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Tab. 1 Components of the medium

cultivate period

medium name

Medium composition

(M5 IxMS  ( ) 2 pmol » L™' CuSO, 2% 0. 8%
pH5. 8
(CAM) IxMS ( ) 2 pmol + L' CuSO, 10 mg L ' 6-
BA 2% 0.8% pH5.8
(c IxMS ( ) 2 wmol * L™ CuSO, picloram/2 4-D
2% 0.8% pHS5.8
o1 -!
FEC (cD) 1xGD  ( ) 12mg-L 2% 0.3%
pH5. 8
(SH) 1 x SH IxMS ( ) 12 mg * L' picloram
6% pH5. 8
1xGD  ( ) 2mgeL " 2%
GD +H + Gy 05 815mgeL "' 500 mg* L' 0.3%
pH5. 8
o7 -l
(MSN) IxMS  ( ) 1mge L' NAA 2% 0.8%
pHS. 8
. -1 . g
(con) 1xMS  ( ) 2 pmol * L™ CuSO, 0.4 mg+L™"6
BA 2% 0.8% pHS5.8
1.3 1~2 75% 30 s
2 3% NaClO 15 min 3~4
MS o 28 C 6~8
2 500 Ix 16 h 28 C.
1.4 S 6 ~8
1~2
CAM 28 C 2~44d (
) 24D(123456mge-L ") picloram(8
10 12 13 mg+L™") CIM 12 ~ 15 28 C o 2
( = / x 100)
CIM 2-~3 1 3~4
1.5 picloram ( TMS60444 SC6
SC8 SC124 ARG7) picloram 810 12 13mg-L™" CIM
14 d o
1.6 (FEC) 12 13 mg * L' picloram  GD
( FEC) 28 C 2-~3
picloram FEC o
( NFEC) ( FEC) NFEC FEC picloram
(12mg-L7") GD 28 C 16 h 2-~3 1 NFEC
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NFEC o o
1.7 FEC MSN 28 C 16 h+d o 1~2 MSN
CEM 2~3 1
o MS 28 °C 16 h o
1.8 gus o 50 mg * L'
50 mg « L7 LB pCAMBIA1301-gus 28 C
2d LB 12 h SH
ODg, =0.1 0.2 0.4 0.8 3 28 °C 100 r * min "'
15 30 45 min SH FEC
28 C 16 h 2d FEC GD 2d 5mge L'
GD 1 1 8mg*L ™' I5mg+L"" GD
1.9 15 mg* L™ FEC MSN
CEM o
3~5cm CBM o
1.10 gus : 20d  FEC .
GUS 37 C o 70%
65 C o PCR
CTAB DNA Hip¥/R( )
PCR 194 C 3 min;94 C 30s 58 °C30s 72 °C 30 s 30 ;72 °C 8 min. PCR 1%
2
2.1 2 4D l~6mg+L '24D CIM
( 1, 24D 2mg+L”'CIM
70.8% 24D CIM
o 2mg+L7"'24D 2
2.2 picloram picloram (8 ~13 mg * L")
picloram o 2mg-L 83.3%
; 12mg-L '
13 mg * L™ picloram 80.3% 12mg-L"' o
2 picloram
2) picloram 12~13mg+L"" ( 2),
2.3 2 5
picloram 2mg+L™" 5
picloram 12 mg * L.~ ; TMS60444 picloram
12mg+ L™ 89.2% SC8  83.3%
80%( 3). TMS60444

SC8 o
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2 24D picloram
Tab.2 somatic embryogenesis induction in CIM medium under the different concentrations of picloram and 2 4-D

/( mgeL ™)

Treatment concentrations Number of number of Number /% /%
. Embryo rate  callus rate
number 24-D picloram explants Somatic embryo of callus
A 1 - 24 11 20 45.8 83.3
B 2 - 24 17 22 70.8 91.6
D 3 - 24 13 18 54.2 75.0
E 4 - 24 10 22 41.6 91.6
F 5 - 24 13 20 54.1 83.3
G 6 - 24 11 22 50.0 91.6
Cc8 - 8 24 14 24 58.3 100
C10 - 10 29 18 25 62.1 86.2
C12 - 12 36 30 34 83.3 94.4
C13 - 13 36 29 34 80.5 94.4
3 picloram (%)

Tab.3 somatic embryo rate( %) in CIM medium supplemented with the different concentrations of picloram

varieties of cassava

/(mg e+ L ') concentrations

TMS60444 SC6 SC8 SC124 Arg7
8 71.0 60.3 67.8 59.4 63.1
10 76.3 65.7 73.6 71.9 73.5
12 89.2 79.3 83.3 81.3 80.2
13 84.6 72.1 80.5 78.1 76.5
2.4 picloram FEC 12 13 mg* L'
picloram o
picloram 12 mg « L' picloram 13 mg = L™'  ( 3)
12mg+L™" picloram o
FEC 12 mg * L' picloram
13 mg * L' picloram 12 13 mg * L' picloram  GD 2-~3 1
o 2~3 : picloram 13 mg* L™'  GD

; picloram 12 mg * ™' GD
FEC GD N N 5~6

4 . P *

o 2 IRV IE picloram X 41N IE 05 5 11 50

K1 AR 2,4-D

Fig.1 somatic embryo growth in CIM medium supple- Fig.2 somatic embryo growth in CIM medium supplemented
mented with different concentrations of 24-D With different concentrations of picloram

A. 1 mg-L";B. 2 mg-L"; C. 3 mg-L';D. 4 mg-L7; A.8mg-L; B. 10 mg-L; C. 12 mg-L' D.13mg-L™"

E.5mg:L';F.6mgL'
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& 3 AS[RIHE ) picloram X g 2R 41 AR VR Y 75 5155
Fig. 3 mature somatic embryo growth in CIM medium under
the different concentrations of picloram

A. 12 mg-L'"; B. 13 mg-L!

¥l 4 12 mg-L" picloram i 5 2 FEC (2B KK
Fig4 mature FEC growth under 12 mg-L" Picloram

2.5 FEC ( pCAMBIA1301gus)
GD +H5 +Cy 7 d FEC : ODyo = 0.1 0.2
3 FEC OD¢y, = 0.1 FEC ODgy, =0.2
FEC ; 0.8 0.4 0.2 0.1
OD¢y, =0.4 3 FEC
15 min
30 min FEC
FEC ;
0Dy, =0.8 3 FEC ~ 30min
FEC ( 5)
FEC 45 min
D ., =0.4
0Dy =0 Pl 5 AN [ v 135 T 0 LA [ 42 e B 1) 149 FEC A=
30 min. KAE L
2.6 0.1,0.2,0.4,0.8 R WK ODgyp fE;15 ,30 ,45 min
IR A= YL ) [a]
FEC MSN 20d Fig.5 Phenotype of FEC Under the different bacteria liquid
CEM concentration and the different infection time
FEC 0.1,0.2,0.4,0.8 indicate agrobacterium ODgy value;
15,30,45 min indicate infection time
MSN o 30 d
CEM CEM 4 N
MS 6~8 8 cm ( 6) .
2.7 GUS 20 d FEC MSN
N GUS o
FEC FEC ( 7 A);
GUS ( 7B) ; 43
( 7¢ D)
2.8 PCR N 43 DNA
HipF/R DNA o
7 400 bp
16.27% ( 8)

FEC
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K6 AE i i A
ARBHE N Bl BCEF 19 25 B G MCFTE CIM 5557 0k 13 S 7 AR AR 4 i IR s DR 5 5 2 J s = A
V4 P 240 LIS, B TGS R 5 e e P 5 21 21 (FEC); G 1R 3 FEC; H:FEC % 4 J 34 15 Jr I 0 1 B
785 I MSN+ Cos + Hys BiJ8 2 B S 7 IR 77 A2 5T WBUBE T /9 7 M IR K:CEM K 77 B BAE K1
R 5 LAl T2F 1 7 I s M:CEM. 55 97 4 1 155 B B 5 AR (KB 15 N:MIS 35 73 ik | 2 G pE A
Fig.6  The flow chart of cassava genetic transformation

A :cassava plantlet. B: Swollen axillary bud on CAM.; C: axillary bud on CIM D: Immature somatic em-
bryos (indicated by arrows) growing on a bed of NEFC on CIM. E:Mature somatic embryos on CIM. F:
Cluster of FEC on GD appropriate for Agrobacterium inoculation. G:FEC for Agrobacterium inoculation.
H:FEC following cocultivation spread onto mesh on GD + C,5 [.J:Developing embryo/cotyledon (indicat-
ed by arrow) on MSN + C,5 + Hjs K:Developing embryo/cotyledon transferred to CEM. L M: Appearance
of immature shoots following several weeks on CEM. N:In vitro transgenic cassava plantlet

ML

| }l\: y 7 Z s
x4 I o)L .p

&7 L BRI R bR 2R o B A GUS B
A WO BB AR ;. CoF bR DL 2
Fig. 7 GUS staining of FEC and regenerate transplants
A: FEC; B: leaves from Transplants; C: cotyledons; D: bud

500 bp

8 LI AR PCR Kl
1:2 000maker; 2,3 AFIL R tE; 4,5 5 LRI, 6:H,0
Fig.8 Detection of transgenic cassava via PCR
1:2 000maker;2,3 :No transgenic plants ; 4,5 :transgenic plants; 6:H,0
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o 2 4D  picloram 2
Picloram 12 mg+ L'
83.3% Picloram 13mgeL"" 80.5 %
’ . 24D6 70. 8% 2 4D 2
mg L' ’ 4 mgeL"' N
o 2 picloram 12 ~13
mg * L~ o picloram 4
5 5 picloram 12mg-L"
picloram 12 mg « L' o TMS60444
89.2% (3 ) FEC  SC8 6
FEC TMS60444
18 o o
19 .
0 FEC
FEC . © 0Dy, =0.1 0.8 3
FEC 0D, =0.1 FEC 0D, =0.8
FEC o 0D, =0.1 FEC
0Dy, =0.8 FEC
. 12 0D, =0.4 30 min  FEC .
500 mg « L' .
TMS60444 FEC 0D, =0. 4 30 min
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The Optimization System for Agrobacterium-mediated
Genetic Transformation of Cassava

LIAO Hualan LI XiuQiong LI Ke LI BoLing XIONG XI
SU Tong LI ChunXia CHEN YinHua LUO LiJun

( The Agricultural College of Hainan University/ Hainan Key Laboratory for Sustainable Utilization of Tropical Bioresources

Hainan University Haikou Hainan 570228 China)

Abstract: Cassava axillary buds was used as explants by adding different concentrations of 2 4-D and picloram to
explore the best hormone condition for inducing somatic embryos and FEC; Using optimized regeneration system
studying the infection concentrationinfection time of of Agrobacterium and the Screening concentration of hygromy—
cin. The results show that: 12 mg * L™" picloram is the best hormone concentration to induction somatic embryo
and FEC; the optimal conditions for the conversion efficiency of FEC and the plant regeneration is 0Dy, =0.4 of
Agrobacterium and 30min infection time By increasing the concentration of hygromycin (0 5 8 15 mg * L ') se—
lection is more advantageous to plant regeneration. The results of the study have optimized the existing cassava ge—
netic transformation system which provides a platform for cassava genetic engineering breeding.

Keywords: cassava; tissue organ culture; reporter gene; genetic transformation; molecular characterization



