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Abstract Sorghum is one of the world's important crops after wheat, rice, maize, and barley. Although the
sorghum genome had been sequenced, the lack of efficient and stable genetic transformation and regeneration
system for the sorghum sequencing variety BTx623, it hinders sorghum genetic breeding and functional genome
research. In this study, the immature embryos of sorghum genome-sequencing variety BTx623 was used as the
explants material, and the bar gene resistant to phosphoglyphosate was used as the screening marker for sorghum
genetic transformation by A grobacterium-mediated method. By screening the adaptability of callus to different
concentrations of phosphoglyphosate, the appropriate concentration of phosphoglyphosate in the genetic
transformation of sorghum variety BTx623 was determined to be 2.5 mg/L, and BTx623 immature embryo was
used as explants to obtain resistant callus. Callus regeneration was obtained by adding ZNC with concentration of
0.006 7 mg/L in differentiation culture. Therefore, this study successfully obtained resistant callus and regenerating
plants, and established a genetic transformation and regeneration system of sorghum variety BTx623, which is of great
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significance to the research of functional sorghum genome and the development of genetic breeding technology.

Keywords Sorghum bicolor; BTx623, Immature embryo, A grobacterium-transformation, Regeneration system

=15 (Sorghum, bicolor) /e 4k /N (Triticum aestivum)~
IKFE (Oryza sativa)~ KK (Zea mays) F1 K ZZ (Hordeum
vulgare) Z Ja ) AR L KA RAEW, 38 HAE N C4
Y EA R AR RPTSRE )y, |z
T 2B KM (Liv and Godwin, 2012). 7% BE &
— PO I RME Y, o B AR VRAE A, P T
BU-HH®BTZ, Fbm R sfe o B Ba =B
B (BEEE, 2018).

AR, BEE E AL R TR A 1 Rl 2 e
FEIR R, o QeI A5 i A0 7 TR TE S Wt o5 R AN
AL, AT AR W o TE B R s L 1k
F B A IO EEE R RBIER R EN S
DURN T V(AR R 54, 2015) . Ho R A B A S5 F
AT B R AR 142 G dod R A0 38 IR 5 N A 9 4 i
HAG A 1] BN 9 PRS0 200 R, (I SO )
B Z TG, 2018) . F7E 1994 4F, Godwin
RN MR E N, DUa a4
MBS T B E FE AL B PR (Godwin and Chikwamba,
1994). Zhao 5 R HZIIRAE A2 A AkL, SR R
I FIEA R SRAT i G AR IR, CPIIFAL AR IA
F] 2.1% (Zhao et al., 2000). BJ5, kigA AR %5
RIS T = QR AR, (B R AR
PIBARCRFIEE, 2011). R MNE AT IE R &
R TAERMACE R 24, BEERiEk
RN AT AR I K T /K FE 1 50~90%  (Hiei and Ko-
mari, 2008), & K ] 50% (Ishida et al., 2007)F1 kK
14.8% (Ibrahim et al., 2010), 4L 4URE FE AL 1k
ME, RO 2 AR 5 A R0 FT AR 5 R 1)
{E¥)(Grootboom et al., 2010).

SO SR AR AR 2, R T AT 1R TR A B
FrBE HMER BB FI G R AL, 5 — N R ER R
TR I JE R A (5K BN, 2002). L2 FRIE T AR AT
S T VR AN 1) 1 B e 6 R AR £ - PR9B012 ., Pio-
neer 8505.PHI391.Sensako 85/1191.Tx430 %%, H v,
WF 9% & B A2 v 7E P898012 AT Tx430 iX P /> it A
(Hiei et al., 2014; AR E 2, 2015). [FIF, s gl i
P A R e B R AR B B TR X, BOA T e SR A
HAR BRI (Liu et al., 2015; 32k, 2018). BHF 7K
B, T 3 A BB P A5 4 45 S AR R A A
RN, JEHIR T H 2 F L (Do and Zhang,
2015). PRI, RIEER AR [ R 855 7R A AL 2% 1 AN TR

S IR L F 2 A R RN A 28R B AR [H] (Do and Zhang,
2015). AR FD BTx623 T4 5E R 1 ZE R4,
DN e e EE R Th e AT AL 324 T #5 B (Paterson et al.,
2009). 1H HTXF BTx623 [84E AL F A R 1
W 52 AT5 4R %5 /b , GirjaShankar 25 1) F 3 B5 #6092 35 o
BTx623 [f12522 345 8% AL M Ak , Kimberly 5538 i
NG & & #2517 Baby Boom F1 Wuschel2 3
AT DA RE1Z St P () F A, (E L SR R S I AR B AL
AR A%, RIS IBAE R0 G, BRI TIZ AR K
JHA5E N FH (GirijaShankar et al., 2005; Nelson-Vasilchik
etal., 2018). T H I m R FH 75 FE L KE T
BTx623, KB = 45 2 1) BTx623 4% 4k K A4 1k
Z, VRS RS N T AR AL R ThRELH I A R R

TR 26 A4 2R (1 g S R R ) A 2 23 3R A5
AR AR D B A . TE =R AL IR, )
B RE IR B RO RN 5 35 1 FR Ry 28 AR RG]
Zo0H A LR S R AR AT S R E 1R K5
M (5K BH M, 2002; Polumahanthi et al., 2015). £ fEHE
(Zhinengcong, ZNC) & — F 5 [C UL F %% B Pk (Pae-
cilomyces variotii) 52 B, & — M i 2% AL 4
EEHPUA, Retg @ WS RN o R R g
VAR (PR R AT, AT S SEAE 503 AN P B
JI(ERAESCEE, 2014). B 5 R WMIRIKREE 1) ZNC Reig
BEKRE FOREED YR R PR &I
2, ZNC TEE A A K 5 T 5 2R K F a8
HA ML BE(Lu et al., 2019). {H H B, ZNC 7£ &
S ) S B 7 R WARIE o

AT FE LA ot b s 3 L Bl BTx623 %Ik 4b
FEARIA KL, 3B RAF B A SR U B bar JE A
SN R BTx623 JEF A, Jfdd fmik ke 1
BTx623 & itk @ f . @i e J 2R i AR v
ZNC et R H A4, 3R18 T Mt @ 44
FRAREAR, WD HAL T m BTl BTx623 Hs & 4k
MPFAER R, e B F ohae AL & F /M
FF R B9 £ il

1ER551Hh
1L18H BAN A REK EE =B iE M i

H1 - Bar ZE X AR B B A RAF A piE, (HHE
il BTx623 4l IRi75 - (1 58 15 4 3 0 e e e 140 3 29K
M ANTEAE « N T T e A e S B T 28 P 75 ARV EE
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X0 FCFEAT AN R 94 B R g ) U iR . =i
GERRHI(E 1): &0k 14 d (595, M EAR IR E N
0 B, 47 2S5 REAT VG s S B U 2 H 0.5 mg/L
1.5 mg/L B} FIAE 3 2 73 1) 9(40.00+5.44)% F1(13.99+
5.03)%, B BRI B RT 2.5 mg/L i, @20 41
ANREIEHR B K. 5 L SUE N (R B 1 e g v AR
K52 S B AN, B A TR B VR B 3G K, A 24
PRFET:, AETEHRBWAR /N o G B4R R EE N 2.5 mg/L
S mg/L B, EAGHLSAE KT 5 d A A AR
b AEKIFBAET:, MAEWE N 0.5 mg/L 8 #
1.5 mg/L WIRHig AR A /D @A, (HEh % K
TOIR, R 2. [RIUAE R A e i A2 g 1.5 mg/L
IR A NI TR B, 1R FE 2.5 mg/L IR AR
S0 R B TR

1.2 RFE T SEURAERGRT

PRI 1 S 1475 41 20T 4z Jl 1) O R A< B DA
R T E#EAL BTx623 AL AR R, g b 38 47 1 v 2
BTx623 I F # H bar % K )R AT B AGL1-pE-
GAD R GG (E 1) TR GS 3 a8 2R T 735 P 77
Silwet L-77 F L- % % I % (L-Glutamine, L-Gln) P4
S L RE TR IS A PR AR B = e b e

SRR 3d (B 1d, W le) MR B 9% 10d
(B 1f, Bl 1g)z 5, s L3815 7 1 827 ANEAndl 4, 4
FE 15185 5 501K(96.040.53)%. K 4AR S S 1) A
AR Rk R TR R, TR E Y 1.5 mg/L
(TG B IR R R 7% 2 BT IR, SR Ja i B 3 Rk
BRI EE A 2.5 mg/L (i ik 15 77 3L R 85 9% 2 it A7 B
o I =R B A RAT 36 NP E A, P
AL HN 1.94+0.33% (B 14, 8 2). FEEHUE @451
DNA 47 PCR BHYER (B 2), KBTI 4% PCR
38 2% FHPH PG A — 20, 1 M o HE R 38
2%, 3 WA G Ak i Ty, AIE B BT SR G A A D B 1
et

1.3 A5 K BTx623 B{5 B4

UM i A R B RAL I R D IR, N T
R A BTx623 I HA AR, FREH
BTx623 Hiuth @i fE L gR 2 1, 423 2 A
Fr g%, AR RE A 2H 23 e R B A R SR N TR
TR 200 W R YR B, A8 SR A N AR 6, T H A
P AR M A AR 2 AR, R BESRAT FE AR AR
1 T8 % 2 15 HU R ZNC 7E KRR £ oK B A
BEAAR IR EAR R KA B W CE TR 5 A
PR HEDN ZNC W] RE 2 0 v 42 47t 1k 5 0 B0 2B R

K 1 2R IR Ge e AL A i ik

Era KRBT be: 9, RS0 K; e TR I R L
B S Ry g R 10 K; he §iik 4 JA; ik @

Figure 1 Infection transformation and screening of immature em-
bryos

Note: a: Immature seeds; b, c: Immature embryos; d:0 days of im-
pregnation; e: Co-cultivate for 3 days; f: Resting for 5 days G:

Resting for 10 days; H: Screening for 4 weeks; I: Resistant callus
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Figure 2 Positive amplification of BTx623 resistant callus

Note: M: DL2 000 marker; BTx: BTx623 resistant callus DNA;

PC: as a positive control; NC: as a negative control

AEEREAEN . Bl AR R R FE R I AN R
WREH) ZNC, DLW %E ZNC it BTx623 @444 K
FIFFA gz m . 25 53R, fE RN ZNC R 77 5
H BTx623 @475 27 A 35 2 M AEAR (I 3A); B
Br e B ZNC WREE R0, MCRAR 7= A= B 0
/b, MTE ZNC ¥ N 0.006 7 mg/L.0.01 mg/L 1 0.02
mg/L [IEEFRFE T, 47 I skt 25 s 2R (B 3A). (ELFE
ZNC W FE 4 0.01 mg/L 1 0.02 mg/L ) 7 A4 1% 55 5
b, ARG NS R IEIE T B, A
WFFUIEPETE ZNC RN 0.0 067 mg/L A= 17 77 5
gk SR AR B 9 o B A 2 UTE ZNC IR E N
0.006 7 mg/L [F FAERE Ak, 280 21 d LIRS
I, REAIRAF T FAREMKR (A 3B).
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Table 1 Lethal test of phosphoglyphosate

BB JEE (mg/L) U PERTE A7 5(%)
Concentration of glyphosate (mg/L) Number of Inoculation Number of survivors Survival rate (%)
0.0 46 46 100.00+0.00

0.5 45 18 40.00+5.44

1.5 42 13.99+5.03

2.5 36 0.00+0.00

5.0 41 0.00+0.00

% 2 BTx623 {1 T3 ML 3%

Table 2 Induction rate and transgenic rate of BTx623

bk Uk ISS RVt E/INEH X P HER LS

Batch Number of Inoculation Number of callus Number of resistant callus Inductionrate Transformation rate
1 704 671 15 95.31% 2.24%

2 557 536 8 96.23% 1.49%

3 642 620 13 96.57% 2.10%

0.01mg/L

0.02mg/L

K 3 BTx623 H4: 1A R AT

VE: A ANFREE ZNC X e 3 @ A FS I B: 3 BTx623
GV /NINER S

Figure 3 Establishment of BTx623 regeneration system

Note: A: Effects of different concentrations of ZNC on sorghum
callus; B: Obtain of regenerated sorghum BTx623 plant

2 i

AHE A S E i = A BTx623 Bt 4 4 %
AN TR e fe 1) PR R, 759 B R TR
2.5 mg/L AE N B AETRIRIREE . SR, i R AT A 3
HAL IR T 3RS T BTx623 (I tE @, HAEH
AEREFRFE NN ZNC BRIh RS T A AR A
PR o I8 I ACHIF ST AR L T R R BTx623 %
HALFAEAR R, Dy s AL & FioRn T A B D5 20 27
FARME T HARSCHF .

F T 3R E A R B R AR, AN TR R
MEAAAFEMBEEAA R BHAT, HT Tx430 F
P898012 B A BUF I FAERE 77, DR 2 1) ey
AL FARDRE, T Ath 0 P ) 8 4% e Ak S B AR IRON
PRI %E(Do and Zhang, 2015). B3 K B AR F Tx430
S H A EE DAY I v e, (B A5AR G e Ak S AR T

HATEAEH T BTx623. & AL AT 12 445
IR B — Rl w5, I8 5 45 6 7k 2
VAR Y] 1) AT TR R S5 7 V. TEARRE AL, @
TR A RN L R (L-Cys).L- B &
Pk Jiz (L-Gln) LA B B 8 4, B 6% £ i M HE A4 B AL Ak g
D35 AR TEARAT B FE AL, FED AT B 51 S AR ) 2 21
IFE . TR 5 S T AR M B, 55 3R 20 mhngs Ay i
(PVP)AR A I 5K 4Tt s 5 B (PVPP) [R) Rk 3] T
B IE A AL IR, PVP A EL T PVPP B 59 T-0K, 1
HAEE /(Do et al., 2016). 1M FEILEE IR, A4k
A F C AMHBEHUEAL IR E 0 K A BTk D 46
o Z BT A, me S Ff BTx623 A LA s
FEIA AR R BT, FEARETE T, = 3 Fh BTx623
AT T (1.94£0.33)% AL . ARIFFCMIZE R, oS
SR R R BB AR LA A R I AT B AL T 1 L
TEAWF R, AU ZNC B, &% BTx623
AL TR E A, S AS K
Z WOIRAR, HLBEE R 75 05 A O 2E K, B & ok LA iR
PEZEFEA, i BH A5 41 2T e Bk = 40 A0 K A R
MERINT ZNC ks 5, mge it 21 23 B MOIRAR
Rk /D , R PR AR T SRR 2E A, BB ZNC AR T fg
ek T FE BTx623 Puitk @i ik o4k, A A
AL T ATRE . MW S S PR 20 I 5 B R ZNC
BHERUERKRER, A 7H ZNC FIA R0k E
5 0.006 7 mg/L, A% T AE K 3 BRI SRAU I A 250k
JE(1~2 mg/L). BT ZNC J&—FhiE &40, R =
G BTx623 H7r b 542, IRATAER H ZNC H £ Fi
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Yo L FAE F R 45 2R, ik i ¢ BTx623 AR K4y
b (Lu et al., 2019). [l 1, 38 38 8 0 20 B s 1 4R
W= AN SRR, FT R R R (1 R, 4 T e R
S AEL 38 A A R 2 2305 35 10 R R R 52k

IR EEE
3.1 e AL

AR T F 2 BTx623 Fh 1R T =k K 2%
WA FE O, HERE T = KA RS AR
FAERTIEATELS, EBIFIEE 14 d BIAR AT 71
FARIEA AL . I AR AT H B AR AGLL, Bt H Bk N
pEGAD (R & J KN GFP, iR FE RN bar), I H =
Usle K 2 AE MR ARBIF 50 RO AR

3.2 BRABRAM FLIB

S K R 1 SRR AR T SR KIR
20 min (JINJLIHEE RS ), K i 30 min, 28 )5 5%
ANEHBIRTES, S 75%00 A K 5 min,
PR KBRS 2 IR 0.1%FH K (7 0.1%M35 —20) BT
30 min, JC R K P& 3 K, L KBS 3 IR(BEIX
5 min /£47) (B 1a).
3.3 BSRAGHARIRE EE B IEN R

fEHE TAEA W, B BLS 1A AR 7
T IR b, FH IR B P B R A e o R %
FE(E 1b, B 1c), JE A 81 EONE S5 775 h (K 1c)
BT 14 d. BT I 0 AR B AN R IR
AR R B IR b, 25°C B A4 RS R 14 d, W
s A U A KR DL

34 RTEHRES

EUR U AR AT B AGLI-pEGAD (22 -80°C &
TEVE SRR 5 R IBE R % 50 mg/L (M [FE A LB £
FRECPAR B RIZR, T 28 CHEAE BT 2 R, PRI i vk
T LB i =5 (S AR 5 R IR & R & 50 mg/L),
HEAT PEPRES 92(100 r/min, 28°C), £57% 8 h A A 534
K ZE 0Dg=0.4~0.7,4°C,5 000 r/min &0 115358, ¢
ISR, ARG 5 mL IR ek SR O B
i, ZJa¥ N 50 mL BiR Qessh ik b E A R 2
O0Dg=0.5 F T2 4%,

3.5 RITERS HIEHRNBERE

FER I TAE G, KA B R O 5T
PUEAR L, U B A B AR R A B v SR SR

(E 1b, B 1c) o 5 =R S B T2 AR S 72 541 50
mL EP & 71, 43°C/KIA 3 min, 25°CHi(E 2 min, #E
TN B IR % 10 mine BUHZIAE, FH K BE (8 480 T
R, G Pl BN e e b (] e,
1d). 25°C RS2 FH59% 3 d (H le). HtE3R5%¢)5, %
Y I IR R EC, AR5 ISR B TE R K, 2
VilEwE 3~5 I, FHTCHIEAUR T/K S Pl E TR
FrFRdk b, 25 C A 6 T 3EFR 10d (B 1, B 1g).

3.6 TEIRFIS L EE

B R IR 2 SR 4R, 4 3L B Tk 5 7R 2
b, 25 CEIE A FREFE 14 do SR 5 78 I 2 540
e IR Ak EREIR 14 d (B 1h). TP IR RUE 1
PAFH BTx623 itk B Emre gk R 74k b &5t
14 d 55375, BOROPutE @0 hh 24 2F 5 97 2L b
BT L RE 3%, (EIR N 25°C, R iR B =16:8 h 4%
PEFEEEFE 14d . MR BEKE = el
JEE, K AN B AR AR R IR B AT AR AR BRI, 4R
Ko 54 A

37 EFEEFMITEAR

Br R HEAC 7 7R AT A BT AL ERS NS (Do etal.,
2016), 75 M7 F A= W B AR 2R RE 32 B iR i ZNC LA
T A A (R 3).

B5 A HL(1000X): WLEE: 100 mg/mL; A ER (b3):1.0
mg/mL; 5 B2 I % (b6):1.0 mg/mL; &5 B2 &% i & (b1):
10.0 mg/mL.

FrRR IR T INNGKTE 200 mg/L, ik 5597 3
P AR B 7R 5L F T 0 e I 75 DN S % (2.5 mg/L)

HEARXA:

B SR =(F T BB By A MEARED)x100%
PUPER (P B 57 5 B 50)x100%

1E& ok

T 22 H A2 AT TE K SEI6 e T3 AN S2 36 BF 7T AR A
17N s B BH A il 7 56 BREE 7 A, 18 308
WSRO A K ER 2 5 st Bt ik In 45
R Hrs PR RGE IUH IR B R ST, 1R 3 S8k
Beik, Bl A, W EAE 5B AR AR
I [F) R BRSO

Brit

AW FCH =0 K 2 = 2 IR A B S 3 5 4
(2016GCRC02)% Bl ZNC Hi 1l ARV K 2E T i
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R 3 HEIRERTT
Table 3 Medium formula
e o) LA tEg/S R IR e [iped A AR Uitss
Medium composition Unit Infection Cocultivation Resting Selection Budding Rooting Induction
MS #3 K g/L 4.43 4.43 443 443 443 4.43 443
MS powder
B5 A HL(1000X) mL/L 1 1 1 1 1 1 1
BS organics (1000X)
TR gL 68.5 20 30 30 30 30 30
Sugar
%I B gL 36 10 0 0 0 0 0
Glucose
Ve mg/L 0 10 0 0 0 0 0
AS pmol/L 100 100 0 0 0 0 0
MES g/L 0.5 0.5 0 0 0 0 0
Silwet L-77 mL/L 0.05 0 0 0 0 0 0
L-Gln wmol/L 100 100 0 0 0 0 0
L-Cys mg/L 0 200 0 0 0 0 0
AgNO3 mg/L 0 0.85 0 0 0 0 0
2,4-D mg/L 1.5 2 2 1 0 0 2
IAA mg/L 0 0 0 0 1 0 0
IBA mg/L 0 0 0 0 0 1 0
6-BA mg/L 0 0 0.5 0.5 1 0 0
KH,PO, g/L 0 0 1 1 0 0 1
L-Proline mg/L 0 0.7 1 1 0 0 1
L-Asparagine g/L 0 0 1 1 0 0 1
CuSO,*5H,0 mg/L 0 0 2.5 2.5 0.25 0.25 2.5
PVP g/L 0 0 1 1 1 1 1
il g/L 0 8 8 8 8 8 8
Agar
pH 5.2 5.8 5.8 5.8 5.8 5.8 5.8
oH AL, (Molecular Plant Breeding), 16(16): 5318-5322 (Bt & &, £
BRI, RANAE, B, 2BA, 2018, w1
Sk AR R SIIR, 45 TR B, 16(16): 5318-5322)
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