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Abstract

Over the course of seven years, different varieties of Chrysanthemum zawadskii were collected from
30 regions of Korea. All C. zawadskii varieties exhibit ray flowers that were either white or pink
regardless of the collection region. However, they were classified into three groups according to the
shape of the leaves, with large differences in the leaf shape (Group 1: C. zawadskii, Group 2: C.
zawadskii with a slender leaf, and Group 3: C. zawadskii var. yezoense). A different species of
Chrysanthemum called C. makinoi was assigned to Group 4. In terms of location, Group 1 can be found
throughout Korea, while Group 2 is found primarily in highlands and confined locations such as Mt.
Baekdu, Ulleung Island, and Mt. Halla on Jeju Island. Group 3 is found near the coast and has broad
leaves with minimal splits, whereas Group 4 has been identified in Gangwon Province, a limestone
location, with a variety of leaf shapes. One region was chosen for each group for an extensive
comparison (Group 1: C. zawadskii var. latilobum from Mt. Hwangmae, Group 2: C. zawadskii var.
lucidum from Ulleung Island, Group 3: C. zawadskii var. yezoense from Geoje Island, and Group 4: C.
makinoi from Jeongseon). When morphological traits were compared by group, C. zawadskii var.
lucidum (Group 2) had the widest flower diameter at 60.35 mm. Moreover, C. zawadskii (Group 1) and
C. makinoi (Group 4) had the largest leaf length and width at the base, with no significant differences
in the chlorophyll content. The cauline leaf of C. zawadskii var. yezoense (Group 3) had the greatest
leaf length (38.79 mm), width (37.14 mm), and chlorophyll content (37.13 SPAD). However, the
difference was not statistically significant when compared to the basal leaf. Ultimately, the results of
this study showed that C. zawadskii var. latilobum (Group 1) and C. zawadskii var. yezoense (Group 3)
were hexaploid, C. zawadskii var. lucidum (Group 2) was tetraploid, and C. makinoi (Group 4) was
diploid. This research was carried out as part of a standardized procedure aimed at determining
resources for use as basic data for Chrysanthemum genome research and functional breeding.

Additional key words: chlorophyll content, chromosomal ploidy, functional breeding, industrial
application, standardized procedure
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= 21K Compositae)= HA|AIA 0 & @3}A1E 0] 10%0VdE ok AR PH(Family)o|™, H=-2 Al€Igt A AlA

BIsh=710 2 A4 QIthKim et al., 2021). $-2|Uztoll = 285%-2] =31 Compositae) A1 =0] AHYHt1l H 1% o] 9]
CHKNA, 2021). =2fk= HA) £ 4=of H]e] Auisle 59 4~= FH(Fabaceae, 20,0009 &) E= B T(Poaceae, 70
)2t 22 et Hlsl A2 ol x|gt, 7H vt 8 = Al = A doltk. siHl2 |(sunflower) $2h= 7180 &, A5
(lettuce)=A1-§ A 0 &, o}E| 2 F(globe artichoke)= A8 221 = E7| =, oF(yacon)<= A1-8 173 B 2|2, Foks
(guayule)-> AFEA =, 2K Chrysanthemum) 71 8|2H gerbera)= TH-8-0 2 Zua}=] IthHodgins et al., 2014).

A=K Chrysanthemum morifolium)< 5= A $=1-& 74 LEqA A.D. 386l A A= S 2 JAPTZ
2 2r5 oW, T=H(C. indium), TEZ(C. zawadskii), BF7 | .e=3KC. makinoi), BOF=(C. japonense) -5-°] A+ wdsto] 2
A o] A S A|(allohexaploid, 2n = 6x = 54)& Afuf=+e] 240 2 A E T Dowrick, 1952; Zhang et al., 2014).

TAZ(C. zawadskiiy= =3} Compositae)°l| &= A 0| 2R =t 244 o] A= 9} 1 AR]of| A AHAFSAL Q1.0
AAAA 0= 2h, 2jAloL, B, Y2, 5, S5 T H7H o]ojA]= fetiote] A% ofarittiel 24 SoflA /\1&1@"—4’
(Zhao et al., 2009). S| =HE Q7oA = A2t 22 w9, 7471, 71TAY, 713, 1549, £, g A ¥, o7
2 1 52 A mol= AR 2 AR E QIThKim et al., 2001). A ZE FEfelA 0 2 ofE Fat wato] Y 4= 9lS
Z(Kim et al., 2003)°]2}2L A= L7] wjZell, AFEZ(C. zawadskii (Herbich) Tzvelev), ZHTEZ(C.
(Herbich) Tzvelv var. tenuisectum (Nakai) Kitag.), SF=FEZ(C. coreanum (H.Lév. & Vaniot) Vorosch.), 9512 Z(C.
zawadskii Herb ssp. naktongense Y. Lee), BF7-2%(C. oreastrum (Hance) Y.Ling) 5 557} 1i-$ chet 71 0 2 wohe
THKim, 2017; Taghipour et al., 2021). $-e]uet EAF A1 20 - S2SSKHC. zawadskii var. lucidumy=T"3% 2] o}£0 2 &
SO AT A AlehH g 2|9 AR S ARl E UATH Lol EEE o] lth(Yang et al., 2015). ROl A= A 25 K1
5%, A7, A& 5 5o A= ARSI B3, Al SR AR R Wo| o] 851 Qlth(Park et al., 2017). E A
Z(C. zawadskii vat. yezoense) =31} HIG 7o A A Ao, £0]7120 — 50cm, H&7]7 A WhE RO 9lo yo b7k
oot Z22 42tz 9 - 119 A0 = mm £7] £ 17)] ol FAZEA e = ). ehd e iztoll A= 27] AAIE oF
W2 AR OH, T80 2% AH=THLee, 1999). 118K C. makinoiy= Yol T2 A Aot 22 S 4442} e
2 10 Yol 75k, €71+ 50cm”7FA] At Tanaka and Shimotomai, 1968).

At i, Ag 0] o 9 A1 QI F7tR 9] 2Q1 Al o] St o2k A7k AAlskl SXIA71 L A2 8T E
ol thek yilo] F1E5] 4551 QITH(Cho et al., 2019). SEA|TE SFE-S HIRR A1E A7l A

A 7157 o= R AE
W A7H=e) g EAIRE A7 O] A BAPE HIFEAL ot 2 9 A7FE ] A 71T AR AT B R
SQHOLE AT HAE 15K (Branen, 1975). ©]2{et P14 2AI= 28252 29t Azgef uet ed 7t

o Aot ol HiAIE 4 e v, A8 T 5408 Sk A S tieh d B o] Sofufal YltkRecio
etal.,, 1989). 53] ghollx] 220j 2= A 24 0| v]¥l G}, B G}, fut A}, q4kel avtFo] wela o & Q5o wf
2} ol S0 tigt A7} o2 A 8] 1 QIck(Ham et al., 1997; Lee and Lee, 2007). AHE-2 2AZ A0 Alehil=
d=ol7] el 2ol ZfE L Mot Aol 7Fe A= al(Lee etal., 2015), A4t oFA1 2 wF 5 54 2.4, A
A ol5 SRt =ilite s 29 27 50 ZA(Ahn et al., 2015)7F ARl wheh HAE A& Bl 75 2 AARY
FATE SIS A7 Aol

HiAlehs A=) Jstel Fatl| Fajt g2 Aow, 53| oK Chrysanthemum)| A ThSsHAl THdEt
(Tanaka, 1960). =3}£50] GAIA=x = 92 A2 1% It Tahara 1914-1915). 2 Z(C. zawadskiiy+= 2x, 4x, 6X, 8X,
10x 2] Bi=A7} B 11 5|9 © H(Kim et al., 2003), A=H(C. indicum)-<2x, 4x, 6x°2 2 B 1% thKang and Kim, 2020). =
5}4; A120] M5 RIS S EST-SSRE o} 850 EAI5 A7 A5t 4uAolA] ealAl o] B2 Asnbgol 0] A
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4 4= Qe He], 28 Aol A 484 2.0] G-32 =of AlFollM B 2efiE T ofA of Aot 4 AT A Wang et al,
2014) =91 & 5 59| HExE T 2R W SasP TeEe FEA S E40] 719 Lo miEel FAAIE A5t
}Aﬂ A8 HE7} 5] 7l I (Cuyacot et al., 2017)°0] ' Z0| 22 G |= o] AT A= 21 A
= BFRIE R 712A= B SPHE Hasht
webA] =il AMYSIaL s VY A 2(C. zawadskii) B P 1=K C. makinoiyE 213 5231519, Hlol 24t e &
ot 712 Aa e FHid 54 2 GAA| 5 24514 st

Az Y
SAAlE
B AL ARGE = FA] A7l TAZ(C. zawadskii) &} P =S C. makinoiy=2015A5E 2021 7| (AAF= 22
24 7o) Aol Bmaka Q= 337 A1 AN F3lele] 77]E BFA] 2AKGonjiam, Gwangju, Gyeongi
Province) 27 AlE et Al Z2SFATA 73 G2 BERA BE 9 FAS 5107 Qlrf. it LEx(C
zawadskii var. latilobum), <5=3KC. zawadskii var. lucidum), 'S8 Z(C. zawadskii var. yezoense), 97| .01=3KC.

makinoiy s A @A HEZE Ao Fig. 1). H2Ret £2] 542 oS MlvARA(Jung et al., 2012) 5= 53] o] Fo{HiLt.

Fig. 1. Morphological characteristics of C. zawadskiivar. latiloburnfrom Mt. Hwangmae (A), C zawadskiivar. lucidumfrom
Ulleung Island (B), C. zawadiskiivar. yezoense from Geoje Island (C), and C. makinoifrom Jeongseon (D).
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HHH A

TAZ0] 7% o ol what FE Z(Group 1), 7H=7EZ(Group 2), HEZ(Group 3) 378 I1E2E EFo6IH.C
Ui 0H7 =2 Group 4)= shte] 150 & 4513 "4‘(* A4 FLS92A AR FD). 4 IFEE 1 A9 A%
Sto] 223} 9l o FHfohA] £ vl skt 22 739 oM, 21 (mm), 2H F7](mm), 22 Zol(mm), £ YE|(mm)E
SAstAoH, 4ol B¢ 7R A D= LA %_]O](mm), o YB|(mm), B4 FZFHSPAD value)= 578513
Zo] W YH]E= digimatic calipers(CD-15CX, MITUTOYO CO., Japan)Z =45}, G54 =2 chlorophyll

meter(SPAD-502 plus, Konica Minolta, Japan) & ©|-83] 23] %4 & Hw-2 Wo] E4519ct.

Qa3 2%

TFAx Qw7 ek vl A8 Sl 2 e E 1071419 A2 AAAE FHEEstgiTh A2 GAA 24
Qsf) A1 A7 Zeke Aeksto] 2mM 8-hydroxyquinoline 2910 2 A2 oRA oA 5AI7HE0F AR S 511, FHSE &4
A|RtF- Cannoy’s solution (ethanol:glacial acetic acid = 3:1)°]] 4°C 270l A] 2417+ 17872, 70% of[gh-=ol Hol4°C £
o) Byt § o813tk o] 2 0.1M HCl -8l 60°C 7oA 8271 sfi2] Al7]11L, 1% aceto-orcein Q= FARH T,

squash method 2 F2-& A|Z}sto] 335+ Au|Z(ECLPSE E200LED MV R, Nikon Co., Japan).2. &2 TF5}3ict.

7} ZAJo]| k2 E2A7Ee) EA|BA 2l G oj4 B0 §pSS 22.0(IBM Inc, NY, USA) 4] T & 138-S AF851o] Duncan®)
A p < 0.05 =04 E45H3

Y

3o D3

o Hepol 2 £

TE0 A 307) Ao TREE 2L, 37 AN BT 2shich, %] 2O Ao} B
AL S0 S F A B 54 21U 1 9o, 2] FefolA] 270} BT Kim and Tobe (2009)
2 78] ol 2k 2hol 1) el 9 Ao chale ol & R SATkT SIS, Lee (196772 £ B4l AR R
o] SJa) AP} the: Qo] g A1 TR0} ST HRsi, 5, 54 B0l ot 48] 4.8 9wy
ol Uehde}, ety 828 ol Fefol e} 3710] 2Rkl FH(Growp 1), ZH=AF A Group 2), W EE
(Group 3)& EF5F1L, vF7]==tSh= Group 4% LFERA AT

Group 1(C. zavwadskiiy & ) 38 WOIW Fig. 2A), 2|4} R} R ol A] Aalotiz 24 i, A
al412] 2 3-SR sl Qo] el Qi 0 el 7% Qo] Welz ohAl 2o LA Lot 7}
AR SR A SdeFie 28). ZZH S, 2 o1, 0 Q1A 3% o, B % 57, gop

A2, 7 ool 2ebE BAe sict

Group 2(C. zawadskii with a slender leaf)+=Group 13} P71 2 A=14 0 2 Birstyl glom E5| M=t &5 5 A
FIe Qtepitat do] oA o= A|dof] AAlstal AlehA]Ql A Aol A e WAt Fig. 3A). B“—r"}oﬂ/ﬂL o 1,900
2,500m, 255 500m, RF2HEZ1,000m7 A= Lol A A S AT o] 52 212 A A4 2ol 431t At
Holo AtjA o 2 14 % Fa] ol A e FE-2 9-2 7kl H 15 ItHKim and Tobe, 2009). Group 2 7142 912] &

r ol

-
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Fig. 2. Collection sites (A) and morphology of the leaves (B) in Group 1 of Korean wild C zawadskii. A, Mt. Jaewang; B,
Gimpo Aegibong; C, Imgye; D, Yeongdeok; E, Mt. Bohyun; F, Gyeongju; G, Mt. Hwangmae; H, Mt. Jiri; |, Namhae.

= Group 130} 7He 9J9] ek T 4 ek Fig, 3B). 22 WHPAY 7375 1, 7375 3, et 4l A4,
BRI 70, SR 35 T, BRI, AR AR, AP, SR, TN S Aelgon, sreld 2R 7
Az Qlo] 7¥ Wol Zepxor, LHTAZ(C. zawadskii var. leiophyllum)®] €] 7P 7F=3itt. T3t &-5=3KC.
zawadskii var. lucidum) Q2] Fe4o] 7P WoF 1 S Z(C. coreanum) Qe 27171 71 A didgict, 1A=
Qo] 713 7Hm 27 2ok 0] S0l , £ 28 2410 2 o] w1 720] Felo] Glekn 1 A(Kim, 20175}
Solg S| Lielteh

Group 3(C. zawadskii var. yezoense)-S 'd7-8% 150 2 A &oll 219 Aatvlgtzto| A A Alstar QlchFig. 4A). ZH2 A
Ak, AEE, 25, A=, BAE, A, A oA 4stol oW, A T1Eahe ge] e 290 Qo) R |
S G o] (Lee, 1999), ZeHlo] A 0 & Ath(Fig. 4B). 7 et A= theophyte &) 74-¢- 92 HI7FEo] Wiz
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Fig. 3. Collection sites (A) and morphology of the leaves (B) in Group 2 of Korean wild C. zawadskiiwith a slender leaf. A,
Mt. Baekdu; B, Paju; C, Pocheon; D, Mt. Seorak; E, Seonjaryeong; F, Mt. SeokByung; G, Donggang; H, Ulleung Island; I,
Danyang; J, Goesan; K, Sangju; L, Mt. Jeoksang; M, Mt. Deogyu; N, Mt. Halla.

TS o ARt 2ol S8l %ﬁo 3171 9180 FAL F742 Y& 7HITK(Van Steenis, 1987). Th2bA Hitte] Q1A A4
SH Qe T EEY Y &, G i AEYAE AT flofl o] £ £ %E‘rﬁﬁﬂ Zolet wetect

Group 4(C. makinoiy="F7| =8tz A 3]9F 2/t Q1 e 4, G D AE oA 4513t Fig. 5A). A7 | le=i2h= A
S]QF R 2| Q1 METIRO] AFof| IA|RE A= B3, G Aol AR B A(Nam et al., 2012)%H Z7}F A2k
217y A YA Al A A B B2, 4 AE, A AZRAlelA skelem, Ed] Yatr] Alellil= T8 A9
ok E-otal 919 Hol 7t o] Wo| A 952 WAdTH Fig. 5B). NBRP (2024)°] oJolH, uf7| le=i3to] 5= 441 4]
Q1 D29] 1370 A1 Hol| A 345t A S EAdof whet 3A 30 S-7-E L %Lfoiﬁ.% %BH ThE o w3fet kA = ¥
o7} WA EH o Wkt op=3} 1552 A £ 35710) wet Al ot 23, ul| =Sk (G
indicum) Tt ZATA} 9ok B 15 v thKim et al., 2014).

H.I

%2,
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Fig. 4. Collection sites (A) and morphology of the leaves (B) in Group 3 of Korean wild C. zawadiskiivar. yezoense. A, Geoje
Island; B, Somaemul Island; C, Naro Island; D, Sinji Island; E, Bogil Island; F, Chungsan Island; G, Chuja Island.

oiEHol‘Z‘| E21 ZA}

Ob55% groupUleh A 7 34 A1 St A slo] efota B2 lwslelet. Group 1S ot A 7
Z(C. zawadskiivar. latilobum)E 175t 11 5t 796.2 —978.3m oAt H &of] 12 A] B3L5}H QITt. Group 2+ 25
SKC. zawadskii var. lucidumys A17J51% .0 ™, sl °F497 Sm2-5 = U222l AWM 23K Thymus quinquecistatus var.
Japonica)¥} 70| ZHYR]|7F HZEE] o] QIt}. Group 3-2 A= AMY EFEZ(C. zawadskii var. yezoense) = 7P -2 1 Q1
Sl 13.8 —93.9mof| 351, group 4= A4 B4 Al A vz | \e =K C. makinoi) S /173591 Sl 432.0 — 528.0m
of| B33 Table 1).

471 A ko] 2 B SO S S w ], SRE.2 230171 60.35mmE ZHE -FroJoHA| AL, A x, A E, nh e
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Fig. 5. Collection sites (A) and morphology of the leaves (B) in Group 4 of Korean wild C. makinoi. A, Jeongseon Deoksangi;
B, Jeongseon Swaejae; C, Yeongwol Seondol rock pillar; D, Samcheock Seokgaejae.

Table 1. Collection sites of four groups of wild Chrysanthemum

) Collection site
Species - - -
Locality Coordinate Altitude (m)
A* Dunnae-ri, Gahoe-myeon, Hapcheon-gun, Gyeongsang Province 35°N, 127°E 796.2-978.3
B Nari-gil, Ulleung-gun, Gyeongsang Province 37°N, 130°E 497.5
C Galgot-ri, Nambu-myeon, Geoje-si, Gyeongsang Province 34°N, 128°E 13.8-93.9
D Deoksangi-gil, Jeongseon-eup, Jeongseon-gun, Gangwon Province 37°N, 128°E 423.0-528.0

“A, C. zawadskii var. latilobum (Group 1); B, C. zawadskii var. lucidum (Group 2); C, C. zawadskii var. yezoense (Group 3); D, C. makinoi
(Group 4).
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3} 7F7}54.25, 51.23, 38.98mm I7| 2 UEft) 314 27| % v 2| &2 222917} 14.06 mmE 7FY G251 #t). 3=
= g a0l sH 271 12.34mmE FEZ 11.00mmETH Z.0H, vl |e=ek= 8 29mmE 7 Atthp <
0.05). 29 do|= 2233}, A%, Y7 Ax, n =3l 217} 24.33, 22.01, 19.30, 14.99mm= LRt £52519} 7
A& 2P G x 0] Zo] e S u]ﬂ_gﬂg o], S22 F A% S F7|= 235 71, 29 dol= Y rd x 7 Ak
2L H3(Kim et al., 2014)%F 27 B W S o S 2715 A Qfstal Aol At Uittt 229l 22 E4%76.77mm
2 7P A%, &85 6.04, 8% 5.35, Ul | =5} 3.57mm <A 2 A ATh(p < 0.05) (Table 2).

=3} 7H8tol= UH(Lee and Kim, 2000; Lee and Kim, 200535t ofu gt -2 &= 5@ 6}, 7]s} 34 224 17 -22°C0]
o, o|Hr} e 2o M= A3} 2| AE th(Ploeg and Heuvelink, 2006). 7147 714 = /L€ (KMA Weather Data
Service)oll TE=H, 470 A (T, =55, 77, 84)2] slot 23} Al7] o] 591 9d o] &E Wt 7122 2 20.1°C, =5
I 20.0°C, A 21.4°C, B/ 18.1°CE B5F Z3t] 7H3} 22 &% A Fo|thFig. 6). A 743} A]71Q1 104<] 749 gk
13.8°C, &35 15.3°C, AA 16.2°C, Al 11.2°ColloH, A& Al Q| 8 % 37 15 5 @319 Bt 7]-20] 7P WSk

Table 2. Morphological characteristics of the flowers of four groups of wild Chrysanthermum

Flower
Species Flower Color Flower Diameter (mm)  Disk Diameter (mm) Petal Length (mm) Petal Width (mm)
A* White 54.25+2.10° b* 11.00+£0.28 ¢ 22.01+1.33b 5.35+£0.60c¢
B White 60.35+1.89a 14.06+£0.36 a 2433+£0.79a 6.04+0.17b
C White 51.23+1.59b 12.34+£0.29b 19.30+£0.69 ¢ 6.77+£0.19a
D White 3898+1.17¢ 829+023d 14.99+049d 3.57+0.17d

A, C. zawadskii var. latilobum (Group 1); B, C. zawadskii var. lucidum (Group 2); C, C. zawadskii var. yezoense (Group 3); D, C. makinoi
(Group 4).

YMean = SE (n = 10).

*Mean separation within columns according to Duncan’s multiple range test, p < 0.05.

30

25

OO w>

20

Average temperature (°C)

_5 T T T T T T T T T T T T

0 1 2 3 4 5 6 F 8 9 0 11 12 13
Month

Fig. 6. Average monthly temperature of the collection sites in 2020. A, Hapcheon; B, Ulleung Island; C, Geoje Island; D,
Jeongseon.
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o} oz 71201 13 —26°CH 1ol e, Eo] ofzt 71 20] v W45 20| 4, Eo] 315 9 Aslgo| Hth Tsujita

etal., 1981)1 B E|]ch FH R FH|A E40] 2lo|7} Y= 2Rt op e, A= Fd 20 749 515 2k

+ 9 Wt 7] 20] 7P EE SR AL FFE vIRE Aol vk of 5 St o) Agnt 7] bl Uil e ATt

3] B FE-S A2k (Seo et al., 2011). 7ol e 6 - 90U A Bat e Ml S o 25

ol 7P AQlthFig. 7). 25=8he 2ot kgl ot 4717H e 3 wjotal st golgh 38 A 5619 (Choi

etal., 2021), Aol Feio] U= E74-& 211 Qlet. =8t 7hE 4134 2 “é EEN7ME 2B A RAAPS o), 49
Aol dof o 1, 713 FErh o 91o] 1 &hA Fo] Qlo] o FAA I E Stk (Sun et al., 2013). 5, 2531 40

\l

47 Jko] 7] 2R e} Aekio] 918 H| Wt At 47*E}(Tab1e 3). 1A% 99] dole 74, nP k=3t 42}
, 62.83mmECH-F-ol5H] A oirt. Qo] W iR = A %, 7] =0}

800
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=28
m C
=
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E
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Fig. 7. Average monthly rainfall amounts of the collection sites in 2020. A, Hapcheon; B, Ulleung Island; C, Geoje Island; D,
Jeongseon.

Table 3. Morphological characteristics of the leaves of four groups of wild Chrysanthemum

Basal leaf Cauline leaf
Species Length Width Chlorophyll Contents Length Width Chlorophyll Contents
(mm) (mm) (SPAD) (mm) (mm) (SPAD)
A” 73.67+1.537a"  69.22+0.97a 4825+041a 32.17+0.80b  2736+£0.69¢c 33.86+0.93b
B 6491+£2.10b 6191+£1.71b 51.17+128a 3698+1.08a 3587+147a 28.02+1.10¢
C 62.83+1.63b 5774147 ¢ 51.61£097a 3879+1.12a 37.14+£0.80a 37.13+£1.06a
D 76.99+1.53a 7032+147a 49.90+0.86a 39.64+0.97a 32.30+0.64b 33.44+£0.81b

A, C. zawadskii var. latilobum (Group 1); B, C. zawadskii var. lucidum (Group 2); C, C. zawadskii var. yezoense (Group 3); D, C. makinoi
(Group 4).

YMean = SE (n = 10).

*Mean separation within columns according to Duncan’s multiple range test, p < 0.05.
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Fig. 8. Mitotic metaphase chromosomes of four groups of Korean wild Chrysanthermum. A, Group 1: C. zawadskii var.
latilobum (2n =6x =54); B, Group 2: C. zawadsskiivar. lucidum (2n =4x =36); C, Group 3: C zawadskiivar. yezoense (2n
=6x="54); D, Group 4: C. makinoi (2n = 2x = 18). Chromosome number and ploidy level were identified by counting at
least ten different cells under a microscope.
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