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The Application of Callus Induction and Agrobacterium-Mediated
Transformation Technology of Brachypodium distachyon in the
Undergraduate Experimental Course

Liu Yiran, Sun Xiaofei, Men Shuzhen*

(Department of Plant Biology and Ecology, College of Life Sciences, Nankai University, Tianjin 300071, China)

Abstract The technology of embryogenic callus induction and regeneration plays an important role in
plant breeding and selection of improved variety. However, undergraduate experimental courses lack the relevant
content. In this project, we choose model monocot plant Brachypodium distachyon as experimental material, and
integrated phenotype observation of Brachypodium distachyon, callus induction and redifferentiation, and Agrobac-
terium-mediated transformation into one project. We did practice in detail, and then designed a series of suitable
experimental procedures for undergraduate courses. This experiment included technologies of callus induction and
genetic transformation, and was designed to ensure attending students to get positive results, improving their experi-
mental skills, and broaden their knowledge. We furthermore provided valuable suggestions for the popularization of
this project in undergraduate experimental course.
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%1 MSB3+Cu0.63E 5 EE
Table 1 Medium component of MSB3+Cu0.6

Higrdk 153 B S pH
Medium Moieties and pH
MSB3+Cu0.6 Macroelement 10 mL, microelement 1 mL, ferric salts 1 mL, 2,4-D 250 pL, CuSO,4 60 pL sucrose 3 g,
(100 mL) regulate pH to 5.8 by KOH, add 0.8 g agar, add 1 mL M5 after high temperature setrilization
2 LBEFRERT
Table 2 Medium component of LB
Fr gk By BL K pH
Medium Moieties and pH
LB liquid medium (100 mL) Yeast extract 0.5 g, NaCl 1 g, peptone 1 g, regulate pH to 7.0 by NaOH
LB solid medium (100 mL) Add 1.5 g agar in LB liquid medium
%3 MSB+AS4SHEFEE
Table 3 Medium component of MSB+AS45
I dk Hegy Eh e pH
Medium Moieties and pH
MSB+AS45 Macroelement 10 mL, microelement 1 mL, ferric salts 1 mL, sucrose 1 g, mannitol 1 g, regulate pH

(100 mL)

to 5.5 by KOH, store at 4 °C after high temperature setrilization, add AS 150 pL when use




XEHEE: RN @A N T SR T IR A BORAEAR SR e v 1255

FTWEE, K& 154 SR (058 6 B A IRk
34 MAGEEANTHFERBE

¥ LB 9R2 dJG 1 & 07 41 2L B BIMSB3+
Cu0.6+H40+T225 [ 44 ¥ifi 1% 5% % KE(3E5) b, 25 °C.
WG A R AT DU A R I e . AR
I 3 B 204N 2 A 1 R PR A A1 2L T k2
J&l J5 Bk 3 I8 A7 05 W L R B
MSB3+Cu0.6+H30+T2250fi i K5 #25E(3K6) I, 25 °C.
WA PR T2 AR FREE IR E 20 A
M T2 . ARG, PR A7 i IR P i 41

YIRS 1) 97 (IMSR26+H20+T225 77 1% 55 7% HE (£ 7)
1,25 °C, 16 WCHSAT PR FR2 M. AR IR AR
JCE20 fe A (R E A A2 . Aedk e 6 i, 1 X
FHAE BB R M A 2V 2 TR
MSR63+Ch7+T112 7 A= 5 FRHE(FR8) 1, 25 °C. 16 h
IS MR FR2 M.

4 RIGHER
4.1 —FEEWERIAIR
TH A S VA G R S A R, T A R R

4 MSB3+AS6015 7R E AL /7
Table 4 Medium component of MSB3+AS60

iRt Ry LA K pH
Medium Moieties and pH
MSB3+AS60 Macroelement 10 mL, microelement 1 mL, ferric salts 1 mL, 2,4-D 250 pL, sucrose 3 g, regulate pH
(100 mL) to 5.8 by KOH , add 0.8 agar, add 1 mL M5 and 200 uL AS after high temperature setrilization
%5 MSB3+Cu0.6+H40+T22515 5 KL
Table S Medium component of MSB3+Cu0.6+H40+T225
EE 53 BL S pH
Medium Moieties and pH
Macroelement 10 mL, microelement 1 mL, ferric salts 1 mL, 2,4-D 250 pL, sucrose 3 g, 60 uL
MSB3+Cu0.6+H40+T225 . ) .
(100 mL) CuSOs, regulate pH to 5.8 by KOH , add 0.8 agar, add 1 mL M5, 80 uL Hyggromycin B, Timentin
m
70 uL after high temperature setrilization
36 MSB3+Cu0.6+H30+T22515 55 & /5
Table 6 Medium component of MSB3+Cu0.6+H30+T225
EE Ji§%53 LA JepH
Medium Moieties and pH
Macroelement 10 mL, microelement 1 mL, ferric salts 1 mL, 2,4-D 250 pL, sucrose 3 g, 60 pL
MSB3+Cu0.6+H40+T225 . . .
(100 mL) CuSO;, regulate pH to 5.8 by KOH, add 0.8 agar, add 1 mL M5, 60 pL Hyggromycin B, Timentin
m
70 uL after high temperature setrilization
&7 MSR26+H20+T22535 5 £ F 75
Table 7 Medium component of MSR26+H20+T225
IR dk 5y LA S pH
Medium Moieties and pH
Macroelement 10 mL, microelement 1 mL, ferric salts 1 mL, sucrose 3 g, regulate pH to 5.8 by KOH, add
MSR26+H20+T225 - _— . . . .
(100 mL) 0.8 agar, add 200 pL kinetin, 1 mL M5 vitamin, 40 pL Hyggromycin B, 70 pL Timentin after high
m
temperature setrilization
%8 MSR63+Ch7+T11285 57 & /5
Table 8 Medium component of MSR63+Ch7+T112
Higrdk 5 EAKpH
Medium Moieties and pH
Macroelement 4 mL, microelement 4 mL, ferric salts 1 mL, sucrose 1 g, regulate pH to 5.8 by KOH,
MSR63+Ch7+T112 L . . . e
(100 mL) add 0.8 agar, add 1 mL BS5 vitamin, 35 pL Timentin after high temperature setrilization
m

10 mL solid medium per test tube with the 45 angle slant, store at 4 °C
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Fig.1 Each development stage of Brachypodium distachyon
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Arrows are showing the suitable embryo of experiment. Scale bar=1 mm.
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Fig.2 Immature embryos of Brachypodium distachyon
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A: TRRETREL AR BGIIE, B JU=0.05 mm; B: A BRIEEMSB3+Cu0. 61 14 B R P B 72 dIF, b =1 mm; C: 55975 I, A5 U=1 mm; D: K%
10 dif, % 8=0.5 mm; E: 75720 ditf, b5 /=1 mm; F: &I #1240 @i 2148, F5X=0.5 mm.
A: immature embryos of Brachypodium distachyon, scale bar=0.05 mm; B: two days immature embryos after culture in MSB3+Cu0.6 solid medium,

scale bar=1 mm; C: five days immature embryos after culture in MSB3+Cu0.6 solid medium, scale bar=1 mm; D: ten days immature embryos after culture

in MSB3+Cu0.6 solid medium, scale bar=0.5 mm; E: twenty days immature embryos after culture in MSB3+Cu0.6 solid medium, scale bar=1 mm; F:

callus for Agrobacterium-mediated transformation, scale bar=0.5 mm.
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Fig.3 The induction of Brachypodium distachyon embryogenic callus
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A C: I IE R PUME R AL W 3% P %S, By D: 7R R 0dEs PRSP 2 GFPZOt. #2R=1 mm,
A,C: bright microscopy observation of callus after transformation; B,D: green fluorescent protein observation of callus after transformation under the

microscope. Scale bars=1 mm.

El4 tmAELAGFPR R
Fig.4 Green fluorescent protein observation of transformed callus

(A) (B)

(©) D)

A: IEPE TSR A, b5 =1 mm; B: JRVEEHIUC I AL, A5 =1 mm; C: FRAR MR RS B AR FRIE AR, AR =

1 cm; D: A E AR AR R AR R, R N=1 cm.

A: embryonic callus start to generate seeding, scale bar=1 mm; B: embryonic callus generate the regeneration seeding, scale bar=1 mm; C: regeneration plant

transfor to rooting medium and generate the root, scale bar=1 cm; D: the normal growth of regeneration Brachypodium distachyon in soil, scale bar=1 cm.
E5 PRERmAReEE

Fig.5 Regeneration of embryonic callus
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