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Abstract - Soybean (Glycine max (L.) Merrill) is one of the most important crops of the world. With the completion of the
soybean genome sequence, the Korean soybean core collection consisted of 430 accessions with genetic and phenotypic
diversity was constructed in recent year. The availability of genome sequences and core collection will result in the crop
improvement by molecular breeding using the various accessions and genome editing approaches. Efficient tissue culture
techniques, such as haploid production, protoplast culture and plant regeneration from various organs are essential for the
successful molecular biological approach and crop improvement. However, soybean is still considered to be recalcitrant in
tissue culture because of the low frequency of regeneration and limitation of available responsive cultivars. In this study, we
discuss the recent studies of tissue culture technology and methodology for efficient tissue culture to genetic improvement

and application of molecular biotechnology in soybean.
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Table 1.Studies for efficient anther culture in soybean

Soybean genotype

Reference

Four genotypes (G1, G2, GP451, PK 1347)

Four cultivars (Bragg, IAS5, MG/BR-46-Conquista, BRS133)

110 genotypes
Brazilian soybean cultivars (IAS5, RS7)
Hark

Hai et al. (2016)
Rodrigues et al. (2005)
Zhao et al. (1998)
Kaltchuk-Santos e al. (1997)
Ivers et al. (1974)

Table 2. Studies about protoplast isolation and culture in soybean

Explant type

Soybean cultivar

Reference

Immature cotyledon

14 soybean genotypes

Clark63 and Heilong
6 soybean genotypes
Wye, Williams 82

Dhir et al. (1992)
Dhir et al. (1991)

Wei and Xu (1988)
Lin et al. (1987)

Seedling hypocotyl
Mandarin

G. max

G. canescens PI1399478

16genotypes (G. max, G. sojaetc)

Gamborg et al. (1983)
Klein ef al. (1981)
Hammatt and Davey (1988)
Newell and Luu (1985)

Pod Strain T219

Zieg et al. (1980)

4 mn =719 SFHjRFA], 7HE S5 A rEa AR
TS = A, B8] s el AZSE flslo] &
Fof ukeh Hijek viA| o] S2 Z3ho] YFE Fe Ao Ha
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Rk A AAZE =, 2o A 7R R A
T A ISR SR TR S5 A Aol 7hs ' Aol
o 39 4529 ohullge s TRt Aol w24
of ZeA7], AAe] At v &7 B el o) 2] whE vt
A fre gl TR A7t B o] Fol Aok & Ao,

T 9FR £ 4 AF32A Wi

AEAEAA AERS AAT AES SSke 9FE
(protoplast)> FH4Q] F27F A& T F 719 A ZE &
5K U9 §3Hprotoplast fusion)o|L} THE A|22] A
E7| o A= EE ol A5t FAFAIEE HEe AN E A
Z(somatic hybridization) 7]&g ¢J5to] 1970t HEl 4
Ao g A7} NAE I THKao et al,, 1970, 1974; Melchers
and Labib, 1974). 53], Hll5, QfuliFof 22 w5}, &/,
B2 Sa} 2o 7ha, 18]al EnfE 50] 71 Lol 4 43 A

A % o A7 2sHA o] R A|aL §ltk(Collonnier ef
al,, 2003; Guo et al,, 2004; Qian et al., 2003), 1980 AT 5|
AR T FEAS AEl =Us] flsto] YFAE o8
ok FANS A7 B E ZFRE ThefRt Aol A Al E Qi
(Rhodes et al,, 1988; Uchimiya et al,, 1986; Zhang and Wu,
1983). A HA| #ij 2 Eef 4 B, S-2 cellulase®} pectinase
OF 2o A WS ARl AFAAE SEMAL e Al
WS A AL QA 5 vjofsto] Al2itEE Fol A=A
B ARk IS AXA ==, okt AledolA 2&
Q1 A HA Hal, ujoF 9 AEA) Aus 2712 A6
THChen et al , 2004; Kakkar et al,, 2000; Rhodes et al., 1988).
FolMe T2 uds A 2 uiS H91E A Fste] 93
< ook A7E ARSI n)ds AP o =i Y HeE
HYAA=1.2% agarose bead 5 ARE-510] B GFSH5= wf A
vl asto] e fi=go] Z7FsISIrHDhir ef al, 1991)
(Table 2). E3t glutamine, asparagine 12|11 GAzS] A7}=
A AR EE ASA Q2o 888 7RIt B sk
t}. Dhir et al, (1992)2 14 £59] v]ds AHolA AFEE
weloto] Jack FF0lA 27%9] Bl A =2 ARst AEe
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CHTable 3). 52| A¥(cotyledon), A4
(cotyledonary node) ¥ vl|<(hypocotyl) S} 2 tlefst =
32 wlegslel ARSE SEslRd, AEE Agelol &
27401 ARBIE SIS A7) 2 0|21 glcBarvele
et al, 1986; Raza et al., 2017; Sairam et al,, 2003), FE3,
iAol H7fol= AlEAd A B4 AEst agol 24 9
e A 89 ez A=, 39 739 cytokinin A2
of BAP7} A 28H2 918 744 kA o2 A sl glom, o
- Aol A= TDZ (thidiazuron) 9] 37tol| THe ATHE H1

=

3 ZAfeF 710l 718K AEEt AT 5

319 th(Kaneda et al, 1997; Yoshida, 2002). 22| 453} &
&2 F50l wet 2A FFE e AR dEA e,
Raza et al, (2017)& 250 T2 A9 519 9 A 52 HE
9| Fr7t AlE ARt u| x|z Gl tiste] B arskqlct,
ESE ol A= Kim et al. (2016)0] $-2uet & AuiEEE
S s 24 A K9] 9 ujA] Fiol whE RS a8
HESH v} ek, ol<jol|e, uijeF viA | H7HEol o Ajest
agof et A 2t BarE|Ql=t, T Karthik et al,
(2019)-> PUSA 9712 F-5-9] A3} v z|of] A2 g4 e
Ao A] thofel 24 71558 71 A 0.2 47 SNP (sodium
nitroprusside) & 7}15t0] 571 At A5 2eld 4= 9l
ek, weba, evel 3 AR F4) 9 AESY 3
AAS B3 &5 A S $l8l w2 AlES 58S 7H
T AT AT At oA, FEol whE A F9, ulokuy
A9 24, 70| Ak 5 ARl FIFS v] A= vkt &
Q=] thet Zugh HETL o]Fo]Aof & Ao|rt,

qE zaue B S

QA el vigh 0] BR A9 A 2} 14 24
A1) 55, WAle] 24 9 8 (genotype) 5 2
2 clogeh .21E0] ofa) ake Wz A0 el 9let, 53]
Azl uRo] et 2AuF BeL 2 FL )
of Aol A7t AlS-S Adsto] wjok a&s F1IA7
© GF7F TR AlEell A 3 E IeKBolibok et al,, 2007
Ge et al., 2006; Mano and Komatsuda, 2002), L&} ZH=0]|
A EUA 7HA7F & R AS S-S o8] W 24w
& BES 7L Q7] ol S A TS 917 Atol] A
gt Aol 2910 E)3l Qlti(Taguchi—Shiobara et al 1997;

Yang et al , 2011). u}eba], A1E0] ZAuljof f-8of Toldl=
HAUES 85t 44 77 =& AsS 24 &
22 7)A18t A} SFtH(Nishimura ef al,, 2005; Seo et al |
2013; Taguchi—Shiobara et al, 2006).

A 22l Bl B AU At T2 oW1
tje} BlE SH o2 FUstA o] RolR|aL glom, Z FofAf
= 2o} &go] Folshs AP Q3 BRI gT), of]
AiellAe AR A4 248l Bojshe AR}
LECI (LEAFT COTYLEDONI), LEC2 (LEAFT COTYLEDONZ)
o} FUS3 (FUSCAD SR A ek sk 9k
2 AHA 9l o, SERKI (Somatic Embryogenesis Receptor—

like Kinasel) +AAR= TG 22| o A] AN 20l B 5
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Table 3. Plant regeneration studies in soybean

Explant type

Soybean cultivar

Shoot regeneration

Hormone treatment of

Reference

medium shoot regeneration medium
Cotyledonary node White hilum MS medium BAP 0.5 mg/L Shan et al. (2005)
155 G. max and 13 G. soja B5 medium BAP 1-5 pmol Barwale et al. (1986)
Williams 82, Newton, Loda Modified MS medium BAP 8.8 uM Sairam et al. (2003)
Clark MS medium BAP 1 mg/L Shetty et al. (1992)
Wayne MS medium BAP 5 pmol Wright et al. (1986)
Immature cotyledons 33 soybean genotypes MS medium + - Parrott et al. (1989)
BS5 vitamins
Cotyledonary node and Bonminori MS medium + TDZ 2 mg/L or Kaneda et al. (1996)
hypocotyl B5 vitamins BAP 1.15 mg/L
Cotyledonary node, Nine cultivars containing B5 medium BAP 1.67 mg/L Raza et al. (2017)
hypocotyl and half split Jack and William
hypocotyl
Young cotyledon Six cultivars MS medium + BAP 3 mg/L, Yang et al. (1990)
BS vitamins NAA 0.04 mg/L
Embryogenic callus Fayette MS medium + - Finer and Nagasawa
derived from suspension BS5 vitamins (1988)
culture of cotyledons
Hypocotyl 13 soybean genotypes SI medium modified BAP 5-10 pmol Dan and Reighceri
MS medium (1998)
Ohsuzu, Kosuzu, Suzukari, B5 medium TDZ 2-10 pmol Yoshida (2002)
Suzuyataka, Tachiyutaka,
NT-98-236
Immature embryos 26 cultivars (Japan) MS medium + - Komatsuda and Ohyama
BS5 vitamins (1988)
Half-seed PUSA 9712 MS medium + BAP 4.4 pM Karthik et al. (2019)
BS5 vitamins

Table 4. Genes related to plant tissue culture efficiency in soybean

Gene name

Gene description

Gene function

References

GmESRI

Transcription factor targetting

(Enhancer of Shoot Regenerationl) regeneration-associated genes

Seed germination and shoot and root Zhang et al. (2017)

elongation

GmRAV1
(Related to ABI3/VP1 family)

AP2/ERF transcription factor

Regulators of the cytokinin signaling
pathway involved in root and shoot
regeneration

Zhang et al. (2018)

GmAGL15 (AGAMOUS-LIKEIS),

GmAGL18 (AGAMOUS-LIKEIS)

MADS box transcription factor

Plant regeneration by somatic
embryogenesis

Thakare et al. (2008),
Zheng and Perry
(2014)

Zheng et al. (2016)

77 =

< QIL At

$AA 2 B UTHGaj et al., 2005; Gazzarrini et
al., 2004; Hecht et al,, 2001), W ollA= A2} Ao Tofs}
A} NiR (ferredoxin—nitrite reductase) @] 7% %

A0k 21g:0] 2 o3 AR et 58 7 7]
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Table 5. Recent advances for soybean transformation

Transformation

method Explant Soybean cultivar Target gene Gene function Reference
Agrobacterium  Cotyledonary Williams 82 Bar Herbicid resistance Zeng et al. (2004)
node 11-kDa methionine-rich delta-zein Accumulation of zein Kim and Krishnan (2004)
protein
Jack a-linolenic acids (GmFAD3) Reduction of a-linolenic  Flores et al. (2008)
acids
Thorne, A°APdesaturase gene Accumulation of Eckert et al. (20006)
NE3001, 420-5 stearidonic acid
Asgrow3237 vegetative storage protein gene (VspA) Reduction of VSPa and  Staswick et al. (2001)
VSP(3
A3237, Thorne, A®-desaturase gene v-linolienic acid and Sato et al. (2004)
NE3001 stearidonic acid
Somatic embyo Chapman {3-glucuronidase (GUS) - Trick and Finer (1998)
Embryonic tip  Hefeng25, 35, 39 Pinellia ternata agglutinins gene (pta), Resistance to cotton Dang and Wei (2007)
etc. Insecticidal crystal protein gene (cryldc) bollworm
Particle Embryonic axis BR-16, 91, Acetohydroxyacid synthase (ahas) Herbicid resistance Aragdo et al. (2000)
bombardment Doko RC
BR-16 Oxalate decarboxylase (oxdc) Resistance to white Cunha et al. (2010)
mould
Human growth hormone gene (/hgh) Accumulation of mature Cunha et al. (2011)
form of hGH
Conquista ER luminal binding protein (BiP) Tolerance to drought Valente et al. (2009)
stress
Somatic embyo Jack a-subunit of rice anthranilate synthase (OASA;D) Increase of free Kita et al. (2007)

derived from
immature
cotyledons

Green fluorescent protein (GFP)
Gly m Bd 30K gene

A5, A6, Al5 desaturase gene,
GLELO elongase gene

Epoxygenase gene (SIEPX), Diacylglycerol
acyltransferase genes (VgDGATI and VgDGAT?2)

Soybean phytase gene (Gmphy)

Transcription factor CRC, flavanone
3-hydroxylase gene (F3H)

Chalcone synthase gene (CHS6), Isoflavone
synthase gene (/FS2), Phenylalanine
ammonia-lyase gene (PALS)

{3-amyrin synthase gene (GmBASI)
Insecticidal crystal protoxin gene (crylAb)

Inverted repeat-SbDV coat protein (CP)

Bacterial 4-hydroxyphenylpyruvate dioxygenase
(HPPd)

tryptophan
Reduction of allergen

Production of arachidonic
acid

Increase of epoxy fatty
acid

Reduction of phytate
content

Increase of isoflavones

Reduction of isoflavone

Reduction of seedsaponin

Resistance to velvetbean
caterpiller

Resistance to soybean
dwarf virus (SbDV)

Isoxaflutole tolerance
(herbicide)

Khalafalla et al. (2005)
Herman et al. (2003)
Chen et al. (2006)

Li et al. (2010)

Chiera et al. (2004)

Yu et al. (2003)

Zernova et al. (2009)

Takagi et al. (2011)

Dufourmantel et al.
(2005)

Tougou et al. (2007)

Dufourmantel ez al.
(2007)

Jack, JQI, JQ2

a-subunit of rice anthranilate synthase (OASA4,D)

Increase of free
tryptophan

Kita et al. (2007)
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