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Table 1 Effects of different colchicine concentration on the stem with buds of cassava ( cv. Nanzhi 199)

anE

Survival rate/%

ERET

Survival explants /4>

=1
FROKAI 2k JEFh A ZF 2R B
Colchicine concentration/( g+L™") Number of explants /4>
0( CK) 30
0.05 30
0.10 30
0.25 30
0.50 30
0.75 30

30. 00 100. 00+0a
20. 67 68. 89+5. 09b
8.33 27.78+3. 85¢
0.33 1.11+1.92d
0 0d
0 0d

1 B RRING F1E 3R 1 0. 05 K 455582, T,

Note: Different lowercase letters in the same line mean significant difference at 0. 05 level. The same as following.
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Note: A: Diploid. B: Tetraploid.
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Fig.1 The results of detecting ploidy-evel of
cassava by FCM
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Note: A: Transplants morphology of cassava diploid. B: Transplants

morphology of cassava tetraploid. C: Leaf morphology of cassava

diploid. D: Leaf morphology of cassava tetraploid.
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Fig.2 Leaf morphology and transplants morphology

of the original diploid and tetraploid cassava
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Note: A: The guard cell of diploid. B: The guard cell of tetraploid.
C: The transverse sections of the diploid leaves. D: The
transverse sections of the tetraploid leaves. Bar=30 pm.
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Fig.3 The leave anatomical morphology of

cassava diploid and tetraploid
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Table 2 The result of leaf anatomy of cassava diploid and tetraploid

PR TAn A
Guard cells

i R A

Transverse sections of leaves

fit AR g WHEALSUEE)
Ploidydevel — fREAIMK  RTA0MITE [ i) RALEEE MEZURE ERESURE I ejf A SRR
Length of guard Width of guard Number of Stomata Palisade Spongy thi Ak The ratio of
ickness
cells/pum cells/30 pm chloroplasts density tissue / pm tissue / m /( o palisade tissue
/guard cell pm and spongy tissue
2X 18.36+0.50b  4.85=+0. 16b 4.75+0. 04b 9.92+1.23a  62.74£3.31b  49.47+5.56b 128.44+5.91b 1.23+0. 12b
4X 25.40+0.33a  6.81x0.61a 8.26+0. 12a 6.06+0.75b  102.07+8.83a 67.13+13.89%a 189.30+29. 42a 1.53+0. 18a
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Table 3 The comparison of the content of chlorophyll between the diploid and tetraploid cassava

/(mg-g™)

Pk MEER a G H MERE b BHGERSE
Ploidydevel Chlorophyll a content Chlorophyll b content Total chlorophyll content
2X 2.99:0. 13b 0.81+0. 02b 3.810. 15b
4X 3.58+0. 14a 0. 940. 06a 4.53=0. 25a
xS I, LR T T B
3 Wie WY e i Y e AR %O R R A

AR AR T, HBOKAIZRE W E R 0.05~0. 10
g LB, RS ARAE 1 R R, YR ER T 0.10
g L7, A S AR A B A7 3% 2R AR, % B 1 R Bk K
A2 XA AR A S0 35 AR L X 5 Zhou 251 11
a1 g2 3, I 0. 05~0. 10 g+ L7 Al fE N B
R A U35 K ) 3 P P Y PRl . Bk e A A
FAROKANZE B ARIE S H A 199 DUAEAAR , £35 1 %8 5 45
TR GRS AR 2 ABARAE T 3 BRIR]E DU A%
PR , $HEI0 L I PR ] e R R e L 2V B A B dik A IR
RIHEA TR RS o AR A A B R B R AR
4 YRR ZEAR S AR , 38 35 T8 285 UL E2 0 15 H T A BE 1) 8
AR PR L R0 e PR AT I X Al B AR PR AN
T Al A DU AR, B0 T A AR A AR, AR
REARR T 37 0 S e A A

H BT e ARG T A5 56 0 7 ik R g e A0k
ESZ T g 2t 2 91 o 7 I = A P A R 9K T
LAE S5 1] P R HUASAGARE J A  {EL U =X 40 A
WAS I o, S A o . RE Y R A5 22 55
AL SR FLN T % B R TLA M A% H Y

PbE R AT, AUV AR AR i T A
AT L FAL K N, AR S DU 5 A A T 40
A5 25 BRI IARB H A AT 2524 ), 50k A
i TR ORI T H R 2% .

AT ABFFEF 0] M0 2 (540 I 15 26 AR 2 R0 R
25 N FE R UG DU A AL i AL TR R TR
DR AR N . R A T
BRI s AR R R . AR
i, RO AN S A O R A 199 (7] U5 0 3% 1 A 3
RIRE A T BB Fe A8 S it B A8 3] L - 5 35845
I PS4 G, 4 ) i PR T i S DR oA 5 R 2 A IS
SR RO B

B T AL IR KR AN I B, A AR AL
AL 2352 B [ AR FEE 1 506, a0 ) U DO 02K I R i
(1) S I 2 25 s AR A TR L PR A g e A £
J5 55 A 0 A A O e DR N ek L
SR G DU bR 2R (9 20 B TR 2 B AR L Ao
PR BTN Y o R R AR 8 5B R U U4
RS H AR AR L, S S a0 R A i A0 DS
1 45 3 720 9 WG TR 1 R 19 36 15 K 7 A 19



44 R ] R U S AR 5 B S 651

T\ A5 P B A A I 4 25 B T AN
DO R S AR v I Y5 DU A A S g 4 25
P18 T AR SRR AT R 30 7 v A A A AR
RN R, ML e (R 5 K AR AR ZEHL AL
RIS ™ o 54 J5 BORIF 58 T 17 2 40 BF 58 J: A
TN R A S O A P B, 00 DO AR S AR
SRERINDIPNE & ZR7UN = 1L 7) 518 TSI i 7ee ST

4 £t

AHIFFE A5 R W, RROK AR B R 5 R 3 g A
199 [3E FHHER 0. 05~0. 10 g- L™, £ 3 I3K45 T
10 REIHEPUAE IR BR R A T e Rk o 5 A5
AREBEHALE, VOAE PR A B8 2 AR R AR Ak, G Jy 48
JE, AR AR R o figtFAE SR, DA R DR T 40
AR RO, Y R AR E I, R R
PUREAREG TSR 3R a 2R b FILEL I 20 30 B — A%
PRAAT B A I ] 1 A S [ 9 0 A £
FoTAREMBERIR, AR E AR TR T —E
IR S AR A -

Sk

[1] ElSharkawy M A. Cassava biology and physiology [J]. Plant
Molecular Biology, 2004, 56( 4) : 481-501

(2] jefelz, nh&ltk, 2204, hEAE IR ], dEk
“FiEH, 2015, 31( 15) : 63-70

[3] JUA. AREZHARRR S E RE A% (D). EO: e
K2, 2012

[4] Bagheri M, Mansouri H. Effect of induced polyploidy on
somebiochemical parameters in Cannabis sativa 1. [J]. Applied
Biochemistry & Biotechnology, 2015, 175(5) : 2366-237

(5] JEsC, w3}, e, ok sk S 2 kst ]
Bges:4, 2015, 29(7) : 1307-1315

(6] Fpte, Q¥ XIEE. SMAEEMUCER ], 224,
2012, 39(9) : 1639-1654

[7] Sreekumari M T, Jos J S, Nair S G. ‘Sree Harsha’:
triploid hybrid in cassava [J]. Euphytica, 1999, 106( 1) : 1-6

(8] HEME ARELMHIALMFNF T]. hERmR, 1985(5):
20

[9] Zhou HW, Zeng W D, Yan H B. In vitro induction of tetraploids in

a superior

cassavavariety ‘Xinxuan 048 using colchicine [J]. Plant Cell and
Organ Culture, 2017, 128( 3) : 723-729

(10] ki ABEHEIRIFRLHEEFBAN S D], M0 e
K2, 2012

(11] Fedpg, o, SR BOKMZEEFIRAT 5 A A1 5
AR (D], Aol K24, 2013, 32(6) : 8-12

(12] SRR, SILRLT, XBFHT. KM P E RHG @418
e (1], JE24R, 2003, 30(2) : 169-174

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

(22]

[23]

[24]

[25]

[26]

(27]

(28]

[29]

[30]

(31]

JESC ARBEINRE R RS 5B ERT M85 (D], fT
JUPEREE, 2016

FURRA:. A A B LA B R (M. dEBT: o Al R AL
2008

GuoL Q, Xu W T, Zhang Y, Zhang ] F, Wei Z H. Inducing
triploids and tetraploids with high temperatures in Populus sect.
Tacamahaca [J]. Plant Cell Reports, 2017, 36(2) : 313-326

Leus L, Van Laere K, Dewitte A, Van Huylenbroeck J. Flow
cytometry for plant breeding [J]. Acta Horticulturae, 2009, 836
(836) : 221-226

HbvKkiE, JTRER, XILAR, VPR, B SRARAC R T E A
o A5 AT M%E . TR EF, 2018, 16(8) : 2593
-2599

SRUTIR, FRW, LR, THEE, WY, Bk, FUEE. BRH
AR ALk 22 S 0T D] A VR 44k, 2017, 38
(3): 389-394

Mg, DR, XS, W, RRPE. TR AR R A PR A
e [J]. FhF, 2015, 34(5): 13-16

WA, X055, BT, B2, g, B, BobE. Bk
FEPE I R AR SRR 09 AR S 7] A m ARl K25 22 4L
2014, 35(5): 82-87

IO, RZYE. FE DO A AR 2 A0 MR 25 AR X A AR 4
E [J1. Hgist, 2014, 37(5) : 736-740

PR AN SE L B IR ROR SRS IR M i R M (DL )M
Ak, 2016

Wang J, Shi L, Song SY, Tian J, Kang X Y. Tetraploid production
through zygotic chromosome doubling in Populus [J]. Silva Fennica,
2013, 47(2): 1-12

Wk, Ak, EZ25, B, BAYE, Yan Cuijun. F) A
G LR AR T kR B e R AR D] P2,
2014, 37( 6) : 939-942

EHate, FEatHE, mVEN, ZEEE. MEAR MR E AR
Kol (1] 7, 2017, 36(6) : 42-44

Wang L J, Sheng M Y, Wen P C, Du J Y. Morphological,
physiological, cytological and phytochemical studies in diploid and
colchicine induced tetraploid plants of Fagopyrumiataricum ( L.)
[J]. Botanical Studies, 2017, 58(2): 1-12

Xu C P, Huang Z, Liao T, Li Y, Kang X Y. In vitro tetraploid
plants regeneration from leaf explants of multiple genotypes in
Populus [J]. Plant Cell and Organ Culture, 2016, 125( 1) : 1-9
X, BEW, T, e, ARl SRR R A
BP0 BAR2AR, 2017, 31(1) : 51-58
BRIY W e, FEE AR A A 7R 1R, R B R R TR A
Wrl R A 22 57 4 (] s AR B R 2 4, 2017,
37(6): 56-59, 69

Javadian N, Karimzadeh G, Sharifi M, Moieni A, Behmanesh M. In
vitro polyploidy induction: changes in morphology, podophyllotoxin
biosynthesis, and expression of the related genes in Linum album
( Linacead [J]. Planta, 2017, 245(6): 1165-1178

Chen R, Jiang WZ, LiQL, LiX L, Chen XL, Yang Y S, Wu H.
Comparison of seven colchicine—induced tetraploid clones with their

original diploid clones in purple coneflower ( Echinacea purpurea L.)



Journal of Nuclear Agricultural Sciences

652
2019,33( 4) : 0647 ~ 0652
[J]. Euphytica, 2016, 207(2) : 387-399 A b BFE, 2013, 46( 19) : 3978-3987
[32] 2 /K, JUAS, 2B, figlisF, Z50r4s. 1Em 8 S AR K H [33]  skdr, o2, MEER, BT BREMLSGRIES REE 1]
ERIBESFHRAT R EARA RS ED R0 U], dhE A2 E 4, 2017, 31( 1) : 59-65

In Vitro Induction and Identification of Autotetraploid Cassava

ZHOU Huiwen'? XIAO Liang'® ZENG Wendan'? YAN Huabing'"

(' Cash Crops Research Institute, Guangxi Academy of Agricultural Sciences, Nanning, Guangxi 530007;
% Guangxi Crop Genetic Improvement and Biotechnology Key Lab, Nanning, Guangxi 530007)

Abstract: To obtain the tetraploid germplasm resources of cassava new variety, in vitro single-node axillary buds of
cassava (cv. Nanzhi 199) were taken as explants to induced the autotetraploid. The effects of various concentration of
colchicine on the survival rate and variation rate were investigated and the morphological characters, anatomical
characters and chlorophyll content of normal and variant plants were also analyzed. The results showed that the survival
rate of explants decreased with the increase of colchicine concentrations. Concentration range of 0.05~0.1 g+L™" was
suitable for inducing autotetraploid cassava. Identification of ploidy levels by flow cytometry ( FCM) showed that 10
autotetraploid and one chimeras were obtained. Compared to the original diploid plants, the tetraploid plants showed
significantly difference in color, thickness and surface of leaves. Moreover, the tetraploid plants had bigger guard cells
and higher chlorophyll content.

Keywords: Manihot esculenta Grantz, autotetraploid, colchicine, identification



