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Abstract: The maintenance and changes of ploidy in plants are influenced by environmental
factor; and the tissue culturing conditions can often cause changes of chromosome structure and
ploidy levels. In this study, (1)we analyzed the ploidy levels of ten germplasms of Camellia spp.
by flow cytometry under tissue-culturing conditions, six of them is diploid, two of them is
tetraploid besides one hexaploid and one decaploid; we showed that the germplasm materials
largely maintain stable ploidy levels during the tissue regeneration processes. (2)The optimum
conditions for colchicine treatment were obtained as follows: callus was cultured in treatment
medium containing colchicine at 20 mg-L™* for 10 days, followed by regeneration in
tissue-differentiation culture. (3)The ploidy analyses were carried out on the treated tissues in
different differentiation states, and the results showed that most of the independent tissues
(including 56 callus and shoots) were found to be aneuploids, 38 tissues had ploidy between 1.5 to
2.5, and 11 tissues produced less than 1.5 . The present study provides a basis for an in-depth

study of ploidy regulation and polyploid induction of Camellia.
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REELT 11125 Camellia edithae. 4% & Camellia japonica “Jindiefeiye’ .
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Table 1 Different varieties with different collection sites of Camellia japonica and source
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Camellia japonica L. ‘Jindiefeiye’
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Fig. 1 Overview of the tissue-culturing process and experimental design of ploidy analysis in

Camellia spp.
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Table 2 Flow cytometry results of 10 germplasms of Camellia

TS ol B U 44 R wE 1 wadE 2 WaE 3 itk
Number Name of germplasm resource ~ FCM1 FCM2 FCM3 Ploidy

fif 4 (KDY  (Fb)  Camellia

A5k
1 japonica L. ‘NaiDong’ — — —
Diploid
(control)
FEAZ ) Camellia uraku DU £ 44
2 2.09 2.11 2.06

Kitamura. Tetraploid



WL L% (Ff) Camellia Ak

3 0.96 0.99 1.03
chekiangoleosa Hu. Diploid
VE 1175 Camellia reticulata TAEAR
4 1.08 1.06 1.10
Lindl. (Ff) Diploid
KAELLZE CFh) Camellia AYIERES
5 3.30 3.22 3.34
magniflora Chang. Hexaploid
RELLILZE (P Camellia AEE
6 1.09 1.02 1.12
omeiensis Melch. Hiploid
gailizk (Fi) Camellia By
7 0.98 0.96 1.01
subintegra P. C. Huang Diploid
L% (Bl Camellia RREEES
8 4.90 5.11 5.03
semiserrata Chi. Decaploid
RELLIF (Fh) Camellia T
9 1.17 1.19 1.09
edithae Hance Diploid
1 F (§hFH) Camellia japonica — ik
10 1.24 131 1.33
L. ‘shanshou’ Diploid
SR GRRAPD) Camellia VY fis44
11 221 231 2.33
japonica L. ‘Jindiefeiye’ Tetraploid
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Table 3 The death ratio of callus under different concentration and treatment time in Cam

ellia japonica ‘NaiDong’

PHILKAT
FRIKANIZR A A7 ] ALBEAN L FETAHL
Half-death
Colchicine concentration (mg-L™?)  Treat time (d)  Number of processes Death count
10 10 32 3
15 32 4 ~48 d
20 32 3
20 10 32 4
15 32 7 ~35d
20 32 9
30 10 32 7
15 32 9 ~27d
20 32 11
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A The ploidy analysis of each sample;

B. the distribution of ploidy level. Blue. Ploidy level less than 1.5 Red.
Ploidy level more than 2.5 Red dashed lines indicate the variation range
of 15% compared to the control samples.
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Fig. 2 Flow cytometry results and the changes of ploidy level in the tissues treated by
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colchicine

3.1 W AL T R e i P
e R S, SR AR L, R AN o TR PR . Rk
B, ST UL SR B T A MBS0 AT B e

RERIARAE S (BRIER « $590245%, 2005; ZF554%, 2008) o Lk AR HLA h&H 20



UCERBIEL, e B SR A i R RE S ER PO SR (N e 45, 1E R
B =155 (Huang et al., 2013) . 7EILZEMAEYT, W Po b 40 B iz S22/ i RN g UK
AARU & B AR 22 23, I 2N L 2y A 38 BEE DTS 5SS [ R (Huang et al., 2013) .
Hod, —SlmEmpRl (Blinmss . RS hR RS R, SRR
HEEMAR (TSR, 2015) . Weber 25£(2010) WFFE R I, AE @5 414385 R AR AL 1
BONYBA AN, Jeh A S B, AT R A Ak I . AR g A
A A A AT R AR A BT, REIRAS F R IR A0 AZ 2 B SCR, 1G9 1 A
FasE . BRI, AHFFTIT S0 T 2% BRT Ll A P s I B2, Bk 1Ll 2R b
TS SO0, e TRkt ST E A .

Syeed %5 (2021 A7t HIH L% K AR (I FERR A% 18 il s (0 AR PR BT 2R . B ZH 56 N
MG R R AR S . LhindE & fF (Coriandrum sativum) 7R B, FER4L R/
FEARIE 5 A 25 T R 1 (M AFAEBUR AR 57t 18 B B 57 1 2% 1R RES S i i PR AH R A 2
P (Alietal., 2017) o RATKIL, 1EFHAVHL AR, A FEAEE 0 258 U 5205 1
G AR RS E , BRI ORI 1 BT 7T 07 S8 TP AN [RI AL B e AR 5 HE SRR 7S . (HE,
AN FV RV ZEL 5 S5 A 0o L 2% s i R ZEL R S Ak BRI S T I AN 78 70« L 286 s AL P 2 B i A i 4 ol 34
B, ORI, BRI )45 5 AR 0 Gy (o (5 (R A4 R AR AL BRI BIE TEIE AT Rt — PR
3.2 ROKAR LB LR R G G ekt AR i

W TR G i A5 O 5 b, A P RKOKAL R R A AT 15 5 1 R 2 2 e i 1)

(Manzoor et al., 2019) . iy, 7E51L%J&EEZMFEAS{E (Rhododendron fortune) 1, 7
1 0. 29K /KAl 22 AR EE 24 /NI RE e it 2 R 418U (Mo et al., 20200 . AHFFURIL,
128 B AR AR A B R 76 30 mg L™ i3 g 5 h LR BRI 1A 210 1
A H o ARIEFE 18 ] (A B IR 0T L AT 7RG IR, AT AR WA RKRAL 22 R A BE A 6 3t
FAEH GG O R AR B E A, (HRMRD (4705 1%) HBIRAIEATER A . 3
TR TR I, BKOKAL 2 AL FE G 1 L A 421 DU 0 R s R At . R AL 45 RAE
HkEY A R, ARG (Gmitterjr et al., 1991) | %) (Karaetal., 2019) , Lee % (2017)
R sRH, T AR AR YE T R K B AW AT EESEE, KR PG R A5
MGG, Park 55 (1999)4RIHE 1 @ i il FH A i 715 IR FIBE J5 I IERE 7%, AN 184
AN IR ) = R AR 2 52 6 Tk 1] B 5 A 2 5 e e 7 5 AN Gt fk$ H 7 51~59 Z A1 EHE
TR o AE L 2 SR A h IR AR B A Rt I 2 (B6 AN il AT 38 AN S A PE7E 1.5~2.5
G2 M), HEWTHIE RS R AT AT (1) BKOKALZR AL FENT 255 AN [R1 SR 20 240 i v &7 e 2 (1 A



FIAFAERE IR (L 2R A 2R 25 10 S AU AL T AN &) — 55 0 BUIRES,  FLAMH 95 8 22 (1 2%
RAEAANE, B AR I A R 5B B 2 A58, FRAAAE R AR R SRS et iR B 1S L
AR Z IR AN — (2) IR B RORKAL ZR e REAEAE 22 5 R AT SR
BTt BB A Z AR P AT 2 2R A AR A A AN s LR A PR 52 B A P 1]
A BEAEAH MG T I AR P AR BURME R 2 5 XA REE S e BRI IE B — AR B 53 5h
WHFURIL 11 ANMEZRE R (19.6%) 7742 TR T 1.5 fEPERIRR R I 5, FRATHENNX ] g 2t T
A L2 5 Z R, ROKAL R AL S B i b e (oD (5 1 R L I RReRSs, I BSR40 G
k. 28 B4R, BOKANZN L B AL B 261 CAUnBKOKALZR AL B B2 . Ab 3RS A] | Ak
PEAISE) FREHE— DA, DO SR B A TS 3 I RCR

AR SEES IR I PR AR S5 1L A 5T B IR A AERE SR, WA T A R R KA 206 1l 2 ol
JRBEIEIN AR (R I A, A SRR ER L AR BRI SR A3, T 6, IR 2 AR AT
NS

SE R

WREDT, frir, avik, 2013. hoRAe Rl I S Ae R bl AR N A 9], R QU 4k, 13:
230-231.

FELLYE, 2010. RKAKAL R SRR 2 5 0F FE[D]. o B, Aol K, 11-12
[CHENG HY, 2010. Study on Polyploid Induction of Cinnamomum camphora by
colchicine[D]. Wuhan, Huazhong Agri Uni: 11-12.]

BICIK, 2015, W ZRACAETEA D R A B A AR AT 7T [D]. o E b A, T EARAL AR TR
[JIA  WQ, 2015. Fundamental Study on Reproductive Biology and Ploidy Breeding of
Camellia flower[D]. Beijing, Chinese Academy of Forestry.]

2R, ZEROR, W0, 2008, A RAR (FCM)TEAE Y 220 70 h RN [9]. Hh LA 2% TR,
24(6):1142-1146.

XIEF9E, 2011, 2R 20 55 AR AR R ST o A 245 R [D]. R, ol ok, [LIU
HY, 2011. Plant Regeneration and Callus Induction of Camellia oleifera[D]. Wuhan,
Huazhong Agric. Univer.]

IR HR, 1992, k)@ 7R A T IE[J]. = BT 7T, 14(2):115-32. [MIN TL, 1992.]

HAER « B59N%E, KRR, IRIGIRAE. 2005, U0 A S B SRR B 0HMT. AL
R4S Y7 e 7P R A B 4 R



SRR, KR, RS, 2004, BOKAWRAER D EEE Fleb i S BERE D], W0 AL R,
31: 22-25.

FER, BR%Z, ERE, 2004, HEYEMMLICIE R FAEMYMRE R BRI A [D]. Y
A FEIE IR, 40(6): 763-771.

o, 8, JuIEAE, 2013, 13k A B A NS S HEKR D] EY AR, 49
(4): 343-346.

TRHFS, BRI, ZJA I, 2008, FKAKALZR AL BEAL AR 515 5 2 5 A RIBF 7T 0], PRALAR 7B

224, 23(1): 78-81.

PARK SM, WAKANA A and HIRAMATSU M, 1999. Most hypotetraploid seedlings from
self-pollinated tetraploid grapes (Vitis complexes) have abnormal cotyledons[J]. J Fac Agr,
44(1/2): 81-89.

PHILLIPS RL, KAEPPLER SM, OLHOFT P, 1994. Genetic instability of plant tissue cultures:
breakdown of normal controls [J]. Proc Nati Acad Sci, 91(12): 5222-5226.

SERRANO-MISLATA A, SCHIESSL K, SABLOWSKI R, 2015. Active Control of Cell Size
Generates Spatial Detail during Plant Organogenesis [J]. Curr Biol, 25: 2991-2996.

SYEED R, MUJIB A, MALIK MQ, et al., 2021. Mass propagation through direct and indirect
organogenesis in three species of genus Zephyranthes and ploidy assessment of regenerants
through flow cytometry [J]. Mol Biol Rep, 48: 513-526.

TANAKA J, TANIGUCHI F, HIRAI N, et al., 2006. Estimation of the genome size of tea
(Camellia sinensis), camellia (C. japonica), and their interspecific hybrids by flow cytometry
[J]. Chagyo Kenkyu Hokoku (Tea Res. J.), 101: 1-7.

WANG Y, ZHUANG H, SHEN Y, et al., 2021. The dataset of Camellia cultivars names in the
world [J]. Biodivers Data J, 9: e61646

WEBER J, GEORGIEV V, PAVOLV A, et al., 2008. Flow cytometric investigations of diploid and
tetraploid plants and in vitro cultures of Datura stramonium and Hyoscyamus niger [J].
Cytometry Part A: J Int Soc Anal Cytol, 73(10): 931-939.

ALI M, MUJIB A, TONK D, et al., 2017. Plant regeneration through somatic embryogenesis and
genome size analysis of Coriandrum sativum L [J]. Protoplasma, 254: 343-352.

GAO JY, PARKS CR, DU YQ, 2005. Collected species of Camellia - an illustrated outline [M].

Hangzhou: Zhejiang Science and Technology Press.



GMITTER FG, LING XB, CAI CY, et al.,, 1991. Colchicine-induced polyploidy in Citrus
embryogenic cultures, somatic embryos, and regenerated plantlets [J]. Plant Sci, 74(1):
135-141.

HEMBREE W, RANNEY T, JACKSON BE, et al., 2019. Cytogenetics, ploidy, and genome sizes
of Camellia and related genera [J]. Hortic Sci, 54(7): 1124-1142.

HANG H, TONG Y, ZHANG QJ, et al., 2013. Genome size variation among and within Camellia
species by using flow cytometric analysis [J]. PLoS ONE, 8(5): e64981.

KARA Z, SABIR A, YAZAR K, et al., 2019. Effects of colchicine treatments on some grape
rootstock and grape varieties at cotyledon stage [J]. Selcuk J Agric Food Sci, 32(3):
424-429.

KONDO K, 1977. Chromosome numbers in the genus Camellia [J]. Biotropica, 63(1): 86-94.

KONDOROSI E, ROUDIER F, GENDREAU E, 2000. Plant cell-size control: growing by ploidy?
[J]. Curr Opin Plant Biol, 3(6): 488-492.

LEE MG, PARK YS, JEONG, SH and PARK SM, 2017. Production of Hypo-and Hyper-tetraploid
Seedlings from Open-, Self-, and Cross-Pollinated Hypo- and Hyper-tetraploid Grape. Curr.
Opin. Plant Biol., 152-153.

LEITE CT, FERREIRA DA, VIEIRA AT, et al., 2019. In vitro responses in Passiflora species with
different chromosome numbers, ploidy levels and nuclear 2C values: revisiting and providing
new insights [J]. Plant Cell Tissue Organ Cult (PCTOC), 136: 549-560.

MANZOOR A, AHMAD T, BASHIR MA, et al., 2019. Studies on colchicine induced
chromosome doubling for enhancement of quality traits in ornamental plants [J]. Plants, 8(7):
194,

MO L, CHEN J, LOU X, et al., 2020. Colchicine-induced polyploidy in Rhododendron fortunei

Lindl. [J]. Plants, 9(4): 424.



