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1 MR5ERZE

1.1 SEBEMR

JI| 525 %744 (Elymus sibiricus L. cv. ‘Chuancao
No.2’)Fh¥ i U 1| 48 S R B A0 7T Be e fit, AR Kb AL
T VU148 BT SL5EI E va N 20 5 B DU 1 4 B R R 22
FURE T R i S R B A A . RO AR R
20184,

1.2 K

AR T R 5 R s 3 A ik 2 B FH 4844 9 PANIC R 41
(Mann et al., 2012), #fAT-DNAX B W11 His.

1.3 A&

1.3.1 SMEFER
HHUFFRILG . 254 52 38 FORES — 80 )1 325 2 4
ERT, FEFFE. 100 mg- L7 755 % (GAs)E 124
NEF, TEBRE KPR BE3IR, N2 Tween-20, 76 7K i
e LK. REHTS% LBERES50F, LK
IKME3R, 5% NaCIOiZ #88—104341 . & J5 FI .
BRI PE3-51 5 B T8 A L 4 LT
P B T (0 22 15 2 b1 (295 73 RE ) F 4 L 30K 25 b
WAL S g3, 26°CHEE IR, [FINF, Kk Fh
TER T AEARSE R AL, 7R S BY UL A0AR OF U ik
3—4 mmif)/NE; Z130010, £ MA0E)F T I 4H (£
2001m, A0S )EA T 55 Fe & b, 26°CIg K
Fo

A Cosor I puawir » BT oo RIS
B m T Puubit ) pporREP |- zmubit S| & |
c KT o+ ST TN SETN oo SECIN

E1 PANIC6A (A). PANIC6D (B)FIPANICGE (C) T-DNAIX B
LB: T-DNAX Bt 7211 7t; OsActl: /KFgJE8)T; hph/bar: §iiEAric 2, PvUbil: Mk )G 2T pporRFP/GUSPlus: 41875 e/ &l 4
PEE BRI & JE A, ZmUbil: £KJA3T; Cm": E&E R PSR, cedB: HIMEF; RB: T-DNAX B A7 14 7

Figure 1 T-DNA segment of PANIC6A (A), PANIC6D (B) and PANICEE (C)

LB: Left boundary of T-DNA segment; OsActl: Rice promoter; hph/bar: Screening marker genes; PvUbil: Switchgrass promoter;
pporRFP/GUSplus: Red fluorescence/glucuronidase reporter gene; ZmuUbil: Maize promoter; Cm": Chloramphenicol resistant
gene; ccdB: Target gene; RB: Right boundary of T-DNA segment
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JaHEM T AR R, MR, RET3-5RE AR
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1.3.2 EFEMS

JEAR SR AL MSHEFRIE, BEMES0 gL, BART7.5-
7.8 gL, pHIEII H5.9-6.0. STl JEAR I
H+5 mg-L™' 2,4-D+0.15 mg-L™" 6-BA. 4kfLEs L
JEAR: 7 5+3 mg-L™' 2,4-D+0.15 mg-L ™" 6-BA. 41k
Bk BEAREFRHE+0.5 mg-LT 6-BA+2 mg-L™ KT.
AERRIGFRIE: 1/2MS =B IR AL MSHE AR 7 2k +72
o LT . BRI Wik R K (121°C, 15
3.

1.3.3 RITFEHMKL

FH#%:(Mann et al., 2012)¥PANIC6A/6D/6E (1]
1A-C) 53 Al AR AT B EHA105 (AWt 78 it F A&
A B8 0 R o A T B R |l b R B S AR RE TR S
o FRAE ST AT REIE S AE Y o B M HIBVER L), IR
48/ JiE, PRE R T B R AT B 50 mg- LT RIS
ZE M50 mg-LF4EF 1600 pL LBE; =W b, T
28°C. R4 #1200%% FIRE IR HRE B 2914/ o TR A
W2 PHYE S, H200 pLE BRI S50 mg-L" R
M50 mgL " FIAEFHI50 mL LBE: W, T
28°C. £ 47 #1200%% (1) 48 K 4% 22 ODgo=0.4, A5 1N

NZEET FHH(AS) B LU 100 pmol-L™" . 4k 54
Z12/NIFf 2 0Dgoe=0.61F, 851 xg B0 157> B U 4E
o RIS (ARMBERI 4R 7R E)EREEE, &
£2 i ODgo=0.3, Z.Tt T B Z 100 umol-L™"
IR Gy o 1R YA R a0 B0E BRI
F25 BT IR A H LU (L5 FRI0 R ) M. &
M HE 2 Y7 2 B Wang fl1Ge (2005)1) 77 1 I 34T
3, AFpHR g7 R BAR IR

| ARRITHR T %

Table 1 Four Agrobacterium infection methods

Infection methods

Infect Predrying Vacuum Ultrasonic Vacuum
schemes  treatment treatment treatment treatment
(10 min) (10 min) (5 min) (10 min)

1 - + + +

2 - + + -

3 - - + +

4 + + + +

+ RIORPAT; — RRARIAT .
+ means execute; — means not execute.

FIARR e T7 AR G5, 73 K A AL 2R A
AR RRESEE 1008, %5 5 EEIE Ak
A AR RO o R BT AR AR
T TG PR AR b (AN AR B A SR 4 4%
T20 5 G e B mA L), 23°ClERE FR2-3 R . 1EMK
B BE(SZX16, HABMELTAR) PTG R
JEER BRI 5 A I (RFP 226 HUR L 5 9 U-RFL-T,
HABMKE A F), Fuitoet @ b (B mz 20
Kids, EAE3K). GUSHERIES Wang il Gess:
(2005) 1) 77 % (FF MLAEFH 20 KL Gt 5@ 415, EHE3IX), 4t
THGUSHLL %,

PG R A 2R = (i A AL B O ) s B B B i
13%)x100%

GUS B0 Ll = (s A7 T 2 € [V 403 Bl B b e £
B i%0)=x100%

1.3.4 EFEeFEK

1.34.1 BHGEZHEEZIITLE

DI EE25 2122 4 fE 5 4925K . 35K [ {241
AR o P 45 P B0 FLBR A — S50 R 1 s A 4 41
BT LHEE IR, HS PR, BA&H. 22
AR (1) "B, KEEmEBERE
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B FR6/NET; (2) JRACTE, B (E2)E T BEAR b
TR AL 2/, JEARAE 2 0T B T ik SR e 5
FMWOR R, FPirifilm £ (PM-96, 3% F Bemis /A )
H0O.

1.3.4.2 BE¥FIRAL

P #2:# PANICBA (E1A)FIPANICED (K1B)H
Fh kL (Mann et al., 2012)# (L DH5a K AT B . iR
FIE(MI13101M, STYYLEY) 8 =] ) SR EUR KL, 235
R S R K ARG S5, P R A IR WAL A T 5T R DNA )
RS, 38 T —20°CUKAH R {RA7 & .

1.3.4.3 EBEWEHKTTE
FiBio-Rad A 7] PDS-1000He B #: (K i Z i, I F
FMRFNT5 7% #5(2002) 1 vk . BARE RGN Ykl
BAR(EH); L5 29K FHDNA S 6L HE A3 48 7 (DNA
VEWORFE 91 pgrul™!, Fi2.5 mol-L™" CaCl, (546 45)
0.1 mol-L™" C;Hz,CL3N3 CIEKE FEWETTIER). FEIK
%16 pL (500 pgf#Ek A Ll 120.83 ug DNA), itk
71:87.58%10° Pa (1 100 psi), % N9 cm, 4
M@ 1R BE T 12/ 5 1 @G H R 75 3|
GARREFRIE PR R, TR T T 9ok
BRER AU S F 18, Geit 28 ' 4 b 3R (4 L 422 M 20 %:
o, ER3R).

WG AT B R = AT 408 0 % 1 A A B B R
15i%0)%x100%

2 ZR5Te

21 FREMEGRGHSRUR LA
2207 (K2A). HR(EI2B). T~ AkA(EI2C) 2

FEIS €SS PN R TR IREHAARET 65

(KI2D) % S @ 41 235 oK Bk, 4R, S5
Bifs; BRARGE SR 2 A Es, HRIMEEE S
WA IRTE B . SR (EI2E) 25 i A B, A
AR AT, P ISR B i A, 5 R
o AR SN 1A 5 5t A P FH I KRN S e 3 %
S (EI3). HELER A ) K (£952°K), NG, ZEA
FFIR s SRR B ) A (2923 K) . 4B 7%
SRR E(E0%), T RAZERZ, TR
FEBK(A25%). LA HERNK, BO7% RN
PitRAS, R\BEIMERRAE, &R e H %S

.
P
Ko

22 B2 =R AEHERRENL
WAL R, AR AT BE 24kt 2R R /N
(E4A-F). 2hRE A 1E A 55 37 FE 4R AR 30K J5 iR 47
th, S AERTF25K, W&k SR F L
115K . SR FR T AME RS S 10 845 TV 3R 19 AR
(F4G—K), R ZE. T IHhtE) R I E8 L AR R (3
PEARFIH)o 75— E I VR N, 2R 2 4 2R il F
AL ARSI 3G 0, K AR B T o R 5 4
30K HBLEE, MR N30%; 50K JG ghE o A
FEHEAN, K1 (£163%) (EI4L).

23 RFEERPE

PRtk )11 525 2 1 2 AR T I A R BV T, R
AR R G5 SR (GRA)AT R AT BAR G . 45 RRY,
GUSH- a5 2 [ (EI5A, B), RFPZE AL 3 4
I F) 215 e S (EI5C, D). FARKT B E 112 44
B, GUSHL LS R ERE(KISE, F), REPZOLMI
PRI B 21 05 5 i (EI15G, H). PS5 R,
FIAC KT T B AR e &l RE AN AR AT 18 1R S 4 A 4

B2 AFSMEAE S 5 230K 1) B HIE

(A)-(E) 7R A T-(RAIE). MR TR, ZMAES L&, Bars=50 ym

Figure 2 Micrographs of calli from different explants (30 d)

(A)—(E) Callus induced by seeds (mature embryo), roots, hypocotyl, stem and inflorescence, respectively. Bars=50 um
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&35 (P<0.05).

Figure 3 Callus induction time and induction rate of differ-
ent explants in Elymus sibiricus cv. ‘Chuancao No.2’

The error bars indicate standard error (SE), the sample size
was 60. Different lowercase letters indicate significant differ-
ences (P<0.05).

PR RESRAT FRPE A o
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2 LT, ZETREFE TR, FoRBT i,
PR E A L2 H20% . W T 525K (1 4h A A
15, ZIAMTSAbFE, o092 5 58 3R il M 5% £
AEFG(BIGE, F), % f53-6K %L @ h i 4 ke
gesin, &b JE6-8 KW MM H /A LA, &
T8 RJGHUE B, Bl TR, »Ot@biE s
L2 M40% . T 75 T35 R M4hFR @, SIeaiT 15
ACER, o % o S A8 20K W8 B 41 65 5% e (K6 G,
H), Ziia2-6RK%NEGE DR ETEs, K
TRIGTFE TR, BIEEoREaTRe, %ob@E it
21°820% (KI7). 25 B3R, fEH B &4 — B mEN

-

N DO ®O

=l «lelNeNeNe)
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=
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efficiency (%)

30 40 50 60
Time (d)

B4 525 &1 3 B AR R ST S SRR A A5 40 A R R BB 4k AR 18] i AR 1k

(A) BB T @55 IR, (B) 40AHA S35 RS HI@AT; (C) Bk B(B)h 4 B i p i 0 B T 4L R 15K, (D) A
OC)EGE T R EEL35K; (E) (D)4 tale iy @ 5 L, (F) BD)H oLt B TAHERREFRILLA30K; (G) FhrEfi+
W SR, (H) M 335 KRG ME; (1) Bk BEI(H)H 250 80 R @40 B T R EE15K, 3) B &G E T 1bhs
FRIELII5K; (K) BQ)FaBHEN AL EME; (L) ARBFEAER R TGS G MR R E L NRER, FEAKE N30, &
/N5 B R 22 7 5. (P<0.05)). (D), (F), (G), (3) Bars=2 cm; (A)~(C), (E), (H), (I), (K) Bars=1 cm

Figure 4 The process diagram of tissue culture and regeneration system and the plot of callus differentiation efficiency of
Elymus sibiricus cv. ‘Chuancao No.2’ with subculture time

(A) Inflorescence of ‘Chuancao No.2’ placed in callus induction medium; (B) Callus induced by inflorescence of ‘Chuancao No.2’
for 35 d; (C) The callus with dense and hard structure in figure (B) was selected and placed in medium for 15 d; (D) Callus in
figure (C) cultured in differentiation medium for 35 d; (E) The micrograph of callus in red frame in figure (D); (F) Differentiated
seedlings in figure (D) placed in rooting medium for 30 d; (G) Seeds placed in callus induction medium; (H) Callus induced by
seeds for 35 d; (I) The callus with dense and hard structure in figure (H) was selected and placed in subculture medium for 15 d;
(J) Callus in figure (1) cultured in differentiation medium for 35 d; (K) The micrograph of callus in red frame in figure (J); (L) The
differentiation efficiency of callus induced by inflorescence at different time periods (The error line is the standard error, and the
sample size is 30; Different lowercase letters indicate significant differences at P<0.05). Bars in (D), (F), (G), (J)=2 cm; Bars in
(A)~(C). (E), (H), (), (K)=1 cm
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BE5 YRR EIR G H25 2 4R SR A
(A), (B) KATHE R GAFEEIGUS RO RTJE K 5 (C), (D) KA HIR AL EIRFPIO T MM B (B), (F) ARATH R
Qe4 R GUSHLHT G BT (G), (H) AT B ELE R A RSRFP T 15 MG % B /. Bars=50 pym

Figure 5 Callus of inflorescence and inflorescence infected by Agrobacterium tumefaciens in Elymus sibiricus cv. ‘Chuancao
No.2’

(A), (B) Callus induced by inflorescence before and after GUS staining after Agrobacterium infection; (C), (D) The bright and dark
field images of RFP fluorescence after Agrobacterium infection of callus induced by inflorescence; (E), (F) The images before
and after GUS staining directly after Agrobacterium infection with inflorescence; (G), (H) The bright and dark field images of RFP
fluorescence after Agrobacterium infection of inflorescence, respectively. Bars=50 pm

BE6 NS (AN TRAL B 7 3R i 4l R A 2 R A o U5 K9 B IR
(A), (B) 25 R 44 (CRI#EATZZT); (C), (D) 25 R4 AN H M i 4L, (E), (F) 25 R4 FEE AT TR B2/ (G), (H) 35K
HIARE A YRR T IRAC T2/ o Bk s SRSk @ fli . Bars=20 pm

Figure 6 Fluorescence micrographs of inflorescence callus after bombardment with different induction time and pretreatment
methods

(A), (B) Callus of inflorescence on 25 d (no bombardment); (C), (D) Conventional hyperosmotic treatment of inflorescence callus
at 25 d; (E), (F) Inflorescence callus filter paper dried for 2 h on 25 d; (G), (H) Inflorescence callus filter paper dried for 2 h on 35
d. Arrows indicate the positive transgenic calli. Bars =20 ym
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—— 25 d callus dried with filter paper for 2 h

80 4 —=— Hyperosmotic 2 h for callus at 25 days
35 d callus dried with filter paper for 2 h
60 -

40

20 A

o L d,
2

1

Percentage of fluorescent callus (%)

S S
) M_E/L& I3
J/J. 1

4 5 6 7 8 9 10
Time (d)

7 RS R POEE 0 E 2 EUBE RS R AR a5
WL NIRRT, HAR R N30, 25 R4NFUEHIELT 152
NI DOET HAR  B 2 e T B2 A B 5 (7 P<0.05, **
P<0.01, *** P<0.001),

Figure 7 The trend of percentage of fluorescent callus after
gene gun bombardment with continuous observation time
The error line is the standard error, and the sample size is 30.
The fluorescence callus ratio of the 25-day inflorescence
callus after 2 h drying on filter paper was significantly higher
than that of the other two treatments (* P<0.05, ** P<0.01, ***
P<0.001).

T, DEART IR AL B L 0 R i AR B O 7 B
e X T 2A AL BT 5, i JE AR — I (B
(1=10K ) H 5% e 5 A Lb = (10 i ke 55 359 D S 3 )i ik
IR RAETRE, Eidia2-4 RIS RIZ G5,
Kl Ja 67 RV A L AR IL B i, 7-8K A 2
Siads, IRV L REEATEE . 25 R4
TS L% I 8] 159 6 8495 BL A 8 T35 K ) 4 A
th, RUEEAI BIRE R R 2 A F AL R I R
RERZ—, HaMahE @R E .

25 tig

AHECXCF- AR, BT A A A e A E 7/ ke
W (B, 2019). ARAEHICH 45 75 A= I 4 (Vasil,
1994) 2 IRl B Ak R EERF K. ik
JEZE(2006) H 11 5225 22 72 22 Tl 1 (A IR ) 5 5 HH
iFE LR AR R . AT T BB )1 #2252
TEE LIS TR T (IR ) 5 T s, LR A
g LIR BB ™ E, DAZ R B A 34T 0 A s
55, YIS RE R AR R B A AR B L 4 i (B 4Y) . HEN
S 5 AN R BT TR Rl ) i R BUAN [ S

CUE W TR BH, DR B e 4 A o 6 T o A6 g
AR & 2 —(Cheng et al., 2004). KA R &
B A AR I8 2 5 R S AL R, AR
RFE—AEK A (Wang and Ge, 2006; Li et al.,
2006). Wk H AR B RG] ReJE T AN ) 2
R, BRI AR A FT R HH AR (R R - 1 5 R AN [F)
RIS, XA P 2 AR A AR R AR E I 2 R
HZ—

ik # (2009) 0 5T K B, AS[FIZH L8 B R IR & 45
Foor e ae ) A 2 R AT B AR G e JI AN [E] o 1A 10
X B2 21 KBS R IRA . )2 F0
SRR SR A A AT LA, R IR 3 G AR R 1)
WAL Ak, SR B ] ik63%, X5 E
F(014) 4 R —5, 5T AR R A
TP B g S A R P AR R AR A B AR ) A0 R A A S A
B3 (EF5 S, 2004; HEFE, 2011; AL,
2018). Kk, 5k @At bt, LA i) i
HEWE NI R, B2 5 @S2 T AR s e 1%
AR Z . ARSEEGIE RN, E5 2 SR i oA ae
B A6 5 AR AR TR A HERS T R (45 R R aR). DR
Ak Sk R, £330 AT LAk AR EE H o s A
R SRR R e B T B AL R OB ER T

B I R ) AS & AR FE 1R 1R 2R 1 3 (de Cleene
and de Ley, 1976), KGR | RF EE R KT
XY . BAT, RTHHEYE S
P2, BAR AT DASE AR AT B 0T 3 L8 R AR 4 1) 38
FEIEAN, (R BEAS 15 4% 4 8 1) 3 S 5 BE AR B LK T [
AR B — R SRl . AR )1 525 4 fl
BT AT AR R AN BE R R A, 25 SRR, R
N B 25 G @ v Lar b, (R BERAR AT B R
J(KI5A-D). B HE A SG rh, AT FE R HUH B
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Establishment of Biolistic Mediated Transformation
System for Elymus sibiricus
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Abstract Elymus sibiricus cv. ‘Chuancao No.2’ is the main cultivated grass species for desertification control and con-
struction of high-yield and high-quality pasture in northwest Sichuan Plateau. In this study, we tested five explants of E.
sibiricus cv. ‘Chuancao No.2’ for callus induction, and found that only inflorescence calli were able to differentiate and
regenerate. The calli of inflorescence with dense and hard structure cultured for 25 d and 35 d were used for Agrobacte-
rium and biolistic mediated transformation respectively. The results showed that only biolistic-mediated transformation
could produce positive transgenic calli of ‘Chuancao No.2'. In the process of biolistic-mediated transformation, the calli
was pretreated in two ways: hyperosmotic culture and filter paper drying. The results revealed that the transformation
efficiency of filter paper drying was higher than that of hyperosmotic treatment. For the inflorescence callus after 25 d
induction, the transformation efficiency under the condition of 2 h drying of filter paper was highest which reached about
40%. In short, we applied the biolistic technology in ‘Chuancao No.2’ for the first time and successfully obtained the posi-
tive transgenic inflorescence calli. This work will lead to establishment of the robust transformation system for E. sibiricus
in future.

Key words Elymus sibiricus cv. ‘Chuancao No.2’, inflorescence, Agrobacterium infection, biolistic mediated transfor-
mation, callus treatment
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