the level of inbreeding and is mainly influenced
by clonal genealogy, size, reproductive phenology, gametic
contribution, propensity to selfing, spatial arrangement on
orchards’ grids, and the extent of extraneous gene flow
(El-Kassaby 1995; Burczyk and Prat 1997).

Seed orchard designs have evolved from those focused
on randomization for maximizing mating among unrelated
clones such as the completely random (Giertych 1975) and
permutated neighborhood (Bell and Fletcher 1978), to those
dealing with advanced generation orchards for avoiding
mating among relatives, promoting assortative mating, and
minimizing inbreeding (randomized complete block (White
et al. 2007); replicated randomized staggered clonal rows
(RISCR) (El-Kassaby et al. 2014); minimum inbreeding
design (MI) (Lstibirek and El-Kassaby 2010; Lstibiirek
et al. 2015)).

The spatial arrangement of clones on the orchard’s grid
is, by far, among the most important factors affecting not
only the mating pattern but also the level of assortative
mating which is, sometimes, advocated by breeders for cap-
turing both additive and non-additive genetic variances con-
trolling selected traits. The RZSCR and MI designs focused
on the frequency of clonal adjacency and its impact on pan-
mixia. Here, we present a new and simple algorithm that
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specifically deals with clonal adjacency and its optimiza-
tion. The proposed algorithm is based on heuristics, which
is expected to effectively allow the discovery of optimum
orchard’s arrangement through the “trial-and-error” method,
even under complex scenarios. The efficiency of the pro-
posed algorithm is demonstrated and compared to those
designs developed for managing clonal adjacency: namely,
R2SCR and MI designs. The algorithm was developed in R
system (R Development Core Team 2008) and is publicly
available (Lstibarek 2016).

Methods
Optimum neighborhood algorithm (ONA)

‘We assume an orchard grid with m and n dimensions, it con-
sists of sliding 3 » 3 rectangular neighborhoods with the
target clone located centrally (i.e., every ramet is surrounded
by 8 positions). We considered the “optimum neighbour-
hood” as the arrangement that produces a minimum vari-
ance of the number of times (i.e.. counts) of adjacency
between two different clones. This arrangement is a practi-
cal proxy of panmixia as the variance of counts reaches zero
when all adjacency counts are equal. It is conceivable that a
solution is reached (i.e., minimum variance) where incident
adjacency between some clones exist.

Mathematical solution

Let V be the square symmetric matrix of sums of adjacency
among clones with the dimension N (i.e., the number of
clones). We optimize the following criterion function, which
comprises of two addends:

1 N. N, N 2N
min — TZZ(M}_-’\_’?) +ZN.';'P1 (1
{3] i=1 =l (2) i=1
i#F
where NV;; and Nj; depict the number of single and ditfer-
ent clones’ adjacency, respectively, NV, is the total number
of neighboring positions existing within the rectangular
orchard grid which can be calculated as

Ne=min—1)4+n(m—1)+2(n—1)im - 1). (2)

The first addend in Eq. 1 represents the variance of upper
triangle counts in V and the second addend represents a
penalty (p) implemented to limit same clone adjacency
(diagonal counts in V). Potential value of p is of higher
order compared to the first addend (ex. 10 or 100}, which
leads to an effective elimination of direct neighborhoods
of same genetic entries. Value of the criterion function

@ Springer

(later designated as crim)

only to the first addend.

is therefore, in ideal case, equal

Proposed heuristics to optimize a given orchard design

The first step is to create an empty V matrix followed by
selecting the first position on the orchard grid (see a graph-
ical representation of the proposed heuristic algorithm in
Fig. 6). On the selected position, a genetic entry is ran-
domly drawn out of all available candidate entries (the
ramet population of all clones) and the selection of the
second and subsequent positions are made after evaluation
by the criterion function (Eq. 1). At each step, the crite-
rion function is maintained at minimum after considering
all possible candidate entries and this position is assigned
and the process is sequentially repeated until the entire
orchards grid is fully populated. This process considers all
candidate entries (clonal representation) in case of equal or
unequal clone size through a candidate entry vector. There-
fore., even under different clone sizes, the random selection
of candidate entries is proportional to their respective clone
size.

Reference level for evaluating the resulting arrangement

The resulting orchard arrangement is compared to a theoret-
ical minimum variance “reference” to validate the effective-
ness of the heuristics as well as the impact of the penalty p
on the minimization of variance ( Appendix).

Presented examples

Seven different scenarios were constructed to assess the
efficiency of the proposed orchard layout. Six included bal-
anced clonal size (100, 80, 50, 40, 20 and 10 ramets per
every clone), and one unbalanced clonal size (10, 18, and
4 clones with 20, 10 and 5 ramets per clone, respectively).
The orchard grid is square and contains 400 positions (i.e.,
200 % 20, in all cases). Optimum solution for each assign-
ment was generated within 30 iterations, and the assigned p
value (penalty) was 100,

Comparison to existing designs

The resultant orchard layouts were compared to (RZSCR)
(El-Kassaby et al. 2014) and MI designs (Lstibarek and
El-Kassaby 2010; Lstibarek et al. 2015). To generalize the
comparisons, balanced and unbalanced designs were inves-
tigated. The balanced design consisted of 40 clones with 10
ramets each and the unbalanced design consisted of using
10, 18, and 4 clones, each is represented by 20, 10, and
5 ramets, respectively. Additionally, as a reference, a com-
pletely randomized layout (RD) was also generated. Results
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from the different schemes were evaluated by d,,i, and
am in» Where dpin is a proxy to potential inbreeding (selfing
in this case) termed as “minimum distance” estimate:

Ne Ne N

i =Y Y Z 3)

I=1 i=1 j=i+1 .1,1

where d is the distance between the i and the j™ ramet of
the /™" clone, N, is the number of clones, and Ny is the num-
ber of ramets within a clone. The d,,;,, represents the inverse
sum of squares of all possible distances between any two
ramets of the same clone and across all clones. The closer
the distance between any two ramets of the same clone, the
higher the value and, conversely, the further the distance, the
lower the value (Lstiburek and El-Kassaby 2010).

Results and discussion

The proposed Optimum Neighborhood Algorithm (ONA)
seed orchard layout proved efficient in minimizing the vari-
ance of the V matrix under both balanced and unbalanced
clonal sizes.

Balanced clonal size

The balanced clone size of 40 clones each with 10 ramets is
illustrated in Fig. | along with the corresponding V matrix
(Fig. 7). In this scenario, we did not detect any specific geo-
metrical pattern, suggesting efficient distribution of ramets
on the orchard’s grid. The local separation zone of 3 x 3
secured 100 % avoidance of having any two ramets of the

HB

Fig. 1 Balanced scenario with 40 clones each with equal clonal size
of 10 ramets/clone

16| 27] 7 | :
20 BN 16 [F1) 6

EIREE

Fig. 2 Unbalanced clone size scenario illustrating differently sized
group (one clone per each group size is highlighted)

same clone in adjacent positions on the orchards grid. This
is a product of the second addend in the criterion function
(Eq. 1) and it seems that a penalty of p = 100 was suffi-
cient (i.e., all diagonal elements in the V matrix are equal
to zero). From the above inspection, we highlight excessive
optimization space under balanced scenarios with relatively
large number of clones, accommodating larger, yet feasible

‘ I Il IL

8/.;0 10/40 20/20 40/10
Scenario (number of clones/clonal size)
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hg. 3 Comparison of various scenarios (by criterion function value,
Tinin: black columns) to a theoretical minimum variance “reference”
(a,,m, iR gm\ columnx) (see Appendix) for validating the heuristics’
effectiveness. 52 5 ,, were 3099.67 and 0. respectively. for
scenario 4/100: and 12. ()9 and () 16 for scenario 5/80 (data not shown)

@ Springer

41



105  Pagedof7

Tree Genetics & Genomes (2016) 12:105

2
ol

Table 1 The evaluated criteria values (dmin and oy,

) for the optimum neighbourhood (ONA) with minimum inbreeding (MI), replicated

randomized staggered clonal rows (R*SCR), and randomized (RD) schemes

Balanced clonal size

Unbalanced clonal size

ONA MI RISCR RD ONA MI RISCR RD
dain 3235 2158 40,34 66.30 60.94 5139 59.66 98.62
ol 0.24 226 1.63 5.04 3.85 1494 5.54 4092

The completely random layout was used as a reference value (100 %)

local separation zones. Reducing the clonal number results
in a substantial increase of the clonal size (e.g., 4 clones and
100 ramets each) leading to less favorable scenarios (results
not shown), where the layout shows repeated patterns and
although the crr%m is minimized, there is no feasible solu-
tion to accommodate completely the second addend. ie.
diagonal elements in V matrix become larger than zero.

In the above scenarios, crim of the best heuristic solution
was close to its theoretical minimum limit ( Appendix); how-
ever, the presence of the additional constraint, i.e. separation
zones, prevented its attainment, particularly under extreme
scenarios (small number of clones and large clonal sizes).

Unbalanced clonal sizes

The average number of neighboring positions for the clones
is 7.23, 7.58, and 7.70 for the first (20 ramets/clone), sec-
ond (10 ramets/clone), and third (5 ramets/clone) groups,
respectively, indicating the presence of significant depen-
dence of this parameter on clonal size. Resulting layouts

100 |- ® gD ||
B ONA
B cooL
80— MI
B0 - -
2
40 - R
N
200 - § .
of § = .
r-iuluu oiim

Fig. 4 Relative comparison of optimum neighbourhood (ONA) with
minimum inbreeding (MI), replicated randomized staggered clonal
rows (R?SCR), and randomized (RD) designs using a balanced com-
pletely random layout
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and V matrix are illustrated in Figs. 2 and 8, respectively.
Similar to the balanced design observation, we conclude
the absence of any geometrical specific patterns, suggest-
ing even distribution of ramets within the grid. Addi-
tionally, the used local separation function of 3.85 did
not result in any clonal adjacency on the orchard grid.
While a visible shift exists, the results produced accept-
able minimum variance for such exceedingly unbalanced
scenario. Furthermore, the strength of the ONA scheme
will be highlighted during its comparison with the other
advanced designs (RZSCR and MI) as well as the random
layout.

Evaluation of resulting schemes by means of reference
levels

The evaluation of resultant balanced clonal contributions to
the respective thew in 18 depicted graphically in Fig. 3,
drops with higher N and asymptot-

where the value of o~
2 For unbalanced clone

min
ically progresses towards o . .

[m Rrp

100

T ONA

COOL

-1} = MI
[310]

=
40
20
0
dpnin a?

Fig. 5 Relative comparison of optimum neighbourhood (ONA) with
minimum inbreeding (MI), replicated randomized staggered clonal
rows (RISCR), and randomized (RD) designs using an unbalanced
completely random layout
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Declaration
of input
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Allocation
of the zero
'V matrix

Evaluation

of candi- next
date clones position
by O’?};in

s this the
last

empty

position?

Comparison
to previous
iterations

Fig. 6 Schematic description of the ONA's algorithm

sizes, the comparison resulted in Grﬁm = 3.85. while
2
a2

Thear.min = 3-39 (data not shown in the graph).

Comparison of resulting ONA schemes with other
designs by means of dgi, and afim

The observed differences of dwi, and cr:r-” in RSCR and
MI schemes are relatively lower than that observed for the
RD design, indicating these two designs’ effectiveness in
separating clonal ramets on the seed orchard grid (Table 1).
The relative differences became more pronounced for the
unbalanced design (Table 1 and Fig. 5). It must be empha-
sized that the MI outperformed the RZSCR and ONA based
on d,,;,,- However, it should be noted that the criterion func-
tion of MI design is built differently and focuses primarily
at minimizing inbreeding.

It is clear that under balanced cases, the ONA outper-
formed R2SCR in terms of d,,;, and this could be con-
sidered as an added benefit to its primary efficiency in
minimizing o2, (Fig. 4). When considering 62, as a key
comparison criterion (a proxy of panmixia), the ONA is
by far the best layout under the studies’ assumptions. It is

worth mentioning that under unbalanced scenarios, the rel-
ative differences between the ONA and R*SCR schemes
become marginal (Fig. 4 vs. Fig. 5).

The results show that the value of the objective function
of the final scheme is closely related to the way of defining
close proximity and the type of specific task (the number of
clones and space for optimization as the size of the set). It
should be noted that smaller clones are placed in the layout
center, where the position stretches to the maximum num-
ber of direct neighborhoods (8), thereby enhancing their
chances to participate in reproduction and thus supporting
panmixia (Figs. 6, 7 and 8).

The current study provides a theoretical insight into seed
orchard layout optimization. There are two theoretical lim-
its underlying the spatial distribution, one provided by the
completely randomized scheme (RD) where all restrictions
are relaxed and all genetic entries are treated equally. Such
a scenario, when averaged across large number of indepen-
dent iterations, mimics what could be called a random mat-
ing (union of gametes). In a real situation, as shown in Figs. 4
and 5, this approach clearly lacks parameters desirable in
optimum seed orchard layout. Clear disadvantage of sim-
ple randomization is the lack of separation among the same
(ramets of the same clone) or similar (i.e., half-siblings)
genetic entries. Second and equally important is the theo-
retical limit embodied by the MI layout, which is a global
optimization protocol, leading to the minimum expected
inbreeding (Lstibirek and El-Kassaby 2010; Lstibiirek et al.
2015), but disregarding panmixia in its nature. The new
ONA design is centered somewhere in between RD and MI
with its ability to avoid any visible patterns in final scheme
(promotion of panmixia) and to control direct neighbor-
hood of the same genetic entries (Figs. 4 and 3). This study
also highlights important factors relevant to seed orchards’
designs specifically in advanced generations where higher
selection differential (smaller number of clones are desired)
inevitably leads to increase of common ancestry. As the
MI design implies, attention is often directed to intentional
selfing avoidance (large weight on separation of ramets of
the same clone); however, as the number of clones goes
down, this is accompanied by increase in the number of
ramets per clone which adds additional levels of complex-
ity. This problem could be further intensified by relatedness
among clones or under unequal deployment. This additional
complexity has to be dealt when the ONA approach is con-
sidered. The penalty value (p) is an integral part of the
criterion function and enables us to allocate extra weight
to various levels of relationship. When the penalty is given
a negative value, it can even promote assortative mating,
which 1s, of course. a rather extreme scenario. Moreover,
the criterion function can accommodate various natural con-
straints of the particular plot—for example, prevailing wind
direction, slope etc.

‘a Springer

43



105

Tree Genetics & Genomes (2016) 12

Page 6of 7

105

[T e

1L ra e o[t e i f i | i [ i | 2
|- IR GG IR
“._122 T I ) T R R Y Y Y R P
L1 E E P raf | e e [ | o i | | o [ e
= L RN L T G T T T =) ] O ] ] B
B |~ BRI GG =] I Rl el o
=1 1 B S B G e e =1 T S R R el
CINEE et || oo | ] e ] a] ] e ] o
Ml ] on [ || o] [ m] e o] ]| o e
b= 11 1) O R =1 Sl T ] GG
gl e | o] o] e] o] mi] o] o] o]
| el e | e o [es|on e | e o] ||| e e
LBl R L G Bl ] T e e
| = | e e R R o G Rl B K] e K T
@ S R B R TR B Bl R R G ..
L ] ol ) L Bl el Rl ] Kl K el Bl Kl Ko
| ra e | e ra e on e e o f e | ra | e[ e | e e
rifri| @ S G G I e Bl B S I el )
mlo|m L T G e G T R O L 1 R
oM e [l Eal Eal Eal Bl Bl Eol Lol Rl K ] BEE
.
2.2
gk
|
2
s B
B ou
o5
g =
=]

-
£ 7
LV =]
£35

Z 4

- e
~ .25

u
.ws..Mm
= 9

sharing a common pedigree, and subsequently, distance of
these related clones within the layout was maximized by ML

In addition. the ONA can be used in combination with
other existing layouts without losing its efficiency. We con-

In the next step, ONA layout was literally wrapped around

ducted a case study of ONA connected with predefined MI
design of clonal rows (results not shown), where the ram-

the optimized clonal rows.

The upper triangular matrix concept for defining all pos-
sibilities of outcrossing among clones in the seed orchard,

ets of the same clone were merged together in clonal-rows
without imposing constraints on selfing (El-Kassaby 2003;

El-Kassaby et al
biclogical sense

which is partially equal to the ¥V matrix utilized in the ONA

2007; El-Kassaby et al. 2014). This makes

algorithm, has been used before (Nester 1994); however, the

dence of low self-

n s0me species as evi

V matrix has not been used as a design evaluation criteria,

Clonal rows were assigned to those clones

ing rates in conifers supports this notion (El-Kassaby 1993

O'Connell 2003).

int of the layouts’ creation.

but already at the po

SCEnaro

Fig. 8 The unbalanced

V matrix (subset of the matrix is

presented)
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Important information is that ONA is not limited to
rectangular shapes. The only input parameters needed for
optimization are the coordinates within the plot.
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Appendix

The calculation of a2, ;. for balanced clonal sizes is
based on the assumption that in an ideal clonal deploy-
ment, V contains only 1 or 2 specific values. Minimum
and maximum values of V are denoted as Vi, and Viyay,
respectively. Vipin and Vi ay are derived after rounding down
and up the expected value (_’:‘% respectively. The follow-
ing system of equation is used to derive the number of
repetitions of these values in V:

Ng = Rumin Vimin + Rmax Vinax, f4)
N,
( 2{) = Ryin + Rpaxs (5)

where R, and R, ;, are the number of repetitions of V,;,
and V.. In V, respectively. The last step is to calculate
5

iheormin 35
N : N, :
75_ _Vmin Rmin + %rg_ - Vmax) Rmax
o2 _ A3 (5)
theormin — e
(%)
(6)

This reference level does not take into account the fact
that in case of unequal clonal sizes the less numerous clones

are placed in positions with a larger number of direct neigh-
borhoods. For this reason, for unbalanced clonal sizes, a

second option for calculating the oﬁr cormin Was defined as

N

2
2 1
O theor.min — m Z‘ijé(' (Vi_r - é) g (7)

where the theoretical ideal number of close neighborhoods
V;; is calculated for each clonal pair ij as

= &7 (8)

where r; is the number of ramets of the ith clone and r; is
the number of ramets of the jth clone. This calculated min-
imum variance is merely theoretical, because its calculation
is based on real V;; values.
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Abstract: Currently, there has been an increasing demand on seed orchard designs with respect
to mitigating inbreeding in advanced generations or facing severe mortality at sites. Optimum
Neighborhood Algorithm design (ONA) excels in solving these issues, as shown in two case studies.
The first demonstrates the application of the ONA for populating empty positions in an existing
orchard. Follow ing this concept, the ONA can be used for upgmding existing orchards, where only
high-value parents are retained and new parents are introduced, thus avoiding the genetic penalty
associated with the establishment of new-generation seed orchards. The second illustrates benefits
of combining the ONA with the Minimum Inbreeding (MI) seed orchard design. Utilizing the MI,
distances among clonal rows of selected clones were maximized on the orchard grid while the
remaining single-tree positions were populated by ONA.

Keywords: optimum neighborhood algorithm design; minimum inbreeding design; orchard
up gmding; spatial arrangements; clonal rows; Panmixin

1. Introduction

The main task of seed orchards is to ensure the production of abundant and frequently harvested
genetic-quality seed for reforestation, without scarifying genetic gain and diversity [1]. Clonal orchards
are the most common type, as they secure the transmission of the selected genes to the seed crops [2].
For cost saving and management ease, seed orchards are generally wind-pollinated. Therefore,
the location of individual clones” members in the orchard’s grid is one of the main factors affecting the
mating pattern and the quality of the resulting seed yield [3]. The main requirement for clonal seed
orchard design is to maintain adequate distance among relatives and ramets of the same clone to avoid
inbreeding and supporting panmixia. In an effort to meet these demands, most seed orchard designs
assume that the most frequent genetic exchange occurs among close neighbors [4].

For several decades, computer—based algorith.ms have been commonly used for developing seed
orchard layouts. One of the most frequently employed programs is the Computer Organized Orchard
Layout (COOL), as it systematically maintains predetermined separation distance among clonal
ramets [5,6]. Separation among clonal ramets becomes more complicated in advanced-generation
seed orchards where the inclusion of related parents is often practiced. To overcome this limitation,
the Minimum Inbreeding seed orchard design (MI) was developed [7].

Forests 2019, 10, 93; doi:10.3390/ £10020093 wwwmdpilcom /journal/ forests
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A specific group of seed orchard designs was developed implementing clonal rows, mainly to
simplify crop management (e.g., supplemental mass pollination, cone harvest, pest control),
cost reduction, and maximize genetic efficiency [8-10]. The clonal row concept was adopted as selfing
seems to be negligible [§,9], and some studies highlighted its rather low rate in seed orchards [11-13].
In most conifers, the observed low selfing rate is not surprising considering the high genetic load,
inbreeding depression, and unique reproductive biology such as polyembryony [14-16]. The main
disadvantage of these designs is the neighborhood effect that occurs betweenrows. This neighboring
effect results in increased correlated paternity [5,9], resulting in violating thepanmixia requirement in
cases of open pollination management. This problem was partly solved by the Randomized, Replicated,
Staggered Clonal Row design (R2SCR) [10]; however, selective pollination and selective seed harvesting
can be mostly conducted only for superior clones, so it is not necessary to allocate all clones as clonal
rows. In this specific case, it is more feasible to use an approach combining attributes of the MI [7] and
the Optimum Neighborhood Algorithm (ONA) [17] designs, which is presented further in the second
case study (establishment of the Douglas fir seed orchard).

Currently, there is no available design that allows the improvement of an existing orchard often
affected by mortality (due to the rootstock incompaﬁbility, diseases, and pests), which further affects
the orchard production capacity. Moreover, there is no tool for improving existing orchards by adding
5uperior individuals after a genel'ic thinning. In both cases, itis possible to use the ONA as presented
here in the first case study, where it was used for a current European silver fir (Abies alba Mill) seed
orchard restoration.

In both presented case studies, we capitalize on the adva.ntages of ONA and MI compared to
other designs [7,17] from the point of view of minimizing inbreeding and maximizing panmixia. In the
second case study, we tested the emerging possibility of combining both algorithms (i.e., ONA and
MI). Both designs can be used in situations where an irregular orchard grid of any shape or size and
under balanced or unbalanced clonal size exists, which is an important condition as it capitalizes on

the possibility of combining both algorithms [17,18].
2. Materials and Methods

The MI design is based on the industrial concept of “Quadratic Assignment Problem (QAP)”,
with input parameters provided within the C-matrix (intensity of separation between individuals) and
the D-matrix (distances among all positions). Therefore, the spatial distribution among individual
trees is a function of their genetic relatedness extent. The main advantage of the MI design is
maximizing the distance among ramets of related clones, which makes it an optimal tool for establishing
advanced-generation seed orchards [18]. Second, the QAP global optimization attributes are unique in
comparison to the existing layouts (local search algorithms). The recently introduced ONA design is
primarily focused on supporting panmixia by optimizing the number of direct neighborhoods among
all present clones (probability of pollination among all clones is more or less the same). A panmictic
mating pattern is ensured by minimizing close neighborhoods variation among all present clones.
A desired state (i.e., the same number of close neighborhoods among all clones) can be attained within
the population of the orchard grid following sequential complex evaluation of every possibility through
the iterative form of the algorithm. Moreover, ONA can be further combined with other designs because
it can easily populate predeﬁned schemes. In these cases, all neighborhocds with occu pied pusitions
are considered in the input scheme and are included in the optimization. This became possible through
the direct implemental'icm within the algorithm, and thus it became feasible to use the ONA for the
improvement of existing orchards [17].

The functionality of the ONA is based on maximizing panmixia by optimizing the size of
the neighborhood using the parameter 0"2”-”
all clones) [17]. Contrastingly, the functionality of the MI design is based on maximizing the distance
between the selected clones using the parameter d,,;, (represents the inverse sum of squares of all

(variance in the number of direct neighbors among
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possible distances between any two ramets of the same clone and across all clones) [18]. The parameter

o2

iin 15 used for the resulting evaluation of the respective layouts.

The first case study involved populating empty positions (resulting from mortality of some ramets)
in an existing European silver fir seed orchard. The original (remaining) clones were surrounded by
ramets available from stock using 600 iterations of the ONA design. In the upgrading process, 46 empty
positions were populated by 11 different clones. There were 39 clones of different representations
(range: 3 to 9 ramets per clone) in the final scheme. This seed orchard was square-shaped, with spacing
of 1:1, and it had 225 posil'ions. The lesull'ing scheme is depicted in Figure 1.

The second case study involved the establishment of a Douglas fir (Pseudotsuga menziesii
(Mirb.) Franco) seed orchard with 666 positions with an asymmetrical layout. The orchard’s
parental population consisted of 23 clones, with two (#21 and #22) having a common single ancestor
(parent). In the resulting scheme, these two related clones represented the main limiting factor
(i.e., common ancestry), thus they were first deployed by the MI design in the form of five-tree
clonal rows, with clones #21 and #22 represented by 7 and 6 rows respectively (arbitrarily selected).
Subsequently, the other clones (#1 to #20) populated the remaining grid positions following the ONA
design. Spatial optimizal:ion, assum.i.ng clonal rows, was performed based on the central position of
each row, utilizing the original MI protocol [18]. Square layout was considered with 20 independent
iterations of the MI scheme. This setting followed the methodology presented in [7]. In the resulting
MI scheme, only clonal rows of related clones were initially plaoed, and other positions (601 posiﬁons)
were populated by unrelated clones using the ONA (100 independent iterations), as shown in Figure 2.

The original ONA R code, which can be used for creating basic layouts, is available at
https:/ /katedry.czu.cz/en/kgfld/software.

3. Results and Discussion

The layout depicted in Figure 1 displays the populating of empty positions in the existing
European silver fir orchard (with added clones highlighted by white font). The Douglas fir resulting
layout, shown in Figure 2, shows successful separation of the related clones (number 22 and 23) in
clonal rows.

The qualities of the resulting schemes were assessed from the perspective of maximum panmixia
usi.ng the parameter Urir-", with values of 0.26 and 5.90 for the European Silver fir and Douglas fir,
respectively. In the second case, the higher value of 02, was caused by the presence of clonal rows.

In comparison, Chaloupkova et al. [17] reported Oji i Values equal to 0.24 and 3.85 for balanced
and unbalanced clonal sizes, respectively. The parameter values are similar to the presented case
studies, so this comparison shows the functionality of the ONA in these cases (upgrading existing
orchards and ONA and MI merging), which are displayed here.

It is worth mentioning that ONA and MI designs have already been compared using the
abovementioned parameters with random schemes and the COOL [7], as well as with the R?SCR
design [17].

According to theoretical studies on clonally propagated reproductive material, the population size
of 18 individuals should be reasonable and close to “optimal” to safeguard against potential unforeseen
contingencies [19]. In an extensive review on the risks connected to clonal forestry, Wu (2018} [20]
reports five to 30 clones as a reasonable number, depending on the species. Such population sizes are
common for second-generation seed orchards. Therefore, advanced-generation seed orchards can also
serve as both gene conservation and seed production units in some cases [21,22]. Several functional
examples can be found for such instances in Swedish forestry [20]. However, these studies generally
encompassed the random mating and other Hardy—Weinberg assumptions to achieve high genetic
variation in forestry. One of the factors influencing the mating pattern in open pollination seed orchards
(in addition to seed and pollen production, and reproduction phenology) is the orchard layout [3].
Therefore, the ONA is deemed as a suitable tool for promoting panmixia.

49



Forests 2019, 10, 93 4of6

There are additional factors which are detrimental to the genetic quality of seed orchard crop.
These include, differences in clonal flowering phenology and fertility influencing the mating patterns
and contributions of clones. Both of these factors were investigated in many field studies and
are considered to be highly significant [23-25], and even software analyzing floral phenological
synchronization in seed orchards was recently developed [26]. However, if the floral phenology is
known, then it is possible to include the presumed flowering pattern as the input parameter in the MI
design so that panmixia can be promoted during orchard design [7]. Another key factor is the pollen
contamination occurrence, which increases the genetic diversity but also decreases the improvement
effort efficiency. Molecular tools have been used to quantify the pollen contamination in many studies,
and its value ranges from 30% to 40% [27] or it is even higher [28,29]. Unfortunately, the orchard design
cannot be used for pollen contamination minimizing. It is known that the most effective method for
its elimination/ reduction is using greenhouses for maximum isolation, but another, less expensive
method is the implementation of specific approaches directly to the breeding program. For example,
the “Breeding without breeding” method can be used. In such a case, phenotypic preselection in
progeny trials could lead to reduced contamination rates [30-33].

Figures, Tables, and Schemes

1210
14]
Figure 1. Example of the Optimum Neighborhood Algorithm design for refilling empty positions in an
existing orchard. Numbers designate individual clones’ IDs. Numbers in white color represent refilled

positions utilizing the ONA algorithm.
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Figure 2. Design combining both Minimum Inbreeding and Ophmum Neighborhood Algorithm
designs. Numbers designate individual clones’ IDs. Numbers in white color represent clonal rows
utilizing M1 algorithm. Remaining entries where optimized by ONA algorithm.
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4. Conclusions

The results show that the presented approach maintains all the advantages of both ONA and
MI designs, and thus it is particularly suitable for establishing advanced-generations seed orchards.
In addition to combining the advantages of the two designs, this new approach also eliminates the
occurrence of the neighborhood effect. The influence of the neighborhood effect decreases when
only the clones of the highest genetic gain are placed in clonal rows. These clones can be effectively
managed for controlled pollination, which is also more easily applied within clonal rows as compared
to orchards of regular layouts.

Equally interesting is the possibility of improving existing orchards by ONA, as demonstrated in
the European Silver fir orchard, where ONA was effectively used for dealing with mortality of certain
grafts. In a similar fashion, the same concept can be utilized for upgrading orchards after genetic
thinning, where only high-value parents are retained and some positions may need to be populated.
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Abstract

Key message: We provide 3 mathematical model to determine which trees should be ruled out from the grid to
promote random mating in seed orchards under genetic thinning.

Context: Genetic thinning (roguing) is a common practice in forest tree breeding to remove inferior genotypes in
seed orchards, thus boasting the genetic worth of the seed crop.

Aims: To develop a general methodology for spatial optimization of genetic thinning. It should promote random
mating and consider any existing seed orchard layout.

Methods: The model is based on the Optimum-Neighborhood Allocation algorithm (Chaloupkova et al, Forests
10:1-6, 2019). The algorithm’s efficiency was evaluated using computer simulation. A fully randomized scheme was
used as a reference. In addition, the study provides a demonstration on an actual seed orchard.

Results: Simulations confirm the method'’s efficiency in promoting random mating compared to the fully rand-
omized allocation across a wide range of selection intensities. We suggest Linear Deployment as a preferred method
for calculating optimum deployment contributions at higher thinning intensities. The algorithm was programmed in
R and is publicly available.

Conclusion: Breeders can use the software and follow the example to implement genetic thinning in different prac-
tical scenarios assuming any seed orchard layout. The approach enhances random mating while maximizing genetic

response to selection.

Keywords: Seed orchards, Spatial layouts, Panmixis, Optimum-Neighborhood Algorithm, Linear deployment

1 Introduction

Seed orchards connect tree breeding programs and
operational forestry. They are the source of genetically
improved seed for afforestation. In the initial breeding
cycle, phenotypically superior individuals (designated
as plus trees) are identified in forest stands. They are
typically grafted to establish the first-generation (clonal)
seed orchards. As breeding progresses through a typi-
cal sequence of breeding activities (mating, testing, and

Handling editor: Véronique Jarge

*Cormespondence: Istiburekafld coucz

Faculty of Forestry and Wood Sciences, Czech University of Life Sciences,
Kamycka 120, 16000 Praha 6, Czech Republic

B BMC

selection), new seed orchards are planted with grafted
top-ranking genetically improved individuals (clones).
Due to repeated cycles of selection, advanced-generation
seed orchards are associated with higher genetic gains in
important quantitative and qualitative traits (White et al.
2007; Funda and El-Kassaby 2013).

Seed orchard management is complex, including the
establishment, long-term maintenance, and periodic
harvest of the seed crop. During the planning period, a
decision is made on the appropriate spatial distribution
of vegetative propagules (ramets) of the respective clones
on the orchard’s grid (spatial design). During the 1950s to
early 1970s, numerous spatial configurations were devel-
oped primarily under the assumption of crossbreeding
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occurring among neighboring individuals; see Giertych
(1975) for a comprehensive review. While this assump-
tion was confirmed by case studies (Burczyk and Prat
1997; Chen et al. 2018), additional factors should be con-
sidered while choosing the appropriate orchard design,
primarily in advanced breeding cycles. Hodge and White
(1993) list four such criteria: (1) to maximize genetic gain
while maintaining acceptable genetic diversity, (2) to
provide for random mating, (3) to minimize inbreeding,
and (4) to minimize the impact of selection errors (main-
taining flexibility for roguing, denoted as the genetic
thinning). Contemporary designs address most of these
concerns (Lstiburek and El-Kassaby 2010; El-Kassaby
et al. 2014; Liesebach et al. 2021). In the current study, we
utilize the Optimum Neighbourhood Allocation (ONA)
scheme (Chaloupkova et al. 2019), which promotes pan-
mixia by minimizing the variance of the counts of adja-
cencies among all clones across the orchard'’s grid.

In the initial breeding cycle, the genetic worth of clones
is unknown prior to progeny testing. Once the parental
genetic values become available from progeny trials, one
can rank and remove inferior parents from the orchard.
This operation is called “genetic thinning” or “roguing”
These genetically improved seed orchards are regarded
as the 1.5 generation. They are genetically superior to the
initial first-generation orchards due to the effect of selec-
tion. They serve their purpose before the 2" generation
orchards provide a sufficient quantity of seed (White
et al. 2007).

To keep things simple, breeders would often opt for
roguing a specific number of clones systematically
from the orchard, e.g., every other tree in a row. There
is a more efficient approach considering genetic gain
and diversity in the seed orchard crop. Optimum clonal
proportions (expected gametic contributions following
the thinning) can be calculated from predicted additive
genetic (breeding) values (Prescher et al. 2008; Bondes-
son and Lindgren 1993). The approach is based on the
Linear Deployment concept by Lindgren and Mathe-
son (1986). Theoretically, a more general selection opti-
mization protocol (e.g.,, Funda et al. 2009) could also be
extended for genetic thinning. However, Linear Deploy-
ment is the method of choice during initial breeding
cycles (assumption of unrelated and non-inbred clones),
when genetic thinning is typically considered.

In most cases, genetic thinning alters the original
objective of the seed orchard layout. Breeders are faced
with the problem of identifying the exact ramets that
should be removed from the grid, keeping in mind the
main criteria of seed orchard designs. Currently, there
is no methodology to optimize the spatial distribution
of genetic thinning across the orchard’s grid. For this
purpose, we provide a new method based on the ONA
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scheme. The optimum allocation is acquired from the
assessment of removing a given candidate ramet from
every position across the grid and all candidate clones,
minimizing the ONAS criterion function. Following
the genetic thinning, the resulting scheme is thus opti-
mized to promote random mating and reduce the level
of inbreeding. We demonstrate the approach using com-
puter simulation and the actual seed orchard layout.

2 Methods

2.1 Conceptual plan

We start with any seed orchard spatial configuration,
i.e., the spatial distribution of N clones on a grid. It is
assumed that breeders determine the intensity of genetic
thinning using one of the approaches introduced earlier
(e.g., Linear Deployment).

Next, we optimize the spatial distribution of genetic
thinning, pointing at particular trees on the grid that
should be removed. After conducting the thinning,
the idea is to promote panmixia among all remaining
entries. Therefore, we adopted (with some modifica-
tions) the Optimum-Neighborhood Allocation scheme
by Chaloupkovi et al. (2016).

2.2 Mathematical algorithm

To assist tree breeders with implementing the algorithm
using their unique input parameters, we provide R-pack-
age “thinONA”" (see “Code availability” section, R Core
Team 2022).

The existing seed orchard layout (subjected to genetic
thinning) is provided in matrix ORCHARD (m rows
and # columns). Elements of the matrix are labeled
using an integer sequence from the first clone, denoted
1, to the last clone, denoted N The goal is to remove a
given subset REMOVE of genetic entries from the exist-
ing grid. There are no distributional assumptions on
REMOVE. Note that clonal identification numbers in
REMOVE must correspond to those in ORCHARD. For
example, REMOVE = {1,1, 3, 4}designates that two
ramets of the clone one and one ramet of clones 3 and 4
should be removed from the grid.

In the first step, a matrix PAIRS is formed. It consists
of the sums of direct neighborhood positions across
all possible clonal pairs across ORCHARD. (For exam-
ple, assuming clones A and B, the corresponding value
in PAIRS has a value of two if their respective ramets
are present as direct neighbors two times across the
entire grid). A single candidate is then selected from
REMOVE (based on the clonal size; clones with a
higher number of ramets are selected first; if there are
more candidate clones of the same size, the choice is
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random). The candidate is then located in PAIRS to
identify its most frequent direct neighbor. All such
positions in ORCHARD are evaluated to determine
which elimination minimizes the criterion function
(introduced in the next paragraph). The candidate is
then removed from the matrix ORCHARD position and
the candidate list in the vector REMOVE.

Candidate positions on the grid are individually
evaluated from the top-left to the bottom-right corner
assuming eight closest neighboring positions (two hori-
zontal, two vertical, and four diagonal). The algorithm
is flexible to evaluate more distant positions on the grid
if requested by the breeder. We developed a criterion
function to quantify the impact of removing entries in
REMOVE in each location across the grid for the Var,_,
criterion (see Chaloupkova et al. 2016 for details). The
algorithm is based on the minimization of the criterion
function:

Neg No 2
i 2 ny — 1 2Ng
min — e E E [ " (n;j - N—C) + pw

T i Sra
()

where n; and »; depict the number of single and
different clones’ adjacencies, respectively; N is the
total number of adjacencies existing within the rec-
tangular orchard grid, w is a weight parameter to
penalize the placement of identical clone’s ramets as
direct neighbors, and p is the sum of all n; elements.
The component w is a higher-order value than the
first addend (ex. 99999), leading to the effective elim-
ination of direct neighborhoods of identical genetic
entries.

The optimization goal is to minimize the variance
of matrix PAIRS while constraining the placement of
identical clones’ ramets as direct neighbors.

2.3 Computer simulation

We adopted the ONA scheme and optimized the spa-
tial distribution of 40 clones with equal sizes (number
of ramets) on a square grid of 20 rows and 20 columns
(Chaloupkova et al. 2016). Respective breeding values
were sampled from a standardized normal distribution.
Two scenarios of genetic thinning were assumed. First,
the inferior one-half of clones were subjected to simple
thinning of equal intensity (scenario Genetic Thinning
Simple, GTS). Second, we followed the Linear Deploy-
ment algorithm (Lindgren and Matheson 1986) to opti-
mize selection intensity across the assumed 40 clones
(scenario Genetic Thinning Linear Deployment, GTL).
The selected proportion during genetic thinning ranged
from 5% to 40%. In each scenario, vector REMOVE was
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created, consisting of clonal identification numbers
subjected to removal on the grid.

2.4 Scots pine seed orchard

The Scots pine (Pinus sylvestris, L.) seed orchard “Dou-
brava” is managed by the Forest of the Czech Republic
(state enterprise), district Plasy. It was established in 1980
using a simplistic randomization protocol with a spacing
of 6 x 6 m across 6.5 ha. The orchard consists of 1165
ramets of 87 clones with highly variable sizes (ranging
from 1 to 28 ramets per clone). Geographic coordinates
are 49°54'31"N, 1326'34"E; altitude 380 m.

We utilized breeding values from half-sib progeny tri-
als (Kandk 2011). We followed the Linear Deployment
algorithm (Lindgren and Matheson 1986) to derive opti-
mum clonal sizes. The selection intensity of genetic thin-
ning (expressed as a proportion) ranged from 5 to 40%. In
each scenario, assuming the optimum clonal sizes, vec-
tor REMOVE was created, consisting of specific ramets
subjected to removal on the grid. The spatial distribution
of genetic thinning was then optimized using the math-
ematical algorithm (Section 2.2).

All schemes mentioned above were evaluated using
the R package OrchSTAT (Lstiburek 2022). As a refer-
ence line (Section 2.3), averages of the above statistics
were calculated for a fully randomized seed orchard lay-
out, assuming 100 stochastic iterations (designated as the
“random reference line”).

3 Results

Assuming efficient baseline seed orchard layout (ONA)
with equal clonal sizes, genetic thinning (ONA algo-
rithm) promotes Var,,, diversifying gametic contribu-
tions among the parental genotypes to the seed orchard’s
crop (departure from panmixia). Interestingly, this
increment in Var,,, is more significant under Linear
Deployment (GTL scenario) at lower selection intensity
than in the simplistic GTS scenario (p up to 20%). Both
approaches perform similarly regarding Var,_;, at inter-
mediate thinning intensities. GTL results in lower Var-
min at higher thinning intensities (over 20%), which is
undoubtedly beneficial. This is likely due to more open
spaces on the grid combined with a more gradual change
of clonal proportions under the GTL (see ONA lines in
Fig. 1).

On the contrary, a reduction in Var;, is associated
with the initial fully randomized scheme (see RRL lines
in Fig. 1). GTS seems to be more efficient in reduc-
ing Var,,, at p up to 30%, yet it is inferior to GTL at p >
30%. In line with the reduction of Var,, ie., the mini-
mization of the PAIRS matrix, the optimization is con-
strained by the initial spatial distribution with multiple
neighborhoods among the ramets of the same clone.
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Fig. 1 The Vary,, criterion (Y-axis) of the seed orchard layout following the genetic thinning, with 0-40% ramets removed from the orchard (¥-axis).
Genetic thinning was applied to either the randomized seed orchard scheme (‘random reference line, RRL; averages of 100 stochastic iterations) or
the declared OMNA scheme ("ONA"; optimum layout). Both GTS and GTL deployment opticns are shown in the graph

20 25 30 35 40

The algorithm efficiently reduces these identical clones’
adjacencies (Fig. 2). It seems that both GTS and GTL are
similarly efficient in this regard. On the contrary, the sum
of diagonal elements of PAIRS was always zero under the
OMA schemes (not shown in Fig. 2), which is attributable
to the second addend in Eq. 1. The actual spatial distribu-
tion of genetic thinning, considering the GTL option, is
provided in Figs. 3, 4, and 5 for three thinning intensities
(proportions 10, 20, and 30%).

The efficiency of Var,; minimization is very appar-
ent in the seed orchard Doubrava (primary Y-axis, blue
line, Fig. 6). Var,,, drops exponentially with p across
the whole studied interval. Variation in clonal sizes is
reduced with p (secondary Y-axis, box plots).

4 Discussion

This study demonstrates that genetic thinning could be
spatially optimized across the orchard’s grid. Breeders
should evaluate the impact of genetic thinning under
specific circumstances in line with the main criteria
of seed orchard designs (Hodge and White 1993). As
presented in our study, interactions among the main
variables are not trivial. The effect of genetic thinning
on expected panmixia (Var,, ) is proportional to the

min

selection intensity, the original seed orchard layout,
and the distribution of clonal sizes. Thorough roguing
is typically advocated in seed orchards since the genetic
response to selection depends on high selection inten-
sity (Falconer and Mackay 1996). Seed orchards that
have been established with an excessive number of plus
trees highly benefit from intensive roguing (a prereq-
uisite to capturing meaningful genetic response). High
genetic gain (selection intensity) is, however, associated
with unavoidable loss of seed production.

While the build-up of Var,,, is minimized using the
modified ONA algorithm, its relative magnitude is still
substantial, provided the original design was efficient
(ONA lines in Fig. 1). In numerous practical scenarios
(less efficient spatial designs, highly variable clonal
sizes), the ONA-based genetic thinning preserves or
even reduces the Var,,;, of the original scheme, as seen
in the Doubrava orchard (Fig. 6). Thus, genetic thin-
ning could be used to "improve" original less efficient
seed orchard layouts. Breeders can evaluate this effect
by comparing the Var,, before and after the thinning
using the R package OrchSTAT (“Code availability”
section). Our method also reduces the same clone's
adjacency (if present in the initial orchard), limiting the
selfing rate (Fig. 2).
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Matrix PAIRS: sum of diagonal elements

15" [—F—RRL:GTS |
—F—A8RL:GTL

30 35 40

0 5 10 15 20
Proportion selected
Fig.2 The sum of diagonal elements of the PAIRS matrix (Y-axis) as a function of the genetic thinning intensity (0—40% ramets removed from the
orchard, X-axis). The random reference line (RRL) is shown, i.e, the plat provides average values and 95% confidence intervals across 100 stochastic
iterations. The ONA scenarios are not shown on the graph as the diagonal sum of PAIRS was always 0
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Fig. 3 The ONA seed orchard layout with 10% genetic thinning (black cells) following the Linear Deployment (declared OMA, GTL deployment)
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ZE|18 39 31|l

Fig.4 The OMA seed orchard layout with 20% genetic thinning (black cells) following the linear deployment (ONA, GTL deployment)
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Fig.5 The OMA seed or

ard layout with 20% genetic thinning (black cells) following the Linear Deployment (ONA, GTL deployrment)

Several assumptions (limitations) are related to deter-  the problem from linear formulation, and complications
mining optimum clonal proportions (vector REMOWVE).  may arise with singularities of the quadratic constraint.
(1.) Presence of pair-wise and self-coancestries expel (2.) Deriving optimum clonal proportions from breeding
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Fig. 6 The Var, criterion (Y-axis) of the seed orchard Doubrava in the Czech Republic following the genetic thinning, with 0-40% ramets removed
from the orchard (proportion selected, X-axis). The number of remaining trees {grafts) is provided on the secondary X-axis. The distribution of clonal
sizes is shown on the secondary Y-axis

L "

values relies on somewhat arbitrary weighting (e.g., see  C in the Minimum Inbreeding scheme (Lstibiirek and EI-
constant ¢ in the "Model and mathematics” section in  Kassaby 2010, pp. 604). As stated in the methodical sec-
Lindgren and Matheson 1986). (3.) Breeding values are  tion, no distributional assumptions exist on REMOVE and
typically treated as constants in calculating optimum  ORCHARD. They are assumed to be calculated error-free
proportions in animal and plant breeding (e.g., Meuwis-  (assumptions 2. and 3.). Provided the premise of prefer-
sen 1997). However, they are statistical predictions of ential mating among neighboring individuals holds (i.e.,
cumulative additive gene effects. (4.) Genetic gain is the  spatially constrained pollen dispersion, see Funda and
product of clonal proportions and the respective breed-  El-Kassaby 2013), random mating should be evaluated in
ing values conditional on random mating (equal likeli-  proximity, e.g., nine adjacent positions as presented here
hood of mating among all genetic entries across the grid).  (assumption 4.). Higher intensity of genetic thinning una-
(5.) Actual gametic contributions differ from calculated  voidably produces multiple adjacent empty blocks, as seen
“ideal” proportions (complex reproductive biology in var-  in Fig. 5. Should this be of concern, an extra penalty can
iable environmental conditions). Most of the above issues  be integrated into the objective function (Eq. 1). The Var-
are equally relevant in spatial layout optimization. min could be calculated across a broader range, consider-
Next, we discuss specific assumptions of the presented  ing more distant neighborhood positions. Information on
methodology (genetic thinning utilizing the ONA cri-  reproductive biology and its dynamics may streamline the
terion function). The algorithm utilizes local heuristics.  optimization protocol (assumption 5.). In practical termi-
Therefore, reaching the true optimum is not guaranteed.  nology, layouts are established for the entire lifespan of
Hovewer, Chaloupkova et al. (2016) derived theoretical seed orchards, and they are never considered ideal, given
minimum variance, which can be used as a reference opti-  the ever-present reproductive variation.
mality measure. While we focused exclusively on the same
clone’s adjacencies, further penalties could be introduced 5 Conclusion
to trace pair-wise genetic relationships across adjacent  Breeders conduct genetic thinning in seed orchards by
positions (assumption 1. above). Each would be given a  removing genetically inferior trees from the grid after their
separate weight. One may set up relative weights using the  genetic merit is evaluated in progeny trials. This opera-
genetic coancestry, i.e., the equivalent of the “flow” matrix  tion enhances the genetic worth of seed orchards’ crop,

61



Chaloupkova and Lstiblrek Annals of Forest Science (2022) 79:37

promoting productivity and quality of newly established
forest plantations. This study demonstrates that genetic
thinning could be spatially optimized. The original algo-
rithm provides breeders clear information on what exact
trees should be removed from the grid. In addition, incor-
porating the objective function of the Optimum-Neigh-
borhood Allocation, the method enhances random mating
(panmixia). As shown in a real-world example, this imple-
mentation can significantly improve original, less efficient
spatial layouts. Breeders can use the R package that accom-
modates any seed orchard configuration. Efficient seed
orchard management depends on further research and
innovation to address specific reproductive biology in for-
est tree species under changing environmental conditions.

Code availability

Readers can access our R package thinONA and optimize genetic thinning
using their input variables (existing seed orchard layout and the vector
RERﬂOVé?.The function identifies specific trees on the grid that should
be remaoved from the orchard. The R package is available (with documenta-
tion) at the OSF repository: httpsy/osfic/yg85me DOl 10.17605/05FI0/YGESM
Additional R package OrchSTAT (referenced in the test) is available on the
same website.

Breeders are encouraged to modify the presented R code as needed, or they
may contact the corresponding author for assistance. Prof. Lindgren provides
his software tool implementing the Linear Deployment algorithm at: httpy/y
daglindgren.upscse/Breed_Home_Page/Linear_deployment/LINEAR_DEPLO
YMENT_Menuhitml
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54Vy uQi8tszt r ojvT |@NAi ck® pr axi

Kr omRD pS2 papdroov ®s esmeundniTe s a dbies altd,luev elnl @ In ®k ovre® z(
pr ezenpguwbvlainkRa c i (Chal oulpklov®@Nrao kel dge n220dndn)o h a
sitpac2zakl §8d&8§n2? doemamMmPc st SwidH 2ia 2vceh svvildtald e b

Byly navr geny desadygnalyo kparld t Dy tReee £ & pya:l Hmri Sc
KRNAP(2021), bar swmir &é 2D e&8$ h Mdamkva (Adasa mearnsiDe
wild))v e s p o lingtijute foicdomnsercial Forestry research JAR (2019)

VpS2padh dopl Rov §nfe nwolwnsaapode bt s es § radmm® os g d
b S eSkrbué torminali§L.) Crantvr oce 2018, badrtaviEdd glkesevra? | loal
2017 a 2018, smrkt epial T ok al foteR01®smriniae o kB i t @wceli gi c e
2018, borovice | egowe202ia20b@kAProNS¥igRdVENE L
byly jedinci pro dapEohRded navjgidh ddstopmospy® o lwN v b
jejich zat§wajpenz2 wlsadbhD. C2lem vgdy byl o,
sch®&matu co nejvyrovnanDjg?2.

PS2klad zalogen®ho semenn®ho s aMearnsow. zobr e

Sad byl z al o g elmstitute or Gommeéraiap Forgstry researcd v hoaf r i ¢ k ¢
republiceSc h®ma mRl o 709 pozic a nepravidelnl tva
veli kosti. Klony jsou vyznaleny barevnlD a po

PS2 kdpldniin2 st §vaj 2c?2 2Wilesdandablyo jsee uov esdaedn broar
l okal it NDmavji egtRkow SV s fie L IR®mM s adu | Blovageéd 2022m 40 6
dopl nDno 46 pONA.c Zpedmeon D j sou vyznal ethneyr &I on
neplod?2, | ervenD klony, kter® uhynuli ale by
kter® byly vybr8ny novhD na z8kladhD inventury
pS2slIiDgnT m

O dal g2m vyugit2 ONA tswahr@maltawh an Soturvd jsTejj2sc
informov§g8ni, napS2klad pSi ng§vgtnNvN Michi g:
skolegyzJ aponska, Gpannhl ska, Nor ska, Rakouska, \
a dal g2ch zem2. Detyaiglin2 Kbelpll édkug er s&lun @Mmn o
dostupnl ke stagen?2 a ugivatel® n8§8s obvykl e

nepS2 mo,pSeéypandtD. kwnzul tac?2, kddyo psleRunja? cn28nmsi udgoi
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Obr.2PS2kl ad dopl nhn2 stg§vaj2c?2 .Zetedly semeny®mal| eagu |

b2l e nepl od?2 c 2  kktl etiy®ily,aleloyet veaRr Rkeny ze z8soby a ¢gluth
pomoc? ONA.
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55N§strojprpaé B& g2 vy u@NAt 2 m

Zde wuvsg§d2m visledky model ov®ho pS2kladu pro
vi §mci ONA. Tento vIisualel aknpubBbbuk8st2 gEBdnE
visl edk T Tathwkal I3RwjSel.2 vIisledky pro testovgn?2 f
Segen?2 Y oh zahrnlg 2ga&t rars®,r tad i whka ksSe gjeemac e
| D2 a dvojic2al P8shetbl? pwvlevnpBS82mich souseod
me z i t DmDvoj ké @®enysou ve sch®mRatoe @ho,rdwa n &wkd®@) :
m2ryokmut o ovliivnhDn2 doglo je zde wuvedena i

ostatn2mil dPP.pi mepmsomhlitz e n 2paranfeteulsaparatelicyht o dv oj |
k1 onT dnoe bwil pyo | tzahrnptydvpjiod®dspe nal i zovanT mi klony 1
penalizace ovlivnila i viskKysossatseéedd.tk? opgn

Tab.3.Vi sl edky testov&§n2 ONA asortativn2ho kS2gen?2 na 6
dvojicemi vybranTch klonT a mezi ostat n2 mi kl ony, pol
sch®matu a prTmDr pohtTN?2moudedsi cetmmeki oaT.

Pr TmnD

VEha se VS§ha SeV§ha seSou_se«Sou_se«sou_sec
SC®r 1ezilD1ID3  mezilD3iD4 PT O ©0s  mez mezl mezl

klony ID1/ID2 ID3/ID4 ostat
klony
1 0,1 0,5 1 7 5 4,4
2 0,5 1 6 3 4,27
3 1,5 1 1 3 4,33
4 1,5 1 1 3 4,6
5 0,5 1,5 1 7 2 4,4
6 1 1 1 4 4 4,33

Vr 8§mci sc®n§Se pozils e pkaleya cbey | naa sm2arvae na | ak o

dvojice klonT (0,1 a 0,5) byl visledek ovliywv
vilssedn®ho pmrcd ®@mat @br.Bakldyn|? 2 sllao2jsou vt omt o p S2 pad
umi sSovs§ny do bezpryodgt2Sdadm? jbslo2uz ktoaskt@® .u ni|soSno
svygg? frekvenc?, neg jakTl je pr T4d5fab8)jech o:
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Obr.3.Visl edn® sch®ma pro sc®n8§8S$S |. 1, pro hodnotu separ

3 a4rovnou0,5.

Pro sc®ng§8S 2 i sc®n8&8S 3 byla penapivath za
pS2padhNDose pednwivnhD asortativn2k§g?2.lemudr uh®r
odpov2d§8 i polet sousedgdaspl2. VvIeo s ceh &nmatnua,mnkit e
ZjigtNDn®mu prTmNRrn®mu pot §mck osc@OE8)ylal bsP g2

m2ra negativn?2 separace nastavena jako nej v

sousedstv?2 me z i zat2genl mi dvojicemi kl onT
sousedstv?2 mezi (TabS)t at n2 mi dvoji cemi
110 5N 8|7 7110
5/8[6|8]|7 10 8|6
1|9 5([6[5[9]5 4
106 | 7| 1 W 8 6|9
28 8(9|7|1(1019 (5|1
9]1 4 6| 7 [10}8
Obr.4aVisledn®rochs@®am§S | . 4 pro hodmwmdull5as eppraor adoveo jd veaj ik
3 a4 rovnol®.
718 5|6 BN 1S 10| 6
610/ 1|79 7|8
9 5 5(10{ 9|5
10| 1 8591 My 7|10
6|7 9 7|6 69
10/ 811|851 (8 4

Obr.5.VIi sl edn® sch®maophodno®ugSelpar ace 5hv opjrioc ed vkoljancT 1k
3 a4 rovnou,5.

Sc®ng§S 5 Zahrvmevalsopazati vn2 kS2ggen2? pro d
negati vn? asortativn? kS2 gen?2 pro dvojici 3
vislednTch poltTrg&til divosoecs edsanevd . wSt ajt mP |
tak et o padgam® nv®@m scBb®maZde (Opaol u klvgsokpu 1 a =
|l etnost?, zatn??mdkoukl|lenywodtae® .4 s
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Do model ov®ho Segen? byl a zahrnuta I sit

Visledn® sch®ma6je uvedeno na Obr .

918 10| 6 8 S [

1) 7y 9|/8[10] 1 911
9 6 N 7 6| 7|5

10| 1 [ 1]8[10| 1

5| 7]5[8|5]9[5]|6]10[7

6 6 ‘M 10| 7189

Obr.6.Sch®ma bez zahrnut? preferenln2ho kS2genz.

Vr8mci vgech zad8n? byla %YspDgnD el iminov:
Z&rovieoR cbpyt i m§l n2hoagipBedkeal dbsagBnoysok®m |
tato specifierkeg fzakdpgtnimim&imiéssrodenteon2p S2 padhN mo g
jenspougit2m n8hodn®ho vypl RovE&n2 matice sadu.
zat2geny zahrnut?2m 4dHodtinattiavrkrtd ek $8dearr2 fuha
prosc ®nEB®ni6l. nostprad gosdmtemyi andvibSena i ,pro vl

jejichg visledky zde nejsou vedeny

Tab.4.visl edn® hodnoty kriteri8&8ln2 funkce pSi porovn§vs§
PS2s| ugre® alc2es | o en aklteezpe®ni2cn& g nle .

Sc®nt{ Kriteri §l L2sl o it
1 1,1 240
2 0,77 289
3 0,72 204
4 0,74 118
5 0,99 213
6 0,61 65

56Speci fick®Spgem2nky

Al goritmus ONA ve sv® z8Bladnpblvggzchopok mal
optimali zaci stejnou v8hu. ONA ale umogRuj e
v8hu, nebo rozg2Sit optimalizovan® okol 2. T C
semenn®ho sadu pr o ovnylXrolv m8n 2d asnp®ntl bofkpa8 & pt &k N pvs
jednat o smhRDr pSevl §daj2c2ho tvohtortuo, dnTevbood w n?)

model ovi pS2klad tSem sousedstv? hva@dpavai zont
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pSi Sazena dvojSm8ls byd§ twdBaen nepr avdxdterl @rhimd s :
nevyrovnanimi velikostmi klonT. VIisledn® sckt
it e©brc73St ejnT pS2stup je apln&owwawnemddnipmos s

Tento vissop|l Benh2 publikovanTch |1 8nkT, ale
pS2sD8pe. je mogn® do algoritmu zahrnout rT
Funklnost algoritmu byla ovhRSovg&na pSi zahrn
sepdnal o o 3 wvarianty, a to se 4, 8 (standar
pozicemi.
olda|11{2|2|1|17| 115|137 |14|6[18/5[1]|2
4|2|18| 7 |10| 8 |18|14|18|10/ 5|6 | 8|10/ 4|3 |11] 4
812013 |8 [1(2]12/919]1(11({3[2|17]/9|20(1(6[1]|2
11{12| 5| 7|2 11{17| 3|15/ 6 [ 2|13/ 9| 4 |10[16{12[3|9|7]18]/3|7|5
1/8|2|6|1]|7|2]|12[19|11|20]5 |17 7|19|5|1]|8|5]|12|6|16[11]|15
10 9 (12|16|10|3 |9 (10{ 6|4 |1|6|2|4(|8(10]9|13|17|11|2 |1 |12|14]|2
2|6|7(13[11/1]19|5|8|2[12{10/15]1]12[3|2[1|19/20/ 7|58
11(8 (15| 4|9 |14|16(12[1|6|3|1]20(9 2|7
3[2(13[1|5|4[10/4[2]|16/4[14]|2

Obr.7Visl edn® sch®ma pro model ovi pS2klad Segen? speci
pSevl §daj 2c2ch vNRDtvTchedpmdiaceprodstoEpa®hokrozvrgen? s
svyugit2zm ONA

7

57Sof t warovs8§ Segen?

PSi vivoji vgech vige zm2nDnlch ifedraxt.roj T
Byly vytvoSeny origingln2 udgivateTywknpsp$gnegle
j sou d o shttps:phon®@.czo.ez/Istiburek/software Konel| nT ugi vat el S
podl e svich preferenc?2, zda bude vyug?2vat

Excel ovskT mrrSanmbir aRn2bmal 2| ku je mpoud®ek vd ad§h
pot Seb.

OrchONA je bal2| ek knihovny R. Pomoc?2 't ohc
ONA sch®mat semesmclic hb aslazdlTk u pboyn oysouk®yyisv o Seny
i nstrukcemi. pRroo usgpiuwgattleni2e)tapeond® Rah2)avaja |

soubor T. Proces se spougt? pSes MS Excel, k
vistupy. Vstupy pro tento balz2] ek jsou mat:.
ud8vaj2c? | D kagd®ho klbatunZza pad &metrraymed p tni
nastaveny defaultnhD (polet iterac? = 100, p €
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sadu, gener 8tor n8hodnlch sla&nsoetln ®Mm2 3k4-5d)u,. |Vzle
optimalizace je sch®m&2semgnh®hopSadcdich matsb

OrchSTAT j e t arkd ®®ryP Ru difotid2nkoecle.n2J @r ost or ov ®
jig existuj2c2ch sch®mat. Pro mpounpisdoB®ryt ohot ¢
sinstrukcemi. pPNr8es tu gm2vrdutoeplremtmd xi e a inbr2ding
pot Seba R, Java a MS Excel a samotnl Dbal?2] ek
do MS Excel. Vstuppl psbu matducemdeicaupdgvaj
pS2tomh®M®m vshdu mamet na klon pS2slugn®ho k
spS2slugnTt mi | DvkpohfTe \@mcadfdiodigent variancero
zadan® B8dhe®ndae.f i nuj e tyto parametry vilietnD |
iterac?2 pnSko®mAn®@h o stejnl tHodueteaeph?2shbh@ma
mTge probNDhnout jednak na z8kladn danlTch pal

zn8hodnhNnTm sch®mat em.

Dal g2m vistupemNjAe Rebab2In&lttbjnuonogRuj e
pr ob2sreknie nvn ®no hslaeddems na prostorov® rozm2stDn:
vibRr klonpraobGlkaoatomukl ze vyug2t . WisSsttumér p
thinONA je parametvarmna p S2 sl ugn® sch®ma semenn®ho sadt

VegkerT jsef tdwasrkempmiovmwldl R a tak® na web
https://katedry.czu.cz/en/kgfld/softwanebo nahttps://osf.io/lyg85m/files/osfstorage.
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6.Diskusea _doporul en?2 pro praxi

Li mitace ONA pS2Ghalpauumkows sa rlnaltpy a\220 1pér)o.
vgechny n8st rooNAe WwWylicsh &zdekje2nc 2t Dchto | imitT j e
genetick® prob2rky pSi jej2ch vygg2ch intenz
optimalizovan®ho olkdley i a®pwv dtcgo? dpoo |seyts tpeonzaitci.
nast §vS® piadvD, kdy je pSi tvorbRD sch®matu ne¥n
pozice. Takov®lemedbp?2 2@n 20 kmd nrit ami$kpt oezrilcc hmTsgi et u
odTvodnDnreg s taovujcazknoi s tvnei kl onT a se zmenguj 2c?
v®st k vytvoSen? neg8douc2ho prostorov®ho v
dal g2mu zkoum8n2 mhRktegrlchh rp&yp Skeceh bpmohl o b
vgech pragpracvgeakotid¥ysmo8 pozic a pro praktick®
vbnNgnlch situac2ch se tento polet zd§& blt do

Obecnh s ep Sveydcphokzl2adzu, pgesopt om®hbzaseoS8§ds§
sadu bymNDl a bltnaalde@amapodych, a to n8hodnosti
i nbreedingu. Samotnou randomizac?2 sch®matu v
je patrn® na vislednich grafech | . 4 a 5 (
randomi zovan®omeem@mad nrbe zamwi®lh2zo kS2 gen2. MI de
tento pogadavek ovgem zajispégacdvicemernakngh
kS2gen2. Je patrn®, ¢ge ONA design zauj2m§ m?2
sch®matuvg&esguggdyn® pravideln® vzorce a z§tr

Pougit2 klonovich Sanddkjtee rklocnht rpoS2eprazdne?c hp §2es

postupovat d2ky biologickIm specifikTm url it
n2k 8§ sndmaspr S8Hleen2n2 m argumentem pro takovI d
obhospodaSovg§n2 semenn®ho sadu. Je mogn® tak

kS2 j@kadssaby 1995; WOpubikasicahl o 23 G @RELY) jsu
klonov® Sady Segeny ponkoacs?s avbly d2e0sli Og)n.u T eLmatta bp
efektisvrn2umc , kdy mezi | 8st?2 klonT existuj?
by vgak bylo mogn® pouw?t®d iplamgikovatepmS?2 o zm® |
met odi ku ONA. Aktu8l n2z forma ONA designu to
takovl design by dos§hl kvalit standardn?2ho
Vpubl i kaci zamhNSen® na genetick®2yje pr ob?
prezent gw8noo,gn@®e geneti ckou prpoobh?lrekduu oppotlitma ||
(Lindgren a Matheson 1986, Bondesson a Lindgren 1993, Lindgren 1993, Prescher a kol. 2008),
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aleizpohl edu rozm2stiDn2 jedincT na ploge. Po p
g@geneti ck8 hdemnetr ai as v ¥aedjasdad wlnizriedm nd s tao y peg n
glechtitel skT mi hodnot ami . Toto ol ek8vsgn2 |
jedincT. Za pSedpokladu, ge rozpmyplS2pwaldd | e
hodnoceno pSedevg?2m nejbli §-&dssasy@al’l)edst vz vge
VpraxisemTgeme setkakdygenapSua¢Bst klonT nepl
z8roveR prok8z8na n2zk8 ¢glechtliaet skgaphiokiow
genetick p r oslvysokdudntenzitou Akt u8l dBsalbupnhedg8dnl n8st
umo g Roovddtveyllre® gé&nd ogem&enl dh k sdaodTl.m ®dwn P’ mi
jedinci s ohledem nhy jbygl e@xmedg n@2opioac ¥ ®IOMNAp t
ng§stroje (Chaloupkovs8 a kol. 2016). Kompl exn
genetickou prob2rku (Chal oupkovs8 a kol . 20
semenn®ho sadu (Chaloupkovg8 a kolav8n01l6lhzez:
pSedpoklt@dkaoatv® Ppougi t2 ONA algoritmu by vedl

prostorov®ho sch@®mabtylS seBd m@®houggdd® j e | i m
pro dosagen2? pln® plodnosti doplnRnich roubo

ONA metoda by mohlalbot kr omR zm2nNnTch pS2stupT pol
vysoce hodnotniTch genotypT do | esnick®ho pro
n2zkou genetickou diverzitou. Jejich zahrnut
mohla bTgghatpSeleks&§na. ONA genetick§ prob2r
takov®m. pdNgslupdn® rozm2stDn? novich genotyp
svyugit2zm ONA ( Challonutpeknozvi& aa tkaoklo.v ® 0g2e2n)e.t i c k €
urlenaanlilek ¥ T sl ednim genetickIm ziskem (Yama

|l ntenzivn2 genetick8 prob?2r ka osieadvelmike ztr
i nt enEromhzr k a mTiket et Ak ® pS2padech Zpnhsobit
(Chaloupkov.g @GQlt&kbel ®2b223%i mRDIi blt tRNRchto e
genetick® prob2rky. Lze zv§8¢git wurychlen2z gl

potomstev, nebo genomicklich metod, kterTmi I
prob¥%s&menn®m sadu. Geneticks$§ prob2rka mT g «
glechtitel skdmézenbmir afmemanlsn2mi zdroji a dlI
Takov® programhkiogpemonpgstsv2m genotypT, kte

opti mallze vpisSheyd p @iSI2 HdhaltD, mPer Nv ef ehbbiugni é m ONA
genetick®ppgebkekynvamen?2Glpeacrhametterlu mTge even
konkr®t n2 sad posoudit jednoduge pomoc? dost
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uk 8zal vy, ge g e kanbinaci 8D pprSo? béRinddqese anatheson 1986)
viraznnhvarsnii puSjie i ntenzithD prob2rky 25 %. Tako
vpr axi . SamozSejmhN je tak dosageno velikps§ g2 ho ¢
popul ace. Pro optimali zaci genetick®ho zi skt
standardn2ho LD pr ohoopfbi ma vpyS2gsatui fuadd @kon o v Nj §
(2009). PSedpokl §d&me ale, ameRvypagvtiviniohot
prostorov® optimalizace genetick® prob2rky.
Zpohl edu zamezen?2 samgapiefvp&raxi vinieywl hodn
nejlasthNjg2 sousedstv?2 jakkoli pS2buznlTch kI
setkatsesitudc, kdy t o neheoreetlak@®ogo®i nW¥ je pak n
vytvoSit vel k® mno¥sevtim PauPejfdtcthp pibm$h dp tkn
VYygg2 VvE8hu penaloivdacpeo snteudp jmTnglem.b hypsicknzanpuS. al
sch®matu, tak ja®Rhdlydwpkpowgeatlowl8no( 2019). D
postup provnRSit naren®ldeimividhat pS2kl adech s
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7.Z28v Dr

Vt ®t o disertalnz pr 8ci a pS2slugnich publika
Segen? prostor ov®hsoe manmzht Bnazd e jadyariipooeeio c ¢ O
specificklxedmsg§ tuamcd chamotnl ONA design a | e
v kombinaci sMldesignemV 1 sl edky t akov® apldiaklagensiijt sep @ cp oni
designy zpohledu panmixie a minimalizace inbreedingu8 | e j e prezentov§gn
vyl epgov8nxsadT &eapt ct&kByupridak2nrdkéaiNdn sjterao v 8 n a
model ovich i Pes§tal dhk ®astpsia lh.s th @ 881 jieod\d svtau prv
nN8str &tejnhND tak jsou prezemrtvga&nyadal@? ez atik
proviNSen® mognostidivsypuojziitcci QONAs o ulher nz dleo kka | i t
pougipraxi Wgechny prezentovanl®pmobgpdstpanmiyxniygi
prostSednictv2m vyrovng8§vgn2 poNaTz®$Pmiphg§se
di skutovg&ny dal g2 mognosti vyugit2 a rozg?2Se
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[Jsourceonsave = G # » .
rm{1ist=15())
start.time =- sSys.time()

#1ibrary(compiler)
#enablelIT(3)
Tlibrary(gdata)

|

source("Input.r™)

in theoretical variance..."”, file = "bestorchard.txt", varmin, append = FALSE,
write("=", file "bestorchard.txt", append = TRUE, sep "
write("=", file "bestpairs.txt”, append = FALSE, sep =" ")
write("#", file = "varmin.txt", append = FALSE, sep = " ")

for (iter in 1:NITER) {

cat("iter = ", iter, "\n")
penalty <=- 0

source('Data.r")

if(choice == 0) { # systematickAg wyplL-ovA nA-
for (i in 1:rows) {
for (j in 1:columns) {
iforchard[i,j] == 0) {
source("Evaluation.R") # vyplnid:nA. pozice nejlepL ™ A-m kandidA ™ tem

else { # nA hodnA@ vyplL.-ovA nA-

# 1. najA-t vL echna volnA”™ mA.sta ve schi@matu
X <- array(c(0:0),dim=empty)
y <- array(c(0:0),dim=empty)
count <- 0 # poATA.tadlo prA”zdnA™ch mA.st
for (i in 1:rows) {
for (j in 1:columns) {
if(orchard[i,j] == 0) {
count =- count + 1
x[count] =- i # a zapsat x pozice do vektoru
y[count] <- j # a zapsat y pozice do vektoru

# 2. znA“hodnit zjil tA-nA” volnA™ mi-sta

rx <- array(c(0:0),dim=empty)

ry <- array(c(0:0),dim=empty)

r <- sample(c(l:count), count) # nA hodnA”™ [(™ada ATA.sel
for(i in 1:count) { # znA"hodni-nA. (™ad a sloupclZ
rx[i] =- x[r[i]]

ryli] <= ylr[31]

i

# 3. nA"hodnAg vyplLl-ovA nA-

for(t in 1l:count) { # znA hodni:n&. [(™ad a sloupclZ
i <- rx[t] # x-soul™adnice nA hodni®& pozice
j =- ryl[t] # y-soul™adnice nA hodnig@ pozice
source("Evaluation.R") # vyplnf-nA. pozice nejlepL”A-m kandidA " tem

if (printchoice = 1)
source("output.rR")

if(min = totalmin)
totalmin <= min
bestorchard =- orchard

print{bestorchard)
bestpairs =- pairs

CAE (™ e WLty
cat("criterion = ", min, "\n")

cat("variance:", wvar (upperTriangle(bestpairs, diag=FaALSEl})*((size-1)/size), "'n")
if(printchoice == £
source("output.r")

|

gc O

cat("xxx BEST SOLUTION xxx', "‘n")}

cat("Min theoretical variance..."”, wvarmin, "“n")

cat("eBest variance:", wvar(upperTriangle(bestpairs, diag-rFaLsel)*((size-1)/sized), "\n")
end.time =- Sys.time()

time. taken <- end.time - start.time

cat("computing time:", time.taken, "‘n")

cat("computing time/iteration:"”, time.taken/NITER, "“n")
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2K-d pro tvorbu sch®mat pomoc2 ONA, | 8st Alnputi

3] orchardR* @7 InputR* @7 Evaluation.R » 3] Meighbours.R * @7 DataR* @] OutputR »
[sourceonsave | G # | i

4%

1 # vstup zadA vanA™ ulTivatelem

2 NITER <- 100 # poATet nezA"vis1A“ch iterach.

3 weight <- 100 # vA"ha pLl™il™azenA” separaci ramet stejnA8ho klonu (0 = nulovA™ vA"ha)

4 set.seed(12345) # seed pro generA”tor nA"hodnA”ch ATA.sel

5 choice <- 0 # systematickA@ vyplL-ovA nA. = 0, nA"hodnA@ vypll-ovA'nAk. =1

6 printchoice <- 0 # 1 tiskne vA sledky nejlepL A.ch (el enk., 0 tiskne vL echny vA sledky (do souborlZ)
7

8 # deklarace ostatni.ch promi:nni~ch

9 totalmin <- 9999999999939

10
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3.K- drotvorbus c h®mat pomAdEd aODNA,t i lo§dit.

@JorchardR % @ JinputR* (] EvaluationR* @] MNeighbours.R* @ ]DataR» @] OutputR»

o [Jsource on Save | [/ | B

1 hc <- (sum(trees > 0)) # number of trees not allocated

2

3 # sample randomly trees that are not allocated and store them in a vector
4~ 3f(NC = 1) 1

5 candidates <- sample(trees[trees > 0], NC)

6- 1 else |

7 candidates <=- max(trees)

8

]

10 # now evaluate each candidate (one at a time)

11 min <- 99999999999

12~ for (k in 1:NC) {

13 orchard[i,j] <- candidates[k]

14 source("Neighbours.R") # we evaluate the candidate with direct neigbours
15~ if{criterion < min) { # we store data on the best solution so far

16 min =- criterion

17 best.tree <- candidates[k]
18 ¥

19 3

20

21 # and pick the best tree

22 1 <-1

23 best =- 0

24

25~ while(best == 0){

26~ if(trees[1] == bhest.tree)
27 trees[1] <=- 0

28 orchard[i,j] <- best.tree
29 best <- 1

30 ¥

31 T=-1+1

32 1
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4.K -

d

37 orchard.R »
[source onsave = G # - | i

=

=N - W ST

- for

fl

# loop through the wi

pro tvorbu sch®mat

®]InputR % @7 Evaluation.R % @7 MeighboursR» @ ]DataR» @] OutputR

Tle matrix and sum all pair-wise matches

pairs <- array(0:0, dim = c(NT,NT))
penalty <- 0

#

for

rem

(r in 1:rows) {

{c in 1:columns) {
left = 0; right = 0; up = 0; down = O

center =- orchard[r,c]

if(c '= 1) left «- orchard[r,c-1]
if (left == center) penalty = penalty + 1

if(c !'= columns) right <- orchard[r,c+1]
if(right = center) penalty = penalty + 1

if(r '= 1) up < orchard[r-1,c]
if(up == center) penalty = penalty + 1

if(r '= rows) down <- orchard[r+1,c]
if (down == center) penalty = penalty + 1

if(left '= 0) {
pairs[center,left] <- pairs[center,left] + 1

i)

if(right '= 0) {
pairs[center,right] <- pairs[center,right] + 1

b

ifup 1= ) 1
pairs[center,up] <- pairs[center,up] + 1

¥

if(down '= 0) {
pairs[center,down] <- pairs[center,down] + 1

i)

ove reciprocals from the diagonal

diagonal <- diag(pairs)

for (

iFC
d

¥

Z in 1:NT){
diagonal[z] = 0) {
iagonal[z] <- diagonal[z]/2

a'i ag(pairs) «<- diagonal

penalty <- penalty/2
size <- (NT*NT-NT)/2 # size of the upper triangular matrix

#criterion <- var(pairs), pL™enA”sobujeme korekcA., protolTe poATA.tA"me rozptyl pro celou populaci, nikoliv sample

pomoc?2

criterion <- var(upperTriangle(pairs, diag=FaLse))*((size-1)/size) + penalty*weight

ONA,

# criterion <- 1 # this value would provide random schemes, unmark this and hide everything else
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5K-d pro tvorbu sch®mat pomoc2 ONA, | &8st

@] orchardR » @ ]InputR % @] Evaluation.R » @] MeighboursR % @7DataR» @] OutputR %

=1

[N T R SV

[sourceonsave & & - i

#vektor trees obsahuje seznam vL ech klon(Z a ramet, kter&® se majA- rozmhA.stit do vA“slednAgho schABmatu
#trees <- array(c(1,1,1,1,2,2,2,2,3,3,3,3,4,4,4,4), dim = 16)

trees <- array(c(1,1,1,1,1,1,2,2,2,2,3,3,3,3,4,4), dim = 16) # konkrAgtnA. ramety, ATA.sTovA"nd. vzestupni- dle klonlz,
#
clonalsize <- c(3,2,2,2) # poATty ramet dA.1ATA.ch klonlZ, nutnAg zadat

clonalsize <- c(4,4,4,4)

#

# X- strana mL™A.LTe
X <- 4 # nutni@ zadat
# y- strana mL™A.-LTe
y <- 4 # nutnA@ zadat

psm <- X*(y-1)+y*(x-1) # poATet sousedstvA. na m{™A.-LT4

# matice orchard obsahuje seznam vL“ech pozic vA"sledn&8ho sch&&matu
#orchard <- array(0:0, dim = c(x,y))

#orchard <- data.matrix(data, rownames.force = NA)

orchard <- matrix(c(0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0), nrow=4, ncol=4, byrow = TRUE)

#poAtet klonlZ vstupujA-cA.ch do evaluace (vATetnA> tA>ch z MI schA@matu), musA. bA"t ATA.slovanA@ od 1 do NT!
NT <- max(trees)+0 # v p(™A.padA> pL™edchozA.ho MI schA@matu: nutnA® p(™idat dallL"A. ATA.sla

rows <- nrow(orchard)
columns <- ncol{orchard)
empty <- length({which(orchard '= 0)) # poAfTet prA”zdnA"ch pozic v zadanA@m schi€matu

# vA“poATet minimA™TnA-ho rozptylu
res.comb <- combn{clonalsize, 2

soucin =- sum(res.comb[1,]*res.comb[2,])

v <- (res.comb[1,]*res.comb[2,])/soucin

v <- vepsm

varmin <- var(v)*((?Ength(v)—l)j1ength(v)ﬂ
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6.K-d pro tvorbu sch®mat pomoc2 ONA, | &8st AOutoputd

37 orchard.R @7 Input.R 137 Evaluation.R 37 Neighbours.R 2 Data.R @] Qutput.R

[Jsource onSave | © #» 1 o |

write(iter, file = "bestorchard.txt”, append = TRUE, sep = " "

write(var (upperTriangle(bestpairs, diag=FaLsE))*((size-1)/size), file = "bestorchard.txt", append = TRUE, sep = " "}
write.table(bestorchard,file="bestorchard.txt", append = TRUE,col.names=F,row.names=F)

write(iter, file = "bestpairs.txt"|, append = TRUE, sep = " "

write.table(bestpairs,file="bestpairs.txt", append = TRUE,col.names=F,row.names=F)

write(min, file = "varmin.txt", append = TRUE, sep = " ")

(=N W T N
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7.K- do p®NA genetickou prob2rku, | 8st AOrchardhn.
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