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Establishment and Optimization of Valencia Sweet Orange in planta
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Abstract: By using the Valencia sweet orange (Citrus sinensis ‘Valencia’) seedlings as plant
materials, the in planta transformation system was established and optimized. The influence of infection
sites on in planta transformation efficiency was firstly investigated. Agrobacterium carrying the PBI121
vector was used to infect the epicotyl incision or apical bud incision (with/without true leaves) of the
5-week-old Valencia sweet orange seedling for 2 times. After three days’ co-culture, resistance screening
and dark treatments were performed. Seven weeks later, leaf DNA of the candidate transgenic plants was
isolated and was used as template for PCR detection to calculate the transformation rate. The effect of

different seedling ages on the in planta transformation efficiency was further studied by using the epicotyl
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incision as the infection site. Results showed that the regeneration rate of 5-week-old seedling epicotyl
incision was 93.10%, and the transformation rate was 20.68%. The apical bud regeneration rate for
with/without true leaf was 81.74% or 94.55%, and the transformation rate was 19.09% or 17.82%. The
regeneration rates of 4- and 6-week-old Valencia sweet orange seedling epicotyl incisions were 94.59%
and 91.50%, respectively, and the transformation rates were 25.42% and 19.36%, respectively. By
infecting the epicotyl incision of 4-week-old Valencia sweet orange seedlings, high in planta
transformation rate could be obtained. The in planta transformation method is easier to be applied, less
time consuming and more efficient. Thus, it is of great potential to be applied in sweet orange genetic
breeding.
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CCCGGCAATAACATACGGCGTG; GUS-R: GTCCTGTAGAAACCCCAACCCGTG) #4T PCR. 25
uL PCR ¥ 344K R % : 2x Tag PCR Mix 12.5 uL, 5I4%& 1 pL, W7 &EKZH DNA 1 uL, ddH,0 9.5 pL.
PCR M 26MbR: 94 CHiAE!E 3 min; 94 C 30s, 60 'C 30s, 72 C 45s, 38 MEIL; 72 CiE
i1 5 min. B 7 pL PCR F*W1E 1.5% P B IE B b fise o B vk A o AR s OKAT UG L, Gt vt i B PR R Ak
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4% cDNA H T2 28 6 & PCR (qRT-PCR) Al LRIk GUS BEHMIRIAHE L. GUS
[R5 & 5] ¥~ Real-GUS-F: TACCGTACCTCGCATTACCC; Real-GUS-R: CTGTAAGTGCGCTTGCT
GAG(HEH 55,2014); NS HE Actin 5197 51 Actin-F: CCAAGCA GCATGAAGATCAA ; Actin-R:
ATCTGCTGGAAGGTGCTGAG (X3, 2011). qRT-PCR % 7E LightCycler” 480 b #4T, 20 uL
A Z 4% 10 uL 2 x SYBR Green gPCR Mix, % 0.8 pL 1IE. X514 (10 umol - L), 1 uL cDNA
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7.4 uL ddH,0. PCR KM AEFF A 95 CAEME 2 ming; 95 C 5s, 60 C 30s, 72 C 15s; 45 MEH .
FEAPEREE 4 . ] 22T R R PH XT RIA TS L (Zhang etal., 2017).
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CALE @G F2: BIRERYI S P YO EALE: P TEEDIOFARLE: G fiigssae 2 B)E U0 FE RO sl %

(Gl: MEGBREEER%: G2: MFKITERNFEAER%: G EREMMTERY) A BAFKRIERESK: G REAM T

FIRABK ISR ¢+ He kiR 4 FEMEAERS (Hl: SERAEREAERL: H2: SEHBEANK
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Fig.1 Procedures of the Agrobacterium-medicated Valencia orange in planta transformation
A: Seedlings; B: Decapitated seedlings; B’: Removal of the apical bud and true leaves; B””: Remove the apical bud but keep the true leaves;
C: Agrobacteria infection on the epicotyl incision; C’: Agrobacteria infection on the apical incision without true leaves; C*’: Agrobacteria infection
on the apical incision with true leaves; D: Kan screening on the epicotyl incision; D’: Kan screening on the apical incision without true leaves; D”:
Kan screening on the apical incision with true leaves; E: Dark incubation; F1: Callus formed on the epicotyl incision; F2: Regenerated bud from
epicotyl incision; F’: Regenerated bud from the apical bud incision; F”: Regenerated axillary buds: G: Sprouted shoots from buds at 2 weeks after
screening culture [G1: Sprouted shoot from callus; G2: Epicotyl incision sprouted shoot from bud; G’: Apical bud (without true leaf) incision
sprouted shoot from bud; G”: Apical bud (with true leaf) incision Sprouted shoot from axillary buds]J; H: Regenerated shoots at 4 weeks after
screening culture (H1: Organogenesis type shoot; H2: Organ type shoot; H’: Regenerated shoots from the apical bud incision; H”: Regenerated
shoot from the apical bud incision side); 1: Regenerated shoots at 7 weeks after screening culture (I1: Organogenesis type;

12: Organtype; I’and I”: Regenerated shoots from the apical bud incision) .
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Table 1 Rates of regeneration, single bud, multiple buds and transformation of different Valencia orange infection sites

1R GLERAL BAE/% IR EX =T AL %

Infection site Regeneration rate Single bud rate Multiple buds rate Transformation rate
|- &4t Epicotyl 93.10+2.01a 7242 +0.54a 27.58+0.54a 20.68+5.72a

TG (R E) 81.74+10.07 a 78.71+6.74 a 21.29+6.74 a 19.09+9.11 a

Apical bud incision (with true leaf)

THZEGI T (LBREM) 94.55+6.40 a 78.88+7.82a 21.12+7.82a 17.82+12.19a

Apical bud incision (without true leaf)

e AR AR R R EREE (P<0.05. T,

Note: Different letters in the same column mean significant difference (P <0.05) . The same below.

22 HEFBENELEE

fiets s 7 FE, KEoBEAEREKE 4 ~ 5 A BU1 ~ 2 AHLL CTAB 742 H DNA, LA
GUS-F/GUS-R A5 #i4T PCR ¥ 3. PCR il R E/REE 1. 3. 5. 6+ 8. 10, 12, 15 SFEME
PCR FHYE (2> , VIR B E RN S RESER .

MCK 1 2 3 4 5 6 7 8 910 11 12 13 14 1516 17 18 19 20 21 22 23

2 EBEERE PCR ZHHRMLER
M: Marker; CK: JEEEEERGIR: 1~23: FREMEEMK: §F kBN HIFH .
Fig. 2 Electrophoresis detection results of PCR products of the regenerated shoots

M: Marker; CK: Non-transgenic seedling; 1 -23: Regenerated shoots after in planta transformation; The arrow heads to the target band.
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A qRT-PCR Kzl 1 HFE PRI Frvh GUS BRI IRIE TSI, KIL GUS 3 KIFE AR R R R Chf
M) kL, EFFERERTRRIEEZRER (B3 .

3.0

w
T
b

25

@]
@]

1.5 -

1.0 | D
05 | H
0

g 1 3 5 6 g 10 12 15

Control
HEIE R RR

Transgenic plants
B3 BorgER RSEH MR cUs BERRIRE
ARAREFRIRERMEZE (P <001,

Fig. 3 The expression of GUS in leaves of some transgenic Valencia orange

FXFFRIE R
Relative expression level

Different capital letters upon column indicated significant difference at 0.01 level.
2.3 AERREMABEREN
LIS FR R TR T) HON R Qe ALI, fR B s BRI S BE AR BFE 2R DR A ok (181 4, A
B) 5 Eor LIRE ] DR R AN BEAE BRI R B 0 5 580 6 SRR (B4, ©) ;
P8 R A D7) 00 T A B A R AR D) 1R i AR R 2R 4 PCR S BONFATE (114, DL E) - 8
AR BLS ke ARSEMR 2iuskl, DLERREIDI O, ORE B RO TIEE U C A L B
FOTR 27 O) PR AR AL I )P A6 4 935500 20.68% 19.09%H1 17.82% (R 1)«

B4 FRBMINEEERRERR
A: BAMRTEFYI A B EERAEMRITERY) DS Co W RARRD) P A
D: B DAL B RARRDIO R0 A .

Fig. 4 Some regenerated transgenic shoots after in planta transformation

A: Regenerated shoot from the apical bud incision with true leaves; B: Regenerated shoots from the apical bud incision without true leaves;
C: Two transgenic shoots regenerated from the same incision; D: Shoot regenerated from the side of epicotyl incision;

E: Regenerated shoot below the epicotyl incision.
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PL4 FRERD 6 BE AR ER MR, RE LY O/ AR AL, W T ek xR A %
AR AL . TRk R | )G, AIEY) DA B i a2y, Y10 Ab B AR 1 2R A
WORHE AN ZAG. s 2 HiE, WA REEM . &6 5 FEseAw ERahY) o
HE RFEARE L, RIMAE TS LA T AR R EZRALRE, 4 FMBRSLENZFRRES, N
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Table 2 Rates of regeneration, single bud, multiple buds and transformation of different Valencia sweet orange seedling ages o

I H R R L% P
Seedling age Regeneration rate Single bud rate Multiple buds rate Transformation rate
4 94.59+3.28a 67.63+7.21a 3237+7.21b 2542+725a
5 93.10+£2.0l a 72.42+0.54a 27.58+0.54b 20.68+5.72a
6 91.50+5.19a 86.76 + 10.08 b 13.24 +10.08 a 1936 +4.47a

3 R

AT Vb RS A #4077 (Zhang et al., 2017) BT “ARAERE , FHXFEEo-ER1ERE
177 faitk s DS B0 i 77 s T AR AT AR 4%, A LG T2 HRh S A 35 A0 8 B Parafilm U] C16
FE R S HIRAR S R S IR AT AT R G, 235 E T

AN [F) R 1) P A R ) 22 K, DR AR e xS A i A e il smm . DA S FAS “AR
LSRR SETANM BT T 12 YA B AR B A R A AL R R, RO UAS R G A 3047 IR
REEEAL I () A RN AL R 2 RN %, (B LA AR 1 A e A e Ve o 7 (8, R S R
B 1 JFEA R AT B R 1R B AL

WX FE AL 5 3 (Raietal., 2012) o b HAM AL 55 AL AIE 72 B 0 R Al S 26 1 1 88
3~4f, T REER MEERKABIDHEME, AT 4 R 5 R 6 ik RS ER
SEAEVH R AL AR AT T I, R AR AR E R AR,

AR IC FE RN G AL AT IR KIS (Tabatabaei et al., 2018) o ¥ HUAIER A7 4% Ak st 5 FH g 2
TR 25 2 A G R A 2R B4R 20%, T 45 FH 5 00 85 25 I 4K 28 2079 3%(Zhang et al., 2017).
R RN RS R k57 2 — (Nagashima & Koiwa, 2017) , {fi[H-RABE XA Nk
AT SR AT AL RORAR R 3 TR AR R B I . 48T 2 R e T LA S8 A% 35 A 2% (Zhang et al.,
2006) , AHFFLHRA T ARG, R I CAR BB 2 N IR AT AR SR A B AL R DA E 20%
T A AR

GEEATUUE Y, RAER BRI AR (D RATHE AR GRS % [ H MS ks
FRIL BT AL AR FF B I IR 3E EVE T, % ODgoo N 0.5 ~ 1.0, A 100 pmol - L™ AS k%5
7% 30 min J5 f T124¢ (Zhang et al., 2017) ; (2) KRITHERYL: ¥ 4 FEScAER 2T, HAWE K
MR AR B ipe S B840 T EIREY) O, AEY) R TR G, 45 min ERAESKECR: (3D LRI
{47 Parafilm R0 HE ) 11, (3 28 € 90 BT 26 f5 W 15 9% 3 d J5 25 B Parafilm W IREEHAT — IR %,
ZJEBUF Sk, PR Parafilm MERLELME EIERE R 3 d; (4) iiksEsR: ZF% Parafilm WL, ]
50 mg - L' HUAE RIS 2 ~ 3 0%, IR HiA: RIS TR Parafilm f4%; (5) BEH:
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I MR AR SRR, MR 2 FEHRR, )5 W ORIREEIR: (6) FIEPFEMkE . ff
F PCR KU AR AR AR DR S ARTE I, {8 qQRT-PCR 43 Hr i B R R A 1E i o

HRATERAT RASER Bk, 3 ~ 4 MA@ R IE RN, HESCRE
i, HOHR ARG (B AR AL TE N e A R8I LR JUAN T AT AL (1D fER Gl
TR LR 2 R S A KT (Li et al., 2017; Chen et al., 2018), #t—B4RmLRCE,
(2) DLRCAF RO AT 5 P AT AL A0 AR PSR 8% 1 e 22 s ORI IR I s (3) ik
FHE = AL 75, 1 Basta (Kapildev etal., 2016) B2 (Mayavan etal., 2015) %, (4) 1]
X AR AT U AL EE (Acanda et al., 2017), ANKHAbER 5 H F 75 R 43 € 0 7 A B A 3R AT G 3
RIS IIE, HEIm e S RE A, PRI L A & AR

CRISPR/Cas9 31X — Ff ffy ¥ 525 PR & 15 R 255 (R T i 468 e T ELAEAHAR Hh 10 B Th IR i ha b A7 225 BRI T RE A
FUERAE TR . BHEA 7Y% (Jiaetal,, 2017; Pengetal., 2017; Zhangetal., 2017; Zhuetal.,
2019) , THHAZE T IR A7 AL CRISPR/Cas9 4% & PRt 70 AH A 525 I8 D) e T T Fagt A% & Pl #2 v k4%
HEAEH.

References

Acanda Y, Canton M, Wu Hao, Zale]J.2017. Kanamycin selection in temporary immersion bioreactors allows visual selection of transgenic citrus
shoots. Plant Cell, Tissue and Organ Culture, 129 (2): 351 - 357.

ChenL, CaiY, LiuX, Yao W, Guo C, Sun S, Wu C, Jiang B, Han T, Hou W. 2018. Improvement of Soybean Agrobacterium-mediated
transformation efficiency by adding glutamine and asparagine into the culture media. International Journal of Molecular Sciences, 19 (10): 3039.

Endo T, Fujii H, Sugiyama A, Nakano M, Nakajima N, Ikoma Y, Omura M, Shimada T. 2016. Overexpression of a citrus basic helix-loop-helix
transcription factor (CubHLH1) , which is homologous to Arabidopsis activation-tagged BRil suppressor 1 interacting factor genes, modulates
carotenoid metabolism in transgenic tomato. Plant Science, 243: 35 - 48.

Fallah F, Minaei Chenar H, Amiri H, Omodipour S, Shirbande Ghods F, Kahrizi D, Sohrabi M, Ghorbani T, Kazemi E. 2017. Comparison of
two DNA extraction protocols from leave samples of Cotinus coggygria, Citrus sinensis and Genus juglans. Cellular and Molecular Biology,
63(2): 76 - 78.

HeY, ChenS, Peng A, ZouX, XuL, Lei T, Liu X, Yao L. 2011. Production and evaluation of transgenic sweet orange ( Citrus sinensis Osbeck )
containing bivalent antibacterial peptide genes (Shiva A and Cecropin B) via a novel Agrobacterium-mediated transformation of mature axillary
buds. Scientia Horticulturae, 128 (2): 99 - 107.

Hong yong, He Yongrui, Chen Shanchun, Tang Yixiong, Zhang Jinren, Jia Shirong. 2000. New gene tarnsfomraiton technique for commercial citrus
culitvasrs. Chinese Journal of Tropical Crops, 21 (2): 37 - 41. (in Chinese)

oo, kA, BRERE, bk, kiR, BTIR. 2000, RS EES SRR RCR R AT EORBT . Bt EYISAIR, 21 (2): 3741

Jaganath B, Subramanyam K, Mayavan S, Karthik S, Elayaraja D, Udayakumar R, Manickavasagam M, Ganapathi A. 2014. An efficient in planta
transformation of Jatropha curcas (L.) and multiplication of transformed plants through in vivo grafting. Protoplasma, 251 (3): 591 - 601.

Jia H, Zhang Y, Orbovi¢ V, XuJ, White F F, Jones J B, Wang N. 2017. Genome editing of the disease susceptibility gene CsLOBI in citrus confers
resistance to citrus canker. Plant Biotechnology Journal, 15 (7): 817 - 823.

Jiang W, Yang B, Weeks D P. 2014. Efficient CRISPR/Cas9-mediated gene editing in Arabidopsis thaliana and inheritance of modified genes in the
T2 and T3 generations. PLoS ONE, 9 (6): €99225.

Jones H D, Doherty A, Wu H X. 2005. Review of methodologies and a protocol for the Agrobacterium-mediated transformation of wheat. Plant
Methods, 1(1): 5.

Kapildev G, Chinnathambi A, Sivanandhan G, Rajesh M, Vasudevan V, Mayavan S, Arun M, Jeyaraj M, Alharbi S A, Selvaraj N, Ganapathi
A. 2016. High-efficient Agrobacterium-mediated in planta transformation in black gram[Vigna mungo (L.) Hepper)]. Acta Physiologiae
Plantarum, 38 (8): 205.



W=, B F, X 8, B, FiEw, =M, skoki, BER
RAERE TR IR R I E L i,
[ &5 %4, 2020, 47 (1): 111 - 119. 119

LiS, CongY, LiuY, Wang T, Shuai Q, Chen N, GaiJ, Li Y. 2017. Optimization of Agrobacterium-mediated transformation in soybean. Frontiers
in Plant Science, 8: 246.

Liu Meiya.

2011. Functional verification of Csi-miR390 and Csi-miR156 related to somatic embryogenesis in Citrus[M. D. Dissertation]. Wuhan: Huazhong
Agricultural University.

XIFEHE. 2011, MG AR R £ FIDE Csi-miR390. 156 ThfRIGAE (i 3C]. B Ml K,

Ma Yanyan, Chen Jiao, Wu Tianli, Zhang Jun, Zhong Guangyan. 2014. Isolation of the citrus CsTBLI gene promoter and its activity in transgenic
Arabidopsis. Acta Horticulturae Sinica, 41 (5) : 817 - 824.

Lad, B W RRAL K FE, BTR. 2014, MG CsTBLI JA 3 1) v B J H AR e BE TR0 g o BOvE V0 #r. [ Z54R, 41 (5):
817 - 824.

Marutani-Hert M, Bowman K, Mccollum G, Mirkov T, J. Evens T, Niedz R. 2012. A dark incubation period is important for
Agrobacterium-mediated transformation of mature internode explants of sweet orange, grapefruit, citron, and a citrange rootstock. PLoS ONE,
7: e47426.

Mayavan S, Subramanyam K, Jaganath B, Sathish D, Manickavasagam M, Ganapathi A. 2015. Agrobacterium-mediated in planta genetic
transformation of sugarcane setts. Plant Cell Reports, 34 (10): 1835 - 1848.

Nagashima Y, Koiwa H. 2017. High throughput selection of antibiotic-resistant transgenic Arabidopsis plants. Analytical Biochemistry, 525: 44 -
45.

Peng A, ChenS, Lei T, XuL, HeY, WuLiu, YaoL, Zou X. 2017. Engineering canker-resistant plants through CRISPR/Cas9-targeted editing
of the susceptibility gene CsLOBI promoter in citrus. Plant Biotechnology Journal, 15 (12): 1509 - 1519.

Rai G K, Rai NP, Kumar S, Yadav A, Rathaur S, Singh M. 2012. Effects of explant age, germination medium, pre-culture parameters, inoculation
medium, pH, washing medium, and selection regime on Agrobacterium-mediated transformation of tomato. In Vitro Cellular & Developmental
Biology-Plant, 48 (5): 565 - 578.

Shah SH, Ali S, Jan S A, Jalal-Ud-Din, Ali G M. 2015. Piercing and incubation method of in planta transformation producing stable transgenic
plants by overexpressing DREBIA gene in tomato (Solanum lycopersicum Mill.) . Plant Cell, Tissue and Organ Culture, 120 (3): 1139 - 1157.

Supartana P, Shimizu T, Shioiri H, Nogawa M, Nozue M, Kojima M. 2005. Development of simple and efficient in planta transformation method
forrice (Oryza sativa L.) using Agrobacterium tumefaciens. Journal of Bioscience and Bioengineering, 100 (4): 391 - 397.

Tabatabaei I, Dal Bosco C, Bednarska M, RufS, Meurer J, Bock R. 2018. A highly efficient sulfadiazine selection system for the generation of
transgenic plants and algae. Plant Biotechnology Journal, 17 (3): 638 - 649.

Zhang X, Henriques R, Lin S, Niu Q, Chua N. 2006. Agrobacterium-mediated transformation of Arabidopsis thaliana using the floral dip method.
Nature Protocols, 1(2): 641 - 646.

Zhang Y, Zhang D, Zhong Y, Chang X, Hu M, Cheng C. 2017. A simple and efficient in planta transformation method for pommelo (Citrus
maxima) using Agrobacterium tumefaciens. Scientia Horticulturae, 214: 174 - 179.

Zhong L, ZhangY, Liu H, Sun G, ChenR, Song S. 2016. Agrobacterium-mediated transient expression via root absorption in flowering Chinese
cabbage. Springer Plus, 5(1): 1825.

Zhu C, Zheng X, Huang Y, YeJ, Chen P, Zhao F, Xie Z, Zhang S, Wang N, Li H, Wang L, Tang X, Chai L, Xu Q, Deng X. 2019. Genome
sequencing and CRISPR/Cas9 gene editing of an early flowering mini-citrus (Fortunella hindsii) . Plant Biotechnology Journal, 17 (11):
2199 - 2210.



