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ABSTRACT

CCacti are economic ornamental plants whose value varies with market
trends. Recently, cacti with new morphologies were becoming more popular than the
original ones. This research investigated the effect of colchicine on morphological and
cytogenetic techniques anatomical traits in. Gymnocalycium mihanovichii and to
characterize the shape Matching and number of chromosomes of 10 genera of cactus
family cultivated in Thailand. It was divided into 2 experiments as follows: Experiment
1 used a two-factor factorial design. The first factor was the colchicine concentration
at 0, 0.25 and 0.5%. and the second factor was the duration of the dipped stem at 24
h and 48 h for a total of 6 methods with 5 repartitions. Experiment 2 was a study of
cell genetics by examining the number of chromosomes in mitosis and miosis stages.
The results indicated that G. mihanovichii treated with 0.25% colchicine for 24 h. and
average height at 4.60 cm.,; and average diameter at 5.72 cm. G. mihanovichii treated
with 0.50% colchicine for 48 h developed a new morphological trait'called spineless
cactus. However, the concentration and the duration of exposure were no effect on
the number of ribs. Occurrences of larger sized stomata with lower frequency per unit
area were statistically significantly different after treatment with 0.25% colchicine for
24 h. with average stomata cell was 23.25 pm. Also, the plants treated with the same

concentration for 48 h. had an average stoma at 14.75 pm. /1 mm?Z.



Keyword : gymnocalycium mihanovichii, colchicine, morphological trait, spineless,

genetics, epidermis anatomy
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1.1 AnudRguazianvastlyniniside

uandaniefivasdnszuaames (Cactaceae) dndunidunguiivifiauvainuane

Yo sdNuALNIEINgANNg Inonusieanuilansiuiy 127 ana Ussanal 1,430-2,000
wia (Hunt et al.; 2006; Arakaki et al,, 2011; Hernandez et al., 2011) d@ulugnunis
nszareiudnukuulunivewsnild lagianizludindln waslunivewsnuuie laun
anigelInILarALIAT (Anderson, 2001) uaadaUssan 641 vlla (Goettsch et al. 2015)
gminsnUgnidenduliiussfuasegiafiflyadmienisnaings (aSud yaih, 2561) Snviadall
nmshuaedduvanaulfiduivemiswazsulsemulugunald wagldiluiivlugaainssy
mmilﬁmﬂﬂﬁmi (Brutsch and Scott, 1991) 8nsunils Roth (2000) Lay Janick (2005) &
nafansdiagnvasiaafaiSudsEmunaenaveawnidans [Hylocereus undatus
(Haw) Britt. & Rose] THifuingAvlumsusenouiuyemnavidolivhamnsuussy s
fananiadudumimefiitiawes ansssulnonuresiululsumedindlntendosunsu
fud9n (Mellisuga helenae) Vidrernaunasvasuandaiiodfiudmnsnisinuadmsusihunly
Uselomidnumiusiunseauvaiomsuasauiuiios egndlsimuuandadaaglunguiiale
#1 wignunsasiuleldrlugnmundeniinainvans Tneiawizeghedsusamuiiug
usluwmziansneaugnonlidusumuvesiliuimesianenimmmenuiignvedlan

LaAdadaudNwueiay Jlonanvallaniginaiianuusdugiuinerdiuaidu
92Ut JUNIINaN nssnszuen wiovdniBuydadnisaiydulaanuudiduien
Srduunnng Inglanizegisdsdwraslufiinisifmunisnaradununiioannisasti
vosiiy Bnialidnuasiifinanmmnainuategs iy Tauiuuuuidy vuamuud vusiuy
N3EA1Y WaEMUILLUUIY uananduaadadaduiisfifinonaisumainuaissunse iy
ABNFUNTINS8 (Funnel-shaped) 3UN5452514 (Bell-shaped) U311 (Dish-like) wagz 5
siaon (Tubular) sauvasia WULaEABN VANV aAY iU Aimdos Atae Avuy Auns 3112 8
A3Y 1Judu (Cota-Sanchez and Croutch, 2008; Almeida et al.,2012) AL ANANYTLAY
lynzssnanyiliiuaasananedunidulivsssuasgiadilasuanudoumzugnluiinn
o1fBuaTanLiiviheganIad walilandaiin sthiiwagdsoon 130 via lu 182
UszinasuunauaruulInisnaindail ansgeiudng (51.3%) alnwosuaud (14.3%)
LASBSHAUS (9.8%) wwosuil (8.7%) Fu (8.3%) uarUszwnady o 53ufu (7.6%) audsu
(Galili et al. 2015; Novoa et al. 2016) Tagilyamisnisnainladogsial1-60 fiudu
AaaSANs gAY LLazﬁuuaf-iﬁLﬁuqaﬁfuaéwmalﬁamﬂﬂ (Heywood, 2001; Walters et al.
2011) Tudsewnalne waadadunisduliivssduildfuanuionugnides sgrsunsnans



Tnaanizogneda Gymnocalycium mihanovichii (Fri¢ & Gii rke) Britton & Rose #5883lu
mlaen feluidenadundsuanaduluala@eon 2duanda flsunudongadudiiu
fiu (ads¥esay 55) lunduiionUgnidesuanda (Cactus lovers) iUSsuifisuiuuansianiin
B9 (Sovay 45) fhyalngsageds 2 & (e¥aid yaydh, 2561) Teililosaniivdendnn
fnnudnuazlsuoNZYeda Y Fuesddu dnunzvesul JUnsIasdduvesmeniiini
yaNTa1LgLee

wuAlduAIUN1IAa19 (Market trends) vasiivlussdunndawasivlungulduseydu
fnfundslumanssuatenduilan (de) Ainlfanuauladuiimeiuiviuslnidadao
Tnaiduresdnwmzimzuandnisiusay dwaliviulmifuiyadmianisnan
dinduvanswiidilasianizesdadnuuglmifinuluseedaivereiuidewsa (Wiuda)
(Fensinger, 1983; Bond, 1994 and Fleming et al. 1996) é’wma‘f‘:éﬂqmﬁaﬁqwmmm
s uandafifidnvaswanlmifionssefugadmnseaavieasisarifiuudfisdegs
soidemaunuiinfniifyacanas nstnilifuAsnsnaeiuslutaadadumaianisdn
inlansiinanvuzulanluvd 19U dnvaza1aulinuin (Spinless) anwura1AUAIY
(Variegated) i adnwazadududundnadesvueu wioasansn (Cristata) Faanusaii
naneds o9l madnilsfeilaslulouduiu 2 g viouinnd1 madedinarshldlaenis
19a5lAad%u (Colchicine) At s1esunsanelunalulsl (Dendrobium chrysotoxum)
1ay Atichart (2013), wnadleada (Gladiolus grandifloras) ‘White Prosperity’ 1ag Manzoor
et al,, (2018) waztugyaud (Chrysanthemum carinatum) 1ne Kushwah et al, (2018)
vizeTsthaumisdnlavesigluateseduntan (Gamma ray) Wy s1891un1s@nwTludngae
(Dendranthema grandiflora) ag Kaul et al, (2011), A1a1394 (Tagetes erecta) lag) Adeel
et al,, (2017) wagLugyasne (Chrysanthemum spp.) 1ae Susila et al., (2019) 1Judu aesls
Annuiisiesrunanisideausinaniluisasdunndaiasuin naiife nsdldnwilu
Melocactus Link and Otto lng Torres-Silva et al. (2020) 13 usA83NUN5ANYIAULLAE
fugmansInu e uduulashilsumesiivsduandaiios 62 ana (Ussana 360 vila)
Usinguugiudaya Index to Plant Chomosome Number 31N %39dLAARE 97UU. 127
ana (Uszanal 1,430-2,000 wii) finuunsnszaneeemugiiniadis q vedlan (Hunt et al,
2006; Arakaki et al., 2011 and HernandezHernandez et al., 2011)

nsfnwimaiansdniiliinnsnaeiusiieneliidndnuazlvillu 6. mikanovichii
sz Ul U simL ﬁfiaiﬁl,ﬁmﬂmﬁmgammqmsmmsﬂ,ﬁmLmﬂéfa%qﬁmmﬁﬁagaEJ'N
84 fatunsAnwdueadiugeansitoszydnvnzuagdnnulaslilsuresiivisduaadad
Ugnidesluuszimalne



1.2 InUseaeAvauITY

1.2.1 WiefnwumeiiansdniiliiAansnareiuglu 6. mihanovichi ngld

GREIGREE

1.2.2 Wefnwimadiavawadsiugmansuazniginiamans ilessydnwarguie
nsfuRuazdwIulastuleuves G. mihanovichii

1.3 YaULYAVAINITIAY

Anwumatinnistnirliiinnisnateugves G. mihanovichii \itenseduliiy
ndnvaglibagyinnsfnwimaliandasiugaansuasniginiaaans

1.4 FUNRFIVYDIN1TIAY
1.4.1 Mskranslaadsunualuladiuniiavas G. mihanovichii @u15anunlwnsLAnA

nsnaneiuguasiindnuaelnile
1.4.2 NUIULazIUINYeaau N lUMANTY anunsausTnelndnasenle

1.5 Uszlavunaininazlasu

1.5.1 nsrumalinnistnialiianisnateusly G. mihanovichii 1ng35hy
GRRIGRE

1.5.2 msiasunlaim1edugiuing) 91uau wazauipvadmaduinlunnuly
G. mihanovichii anaunsaltdussdainnisnisnalewusvasfisile

1.5.3 10@u G. mihanovichi # d dnwarluml Wy wardEL S LLauLLﬂﬂ(gfﬁd U

yefuannTuvioanas

1.6 JunuANMANIE

1.6.1 Gymnocalycium mihanovichii (Fri¢ & Gu rke) Britton & Rose #3181
Lmﬁmaﬂuiuﬂﬂamam fignlwitee dnegluanaduluailadey ddnuaeiay ﬂEJ JUNTIvRY
SdufmSaunnne SnuazvvuluwaNdsuIu 3 - 9w wardvesnendivainvaty

1.6.2 @15\Aad%u (Colchicine) dpaandnvisdasiunisiinduloaluwmasinives
(Spinder fiber) dwalilasluleniuuarlasiulsuiiiatusning

1.6.3 wAAAALSUIN (Spineless) Mauds Snwarduuaadaiusnandununuiulyl
Usnguun



1.6.4 Unlu (Stoma) Usenaume guard cell kazdouiUnfagseninegvas guard
cell 3un stomatal pore (3U1nl)
1.6.5 laslulay (Chromoso asdaLiumheiugnssy Usngegluilunded

1A 990NNIIAUTNTTY




U 2

Usviaananstoya

2.1 NYALAARE

1%
=]

2.1.1 nMsdmunitvsdunndanundnaynsuisuiiaisazdeanadl

91041903 (Kindom) : A (Plante)
9101913 (Subkingdom) : WydiviagLdes (Vascular plants)
1A (Division) : fivldnenivieadus (Magnoliophyta)
Fu (Class) : ﬁﬂﬂmgﬂa@: (Dicotyledonae)
JUAy (Order) : Wuilnon (Caryophyllales)
29A (Family) : NS UBLNYS (Cactaceae)

W9ALAnGE (Cactaceae) Wufivninuvainvatsvesufiadusgiann Jevinlv
International Cactaceae Systematics Group (ICSG) duwuneeniduisddes 4 296 deil
1AgouNnily Pereskioideae § 1 @na lagkuiananuuzuedniuly (Petiolate) 1y
Aculeata wuxnluniveiu3nile ludiuvesisddesfiass Maihuenioideae Hiiigsana
Maihuenia Weawindu ffufiilaluusemeaonsiauiniiazUssmada Sninduisddes il
° ) a &1 al .. a ' )
uuanaueeiian lunddosfiay Opuntioideae fuseunns 15 ana aguuaananye
o9 LALA KuunsIiaN wazrunvy daustdeluswsniuilowazUszimanauing

¢ 1 aa . a 3 & 1 aa 1 P
wag9AteuNd Cactoideae HUsvaa 112 ana Wuiddesnilvuialnguiniige

finnsnsraneiugdlusauainild wu Mammillaria, Coryphantha WWudu (nnil)


https://www.cactusexpert.org/cacti-uses/u.html
https://www.cactusexpert.org/cacti-uses/u.html

[ rereskia A Pereskioideae
— Pereskia B
— Maihuenia Maihuenioideae
—incertae sedis
— lindropuntieae Opuntioideae
ﬁ untieae
Lactaceae | — Blossreldia (Blossfeldieae)
= acteae
=incertae sedis
L Phyllocacteae Cactoideae

A9 1 BRUTaeNUsITIRUIN SV Y NALAARALAZNITTWUN AL DY
711 : fawuagann Nyffeler and Eggli (2010)

2.1.2 quriila AUvAINYin kagnsnTeateiuguesLAnRd

uaada ude “nszveans” 1Bufinluisd Cactaceae Fauduialufiuiiuse
Tnganglungiansie (Bravo-Hollis and S-inchezMejorada, 1978) ﬁaﬁlﬁﬁmﬁwﬂmaqa
wazainoanidu 125-139 ana (Uszuiad 1430-2,000 ¥da) (Hunt et al., 2006; Fleming
et al,, 2011; Hernadndez et al.,, 2011)uaﬂmm‘i Fleming et al. (1996) las1e9runisnseane
fusvesuaaaii 3 dw il drufinds meidlfues Usemeansgowsnndssinadindln
ludiuflans tfiontvtuouda 1dun Uszinaidsg Tuside
1919wt wagduilany nefidpgiusansrestszvausida uanaanilluana Rhipsalis
baccifera gﬂwuluﬁuﬁl,eum%faumaw'iﬂuaﬂ%m (MW12) WuAsTIBNUIUNINsEaelag
Luﬁ@ﬁu’oﬁ@auﬁﬁ’lmiawawaug’m (Cota-sanchez and Bomfim-fatricio, 2010; Anderson,
2001) énannfenisnszareiuivesunasaluluunadssssuanailanvesana Opuntia
Aennauiueailusadeudafunaadulifevilnamsgansofuinumlsumlag
Ligedldinsaadelunsiiuinwilag ludnfunsnszmeiugutluUszmalne Suainnis
AnRiaAINALTUsN NN sATR e iuUseinanisouldvasglsUlusnniinalil wanRaLRLNIg
frusnlanuaznaneiuliiussiuiasugianiisang



AN 2 NIINTEINBRUTVRIUARGE
ale7 = warRadwa 139 ana, @l =gna Rhipsalis baccifera

i1 : Cactaceae distrib kz plus arrow.jpg

v

2.1.3 ANYAEN TN 1VBINYIARARAA

nuzaIdu (Stem) AaUTN@U TS UL TusuAd e ULARRUA8 TR (AWT 3)

%

° Y oo Y a a Y 1 o v A
'Vl']‘Viu’]'VlﬂﬂLﬂ‘U‘N'{L'J.ﬂ']EJIULLa%@J‘VTa']ﬂVa']EJE‘UWi@ (nnnd) ‘lﬂLLﬂ AMRULANYININNAU

| ;Y

a v [ s =i Ny v o & a o
NIINTTUBNG Uazuanninudunesune (1w 4 B) Adunungnitun urialgussaaie

Tunsarduuenanliuuny (i 4 O anunsawasudulndudumgeunnnalanausvunn

VAN 3-5 LURALIAS



d‘ % U a U . . ..
NN 3 aNYUEFUIIUINYIVIRARAE-G. mihanovichii

(A) dnuazanumuUY, (B) Anvalgawiunudg, (C) dnynizaanay,
(D) ANBaEANDIU LAY (E) ANAAAINYINTULASIAS 1909985190099 0N

%

1 @ olnghind Yy imed (2564)




2T 4 SnuaEUNSIEAUNEARRE

(A) dnvuzanunsanszuenaslu Mammillaria, (B) dnwaiganduunniesniy Mammillaria
uag (O) davauzarnunealiu Lophophola

= @

N ; afgginh Usyeyn 3w (2564)

nu1L (Spine) vosuwaAdawusiu 2 @3u A wu1unais (Central spine) way
wu1ud19 (Radial spine) valinununatsazdouialugfiga waznuindraazidunuiud
deusaudiutaneifiuvuny dvainvatggunse (A 5) V1l 1aTnuIUNAUTENUY

[

v a 1 = Aaa 1 o oA % & = Y a o
VINNWYIDYIA YT LLAZHUANLANAIINULYU dUTT LA U LAY %u@gﬂU%u@LLa%aqﬂwuq
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Uepsdnasuluauusunaewmalasu yenanidmuinluusanavewaasalifivuy
W1 UN9ER Lophocereus (A. Berger) Britton & Rose Wag Astophytum Lem. (10 6)

wumdn wund
(Needle-like Spines) (Pectinate Spines)

wumdu
(Conical Spines)

YUY
YUINNTERTY i §ail
VWHIHUHATHSAN (Feathery Spines)

(Popery Spines)
(Rodiate Spines)

VUHAYYD Leso
(Hooked Spines) VUINNTIUNAN
(Awi-shaped Spines)

ANA 5 ANWULAUNIUUDILAARE

(A) nunady (Needle-like Spines), (B) VNG (PectinateSpines), (C) Uy (Conical
Spines); (D) MuuNIzA1Y (Popery Spines); (E) Muuunn1usAll (Radiate Spines), (F) w1
21 (Feathery Spines), (G) #uLmzUs (Hooked Spines), (H) nunuaduLduNy (Hair-like
Spines) wag (1) MuIunsMaL (Awi-shaped Spines)

07+ 2INa FATINUIUW (2563)
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AN 6 FNPULVDILAAREN LTI

(A) Lophophora wag (B) Astophytum asterias

1 : elngnem ygyey1d T (2564)

s

non (Flower) iunonauysaine aonife nduidssuwiadvuuisiolifio
fid1uau 4 - 10 ndU (nwil7) ndusaamienauneniidnuvaduns ¥ Wie wazwwy il
311U 6 - 15 AAU NMuUABNIAINEIIUTTUIN 2 — 5 LUURUAT WNaTnANITIuILLIN
U9aNaLiu Mammillaria WUINWAETNALL1ININNATAULY UNARALYY Gymnocalycium
wuinnaswAmsigEInInasiwes] Ssldgunsenan s vEensnszuen (1w 8) AaN
Ushadlnanugen wivnwiinenanuinfausnageniduruitdiulaigvesidunuiy viesy
i BnvedmuiinenanunsaeenuinatssendiSeninginie (Cephalium) wWuana
Melocactus wag Discocactus \usiu aontuangadivisuiuna uuazuiunatsfiuung
ilamuiriinduveniidunsiindindumiiuiigunss (adrosndnd) lagianzedradsluiing
pdgRguSnTuTsans e eldiSenuuasiuluniswaunas



B AoNqUIN C apngunsau
(dish-like) (funnel-shaped)
Pl |

AONANHIATEUANN \

' D aongusealy _
(bell-shaped) (zygomoarphic) 4 (tubular)

F senifluvaea

ANA 7 ANYULADNVDILARRE

(A) AonaNNNATALSAL (Actinomarphic), (B) pan3uU (Dish-like), (C) ApngunIINTIY
(Funnel-shaped), (D) nanguNTIsedls (Bell-shaped), (E) AdNauNNmsAIUYIS
(Zygomorphic) wag (G) nonguuasn (Tubular)

i nawa ANTUNIUUN (2563)
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NAUSIN

SULTEY

g NASLWEAE

LDANASLNALTIE

InNaAsLweLile)

NN 8 dUUTENOURANNUDIABNLAARAH
1: nama ANTNUILLN (2563)

. a a = [ o a A a

Wa (Fruit) 3Uns99nTeonsinay NaL3sutduduu19vdauIunIouiudnagy
(091 9 A) AnvarveNaLloUNaIean (Berry) WonagnizilfeuduazUsunn uaviiadl
dle o Y v A v 6" a a a
Wewnuazanunsatiusuussmulaiiosaingaulusisaisiulamse TUsiy wagianiiu
waNINTINITTIYNUNNATINANVBINALAAARANATNTDFI8TNYI8IN15UIA N1TNTEAUY

Y

pifuiunagtosiuuzisaunssiingnioe

AR (Seed) SuiuuanreILAARaUITEaluNaLABI9199gd L NT e 1000 LWER
(mwﬁ 9 B) bYU Cereus, Discocactus, Echinocereus Wag Opuntia Wudu wazdanunig
519U N L NaakARautsrlialunatfenfiies 1 - 10 WU Astophytum,
Lophophora; k&g Uebelmannia pectinifera Wonaniidmuinudnuaafad g JUNS
LazdvesiUFenyiuidndifinnuvainnaesssas Bealunmani 1 (ans1eil)
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1597 1 9w1n U uazdvesdfonviumdauanda

Characteristic Examples
Form Reinform Mammillaria meyranii var. michoacana,
Neobuxbaumia macrocephala, Ferocatus
Globular flavovirens
Priiform Echinocereus grandis, Turbinicapus
Hat-like lophophoroides
Ovoid Echinocereus pulchellus, Mammilaria
varieaculeata
Mussel Lophophora williamsii, Astrophytum
Lens capricorne
Ariocarpus kotschoubryanus, Ferocatus
haematacanthus
Selenicereus wittii
Pereskia
Colour and Black to brown  Most seeds, Neobuxbaumai spp, Peniocereus
appearance colour castellae
Reddish black Carnegiea gigantea
Reddish brown  Pelecyphora stobiliformis
White (with atil)  Opuntia
Tan Pterocactus
shiny Bergerocatus, Neobuxbaumia, Disocactus
Kimnachii
Opaque Stenocereus chrysocarous, Matucanna
formosa
Size < 0.5 mm Blossfeldia, Strombocactus
=50 mm Nyctocereus, Opuntia

Intermediate

sizes

Mammillaria magnimamma, Epiphyllum

phyllanthus, Selenicereus megalanthus

71 : fauUasan Rojas-Arechiga. (2000)
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PN =3 Y .
AT 9 HaLaAnTBILARRELY Gymnocalycium

(A) nagnveIuAARA Lay (B) WARYBILAARE

%

a1 : algghin

3D,

Usyey13iaid (2564)

2.1.4 ﬁ‘UNﬁLLﬂﬂﬁaﬁﬁﬂuUQﬂLgﬂﬂuﬂisL‘1/]ﬁ11/18

2.1.4.1 Astophytum asterias (Zucc.) Lem. fiausnfialuuszmendndlnuay
nangdunnidedldvasansgaiusng (Anderson, 2001) WUTIUIU 6 FTA Lawn
A. asterias, A. astrophytum caput medusae, A. acoahuilense, A. myriostigma Was
A ormatum drdudunsenaundensyuen Sresiaiivuuuazllivuy aendl 3
widessuinluglvnonuiiaaieen (Bravo-Hollis and Sanchez-Mejorada, 1991)
wenaniluaiin Astrophytum caput medusae Wurilafeafinunisseanuiniy
yumgrianlfnaneiduduitulnequiendedintu uasddulidnuasduluneg
1§ (Velazco and Nevarez, 2002) (n1wdi 10 A)

2.14.2 Cereus Snurfiatunivaisnliuautsemennsiandun ludde
UsBa wagdasne wigiulaluanTnu AdeufinatnaleRels s s UmeLa
LUaufiemi1ugs 3,200 LUns WUN1351891ude 33 vila (Freire, 2009)
fvwndisulvg wanidufwienaaansagaldfe 12 wms vuiuuvay aenildv
el vTumeunaNAuiindurew (Meiado et al., 2010) luusznalnewuin
drunmbwlgdudunedesenliifuunasavindug ((mil 10 B)

2.1.4.3 Discocactus Apusnialulszimausidanasnszarenusiuds
Ay usanvesuseimeAluane saudmnesfiduilevesuseinaUsinde nunissieanu
7 wlia (Barthlott et al., 2015) @dunauudy nuiuiinuvainualegs lawn
yere- ) uumﬁamm’hé’aaﬁu@ﬁé’ﬂa%quﬂ ABNNEYY LATUIUANILABUNANNALDA


https://th.wikipedia.org/w/index.php?title=Astrophytum_asterias&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=Astrophytum_caput-medusae&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=Astrophytum_coahuilense&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=Astrophytum_myriostigma&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=Astrophytum_ornatum&action=edit&redlink=1
https://th.wikipedia.org/w/index.php?title=Astrophytum_caput-medusae&action=edit&redlink=1
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o |

Mdaviuiisans 1 Juwidy neldmunismeauitudegduduiisinlaeinly
5550977 Inagayiusaslasun1sAuATeIINeudyy1i1AIenNIsA1TENINUseneds

o

yilauaziuiflndgasius (CITES) (A il 10 )

2.1.4.4 Echinocereus dausdalufidnzSunnidesldvosuszine
andgouiniluauisnounanavesUszimaiadla wun1s1e91uiis 77 aiia
(Taylor, 1985; Blum et al., 1998 and Hunt et al., 2006) SeuRsvTounnne s
FuRsenineznsinsyuen nunaiidnuasmndy waruunmen seanenilvunmle)
wiannua1ed iy diae du e wasawy WWusu (Taylor, 1985) (7wl 10 D)

2.1.4.5 Gymnocalycium Pfeiff. flundstndndivszme Ur51nTe wazna
pouldvesusi@a (Cullmann et al., 1986) ﬁwﬁmiﬁ@@ﬂmmﬂwﬁu
nszdansgaseglulnfiviu Sduisvdounnusanaduruny fdnvaevsanay
LATNIINTEUBN UAUEUTENIN 3-5 lwufuuns wagiliduriuaudnais 5-6
LBUANLUAT ABNDBNAINAUNUINUTIMEDR Uravaonuula 3-4 Ju finaind wu
91 1Wen vuw uazmdes AenuIUTINIaINaeiu nagunses ileanaziiduns

LY 6

= @ o -y Yo a I~ 1 [y
aelunatiwdndiwiuuin Jagtulasvanuivuduegneuinlunisusudgeanug
\Hosnddnuuzvesdnvainuatey (a19) Mlilraslsiadnauniosgvilifildd
LA YU viedindes uinudtlifaninsaduaseiuauaraseenmisle Jstleudaly

1 Y A ) Ay “« v A, =
roganuUnBLAAGAYERDY AU TUNIntuu “Bulurind” (n1wi 11)

2.1.4.6 Lobivia Haunnilaludsemeludie lngdaanatuiainnisadu
WABUAIYD9TUTELNANINANY TUTUADIUANY NUNISITI891UDY 30 via
(Kiesling, 1999) a1duifuifeansinanudu nuiuunlAsesnvsatasn Lile
W3gRuladunannsaunnnalaedidulngednsanais aengunsinsie lagesnnen
| aa & Fo & A da & A oA
INAUNUINLFNTDY haswag venInUFuduiyleudaniag ey uruaiIny
#1899V 0IA8N (Britton and Rose, 1922) (An# 10 E)

2.1.4.7 Lophophora" fifusniansneuldlufsiindavessgina
an5gelsn wasniirngiuoonveIUsznAdndln WUNIII8IU 5 dna
(Anderson, 1996) ddunasiie fssugulididuieuti snauatulglunisazeu
o sl Iuuaadavianlufivusuaiiysdunvuimanaudumus viseie
Yormunaauing v nenfuwiaidneanainsuuinmnatssen uenainidaiinig

s1e01uluvila Lophophora williamsii Fanuinlansdaniases (Alkaloid) agiiane
nsuUsEm U llazdswalminninwvasy Nadnunisinluldlnesuiudiesd sy


https://scielo.conicyt.cl/scielo.php?pid=S0717-66432002000200003&script=sci_arttext#Kiesling1999
https://scielo.conicyt.cl/scielo.php?pid=S0717-66432002000200003&script=sci_arttext#Britton1922
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nsUsenauisnssuateguagliluelun1ssneininia 6,000 U (Terry et al., 2006)
(n Wit 10 F)

2.1.4.8 Mammillaria §idusnianisficnsSunnidodldvesuszina
ansgeLsni, Usgnadndln uazusewmwaunyinizuasidou wun1sseauunni
400 ¥in %’@LﬂuLmW’fﬁﬁﬁmmwmﬂwmEJQN (Buckler et al., 1997; Baker et al,,
2000; Hartmann et al., 2001; Mayol and Rosselo, 2001; Andreasen and Baldwin,
2003) gduiuraivsounnne InannategUNTe WU NIINaY NIINTEUDN
UBNIINANYUTIBIUINTAnAaNUeanly TALN MUINABNBIEUNL MUIUALVD LAy
VUNUWVAN ABNDBNANNTBNVUIN HFU1Y 11T09 d3 WA W WAz NENEUI
wiounU ﬁaﬁﬁnwmmaqmaﬂﬁﬁu’maﬂgﬂiz@i’w‘%agﬂﬂiw finduvey (1wl 10 G)

2.1.4.9 Melocactus Hauanialuuszimausdauaznyinziiadduia
ﬁizﬁummqa 2,200 Lummﬁaﬁﬂmma NUNITII891UUseU
50 ¥HA (Anderson, 2001) adudunsenaunazdududuidien vunuiivared wu
A9 thena uas wazvdes dnuarresnoniiunidndvay azesnyianuenidey
duean (Taylor, 1991) (AWl 10 H)

2.1.4.10 Opuntia dunndaidios Opus Tuuszinansy nszanewusiiu
Nﬂ";’N@faLwiilismmmmmlﬂauﬁwszmmaLusql,am LLazMyj'LﬂwﬂﬁanIﬂa WUNIS

= a ayljd a o v [~ a A 1 (Y < 1 1
FeuNssledlils 400 ¥tn ardudunsssusenan lasdmlugdinidulnuluuse
udutu Snvaurvesmunuianeguuuy Wy vuuediedy wasnunulunszqne
AINALTNIN iaonvesesalivualug 9713 WRes wazuad WanNLUINTe
Jouufudseniuna Usenaueainns kastlus1uisdn’d (Pe'rez de Paz and
Herna ndez Padro'n, 1999) lagausnaulvesanluze “lulau” (a1t 10 1)



18

AMNA 10 WAAGAIILIU 9 dna

(A) Astophytum,(B) Cereus, (C) Discocactus, (D) Echinocereus, (E) Lobivia,
(F) Lophophora, (G) Mammillaria, (H) Melocactus e () Opuntia

f91 : W A B G E, F G, Huag | iﬁfggﬁmé Uty 13 3mH (2565)

CRAK

WAZAIN D AING ANTUNUIUUN (2563)
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= Y] o v .
AN 11 anwadeaInuUvay Gymnocalycium

(A) SNUULLUUNBAYARN WA, (B) ANWMZLUUAIAURET,
(©) ANWULBUUASARIAIAIUTNG 1ag (D) SNYNTLUUASENTAIN LU

%

1 - alngned Va1 damd (2564)

3 U

2.1.5 msvgnefiugiazn1sugnideauansa

ad o

nsveeiugveIwAaiaainsavile 3 T5aell
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MaimziAn (Seedling) thafignaindusndnseantiua Tngldlunsyrou
i 6.5 i1 ntuldihiedesquiilefifntuwdasenlinun wdaiseulfuddud
31 wazdahluivluiisy 3-7 Sureuiildine vndulsewdediiivliadluanamied
yhmsudanstiosfusagindngenliud nthlstingwhegmanainlalfuudie

Snewnenudulvasiaus (nna 12)

d' v s SN2 an <
NINN 12 NIVYIYNUILAAAFATLIBLNIZLNAR

(A) Jannidauandd, (B) ugeuilmizmeiuanszuuladuial 6 wieu
wag(C) nsunnziuuenluganaiain
31 : elghind yeyey 3wl (2564)

n3tUngn (Cutting) 1ABAISIARMUEUSBANNIIINAUNRBINIINIRI8EDS LN
esnfisesdn 1eleliunanieanuuiludgnludagmieuld sanisloi
3-4 Ju waynsluniiuansls
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nsnesean (Grafting) waadanalevialdiialunisasgyiulavatsUsiuis
nslinenuaznisinuEn Fansiastasanszevartananildunnndt 50 Weddusd
Snvedeeifinsuousulfuegnei wanzdniunseiudiientsdn aeduan
nsldinfiazernu neonsunslfwassy @uildlunisdiemns) andulialaudy

2V

wuglaglibiukaianse inldsuununeiiwisulivasldmensawmdlaiuiune

[

waAURUGIIFIuY NNt 1-2 dav uianensaimdlasenegiessdngeds
(nwi 13)

N9 13 ASTIEiLSwARdan e s e

1 : algNne Yy dimed (2564)

msUgnidesuansa Yanugnuetuaadaitufiennslusswesiunasannsnssuieuild
7 lutagtuinsidenl¥anugniivanvansudiduitonsnniian liud Tufawsin fiu
bl waggengni dnsid 1:1:1 (@eUsueg) swivleasatedigns 14-14-14 §n
5 N3U UsTIAslunNIEaeNaNERN
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2.2 Msnanewugluny

n1sna1eiug (Mutation) Aon1silasunyasalsiugnssy (genetic material) %138
Adute (DNA) Nldlainainnissiudnazuendivedasiugnssuwuuund uagdiauise
J A da £ v & o Na & dy d‘ A a &£
dneneansUdsunUasiiatulunisveteiugiasisediinsen Nilin1sidguwdasiiiiniu
INATNUTNTTUURLANIDBNIVATEJURUY LU Anvaen19dug11uIneT (morphological
mutation) &aflawedu (lethal mutation) wazn1s¥iadl (biochemical mutation) 1uduy
(nm7i14) (o358l 2ATszatn, 2549) uenanlinsnaneiiugauisawtesentsiiu 2 Ussan
Laun N1Ina18Rugn1NsIINYIA (spontaneous mutation) kagN13NA1EIINNTNTEN

(induced mutation)

N15NA1ENUTAUSITUYIR ABNITYNANLEBNIINTTINYIA (natural selection)
Dutunounisulsiunisiugnssuvesiindiosiu (genetic variability) dewaliiAnnis
Wannnsvesfiguiduszezinaenu lunmsnaeiusiduidmalfiAnanuvainuas
vosBummzlulsingnisaiuuudy (random event) Tnsfidudaiinthiiauauduneuves
ﬂﬁﬁ%mmmmﬁﬁﬁwﬁ@ UsnNRTINUIINISLAA crossing over MkdN1T5mF UL

DeATLUBIEITNUGATIY

N19N81891NN15 M HEIUT ABNITINNENITINITNANENUTAITLATl L¥U ethyl
methanesulphonate (EMS), ethyleneimine (El) tiag colchicine wonanilddinislesadne
998U (ionizing radiation) 1y Ssdend, Ssdunsan wazssdinsou {Judu

uonIINAN1TNateRuSIAmmIsaLUsnITnatewugienIsrauaNvesdulddy
2 Yszian laud wulasidamdu (macromutation) kag lulasindu (micromutation)
nafe wlasiamdu nuneds nMawdsuiasesdnunymesiugnIsuiinuruieiulene
Tnemsuanseanvesduazliuusiulumuanmyesdsnindes usazasuulasiugnss
Tauillulng 1w vunvesdiiu Avesdduuazaen

Tulasfiandu wangis MaAsuwlamodnyus i siugnIsunnmUaLseduaes
(polygenes) lagn1shanioonueiduiaz dasnaninassnules wazuusiuluniy
Aanndey dwaliilulnifusngagianuunndeuaylivude uagfmuifinisnszane
mvasiflulndisldannsadnlumneanyld sialinisinauunnsisvesiulndindudes
T¥38vnaadfu Tl lunsiaaed sedmsnarefusuuulalasiimdududnumgnisnany

v

wgninnsAIUANAN wauE VTN (quantitative traits) Wy Handn s
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Frameshift
Gene <
Base substitution
Mutation
Structure changes
‘ Chromosome <

New genetic resource

4

Gene recombination
(through sexual reproduction
and crossingover)

‘ Evolutionary processes

Speciation q Species diversity L Blodiversity

Microenvironmental ss—] Ecological diversity _/

ANA 14 NFTUIUNISTIUINNT

w7 a3dl 2edUezaiin (2549)

2.3 N15ANYALASIULYUNY

1asluly (Chromosome) Wuunasdnifiunigiiugnssy Usingegludimdsaves
WwAdTIUIY 2 A (2n) Inevimtiiiusnea (storage) themen (transmission) wazuantaon
(expression) vaavayaNLINTIU (genetic information) wenanillastuleudanansadiwun
a aAda v v o a & v a ¢
AVINMNI I@amﬂmaa&amawuqﬂﬁmamLama (DNA) (151 ANASIUUN, 2546)
(nn15) Matimsuusivedtastuleull 2 38 Aensuussanuu Tuleada (mitosis) 1UuNISHUS
wadiau I uIuveswadvasmelunsesyivlavesddidinvansisadaviso o duiug
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'
aa o

ludadiTinwadied lnawllsduganisuuagadaligadivivianundiuiy 2 was a1
vodlasluleuvingy wuuinatoosylalssen Uaiesin voany

nsudssuuulaleda (meiosis) Aoiunisutssnvesiandeaiioaruvadduiug
vodsdiFinfiAuiusuuvardme Taefinisutesiuau 2 ads W luleBa 1 (meiosis 1) way
lule®a 2 (meiosis ll) MidloAuganisulneades IReadlvaiviavandiuiu 4 wad uiay
wadliiuvedlasluloanvdenimilwesvadiiu szeyluleda 2 (meiosis 1) wuinwad
mwﬁmzLﬁmsazﬁumai‘LWaﬁuLﬁmj’NL’Jmﬁ”’ué‘] uiaglalfinsad ety fufunisuus
fundealulaleda 2 axfianuadrofulundaun TneidleAuannszviunisutagad aud
Srunuvesvadivialvionn 4 wad udanwadiisiuedaslulevanateiwimoneadiiy

n. Taslulouiaglu “&q g

- -
uAaga

- .
v. Tasunviuiiun

Wulaslulen

3. wadauluae

Aldulandend

-

- < /\7\\4" B A
1. Taseadneszau A1 N / AR ) N\
¢ fla NSNS N\ e W\
f: s} Lk | / *' f ~N i\ /

inadlalou

umediidulaseaine

ugruvaslasiulon

AN 15 nsninlasialam
37 : HALUAIINN BAINAA LNUBBUNDI (2554)

2.3.1 JUsnuazanuuzvaslaslulay

Teslalesasiinisieunladhunussagaeglunisuusead winuinlussgzmmni
wld (Metaphase) Wlusvoziianunsauondiulédnag 1emnlaslulsuaznaiduiianuasd
guneilve) Metslinvedaslileaiaasanuddiu ¢ via Tnggansunisvearulnsdesiu
nsusndundn fell lWMEUM3n (Metacentric) FUtnaun3n (Submetacentric),
axlAsieun3n (Acrocentric) wag wlalwuwnsn (Telocentric) (Mgl 16)
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TRELADANIADY
uinstias

) -3 S

wrudinaeng

MlauNsn  arlASIYUNSN  YUIUNUIUNSN  LUNYUNIN

A 16 JUnseveiasluley 4 uuy
U1 : AALUAIIN BAINAA LNUBBUNDI (2554)

2.4 n1SHANDANADYA

msianednases (Polypoid) fie nsfiasidinds uiuveddasiuley Fluy) winndd
2 40 FulU namie yalastulguunudydnealniy “x” HeliRAissauulasiuley 2 YA
Anavys (Diploid, 2n=2x), 3 YA NIWaeeA (Triploid, 2n=3x) La¥ 4 YA LINTENADEA
(Tetraploid, 2n=ax) wenaninsiinneanaseridunsyurunsiid fudmsuiieildluns
urnis lageaen (Angiospem) LUuWSUIULaan (Dicotyledon) \AinweanassnAUszaN
43 Wesidud (Uszunal 12,000 vila) ludruvesivluiboufien (Monocotyledon) Linwea
waeuAUszuI 58 WwWesidud hasnuiisnednassndiuaineglufiviaddnle
(Polygonaceae) wfAna1uu (Cassilaceae) wazyaa (Moss) Dudu

TeineanaesRiad A funs TN sTesiinilinunsenunai
Frususiusinarlddnasinewnsed1eneiioslagnunissaeeiu Gomirgen (2000),
Sarathum (2010), Rameshsing (2015)- asalAnwinedwassslusandaldiuduluilvana
Opuntia 1mg- Pinkava and-McLeod (1971), Pinkava et al. (1973), Baker and Pinkava
(1987), Baker et al. (2009) wag Majure et al. (2012) luunnda Blossfeldia liliputana lny
Ross (1981) Iuaqa Echinocereus \m 8 Cota (1991), Cota and Wallace (1995) ana
Mammillaria 1ag Ross (1981) dna Hylocereus Wa ylunanda Rhipsalis baccifera 1oy
Cota-Sanchez and Bomfim-Patricio (2010) wenaniinstniiliianeanasss luuaads
dieduasuliiuiinisuanseenvesdnuasiivlanivy (Cota and Philbrick, 1994) a@1750
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lugnisadriyarninliunisiuazaianseuanainuaadanusivinawnuiviugiaug
nanasinaglinudAgyanas (N7

mMIulaads1an1eUnd

mswm maasw
Tﬂ'ﬁm'ﬂm '[aaﬂuma
Iﬂ'ﬁhﬂ,‘ﬁm

LLEIﬂL“lHa‘i'.I".IL“ﬁaﬂ
Lﬂﬁaaqﬂ 2 waa (2n=2x)

nstnUInaelAatEu
ﬂ'l'ﬁL‘I'ﬂJ EI'LIEN
Tﬂ'smﬂm '[aaﬂuma

asluleg
)"I.m Lmﬂwnammaa

Wwadan 2 \wad (2n=4x

ANA 17 MU seaasenieunf
U DAINAA LNUDBUVIDS (2554)

2.5 lna%@Tunasnsuszana lduszleyl

Tra3@u (Colchicine) Wuansdamansd (Alkaloid) ifdasoniieswiialnsiuda
1Aa%igu (Acetyltrimethyl Colchicines) lngiianslaiana CoHasNog (MN9118) Snwaizves
a5 dune fidimdeaniodnn auisnazatetivisenaaosodlaa 1ny Webber (1940)
leunuansiedilflunsiiindauaulastulsaignadaaings Autum crocus (Chochicum
autumnale L) Bonansiin Taadiu dauausitedestunafmduloauneiliives
(Spinder fiber) dwalilaslulandunarlnslalzafifiutudnivhiaseglumadifieluri
Tidalunednassanunissigarumsanwilunalulid (Dendrobium chrysotoxum) lag
Atichart (2013) iadnvesiianaassanmizassluemsuaondolunan ¢ Ua 91niu
Hrelluemsimneiassasndofinauanslaad@ududuiisesu 0.00, 0.01, 0.02, 0.03, 0.04
way 0.05 Wesidud Wuszesnan 1, 2, 3, 4 uay 5 Su Sufinnanismeassdi 50 Su wuindfie
nnaslduasiraddududunayssornanfiuuiudmalisnsinissondinanas vonaini
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FanuNsnlasuansladdututy 0.04 Woasidud 1uszeziian 1 way 2 Ju wunenidu
WAsENRALA (2n=4x) danalidnisasadula gy wazddruiunisaimmvilegedis 0.5
0]

[V
o

ntldinsseanulu wnanleda (Gladiolus grandifloras) ‘White Prosperity” Tng
Manzoor et al., (2018) lagiaisivinvaaiynnaesguidansiaaddududu 0.1, 0.2 uag 0.3
Wosidus Wuszeznan 24 $lus nuitiiemeasslasuaslaaddudiudunasszoznafiuiy
Fudmalisnsnissentinanas uenanigmuinfiedisuanslaaddududy 0.1 Wesidus

I
=

flongn1sUnuaduasfigada 10.7 u luansnnaniulanadduidndu 0.3 asidud

%

HUu1A20UAURIBARTNAIIABNEIDN 8.9 LYURLUAST BUANAINUEINUINIUIALAZ AN

24
1%

B LUdrasEa sl N TUARNILIaINTNAaRId NI AN TN A ARt s Laanuluitnen

apalasuanslAadduTLTY 0.2 waz 0.3 Wasidud

0
CHs
HN
Q
0
/
HsC
P
HsC 0—CHs
O
N\
Al 18 qmﬂmaqasuaa%lglﬁu

U7 : 9A9NAA LNUDDUNDY (2554)
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2.6 vATeiRgafes

2.6.1 Mmsfnwdulastuleuigduanda

nsdnwlastulsuinsdunadaldifundnguieldudimnuuandresiudogu
Ingrvesiivngudsnanfidauduiusivladefuglienansvesiuends (Rebman and
Pinkava, 2001) manwgalasluleslufividuduiulng Mendel (1860) l@dnwdnuazms
fugnITNURIUIEUNN (Pisum sativum L) viaanntu Sutton (1889) Tésneaunisdumy
Tasluloy Afidnuazduduloogmelunayimaiianisdendlasiilan demanufmihves
susufananlafisenumesuniegnseiileslng Cota and Philbrink (1994), Dekker et al.
(2002), Cremer et al. (2010) (Judi siainsAnwilastulesluuandaidudulufivana
Opuntia 198 Pinkava et al., (1973), Pinkava et al. (1997), way Mazzola et al. (1988) ana
Pyrrhocactus 1ag Berger (1929) 3nm1s@inwndnuwiulasiulealugiudeya Index of plant
chromosome number WUEBUNANS AT sALAATE nuazdenduiusnglunsied 1
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Genus Species Chromosome N 2N
Acanthorhipsalis monacantha (Griseb.) Britton & Rose. 22
Ancistrocactus brevihamatus (Engelm.) Britton & Rose. 11
A. scheeri (Salm-Dyck) Britton & Rose. 11 22
A. tobuschii (W.T. Marshall) 11
Ariocarpus fissuratus (Engelm.) K. Schum. 22
Astrophytum asterias (Zucc.) Lem. 22
A. capricorne (A. Dietr.) Britton & Rose. 1122
A. myriostigma Lem. 22
A. ornatum (DC.) Britton & Rose. 22
Bergerocactus Britton & Rose emoryi 22
Blossfeldia liliputana 33
Carnegiea gigantea Britton & Rose. 11
Cereus cochal Orcutt. 11
C. moryi Engelm. 22
Chamaecereus silvestrii (Speg.) Britton & Rose 22/20
Cleistocactus baumannii Lem. 22
Coryphantha clavata (Scheidw.) Backeb. 11
C. cornifera (DC.) Lem. 1122
C. dasyacantha (Engelm:) Orcutt. 12z
C. hesteri Y. Wright. 22
Disocactus alatus (Sw.) Kimnach. 22
D. amazonicus (K. Schum.) D.R. Hunt. 22
22

D. biformis (Lindl.) Lindl.



http://legacy.tropicos.org/Name/50154547?projectid=9
http://legacy.tropicos.org/Name/5102589?projectid=9
http://legacy.tropicos.org/Name/5104374?projectid=9
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ANSMN 1 NMSANEIIUILlASIUlwUATFALARRE (51D)

Genus Species Chromosome N 2N
Echinocereus arizonicus Rose ex Orcutt. 11
E. blanckii (Poselger) Palmer. 11
E. canyonensis Clover & Jotter 22
E. engelmannii Lem. 22 44
E. stolonifer W.T. Marshall 22
Lophocereus Schottii (Engelm.) Britton & Rose. 11
Mammillaria albilanata Backeb. 22
M. bocasana Posels. 11 22
M. candida Scheidw. 11
M. carmenae Castafieda. 122
M. herrerae Werderm. 22
11 22
M. sempervivi DC. 11 22
M. zeilmanniana Boed.
Melocactus brederooianus Buining aq
M. oreas Midq. 44
Opuntia abyssi Hester. 11 22
O. dulcis Engelm. 33
O. ganderi (C.B. Wolf) Rebman & Pinkava. 11
33 66

O. nicholji L.D. Benson.

11
O. tapona Engelm. ex J.M. Coult.

N = Gametophytic Count, 2N= Sporophytic Count

i1 : Index of plant chromosome number (2021)

Palomino et al. (2016) lasneuseaunednasunvathandadana Opuntia 6 ¥l
A O. heliabravoana, O. joconostle, O. matudae, O. oligacantha, O. hyptiacantha Wa¥
O. tomentosa 13udulagiAvilvdiodrsfiduluitiuiisssuvriluiios Pachuca
Tusy Hidalgo uazlutuneusnewugld The Pedregal of San Angel ¥i1n15MAaBelAYLN


http://legacy.tropicos.org/Name/40000878?projectid=9
http://legacy.tropicos.org/Name/5108406?projectid=9
http://legacy.tropicos.org/Name/5100117?projectid=9
http://legacy.tropicos.org/Name/50205394?projectid=9
http://legacy.tropicos.org/Name/5103899?projectid=9
http://legacy.tropicos.org/Name/50180206?projectid=9
http://legacy.tropicos.org/Name/5106110?projectid=9
http://legacy.tropicos.org/Name/5100143?projectid=9
http://legacy.tropicos.org/Name/50043728?projectid=9
http://legacy.tropicos.org/Name/5107651?projectid=9
http://legacy.tropicos.org/Name/50118382?projectid=9
http://legacy.tropicos.org/Name/5101026?projectid=9
http://legacy.tropicos.org/Name/50207989?projectid=9
http://legacy.tropicos.org/Name/50003775?projectid=9
http://legacy.tropicos.org/Name/5108124?projectid=9
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fhegnenseutasufivuiaranamudly ethanol 70 Wesidud Wunan 48 Falus annifu
wisnioganuduneunisinuilasiulen Sndunislddmivinvissdunednassd
(Polyploidy) saawnaiia Flow cytometry Ra135999 Tepakum et al. (1998) wan15Ant)
wuhiesedneiituluiuiisssusaisulastlsauansneiu ndmie O. heliabravoana
fsulasTulauiiugi 2n =22 Taslalufifnsaziuunay wazduwien ludiwues
0. joconostle fgrunulastuleuiiugu 2n = 66 dnvaereslaslilsunduuuunay uuULY
wazuuug 1 4 Bestuegluiinadea il 0. matudae Sdaulasluleniiugiu 2n = 66
laslulwuiidnuaznay uwaziluwisenanszateiegluiiuedsa Tu O. olisacantha way
0. hyptiacantha fis1uaulasluleuiugu 2n = 66 urdnuugvaslastulsuuanmieiy
0 .oligacantha Tashlesidnwauznan wagiduwissnszaesedluiundea (nnd 19)
wazlu O, hyptiacantha f8unulastulsuiugiu 2n = 88, Inslulwafidnuaenay uvisen
wazhuud 4 @ nszddfuedlu nanis@neinedinasedluivana Opuntia 6 ¥ WU
yalasluloudufinassd (Diploid) 2n = 2x fie O. heliabravoana anniegsiigniAulu
flufisssuvifvgssy Hidalgo Liles Pachuca wuftsidualasluleuduianasnaess
(Hexaploidy) 2n = 6x #e O joconostle, O. matudae, waz O. oligacantha anFee1a7ile
91nnsmzUgnluig Mexico 1ilos Otumba waznuiivislyalaluleudueennznased
(Octaploidy) 2n = 8x fi® O. hyptiacantha %Wﬂﬁ?@éﬁﬂﬁ%ﬁLWﬂzﬂqﬂiu%Jg Mexico LD
Otumba uag O. tomentosa AARgRdgLfvluiufisssugAluinnoyingiusld
The Pedregal of San Angel (R15797 2)

- t‘ 4 E' “'-; . ‘: » 4
-~ | ﬂf ‘1' t 83 'T’ & I
05'.!-‘ % z t A *éu‘u.ﬁ oy "f: L
A ' -
Sl S
‘-E -: e h - 3 Iva & ﬁ: * ;5';"
e {". R | v -5 @
y 2 V0 WS ey (¥
« v Y| T ;!jf . 7 WA
* '\‘ * 2_‘: ',?t 3 . .
D E i —

a1l 19 Srunulastululan Opuntia 6 ia
Note: Scale bar equals 10 [m.

a1 : faulasann Palomino et al. (2016)
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A58 3 wednasuAkazlasulenves Opuntia 6 i

Species 2n  Ploidy Origin of Location
level Plant

O. 22 2X Wild Mexico, Hidalgo State, Pachuca.

heliabravoana

O. joconostle 66 6X Cultured  Mexico. Mexico State, Otumba,
Belen.

O. matudae 66 6x Cultured Mexico. Mexico State, Otumba,
Belen.

O. hyptiacantha 88 8x Cultured Mexico. Mexico State, Otumba,
Belen.

O. oligacantha 66 6x Cultured  Mexico. Mexico State,
Tepotzotlan.

O. tomentosa 88 8x Wild Ecological Reserve of the

Pedregal of San Angel

1 - fauasann Palomino et al. (2016)

Wellard (2017) I#ssaunanis@inuilasiulauves Echinocereus FaLduunnadais
anulanAufuALIaInYesd Ny duguingwesfivusdazsiafiegluanalfioty
Snuazdugiinelaesmesivluanat fo Wudhduierdnumzeiu nuuiidvnvie
AvuyonuasuuulUAua i lifimuunans senflvunelvgdvuwan faufidansaneldues
Uszimmansyaiuiniuasndindln nudunszaredmuuduuinufieasfusnidsunioves
$3 Utah uagnsfimvilousssy Arzona sniadeilingusvasdilensameusuoulaslales
vosfivluana 2 ¥iin fa £ engelmannii way E. relictus 3uslasnaifufivdaesnaituly
flufisssuginiaiunnvuasuzenssvetiiaa: Tunndewnilorassy Utah uag Arizona
Fadsnegmeng Sumnideslivesussime tiheguutlumsezats 1.0 Wodidudindole 3
Butyric acid wag 0.5 Wosidud 1-Naphthaleneacetic Vi suileoduvaresnues
fiadogrslupoudni1a 09.00-10.00 uIRn1 edumeunsAnulasTalaudsfing1nun
13 19iegeuualan nen 60 Wesidud Acetic acid ( 2-3 wen) in1sgusenziies
woanased Fuduiudiensyay Bibu-lous nadlad 5 undt ialadnsuuthuduiady
a7 10 wIf uazduiiensiissuoaneseddnais anndudoudiiediefas Giemsa
2 Wesidud Wunan 12-20 wiil ialaduinsiatulasluleudiendesganssaiidsvey
100x Wletfudnlashilsuuas fuiinam

wan1sAnwinuinfeluana Echinocereus 13 2 vila 14w £ engelmanii uaz
E. relictus inlugnnsssumnisnsiiuiidsnolasiilsuunnsetu nanie £ engelmani
fnuluduendeodosves 53 Utah W4 5 #uft 1éuA Mevians La Verkin Overlook, Hueeicane
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Cliffs, Fort Pearce, Beaver Dam Wash LLazﬁuﬁmamaumﬁaﬁuaq Sullivan’s knoll #971u3U
TasTuloufugiu 2n= 44 dau £ relictus fidulufiufiuesdy Utah sia 5 fiudl Téun dudie
MEIUNNVDINNIVANUIULAY 18 AIUTAANEIUDBNVBY Gunlock Reservoir A1udif
pYiueDNREWuilavee Cinder Cone AUAARTIUANREIlAvBY Gunlock Cone, lvins near
Kayenta waw s Arizona 8n 5 uvis Tiud #uitluiwm Black Rock Canyon, fufialsvasnu
Black Rock uflulunynausnvaanivn Low i1 Wolf Hole wag fiufilulun Black Rock
Srunulasluleaiugiu 2n= 22 (M31971 3)
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AN5197 4 uUlAsIUTeNYee Echinocereus 2 ¥

Taxon Location Chromosome

Number
E. engelmanii  Utah,Washiongton Co.,La Verkin Overlook Road 2n =44
E. engelmanii -Utah,Washiongton Co.,Hueeicane Cliffs 2n = 44
E. engelmanii  Utah,Washiongton Co., Fort Pearce 2n =44
E. engelmanii = Utah,Washiongton Co., Beaver Dam Wash 2n =44
E. engelmanii ~ Utah,Washiongton Co., N of Sullivan’s knoll 2n =44
E. relictus Utah,Washiongton Co., W of Highway 18 2n =22
E. relictus Utah,Washiongton Co., E of Gunlock Reservoir 2n = 22
E. relictus Utah,Washiongton Co., NW of Cinder Cone 2n = 22
E. relictus Utah,Washiongton Co., NW of Gunlock Cone 2n =22
E. relictus Utah,Washiongton Co., lvins near Kayenta 2n = 22
E. relictus Arizona, Mohave Co., Black Rock Canyon 2n = 22
E. relictus Arizona, Mohave Co., S on Black Rock Road 2n =22
E. relictus Arizona, Mohave Co., Junction to Low Mountain 2n = 22
E. relictus Arizona, Mohave Co., Wolf Hole Mountain 2n = 22
E. relictus Arizona, Mohave Co., Black Rock 2n =22

i - faudasann Wellard. (2017)

Gutiérrez-Flores et al. (2017) lasiesrunanisinelasluleuves Pachycereus
pringlei Faduuaafaniauilansiulusudugivine) nanfe dvulidnvazeaulng uan
Adldunn annd 30 Ag aendEunuasaauualng Fvdddutudslulssnaansgening
wuTunsrIEf LU eilesds California waxss Arizona lneflingUsyasdifie
Anvinsnszatenanimaniuazsumilaslileuyesiivelnd Gusulasmaiviagnuosits
é’haéwqﬁﬁﬁuiuﬁuﬁﬁswmamuLLu’m']sJEﬂﬂumm Catalana Island, Cerralvo Istand, El
Rosario, Cabo San Luca, El Comtian, Lopez Mateos, Loreto, Puente Queretaro, Santa
Rosalia, Bahia de Los Angeles, San Felip Lag Alamos GUEN%'E California wazlutum
Catalana Island, Cerralvo Island 1A EL Rosario Bassaguuinginininmsiwaziidnuas
ﬁauimyjmaaﬁuﬁﬂuqvm duituiiushegisluiun Cabo San Lucas, EL Comtian, Lopez
Mateos, Loreto, Puente Queretaro, Santa Rosalia, Bahia de Los Angeles, San Felipe ey
Alamos ¥ 9 wisiiiidnwazmsmenmduiufinsavseteuioun dnaanvesiafifiu
Mnusariufisuenudneenainua d1edeluieulslunaslsd 10 wWedidus (NaClO) uda
dldimnzuunsyansluanumg (Plastic disk) 191ummzdnlilulsadauaunseriaudn
son (naUszanamiaduandd) tiiededularssnvesiedefitenanudauudluans
TAaddu (Colchicine) 0.2 WiiuliTigamgd 4 esmisaidea Wunan 2 - 4 $1lus ndundon
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Frognmudunounsenwlasiulaudsiind1ndnediu foudsediade Aceto-orcein udah
Aeg1vUUnasvesdlan Uameuduliitaznaduiiog1eliuan asatulasiuleuniy
ndpsqanssmiiidsveny 100x wioufududfinaw (nwi 17 A - )

NaNTSANYINUIN Pachycereus prinelel fituluan1nsssusfnafufissuau
TasTulouunndneiu @e fudaetefiaulufiui Catalana Istand, Cerralvo Island wa
El Rosario ﬁﬁi’m’mimiuiszmﬁugm 2n =22 dudisnegeiauluiui Cabo San Lucas,
El Comtian, Lopez Mateos, Loreto, Puente Queretaro, Santa Rosalia, Bahia de Los
Angeles, San Felipe tag Alamos ﬁﬁi”luauiﬂﬂﬂ%uﬁugﬂuZn =44 (1151991 4) wiiin
Taslulouwesiisinudulufiuil Catalana Island U Cerralvo Island 9ziidnwazadeiude
fvunardusgsautudungulufiuedea (nmil 17 A - B) dufiefhogeiituluiiuiian
Lopez Mateos waz Loreto fimnuunnsinsiu fe Tanvasiduwiteniaznuinssaiesiog
Tuihwadea (il 17 C - D) meittashlsuvesiiviotsiinutuluan Alamos Sdnvamiy
sUfuagnunegsmiudunguluiaedsa ((mil 19 E) dulaslulauvesiiviiegieinuiuly
1w# San Felipe, Puente Queretaro wag Cabo San Lucas fanwauzasoiuAoidunse
wazmunszefatuegluluadoa (il 17 F - H) uaglasTuleamasiiafognefinutuly
1A EL Comtian fidnwaisifuzuinazsursdiuidnvusduwisdutasnuinszarsdily
Tadea sudsu (nndi 17 1)
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Catalana Island (ICA) |Cerralvo Island (ICE) |Lopez Matos (LMA)
2n =22 m=nfEmEES T n oL
T % L
"y B N ""—ﬁ—v)‘%.?\‘“
‘b “ : #n —/:‘3_: "‘:\ :
- ,.@.". e -‘.‘;3 : A~
- Bl )
3 v B C/
A- ) B, e st L8 =l
Loreto (LOR) Santa Rosalia (SRO)
et =4 A S
» ' 543 =
; - £y
¥ o8 ¢ <
N B~ ~
i : “3#"’: 3?
by :p:-'..\\ ; LS
N s
Querdtaro (PQU)
2n = 44
b “‘S ‘ o
L’v $ -

A 20 Taslulsulusgozmaaues Pachycereus pringlei.

ﬁu’l - aawUagan Gutiérrez-Flores et al. (2017)
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A15°99 5 Sruulastulanves Pachycereus pringlei Tutiuenfy

Locality Code Latitude Longitude Chromosome Number
Catalana Island  ICA - 25.6768° -110.8087° 2n = 22
Cerralvo Island ICE  24.18686° -109.8775° 2n =22
El Rosario ROS  30.0861° -115.6795° 2n =22
Cabo San Lucas CBS  22.9438° -109.9905° 2n =44
El Comitan COM  24.1332° -110.4317° 2n =44
Lopez Mateos LMA  25.2726° -111.8942° 2n =44
Puente PQU  22.3508° -111.6094° 2n =44
Loreto LOR  25.8918° -111.4698° 2n =44
Santa Rosalia SRO  27.2408° -112.3615° 2n =44
Bahia de Los BAN  28.9164° -113.5541° 2n =44
San Felipe SFE  30.3716° -114.8537° 2n =44
Alamos ALA  26.8978° -109.4578° 2n =44

‘ﬁm - AaLUadsaIn Gutiérrez-Flores et al. (2017)

Baker and Pinkava (2018) lﬁswmuwamiﬁﬂwﬂﬂﬂﬂwLLa“waﬁwaaaﬁmaaLmﬂﬁa
d@na Cylindropuntia, Echinocereus W Grusonia Fanuiunszanedogramuulug
fufinangSusnideuniiovesUsanaanssensng GZI\‘IUiL’JmmﬂaTJmE)EJLLUDGZJ"IEJEJQLLiJGZIWﬂ
fiuiiuszana 1,009,688 A1sslad (2,615,080 m1ssilaims) ammmaamiﬂaswaﬂwm
AfioMALULYaneAmzIans e (Steppe climate) Ao flanmeiniaTouuiauds ngvum
omAuSe SuSinarluede 254-381 fadwns/D fewssasssumanauluiuiidulng
Jwjmgden vimghawmud (Steppe) vinnisnaaaslaeinuieganenssutassuiivunay
anasutlu ethanol 70 Wofidud 1Wunan 48 Halus Mntuaieufegns lnstiilede
Suisymeuudlading wisoenidu 2 dau dauwsnlfidunauunisduisguandontiduyii
nund Acetocarmine 1-2 nan AULU1E 30 U ’mﬂﬁ?m/iaﬂﬂﬁ Hoyer 1 nenasuudlan
nanldfuudUnalanmsununii ihalasaulwiienzifssioanaged waildnszaudu
v [iaavunszneiu daladuamatulasTuleudendoqanssadldiouding
frdevens 100x WietusuiulasluleuwarSuiinamn drufieegsiiaedlddmiufnu
wodnaosa (Polyploidy) Aautnaiia Flow cytometry au35u0s Tepakum et al. (1998)
wuiwiegeituluiufisssuraiisruaulasiuwansdreiu ndie C whipplei var.
whipplei fis1uanlastalouiugiu 2n = 22 Swuneendu 2 ndu T 3 uisway 4 wis
ogauiu (nwdl 18 A) luduves C chuckwallensis fduaulasTulaufiugiu 2n = 66
nszaredluinedea (29w 18 B) iail £ Coccineus fidunulaslulsuiiugiu 2n = 22
dnvazvealaslulemfunrisennszareiegluiinedoa (1mil 20 ) dau O. Basilaris
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fd9rurulasluleuiiugiu 2n =22 9ruunsenidu 2 nqu Jaulratdnuasnul
(né1 18 A - D)

2?21 urulastulileulusesiunwavewandd 3 ¥

(A) C. whipplei var. whipplei 2n = 22 (B) C. chuckwallensis. 2n = 66
(Q) E. coccineus 2n = 22. (D) O. basilaris. 2n = 22

a7+ fauUasan Baker and Pinkava (2018)

nstlAnwIszRuNeaNanss (polyploidy) Tunarsamewmadin Flow cytometry Tudia
WALAARE 3 dna wuiniudaedisluana Echinocereus Mignlastulaadufinased
(Diploid) 2n = 2x laun E. Chloranthus 32424 20 @u E. Davisii
17U Wuﬁﬁnﬁﬁﬂm‘lﬂﬂﬂeﬁuLﬂummswaaaﬁ (Tetraploidy) 2n = 4x Tu E. engelmannii 117U
130 #u uaznulufivgnuanszing £, lloydii $1uau 5 ¢iu uennidamuyslaslalemdumn
upznasen (Pentraploid) 2n = 5x Iuﬁﬂi@ﬂwauizij E. coccineus x
E. yavapaiensis $1uau 1 #u ludauiivana Grusonia Myalashilsauduinased (Diploid)
2n = 2x f® G. aggeria §1uaU 52 #, G. clavate dvuau 5 fu wuRtwitiyelasiulemdy
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WRENaua2n = 4x LU G. agglomerate 31U 4 AU Wag G. wrightiana 31U 4 6l
uonvnidanugalastulsadumunsnases (Pentraploid) 2n = 5x Tu 6. schottii $1uu
4 ¢u wagialuana Cylindropuntia Syalastulauduanases (Diploid) 2n = 2x Tuily
Qﬂmamzmw C. abyssi x C. acanthocarpa var. acanthocarpa 31u7u 1 fu
C. echinocarpa x-munzii-2 @4, C. multigeniculata x C. whipplei 31U 1 #u
C. leptocaulis x C. whipplei 31U 8 Al Laznuyalastulguanasnased (hexaploidy)
2n = 6x Iuﬁﬁgﬂw’dmzmw C. anteojoensis (Pinkava) x C. leptocaulis 31uu 10 A
(P59 6)

M13°99 6 Iuulasluleuves Echinocereus, Grusonia, Cylindropuntia wazgnuay

Taxon 2x 3x 4x bx 6x
chloranthus 20

coccineus subsp. coccineus x E. yavapaiensis 1

davisii 1
engelmannii Rimpler subsp. engelmannii 130
x(loydii 5

ageeria 52

. agglomerata 4

. schottii 4
. wrightiana 4

clavata 5

. abyssi x C. acanthocarpa var. acanthocarpa

N O O oo afmm m m m

. anteojoensis (Pinkava) x C. leptocaulis 10
C. echinocarpa x munzii 2

C. multigeniculata x C. whipplei

C. leptocaulis x C. whipplei 8

a1 - AelUasaIn Baker and Pinkava (2018)

Torres-Silva et al. (2020) finwineanassnvasMelocactus 2 vin Ao

. . a v v & Y | R4 & A

M. glaucescens waz M. Paucispinus \31AUAENNITAUNAANVBINYF108 197Ul uNUT
s3suvIRnLLLIgIedlusy Bahia vaaUszmeadndln Jausanding1ifteguuLuIgeil
nsfiAngiusenideunilefnfuumaynsienuaudniazUiuenuauin diunuszuiu
218,029 m319kd (564,692 ms1eilawuns) anmwindeulagsiuildnyusgioniauuul
lutansou AUSuuululade 101-203 dadwns/ U innnsnaaslaguiigdiag199
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wnzidedidunanegieos 4 3 wdanuwnaiieusnesnidu 4 diu Ae dugen (Apical)
drunansd iy (Medial) daulaudy (Basal) wazdausin (Root) didlawdediunansdidunes
Weg1eluAnuseaunednasunnigmaia Flow cytometry amuiswas Tepakum et al.
(1998) W3 uifisufuiiioidedausin (Root) wudn 1ieiaduluan (Stele) vaadadiu
M. glaucescens Usangiin (Peak) ludiuniafeadusufiafivsingluidododiusin
pgslsfmunuiiavasludodotunan (Cortex) Usnglushumiisiisnsaniiaveaieide
dusn 1 fin uasnufiaveuieidoduuan (Periphery) vosdndutsnglusumisfisngin
faveuilaifediusin 3 fim ludruves M. pancispinus Usingiia (Peak) Tusumiadeaniu
fufinfiusngluiiefediusn edrslsAnunufirvesluideBeduly (Stele) Usinglu
frumibsfisnsainfinveadaidedinsn 1 fin luduresdadodunans (Cortex) Usnglu
Fumibsfishainfievenieiodiusn 1 fla waznuiievenieiBetunen (Periphery) vos
Suusnglusunisiisnfinvesifoidiodiusn 2 fin (rmil 19)

Apical

m -
Medial ¥4 -7

r

s
Lol

d

M. glaucescens M. paucispinus

AN 22 WAUANNLANINNTLUIEEPUVDI Melocactus
DU : ARLUAIIN Torres-Silva et al. (2020)

HaN13L USHUEUBIAUSENBUAUANGIUINGIVBIn BN Pachycereus pringlei Wud)
finunirswenenaunen (Corolla) mnuetanen (Floral) Anmemvossewtingos (Nectary)
ANENET (Stamen) ALBNINAUADN (Tepals) VUINAIIUNTNATUADA TIUIUNAUADN
AugInasinadle (Pistil) uazAd LB MBBALNASINALTE (Stigma) Yesiiudiet efidyn
TnslulsuRnwnaoedfinuduluuunie Ceralvo way Catalana iUSsuiisuiufindiedeiiiiyn
Taslulouneanasesvinuluiiuil Cabo San Lucas lifiruumnsslunisada etinmuning
vosseutiden dndiuisnuareaqa (Ovules) Aanan (P:O ratio) kagd1UIUDDIAVDINY
fegsdifiglasiulsnfuinasssiduluiiuf Cerralvo uaw Catalana laifiauuansn



TuUnN988H LANUANULANFIIN AT AVDIVUINABUUIADLVDINDNNY N

ANNADYALAENDANADYA (AN5197 6)

PN 7 NMTIRNYEABNYY Pachycereus pringlei

a1

yalasluley

Diploid Polyploid
Floral trait ICE ICA CBS South North
n =50 n =35 n=7 n =20 n =38
Corolla width (mm) 333+07  362+09 294+12  331+10 36007
Floral length (mm) 907+ 12 868+04 764+28  851+21 962+15
Nectary length (mm) 129+03( 130+03 92+04 119 +04 13.0+0.3
Nectary width (mm) 111 +£02° 107 +03° 87x05  93+02° 9.9+053
No. of pollen grains (x10°) 2.8+ 03 23+02®° 10+02° = 13+02° 16+02"
No. of stamens (in 0.5 cm?)  48.6 + 1.0° 43.0+ 1.8° 49.0+3.14°° 534 + 1.9° 51.6 + 2.0°
No. of tepals 499+ 06 467+12 443+16  479+14 499 +0.8
P:O ratio (x10°) 2337+ 255° 2638+ 1178 £ 289° 911 + 117° 2166+ 203°
307°
Stamen length (mm) 100+ 02 102+02 11.9+07  100+02 109+02
Tepal length (mm) 230+ 04 235+04 190+06 204+06 230=+05
Tepal width (mm) 77+03 81+03 59+0.3 80+03  9.1+02
Ovary length (mm) 140+04 94+04 83x07 134 £+ 0.7 15505
Ovary width (mm) 89+03 79+03 /81+05 87+04  96+03
Pistil length (mm) 446 +0.7 471+09 438+12 479+14 51.0+09
Stigma length (mm) 9.8+0.3 8.8 £ 0.3 77+£05 89 +03 10.7 £ 0.4
No. of ovules (mm) 1550 4 66907 = 40° 849 + 115° 1505+ 118° 1614+ 112°
Stamen-stigma (mm) 05+05 20£06" 15+£1.1° 42+£10° 54106

- AnUagann Gutiérrez-Flores et al. (2017)

nan1sAnwILUUIIaeslasulguUD ARG Pachycereus pringlei wulaslulauues

Nanznanen (n = 22) mmsuuimmsﬁaEJUSnmmﬂmwauwumaaww (Metacentric)
I1UIU 18 wiis LLauWUIﬂiIMI%MVIL%UIW?L&JEJ?E]QI‘UG]’]LLM‘LN@Elu‘llﬂﬂlﬂﬂﬂﬂﬂ”luiﬂﬂﬁu%uﬂ
(Submeta centric) (Figure 6A) WisulisufuRivanwases (n = 11) Fanulasluleudision
wulnadefoguinuinarmatuauiassine (metacentric) $1uan 9 usis agsamiy
Tasluloufiidisulnsifesaondasiunissulasunisliuauredasialeueniluwiifu

(mwﬁ 23)
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7 8 9 10 11 12 13 14 l< 16 17 18 19 20 21
-

10 11

22

Al 23 Diagrams U84 Pachycereus pringlei

(A) Tetraploid wa2 (B) Diploid
m%wma (*) 17809 Submetacentric
fan: Fauwlasann GutierrezFlores et al. (2017)
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unii 3
waniun15Ie
n1sAnygadiugeansvesnylueduanda waznistndiliianisnaneiugu

Gymnocalycium mihanovichii (Fri¢ ex Gurke) Brittlon & Rose.
1 [ o &
wisganidy 2 N15nnaed fadl
nsnaaedn 1 MsdnihlinAanisnateiuslu G. mihanovichii Waeldanslagauy

NINARBIN 2 MsANWIIAGHUEAIaRSIUY G. mihanovichii

¥
v v [

TRgiRTN1TAIEUNITIFUAIUAPUTUY AIH

1. MsesEuivdiieg1

2. danaunsaluazansiadl

3. msaliunmaaes

4. mIlenzitoua wazaiAnldlunsieyideya

ANSNAaBIN 1 nastninliinanaanassnk G. mihanovichii

] ) A o o o Ve oy a X \ v a v ¢
JunsAnwivednivilineilaslauleaiinduunnndy 2 99 seansainenaleiug
Town @5leadau lnalidunaunisanen fail

3.1 NSLASYNNVAIDE

ARLEBNAUBOUYDY G. mihanovichii 818 1 U (Hanuauagivuindusiugudnans
1@y 2.5 wag 2 wudns) (il 2a) Angdgnlagldanugnusgnouseluimuynsin
Huginlil wavgeusnin dnsad 1:1:1 (WedSuang) Hudulgasanedigns 14-14-14
§n51 5 n3u VaaslunTz A AR NIUIAKEIKLALSNATS 242 S 30 NsEne nTzans
a1 U waznszanananannviaduduguinans 6 41 S1uau 15 nsgans nszansay
10 ¢ wazdnaaeldlulsndouaiuquaninuandouuuulavtiaiiud 3 x 3 iuns
vosrisudiu dng uandd feg & Uuau 394y 12 dvaiis suneifies fmtn
UMAITAT



a4q

NN 24 AUBBUVBY G. mihanovichii

Scale bar =1 cm.

< ¢

i ¢ alngRed yaysy i

3.1.1 @siadl gunsad wavip3esile

3.1.1.1 ansazanelaatigu (Colchicine)

3.1.1.2 vonuea (Ethanol)

3.1.1.3 N3ALDTFAN (Acetic acid)

3.1.1.4 nsalalasaaesn (Hydrochloric acid)

3.1.1.5 9nine$ (Beaker) vum 250 adans

3.1.1.6 nszusnM (Measuring cylinder) ¥u19 100 Hadang

3.1.1.7 Fousinans (Spatula stainless)

3.1.1.8 lulpsiudnad 917 (Microcentrifuge tube) vu1n 1.5 Haddns

3.1.1.9 viaoannaad (Test tube) YuIA 12 x:110 Uadiuns

3.1.1.10 9ZUNIIaRANAAaDY (Rack)

3.1.1.11 wesilemisauives (Verier Calipers) 3u Cd-6” Mitutoyo Japan

3.1.1.12 1383103 (Color Meter) 3U Mini Scan Plus , Hunter Lap U.SA.

3.1.1:13 gaaadu (Fume Hood)

3.1.1.14 \pdesdmalon 4 fuvus (Analytical Balance)

3.1.1.15 TECR Mark-I'Gamma irradiation
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3.1.2 mstniibiianisnaneiugaiegansinad@ulusugeu G. mihanovichii

3.1.2.1 MauuNIVaResfiefnwnnduduresanslradduiivanzayse
mi%’ﬂﬁﬂﬁtﬁ@miﬂmﬂﬁuﬂu G. mihanovichii T@sLWwﬂgmiumzmmmaﬁmmm
Gurugudnana 2 87 $1u7u 15 nssadlagdnnisiinnaes (Treatment) $aufy
nurenaasd (Experimental units) WUU 3 x 2 Factorial in Completely
Randomized Design Lfiefnundv3nasau (Interaction) sewine 2 Hade e Jadedi
1 5EHUAMLILTUYDIANSIAATTU KANAIIAU 3 SEAU takA 0, 0.25, 0.50 Wasiius
waztladed 2 szoznanisliansieiBnisutsin uandetu 2 sedu Tdun 24 wae
a8 $2lus nsuitay 5 91 ey 10 du

3.1.2.2 vnsnedeuamduduresanslaadfuiinunsaudenisdni
TiiAamsnanewuslu 6. mihanovichii mudifvualuusunisnaaes inzugnit
nanedadtuianuanusenaunie Tuinuyndn Auguuiln wazyeusning dnsndu
1:1:1 (Wed3ung) swdulvavaredngns 14-14-14 6951 5 A5y vssyaslunseans
wanainauadusinugudnana 4 1 Sandlilulsudounuauaninuandeuuuula
UL 3 x 3 Wns figuvgiiuszanal 27-34 sarnivaided ALAUETTS 40-49
Wesdus Usinaiuas 300-500 §nd uarliingensimandnmnesedieing Ui

200 {adans Aenseane Yn. 7 U
3.1.2.3 JUNNNANISNARY

TuiNNadnsIN558ATIn(%) Ve G. mihanovichii vasn1sUgn 15, 30, 45
uwag 60 T lAYAUINAINGNS

° v o Na
IUIAUAUNTDNYIN

(% aa
BRTINIIBAYIN = = N x 100
IUIUAUVNVAUA

wazduindoyaniun1siasiaulnvesiyneass laua A1ugedIAuY
(wuRluns) U 1ugudnateuesady eufiuns) S1urunuiudeiiunuiy
ANNENIVBITINTIN (WURAT) MFeT1ual Wesu vdinasUanyng 15 Ju duan
60

3.1.2.5 WA IevvoLanNanf

Amsgidoyanvadfselusunsudnsiagy SPSS version 22 uandnaliy
JULUUYBINITI9 ANOVA LUSguLfigupadesieds Duncan’s Multiple Range Test
(DMRT) Asefiuanandesiu 95 Wesidus
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N15VARAReN 2 MsAnwwsaaRugAansvasyly G. mihanovichii
3.2 MIATBUN VAL

thieesiivnnassiiiiunisdndliAansnaresiuglunismaassil 1 uumwnzdgn
Ingldianugnusenausgluntuymilin duguill wasyeusninn dnsidiu 1:1:1 (139
U3uns9) Saiudeaganadngns 14-14-14 8ns1 5 N ussgasbunszasnatainvuindy
siugudnans 2/t laemuaugumaiusyanm 27-34 ssrwalliea anududusivg 40-49
Wosiiug USuanuas 300-500 §nd  warliishenismannninesednedng Usina 200
adans yne 7 1 LLaz%’maNlﬁuIiaL‘%auﬂau@mmwmmé’auLLUU?JWuumﬂﬁuﬁ 3 X 3 1A3
vosiisiuaIn dany uanda feog m Thuail 394 vy 12 duaia suneidies Yawin
UMEAIATY

3.2.1 a1siadl gUnsal waziATeile

3.2.1.1 wpanesed (Alcohol) 95 Wasidus
3.2.1.2 uaaneded 70 LUasigus

3.2.1.3 8-lgnsendailuau (Hydroxyquinoline)
3.2.1.4 n3nLaTHN (Acetic acid)

3.2.1.5 uganegea 100 Wasidus

3.2.1.6 1indu (Distilled water)

3.2.1.7 @dounzdlnoadu (Aceto orcein)
3.2.1.8 nsalalasaassn (Hydrochloric acid)
3.2.1.9 Uninos (Beaker) vu1a 250 Jaaans
3.2.1.10 n3zUansN (Measuring cylinder) ¥u19 100 dadans
3.2.1.11 dlas (Slide)

3.2.1.12 nszanUnalas (Cover glass)

3.2.1.13 UnnAu (Forceps)

3.2.1.14 nzigsueanaged (Alcohol Burner)
3.2.1.15 ﬁLgu (Refrigerator)

3.2.1.16 AanATu (Fume Hood)

3.2.1.17 NABAELAN Canon §u DS126311

3.2.2 MsfAnwnTswudwadnuululn@a  (Mitosis)

Suandnwlaslulsuanwaasianie (Somatic cell) vositwiotng Tngth
Heifediutanesinfindiinisud nead (Root apical meristem) uwaviioidoiaiay
(Meristernatic tissue) d@audu loun meou lugeu Aiinsudamad Tneddunaunisan
sesellil

3.2.2.1 Msm38ua1s (Pretreatment)
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Tnsfadentioidodutatssin (Root tip) fviegsiiimmanysalanduuanda
(a il 25) Fagnidedlulsadounuula lasdadenionanizdutassniiddun wagd
AN 1UTENIA 1-2 Wwufuag 9ntuididiegsluudluaisazareduda &
Hydroxyquinoline Liuseesigamgii 10 s imaidoa Wunan 4-24 Falus @uiveia
vosi) flelituduiiviivhandnunganisudasadlussegiicoans

4 1 by

9 25 gnastuanesnuaafanldlumsfinuuiasaduuululnda

] ‘ .
1 : elngned Yy Tand (2564)

3.2.2.2 MNI39979874 (Fixation sample)

thileledutasniieienld oonatnansazats 8-Hydroxyquinoline
Tne3Einansii udniuinefindinee1sfifidaunaimes Ethanol 95 wafidud uas
Acetic acid 8m31d7u 3:1 TaguFuns (Volumen-volumen: vA) ugtanesindishid
gumpivies Uszana 30 ul visegamgd 5 esmiawdea (Juan 10-12 Falus
[lesiagadlvmgnnisudssadluszegimmia (Metaphase)

3.2.2.3 NMSLAUSNY

190 Afndseg1913 819078 Ethanol 95 1Wasidusd 2 ASe ASIay 5 U9
5 < Y3 ] & @ 3 d' a = ::l' @ [
ntuiuiiegnslily Ethanol 70 Wesidus Mgamail 4 sarwaed Wiaiusnw
WiaLEe

3.2.2.4 nswseualas
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wisualadsegedaainaia Aceto-orcein squash technique 131910
viffeidleduatesinvesiiaiegrediiuls Tu Alcohol 70 Wesiiud 1dsseti
ndu 2-3 ads LLé’aﬁw%uﬁ’suﬁﬁnmﬁﬂﬁmaéﬁﬂamé@mju 1me35n15 Hydrolysis #2e
arsazans 1 N HCL 160 sargaifioa uiu 5-10 uit (sv3ogilisinuia) wdaan
Tudendmonaneidedediuatosinlifianenyssuna 1 fadwns dufivie
107 AensneenlinunfietIndy ndedsuualasudvEltimadnszane uwan
foudfangnamie Aceto-orcein WY 10-15 w¥ suadlyl Wdntles syTeaeqla
won Unalarmunszanlnadlas (Cover slip) wainanlgiuide (Squash)

3.2.2.5 NMSUUNNNANAADY

aladlufnwimendasgansaduuulduas (Ju) Mdswwesauding 10
Wi way 40 i1 muddu lenUwadiidesnts Tuszezwmaa (Metaphase)
Juiinnnlaslulouisdiedns nasversiauding 100 Wi wieudutudiuiu
lastulay

3.2.3 nwlaslulsuanwaanidalulasauas

3.2.3.1 NNSM38ULLBLEaNYINNEIUABNDDU
ANLADNADNBBUYBINIAIDHINVUIALANFIINUY 910 G. mihanovichii
(nwil 26) Faugnideslulsauseunuussuula

3.2.3.2 N139139610¢749 (Sample Fixation)

wInoneauvasiyly Ethanol 95 1wWasidud Lag Acetic acid dnsnau 3:1
Tagy3uns (Volumen-volumen: vAv) figaviniivies 1utian 24-48 43l

3.2.3.3 nsiiusnendieeng (Storage)

Yrnenseuiingluaisazade Fthanol 95 1Was1ud waz Acetic acid
Sn5dau 3:1 TneUsunns wd1i§ae Ethanol 95 wWesdud 2 ads (a¥iay 5 unil)
Dniifuiegislilu Ethanol 70 Wesidudt lufifugamgd 4 ssmimaidea
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A 26 gnASTRBNSBUIUIAKANGANSTUYIBY G. mihanovichii

AlglunsAnenuasadiuululeda
Scale bar =1 cm.

w1 : sdngnnm yayay1dimn (2564)

3.2.3.4 nsw3evalan

thnenvesiininod1efiualay Ethanol 70 wWefldud wazansdeinaumnse
tusyln unvdhundudeatagnaunantesmenseusen antuldUInAUR e aNE
dulsny $1uau 1-3 Su nwuwsvalad MnAvSedudenaduisayielsilulasa
Uosvanoonin Mifudendssusniidly udmendéou Aceto-orcein 1-2 vion sl
30 39 UasrunseanUedlan warirluniuasly

3.2.3.5 VUNINNANISNAa g

ihaladlufnwsnendesanssriuutldueas Mmaweteauding 10 1 uaz
40 Wi ey ilewuadiidesnas lusseslusiansutas fe sserlneylaiiia
(Diakinesis) szoztunIne (Metaphase) #393588UoULWa (Anaphase) WipUAUTU
Fruanleslulonainamiitufingagndes Canon Ju DS126311
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3.2.3 NSANYINIEINIAFAIARSL DL DTUR

yhnsAnuuaLaraImuLLuwadunluves G. mihanovichii Tagi3uannnis
aenlu (peeling method) vosiirnanesaniiufautdusegtsuiandun 1 5u A
v3naudunumoon 1luilalnuaunuaad 2 au gaiilodouutuiediseaniung udaih
shogaluurluneasand 30% (chlorox) lunan 5 unit 1Hludialnuyaidledoauldaalai
foanns anduldyiuvasuuuudsdany uagdaudadedelildvunnirauazen
1 wufing Meaegsuudladuassdnaladieindu ihaladlufinwdendesqanssm]
wuulduas (U) Masweeauding 10 Wi kag 20 Wi
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unil 4
NANISNARDY
4.1 mstniliiansnatewugly G. mihanovichii
4.1.2 d951NNT30ATIN

wAAsE G mihanovichii TlgSuanslaaddunnudadufidnsiy (m151eil) wuinfied
Suanslaaddu 0.25 Wesidus 1Wussuznan 24 uaz 48 $1lus F8n5n15599T30 80 uaz 60
Wosdud augisu Tuvasfiiaiisuansiaad@u 0.50 wWesidud 1Jussesinan 24 uay 48
lus 8nsn15500 T30 40 Wosidud 151971 7)

d‘ LY aa . o .. d‘ Yo ad % ¥
M1519% 8 §M3IN530ATINVBY G. mihanovichii TlaTuasiaad@uluseiuanuiduvesans
WAZSEELIAINTWYAN TR vidaUgniaes 60 Tu

Colchicine concentration (%)/Duration time (h) Survival rate (%)
0.00 % colchicine for 24 h 100
0.00 % colchicine for 48 h 100
0.25 % colchicine for 24 h 80
0.25 % colchicine for 48 h 60
0.50% colchicine for 24 h a0
0.50 % colchicine for 48 h 40

4.1.3 mMsAnwInsaseAulaues G. mihanovichii

LAARE G. mihanovichii fils§uastraddududu 0,50 Wesidud fanugsesddu
Tneladoanniign 4.12 lwufuns uandrsiuianldsuasdudu 0.25 wWefldud uazyn
muauegeifodnmeaia suruiavesiduruguinanswosdiduiudn fiwildsuasiag
Fudiudu 0.25 wag 050 Wosidud Tvuravediduriugudnarivesdiiunds ¢.55 uaz
4.49 wuRAT uARFITUYRAIUANEE 1 ETaAATMIaRR daufteTilasuanslaatTuaam
Wt 050 Wosiiud T uauysesfiuade 9,40 5y uandnsegsliiddynsaintunssis
Juuenani ypAuAlVT IV UIaAE 5.50 nuy wanssegeiideddgmeanncu
nssuisau edndlsfaueenvssTInfivya Rl UANdaI L 1LRAE 7.08 WURLAT UANKNS
sl dnyneadRtunssuisiu AudviwaressvagafiniulasuasienisiUasunlas
sunisietgiAulanuin fudildsuaadusgerinat 24 9lus Sanugeesdduieds 3.96
WwuRing Tvunveudusiigudnatsvesddiuieds 5.11 wufluas wazdidnaumnusesy
4.00 vy wandnseealfedfuvnsadatuiivnlésuasifussesian 48 $alus daufind
Iansiduszozina 48 Halus fanuenisnads 6.24 wuiuns unndng egreditoddyma
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adAfuRivlssuanduszoznan 24 $lus egslsAmudnundefuvesivdildiuansdu
syoznan 24 uay 48 alua laifianuuanenensadd mnRasanfeufduiudseninang
Wuduresanslradduuazszosnaniifigldiuarsnuin fvisulaadtududu 0.50 wWesidud
Wunan 24 Hilus Tanugsvesdiduiadsunniian 4.60 lwufiung unnsisedns dduddny
msadAfuivildasdudu 0.25 Wesiud 1usseziim 24 $alus Aflnnugaade 4.12
wuRlung uazieilsastaaddududu 050 Wesidud Wuszeznan 48 $alua finnwgs

(3

18y 3.64 wuRlAg duftvildaslaad@ududu 0.25 Wedldud iWusveziian 48 Halug
LazyAAIUANAIATINEILRdY 3.24 UAg 3.18 LWURALLAT ANLAIRU FUILIATB AL UH Y
Audnanavesardunuin fedlasulaad@uidudu 0.50 Wesidud Wuszoziian 24 Halus
fvunnveadurhugudnanswesd AL TIgn 5.72 wuRung uanseeeiuddgymis
afAfuUNTINATOU (0wl 27) dauftvyparuauddnauruse lununuLady 5.60 v
Ao liTed A yn1adAdunssuisaug (nmd 28) AudildsuanslaadTududy 0.25
Wesidud Wuszezinan 48 alus wazyanuaNiauenvesINIIATigalade 7.12, 7.06
uay 7.02 iwufluns uansnsegnsdifoddmeadintunssuisu Mifievasedunnnssis

Ao v P ! o aa a
NQ']U'JUWUG]QWUIQJNQ'JWNLLmﬂmqﬂﬂqu\iaﬂm (m1519% 8)
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AN 9 HAVDIAINUTLAUYDIIUTUANT LARTTULALTL NI TWTANTNAINARDAN YUY
HUFIWINY1VRY G. mihanovichii

Parameter

Plant Plant No. of Root
Factor

Height Diameter  No. of Rib Spine Length

(cm) (cm) (cm)
Colchicine (%)
0.00 3.01¢ 4.06° 8.50° 5.50° 7.04°
0.25 3.68° 4.55° 6.30° 3.80° 6.66°
0.50 4.12° 4.49° 9.40° 1.60° 3.79¢
Fotest - 3 ” e -
Duration time (h)
24 3.96° 5.11° 8.13 4.00° 5.42°
48 3.24° 3.62° 8.00 3.26° 6.24°
Fotest - o s L -
Colchicine X
Duration time
0.00 %, 24 h 3.18¢ 4.06° 8.60 5.40° 7.02°
0.00 %, 48 h 2.84° 4.06° 8.40 5.60° 7.06°
0.25 %, 24 h 4.12° 5.56° 6.40 4.20° 7.12°
0.25 %, 48 h 3.24¢ 3.54¢ 6.20 3.40° 6.20°
0.50 %, 24 h 4.60° 5.72° 9.40 2.40¢ 2.12¢
0.50 %, 48 h 3.64° 3.26° 9.40 0.80° 5.46°
Fotest - s e 8 -
C.V. (%) 1.90 2.23 6.60 14.21 1.44

Means within treatment combination not sharing small letter in common are
significantly difference by DMRT.

ns = non-significant; ** significant difference (P < 0.01)
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D : t
ANA 27 HAUBIANUUTUVBILAATTULAL TLULLIAN MUINITS NWIR DA N WY
NIHUFIWING W0 G. mihanovichii

(A) gaaauAY; (B) Avutluduaaslaaddu 0.25 wWesidusluszuziian
24 §3lus; () anudnduredlaaddy 0.25 Wehduslusseziian 48 Falus;
(D) Aududuvedlaaddu 0.50 wWosidudluginaan 24 4219 way
(E) anududuveslaad@u 0.50 wWesidus luszuziaa 48 Falus

Scale bar = 1 cm.
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AN 28 NATBIANULIUTUVBIAATTULALTZHLIAT M UNITS NEIA DA N BEULN

HUFIWING1V89 G. mihanovichii

(A) YAAIUANUTINGVUIN 5-6 WY, kae (B) anwaglsnunuvesivnaaeinlasuans
Tradi@u 0.50 WosidudiJuszesiian 48 wu.

Scale bar = 1 cm.

4.2 nMInsiRdauanvazn st linatenugitean Bazn 18 INIAAIEN TYR LB TUR?
a19uva9 G. mihanovichii

fAldulaadududu 0.25 Wesidud \Wusvezinan 48 Hhlus fvumwadiinlu
wde 5033 lulasiuns uwandsegrefifedidanisad Atunssudsau (il 29) dauadny
vuudurengaduinlu nuifiedldsulrad@ududu 0.25 Wesidus \Juszeziian 48
Falua FSnaumaduinlueds 23.25 wad sefiuil 1 asefiaduns wanssegedidodday
NeABRAUNTINITEN (31971 9)

wannil G mihanovichii AlFuaslaaTduynaudatusmunisiasuuasmes
Snwaizaduinlu (stoma) 1y 2 wuufe Yanluwuy Anisocytic 1uuanlufisl subsidiary
cell 3.wad 1 lu 3 Wad 1Bnnndn 2 wad wazdnluwuy Paracytic elanludisl subsidiary
cell 1'twaa TN agludumiiruiuiudumieradau WisuiguiuyanIuay
(n il 30)



ANSN 10 HAYDIANUTLAUYDWIUTUANSLAATTULALTZHLNITHYANTNAINARDAINULND

WALIUNLLARUINLUTBY G. mihanovichii

Colchicine (%) Duration time Guard cell Length Density of guard cell

(h) (um) (mm?)
0 (control) 24 36.28 9 (+2.56) 21.30 ©(+2.66)
48 37.08% (+2.76) 21.70 ©(+2.13)
0.25 24 50.33° (+2.11) 13.85 ©(+3.25)
as 36.72 4(+3.42) 23.25°(+1.85)
0.50 24 48.06 © (+2.15) 13.70 © (+2.96)
48 41.19 ©(+3.88) 14.75 ©(+3.19)
F-test ** **
C.V. (%) 14.99 27.22

56

Means within treatment combination not sharing small letter in common are

significantly difference by DMRT.

ns = non-significant; ** significant difference (P < 0.01)
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(A) gaAIUAY; (B 3 : UoSIUALUTEEELIAN 24 TIlu:
(Q) ANULLUTUVRILAaTTU O. UL USTELLIAN 48 T3k (D) ANMULNTUUDS
1Aa33u 0.50 wasidualuginian 24 $2lus wag (F) anuuduvedaadau 0.50

Wodidud Tuszezinan 48 $lua (Scale bar = 20 pm.)
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AATRULTUTU 0.25
Wosidud | Aslulauwiniy Ae
2X = 22 UD

fian 0.48 lulasl ngjfian 0.96 lulasiun

24 1119 TYUILEN

4349 JYuAUD9

$7il g uansTnaddy
Wudu 0.25 1 A1 24 3l & WanAign 0.57 lulasiuns
svez0an 48 Halua
a5 (AN it
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& & 3
WDSLEUR SyaElIan

F149, (E) AU UUTUVDIAITLA 50 Woasidud sruziian 24 92lug way

(F) paduduvedansiaadau 0.50 wWesidud seuziian 48 2l (Scale bar = 1 pm.)
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unil 5
a3Una aAUsIgNa wasdalauauus

5.1 M3t liianisnaleiuglu G. mihanovichii

nnuansanwnsindiliiAnnsnarewuslu 6. mihanovichii wuin fegreiivd
Ie¥uanslaaddu 0.25 Wesidud 1uszaziaan 24 uaz 48 Tlus H8ns1nns5eaTin 80 uaz
60 Wadldusd mudy TuvsAfivisuaslraddu 0.50 Wedldud Wuszevinan 24 uay 48
Hlug F851155090530 40 Wedidud nsdinislélaatunugedsrasienisiidinsenyes
G. mihanovichii ustinuaesaazidufivifanumuny deanwuindougs usiloldsuansd
farududugaiuludsarosninissentin osnlradtuldninasonsdudansaing
ToatuiAalunszsuiunsuvaeadiy Sadumglfisadvosiivae lunsdilldfuarsaiiy
\utuge aeandesiumosmiluliusefudug wu Synrdl wazantes (2553) Tadminfial
nangwugluninda (Anthurium andraeanum) Wug Micky Mouse 93elAad@uiiudu 0.2
Wedldud szazian 72 Hlus dealiiwiidnmnissendinanas 58 Wosiius

ndiues G. mihanovichii Alésulaadiiu Sudswaliiinugs sunmdurinugudnang
POIAIU TIIUNRUIY LAZAINLIITIN UAAEIINEDROE19TRENRATY G. mihanovichii
filFsuanslaadududu 0.50 Wesidud iWuszernan 24 dalug ddwauydiedu 1oy
MU WAEANLENVRITINAAAtEETiadY 0.80 v sasurul WisuiBuiuYAnIUAL
fifiSruaununaede 5.40 vumdeduvuny uenanddmuifiedildfuarslaadduitudy
0.50 Wosdud Juszerinai 48 dalus wudnwazlndfidonda 13vuny (spinless)
AswdsusdanuaiBdunauivaanistnialdiin polyploidization #aea1slnaddu
(Boonyawiwat et al., 2023) dslunsdinisveelnguasiinsvauiinntureueadii
\losaniinaanannusunaves DNA Fifisdiy Seni “gicas effect in polyploid” (Eng and
Ho, 2019)

nsRnwIneimamanided etuinvesdiilasanrrunsmenadauUnluay
auuIsiLewgadUInlut ununsUA uLAsB IR LT LeadauUN Y Loy
Anuvieagadunly TneslaruenaveswaanuUu nluade 36.26 - 50.33 lalAsiuns
wazsinramuniuveawadnlumds 13.70 - 23.25 lulasuns Saitenveasadauiin
Tugefign 50.33 lulasiuns lewfiouivyamunu 36.28 lalasins luvasdiiy Ald3uans
Traddu 0.25 Wesidud 1uszeziian 48 Falue nuianumuuturessadnlugsiian
wANANTUITIUY g lTd AN 19Edf nan15UAEUMYAIAINNENILATAIUILILL LTS
wadhnlufiuAsuudamdanldsuasiaatduiidunulunsinuiidudnndefiannse

=3

Us¥ieseauveanased (Ploidy) vesfiafisuanslaad@u 0.25 wWesidus 1Wuszesiian 24
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Halus npudfigalaslulsandudnases (Diploid) Ae 2n = 2X Wasudu Indwased
(Polyploid) Ao 2n 11NN 2X denndeadiunuiseves Tel-Zur et al,, (2011) fis18a1una
nsAnuluuiafansildsulraddududu 0.4 wWesidud WHuszazinan 4 Yu dwalifiedinng
Waruwaselashilunduneanaosadsdsuadomsdni vifndnuslmiietuluiiy A
AunuLturegasUnlunn e uAnases 50 Wesidud Sndundives na
msfnuilaslulesvesynamuauiuiiviildsuasiaaddududu 0.25 1unan 24 was 48
Filue funnvedasluley 2n = 22 udnuirdlvwevedasTuleusieiy uenanifieilasu
aslrad@ududy 0.50 WWuna12d wag 48 Falus ldanwnsavudiunulasiuleuldidosain
muLiuswesittnnass warsnsnsiaigininiaeug duiliintuiiecainaislaaddu 3
anauTAlunisiufinszuumsneAmelsiuduiulusiuyyau (tubulin) Tulasluleuves

4 A O & v & N a = v
fuBnnallnaautilunsduganisiiuvesldsiuyyiudmadenisiuaeundadaseainves
sUT9 Puwnulasliulay uazn1saseyiuls

uAndalSua (Spineless) MAnTURINNIINTzduielAadduTadudnunylnid
fdsoglunsend (Trends) dosnisvesnann WiulddnsdmirliAndnumelnd densl
a1slaaduldudu 0.5 wWodidud 1Tuszeziaan 48 alus fu G mihanovichii Fawains
waAfiunnsmaeliunfisidudsdsivssiuuandienisuilalusdfivemsvesianyd
LLazUaé’mﬁﬁI%iwznmgﬂz (Chapman, 2002) Wisutisudunistnurlannanwuglml
Ingldisn1swauiugiy (Conventional breeding) uagn1suaegluiginnisnateiiuglag
59507 (Natural mutation) @slfiaaunu

5.3 Joauauue
5.3.1 msUszendldansleat@uivwaasiaanadue iovengnalunistnullviie
nsnaneiug suanunisifiuyarneniseaaituuandassly

5.3.2 wuansiulanidanisiinaneaslrinainan g luf s 9ALAARAABN1S TN
TAan1snaneiuglagldseansoansiniiaus
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