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KRITHE (Agrobacterium) 4y S W ¥ b 1 (Agrobacte-
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trium patens) T WEHALRT X AT KA A5 1L
LB TR B AN 53 BT R T BE L /N 5780 8 1R B S A
Yk &l F AR A . Ishizaki % R AT
A A B AT IR I (GUS) RN 25 R (Hy-
gromycin) Fr it ) 2 & 7% b 2] H £ (Marchantia
polymorpha) v,y & FEAE Wy B st 4% 6 4k Jr s LA
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1.1.1 X% . Hkf e

W B AT = R AF, B 40 DNA Rl RNA
PPOH & A EHEAYHER O HRAA .,
175 & . 3k 4 (Cephalosporins) . & #F B AGL1 &%
YA AS H0a [ 5 B A A P R R A
Al A 58 AR pCAMBIAL305. 2 1 [ K 7 B 3
YRR
1.1.2 ki

KNOP # 3% 3 KH,PO, 250 mg/L. KCI 250
mg/L.MgSO, « 7TH,O 250 mg/L. Ca (NO,), -
4H,0O 1 000 mg/L #1 FeSO, « 7H,0 12. 5 mg/L,
pH fH>4 5. 8. YEP X% 3% 5L . B HUBE 2 (1 R (Tryp-
tone) 10 g, W IbLEN 5 g, BE R K 10 g BUIEM 15 g,
K1 LAY pH M 5.8, IE IR 4 KNOP £
FRIETIA 2% B9 BREME A 100 pmol/L B9 AS, i
Bk F KNOP B2 B in A 15 mg/L & &K .
1.2 FHikE
1.2.1 BAZSNEFOHA LR

BB W R R 0.5.10,15,20.25 mg/L, #

Ry 1 AR R AR R A T R R B P AT R AR, T 22 °C
TER = R G5, AW E 3 N EE MW
BRI,

1.2.2 RAFEERGH &

W Bk pCAMBIA1305. 2 38 i 5 Bl vk s 1k =4
FFR AGLY Btk , F 28 CES A RIRE £ [ Kana-
mycin (Kan),50 mg/L]# YEP 3533 557, 345
BHIEN LT, 23 NRITE WS E S A
Kan (50 mg/L) #F4EF (10 mg/L) A YEP £ 37 3
FL7E 28 °C . 120 r/min 835 F 538 2 d.

1.2.3  SMAEMR O TRIE R

TE 50 mL LW ELEPHEA 0.5 g WBMAET
P AR R AL ZU R 15 mL TG B K . 349 5 o6 H 38
k. M 100 e 20 M G55 4 35 5 Ak ) 20 210 08 S 4
7 KNOP B35 L I fE 22 CHEHBAR = P35,
Rig® 4 JH G f 5 3R gL 2UE B 4 SR L IR 100 pm
A T L R, KR Y B A A E T
KNOP g FE i, WG SR e (AR E R o,
1.2.3.4 d,

1.2.4 RAFBHEROD L. RAFBEFMWE AS KE
Ao g AR Bt AR R

R WA i 1 3 A% e Ak T R SR A AR 1 B B AR AT
B ODgy, fH (B BN 0.4,0.6,0.8,1.0 F
1.2, FHEL I 5 A6 BE AR AT T8 1R W17 e 4 F & T35 5%
HMEAMR ;B3 KNOP 55 37 5 b (i AT W 3 & (O
4 30.50,80,100,120 pL;i% & AS Wk BEEBR B (D) hy
0.50, 100, 150, 200 pmol/L, & % N T 4 #F # 1Y
KNOP 3555 F AR BE /9 AS 8 Bk s 1
AN T e B AR AT T T AN AS (9 5 mL KNOP 8% 37 5
TR A & 085 R A ME R L 55 5%, 1 B AL 3G 52 ) )
()M} 0.5,1.0,2.0,3.0.4.0 d, il Lk 5
F 5KV IE 2 50 X 4 A B AT AT B A 5 s
fEREAL 5256 (% 1), ] Excel 2016 1 SPSS 27. 0. 1 %k
R BG4 T W 25 A3 AT e 245 H B AL 5 AL ROR A
HSHH A
1.2.5 3R AEAN

LK L2 2 WO R SR 25 mL RAF R
PRV B O DOTE . 5 25 IS FEDTIED H A 5 mL
T 20 (W = V) RERE UM NV B AS 1) KNOP 53¢
S, FHBEAR A 22 4 FF B OD o B 5 7E 28 °C
TR (120 r/min EEF 5 h, HWK K FRE 0H
AEHLBEE 5 h J5 M KNOP K 3R 56, 78 2
5 .22 ‘CFI 110 r/min JR35 5504 8535, RE.H
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Table 1 Levels and factors of orthogonal experiment
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Wi OD,,, 18 (B)

OD g, value of bacterial

K B FRIS ] (A /d
Level Preculture time (A)/d

BRI (C) /pL

Bacterial suspension

g SR IHA (E) /d

Co-incubation

AS ?ZEE‘_’(D)/(;Lm()l/L)

AS concentration

suspension (B) addition (C)/pL (D)/(pmol /L) time (E)/d
1 0 0.4 30 0 0.5
2 1 0.6 50 50 1.0
3 2 0.8 80 100 2.0
4 3 1.0 100 150 3.0
5 4 1.2 120 200 4.0

100 pm 00 e LB R B A B UL B E S
A 100 pmol/L 3k 48 A1 15 me/L ] 5 & M) & &
KNOP £33 d 78 22 CHBHAREEh IR, 3—4
JAJG AR TR % 25 AH 15 mg/L W%
R M ER KNOP 555 5, e i e bu P % 16+, 11
AR,

B AL BOR (V) = B Ab R R B () /8 4 Bl Bk
(4~ X100% ,
1.2.6 #EARBH LML

P WO ff #5 F  DBE MR ORD B A A B
DNA, & 1T % R 51 ¥ M4k 51 ¥k 47 PCR 55 0E,
PR T2 ARG DS A & FHPE T S RNA JF R 14
F| cDNA, KL S RN (Actin) 51 40 F 34K 51 9 9t 17
RT-qPCR 8 3F (£ 2), LB R R 27> &
e,
*2 XHRFANMEG

Table 2 Primer sequences used in the study

514 4 B

Primer name

%I%%ﬁﬂ(s’»qv

Primer sequence (5'—3")

Hygromycin-F CCCAAGCTGCATCATCGAAA

Hygromycin-R GCGCCGATGGTTTCTACAAA
pCAMBIA1305. 2-F(PCR) CAAACAAACCACCGCTGGTA
pCAMBIA1305. 2-R(PCR) ATAGAGTAGATGCCGACCGGA
Actin-F ACGCCTGAACATCTCCTGAA
Actin-R CGTGCAGAACAAGAACTCGT
pCAMBIA1305. 2-F(RT-gPCR)  TCTTCCCCGATATCCTCCCT

pCAMBIA1305. 2-R(RT-gPCR) TGTGGATTGCGAAAACTGGG

1.2.7

Hor ]
B L A B AR R W) A R R 5 PR AR bk L

F GUS Yt b .37 CHEEY A 6 h, i 70 %H

HARMEKBHEBFRBE(GUS £ &

I 42 P U AR 25 I 4 3R, LS A PR e (5 0L
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2.1 BASXPEENHBEIE

V8 F B SRR 43 390 45 b T A A TR ok R O
M KNOP $5 373 B3R 50 d J . & B & R ik
5 mg/L I, 48 ff B SR BEAE T B T R R
W REE N, W 10 mg/L KU LM ER S THE
B AN T (B 1), R, 18 f & SN A A
WRE 10 mg/L VAR (0 8 3 A BE A7 I . Il vk B
T B R AT R O ) L I 15 mg/L W& R
R SRy P AL R O 22 1Y) el R
2.2 BRABEEHELEREGRIE

i TE AR I B A AR T A T 148 AR s AR i
&M RAEA A . 5 AN R ASCR I 2
R {H R B X R 1 P22 6 7 Ak 350 3R 1) 52 i ek
K AR B R B B9 K /N W) L 2 32 2 5 i [R]
FRK B N2 A A . hE 3 L
AR EEK/DNF R B=C=E>A=D, 4% H
BN AL BRI R 0 KN R R OD s {6 = B
VRS A = SR 1 55 B[] > TS R i) [A) = AS Wk B
BRI OD g0, (BRI VS 0 2k 0 2 1 5% B[] % 5 Ak &K
RS F R, AR A TR 3R KT BT X A AR R 1
FEIMERE A RES HKFE B HE RS = KF.
C HZEME =AKF.DEZWEH =K E HRWH
DUIK -3 Sy g B AT DLW o 45 B R W B AL &
A;B,C,D,E, ,BIFiilE 3% 4 d.BE W ODg,, fH=0. 8.
WA 80 pL AS HREE 100 pmol/L Al 8% 3% i ]
3d. FEIZSM T M8 M & 0L AR e, T gk
30%
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(a) — (e) are the explants of Folioceros fuciformis cultured in KNOP medium for 0 d,there was no hygromycin added in (a),
and the concentrations of hygromycin added in (b) — (e) were 5,10,20 and 25 mg/L, respectively; () — (j) are explants of F.
Sfuci formis cultured in KNOP medium for 50 d,there was no hygromycin added in (f). and the hygromycin added in (g) — (j)
was 5,10,20 and 25 mg/L,respectively.
K1 g R XA E A K
Fig. 1 Effect of hygromycin on the growth of F. fuci formis
®3 EXHKBEEERRNRESN

Table 3 Range analysis of factors for orthogonal experiment

N

s B /A Fete kA SR %

A B C D E Number of Transformati

Treatment of transformed 9
explants plants on rate/ %

1 1(0) 1€0. 4 1(30) 1€0) 1€0.5) 10 0 0
2 1 2(0.6) 3(80) 4(150) 5(4) 10 0 0
3 1 3(0.8) 5(120) 2(50) 4(3) 10 0 0
4 1 4(1.0) 2(50) 5(200) 3(2) 10 0 0
5 1 5(1.2) 4(100) 3(100) 2(D) 10 0 0
6 2(D 1 5 4 3 10 0 0
7 2 2 2 2 2 10 0 0
8 2 3 4 5 1 10 0 0
9 2 4 1 4 5 10 0 0
10 2 5 3 1 2 10 0 0
11 3(2) 1 4 2 5 10 0 0
12 3 2 1 5 4 10 0 0
13 3 3 3 3 3 10 1 10
14 3 4 5 1 2 10 0 0
15 3 5 2 4 1 10 0 0
16 4(3) 1 1 5 2 10 0 0
17 4 2 5 3 1 10 0 0
18 4 3 2 1 5 10 1 10
19 4 4 4 4 4 10 2 20
20 4 5 1 2 3 10 0 0
21 5(4) 1 2 3 4 10 0 0
22 5 2 4 1 3 10 0 0
23 5 3 3 3 4 10 3 30
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gk
Continued table
i R . . . . Ay FlLH A SRR Y,
Treatment g umber of of transformed Transforrr;atl
explants plants on rate/ %
24 5 4 3 2 1 10 1 10
25 5 5 5 5 5 10 0 0
K1 0 0 0 10 10
K2 0 0 10 10 0
K3 10 50 50 40 10
K4 30 30 20 20 50
K5 40 0 0 0 10
kl 0. 00 0. 00 0. 00 3.33 3.33
k2 0. 00 0. 00 3.33 3.33 0. 00
k3 3.33 16.67 16. 67 13.33 3.33
k4 10. 00 10. 00 6.67 6.67 16.67
k5 13. 33 0. 00 0. 00 0. 00 3.33
R 13. 33 16.67 16. 67 13.33 16.67

Note: the values in brackets indicate the specific levels of the five factors (see Table 1 for details).

2.3 HEFREKSTFEE

3 0 B U Ak 52 56 v AR AT Y 45 I A R L
BERLIRIARL K 2Ca) 1K WT HLFRI - DNA, LA 5
Eo YRR 7 PCR §7 844G, Hop 34 5
PRI BE DA bR 9 38 5 BH R R — By Sk, T
WT. 25 IR (CRO B A3 1 4 ir [ & 2(b) .,

7

o

N bR 2500 bp
1000b
S D

¥
.. 14 £ 4
(a) Positive plants for resistance screening

WT 1 2 3 4 3

(c) Transposon semi-quantitative PCR assay

Actin

pCAMBIA1305.2

iR H A AR TE 48 A B AR bR P2
T I SR N AR Bt TR O A PR 5 A AR PR A
i PCRL K 2(co) JFISE B 2 6 2 58 PCR(RT-qPCR)
AT 2(d) T, e 5 DR BH R A ke ik TR 2 35 /K OF- 34
TP A OB RR O B A RO RE 1. 77 1 A5 RTER
BT A A E IR ERE T TS5,

MCKWT1 2 3 4 5 6 7 8 9 10

- e W W e

(b) Transposon PCR assay results

10—

a
i f
6_

Relative expression

b
C
reniliRiNs
0 I_T_l T T T T T
WT OE-1 OE-2 OE-3 OE-4 OE-5

Plants
(d) Transposon RT-qPCR expression analysis

M :marker(15 000 bp) ; CK:blank control; WT:wild type plant;Lane 1—5:hygromycin amplification test,l.ane 6—10:vector

primer amplification detection; OE-1—OE-5:transgenic plants.

2 MWMAE N TR

Fig. 2 Molecular characterization of F. fuciformis transgenic plants
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2.4 GUS L THiEMEKk
A3 R B WT AR RR G 3 DR BH P AR Bk 2R 4T
GUS Yeft,, Horp b JL R BHPE A vk S B HE (1 WT A

OE-2

Rvwir OE-1

PRIC A (T 3D, R WAl B A 56 D i 380K B /e A5 #
#H LIRS TR R IR .

OE-3 OE-4 OE-5

WT:wild type plant; OE-1— OE-5:transgenic plants.
B3 b1 GUS Yo (o6 I 5 il
Fig. 3 Transposon GUS staining
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B DR 5 AR A T R AR AR A =L 1%
AR H w2 N BTz R s Ak
. Hood %M A KT T AL 7 kIR A K 3
A H L 2 42 (Picea abies) $1 ¥ AL 355 31%,
T A 5 e b R B AR R B A T A R i 2
HIEEAL R B ATk 2] 50% L B, B AA
KT RFFE AT 04 A & s AR R e, R
AHEFERT AT T AGLL T8 R A T8 f & 84 5 b i
FErb i 35 25w N R TR BS 95 A ) AR R R T TR
OD g, 18 RATE IR I8 IR0 18] L AS W) ik F7
i I T B B IR R A E I )G S
ot T —E S %,

e ) 1 30 4% T Ak asd A v A0 TR OV G S O vk
AR TR ) . W R R — A A T 2R AR R
i 3 T SRR BORL R T MR R S E K 7 EF-
2 W25 A 0 a5 W IR BE AR 1 D) BE LI AR B B R A
J s AT SRR U AR BE T . AR Rl X i R R 1Y
i 52 VA7 A — 2 22 0 2R G 96 45 K& B 50 mg/L
TN B 2 Ry SRR A A 05 4 2 A A T S 1 A R U
JE Wk A & B R WK E 30 me/L N H RS %
SR AL ZE 50 Ak B B 114 S5 A 07 0 Tk 3E L 90375 500 A
TR 2% BN A B 26 5 3 DR /0N ST i ) I 3 VR B O
60 mg/L. ASHEFEIE £ T 0 8 2 AE N B AL ALY 09 O
TEF 45 R K B R A F) 10 mg/L B M &
SMERABEIE® A K. Bt E kst T, BT L. i %

RUSE Ny 15 mg/ L A A Sy d5c 3 O e Tk

RATFH A F ) BAL AL Z W R L AL
TR RE S Y A R Y T AL 2 7 =0 R OD A 3k
B IRt ) 450002t A A 28 3k 9 3% 5% 05 AT LA i 4
J 53 %4 TS T A AR R DR L DT 4 e A 1 2 R 1
WALHEARBOR . H AR DY IR 5 (Sauropus
androgynus) AT RFTH AL KB, s 7 2 d By
SMEREEAL R B . Tshizaki 20 BF 58 K 30 H 4% 750
Bigw 5—7 d Bl AL . AR TEI OD [EX)
¥ DNACT-DNA) i A Bk 0 RO A A [ 19 52
M, FEWAL A (Ziziphus jujuba Mill. ) #1772 11
Wtk (Carya illinoinensis) WAL 5 AL WF 98 o &K B,
B ODy, N 0. 8 B} 5% 1k % & 357,
L3k R 25 (Paeonia lactiflora) A% ¥ b4k R 4T
DAL BT & B A FF B BRI OD o0 4 0. 6 B} 55 AL R0 d5
U o AT UL [ 4 o 7 35t 4% e Ak 3 i o Xof 9% 3% 1 1)
MBI OD EME R YA TR, A58 A&
TG SR 4 d B AL ROCR R, 0 d I R AR
H I CAT RE 2 X Ry A 0 L U R TE O o ARAT 5 TR TR
OD g, 2 0. 8 WAL RCR B & 52 OD g, KT 0. 8 B
B AR RCRAR AT RE 2 Ry T VAR 8 R K B T AN RE AR A
WAL ;0D T 0.8 B A 38R [ BRI
IR A B AROVR 2 3 5 B M AR FE T 36 Y

HEA G R AS W FE R AME A I 5 5%
I [v) % 35 4% A A A80R R QTR B8, TR IR AN I AS RE 1%
WA T-DNA F Bl Yy 4 A 21 52 1 5L K 41
WEFFHRAAE W RYTE T, fEm H 2 (Heli-

Duan



anthus annuus) ™ FIHLEE "™ B 3845 15 Ak 3L 1 35 3 o
JA 100 pmol/L AS 5 A Il T fb 2 i $ . JLgs
I Ry T BN B TR SME A A 11 A B8 AR AT TR AS DT
fEE T-DNA B 5 AN B 5 bR iFge & m,
R RAE 2—4 d BiG RIRF AL F R0 L A
WFE R B A PG FR MR 9 5 mL KNOP 85 5%
FP RN 80 ul ODyy, M 0. 8 BYAHFT A1 100 pzmol/
L AS i H AL 8% R i 7 - 3% 5 Frangedakis 25 1 B
FAEREEAR -3, HIFEFRE LT 3 d FE T 3 d
B 2 Ak R B A 3 AT R S T 15 IR e ) mload K
FECRITE T-DNA R BOAR B A 31 32 7K 5 4
TP R ) SRR PN o B R A S AME AR SE T

4 #ig

BE & T AW E AR &R B R e SR )2
(0 BIF 5 R BR A AT TR A 3 19 35 AL e Ak H R T oy
£ AP MBI 5T 29 FE Al . AR BF 9 8 0 AR T R 5
BT TR D AL IR R R R AR Hastk
ALRBCR S . 2R R RGN IR TR SR 4 d
Ja AT 80 pL OD o, 4 0. 8 AR KT B B AT 100
pmol/L AS ) 5 mL KNOP ¥ 3 & M 1 5% 3 d.
3 ES 05 6 . PCRORT-qPCR Fl GUS 4 4 3 5
BH M 5 AL 3 R L4 e 17 BH P 7 b 14 0 S 280
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Establishment of a Genetic Transformation System for Foliocer-
os fuciformis

HUANG Dan', PENG Tao'" ", JIANG Shan’, WANG Shunli', LI Xugiang', MA Huaifu',
SHENG Fuyuan'

(1. School of Life Sciences, Guizhou Normal University, Guiyang, Guizhou. 550025, China; 2. School of International Education,
Guizhou Normal University, Guiyang, Guizhou,550025,China)

Abstract: The selection of Agrobacterium-mediated genetic transformation system for hornworts provides a
theoretical basis for the future study of early terrestrial plant evolution. In this study,Agrobacterium AGIL1
carrying the plasmid pCAMBIA1305. 2 was used to infect the explants of Folioceros fuciformis. With hygro-
mycin as a screening marker, the pre-culture time of explants,the OD value and addition amount of the bacte-
rial suspension,the concentration of acetosyringone (AS).and the co-culture time were optimized for the es-

tablishment of the genetic transformation system. The results showed that the optimum concentration of hy-
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gromycin was 15 mg/L for the screening of resistant seedlings,and the state of the explants was the best af-
ter 4 d of pre-culture. The optimal infection conditions were addition of 80 pl. Agrobacterium suspension
with OD g, =0. 8 in the co-culture medium, AS concentration of 100 pmol/L,and co-culture time of 3 d. The
transgenic plants were identified by hygromycin screening, PCR, RT-qPCR and beta-glucuronidase (GUS)
staining. The findings provide technical support for the subsequent research on the gene functions of horn-
worts.

Key words: Folioceros fuciformis ;explants; Agrobacterium-mediated method;genetic transformation system

SRS R T

A REAXEREEERE

: BRREIE:0771-2503923

o HBFE : gxkx@gxas. cn

L BERSGEMU +http://gxkx. ijournal. en/gxkx/ch




