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Progress in Somaclonal Variation and Its Application in Germplasm Improvement
of Turfgrasses

GU Min-xia, ZHANG Li, SHAO Li-da, CHAI Ming-liang
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Abstract:

Somaclonal variation is defined as variation originating in cell and tissue culture. The paper combined
domestic with foreign research of somaclonal variation, summarized the sources, the mechanism, the
selection and identification of somaclonal variation. In addition, a detailed introduction of its application
in breeding turfgrass species with stress-resistance, diseases-resistance and herbicide-resistance was
included. The paper pointed out the shortages of somaclonal variation such as the complexity,
unexpectation, inferiority, reduction of differentiation ability and genetic instability in variation. Besides,
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prospects of its application in enriching breeding resources for turfgrasses through in vitro selection were F Article by GU Min-xia

also discussed.

Keywords: Turfgrass Somaclonal variation Breeding
Wi H 31 2012-09-24 15 18] H 1] 2013-01-16 M £ i & Aii H 1
DOI:

HEIH -

T HAE 2 - S50 .(1964-), B WL &5 N, ml B0 W90 ) - e S A YHR . Tel:13757109402;E-
mail:mlchai@zju.edu.cn

P& i A -
Yk # Email: mlchai@zju.edu.cn

225 30K

[1] N BEPE IO SR BE R [9]. P B[ AR, 1993, 9(1): 32-33

[2] Henderson S, Perkins P B, Nathan H P, Maurice N.Residential lawn alternatives: a study of their
distribution, form and structure[J].Landscape and Urban Planning, 1998,42:135-145

[3] Larkin P, Scowcroft W.Somaclonal variation-a novel source of variability from cell cultures for plant
improvement[J].Theoretical and Applied Genetics, 1981, 60:197-214

[4] Braun A C.A demonstration of the recovery of the crown-gall tumor cell with the use of complex
tumors of single-cell origin[J].Proceedings of the National Academy of Sciences, 1959, 45:932-938

[5] Bouharmont J.Application of somaclonal variation and in vitro selection to plant improvement[J].Acta
Horticulturae, 1994, 355:213-218

F Article by ZHANG Li
F Article by SHAO Li-da
F Article by CHAI Ming-liang



[6] Predieri S.Mutation induction and tissue culture in improving fruits[J].Plant Cell Tissue and Organ
Culture, 2001, 64:185-210

[7] Mehta Y R, Angra D C.Somaclonal variation for disease resistance in wheat and production of
dihaploids through wheat X maize hybrids[J].Genetics and Molecular Biology, 2000, 23:617-622

[8] Sultana R, Tahira F, Tayyab H, Khurram B, Shiekh R.RAPD characterization of somaclonal variation
in indica basmati rice[J]. Pakistan Journal of Botany, 2005, 37:249-262

[9] Matheka J M, Magiri E, Rasha A O, Machuka J.In vitro selection and characterization of drought
tolerant somaclones of tropical maize ( Zea mays L.) [J].Biotechnology, 2008, 7:641-650

[10] Van den Bulk R W, Loffler H J M, Lindhout W H, Koornneef M.Somaclonal variation in tomato: effect
of explant source and a comparison with chemical mutagenesis[J]. Theoretical and Applied Genetics,
1990, 80:817-825

[11] Ehsanpour A A, Madani S, Hoseini M.Detection of somaclonal variation in potato callus induced by
UV-C radiation using RAPD-PCR[J].General and Applied Plant Physiology, 2007, 33:3-11

[12] Hossain A M, Konisho K, Minami M, Nemoto K.Somaclonal variation of regenerated plants in chili
pepper (Capsicum annuum L.)[J].Euphytica, 2003, 130:233-239

[13]1 &' i, Ja 5k, FKkiE, B B EMS B AR TAAR M TR RE K B A AL EAN IR B [3]. A 54,2009, 23(1): 90-94
[14] Brar D S, Jain S M.Somaclonal variation: Mechanism and Applications in crop improvement

[A] //Jain S M, Brar D S, Ahloowalia B S.Somaclonal variation and induced mutations in crop
improvement. Netherland: Kluwer Academic Publishers, 1998, 15-38

[15] Jain S M.Tissue culture-derived variation in crop improvement[J].Euphytica, 2001, 118:153-166
[16] Karp A.Somaclonal variation as a tool for crop improvement[J].Euphytica, 1995, 85:295-302

[17] Unai E, Iselen T, de Garcia E.Comparison of characteristics of bananas ( Musa sp.) from the
somaclone CIEN BTA-03 and its parental clone Williams[J].Fruits, 2004, 59:257-263

[18] Skirvin R M, McPheeters K D, Norton M.Sources and frequency of somaclonal variation
[J].HortScience, 1994, 29:1232-1237

[19] P REIF, R R 25 R PR 4l W AR S 7 b 91, 3 i SCBE 27 e 2 4 - SR BH# i, 2003, 15: 40-46

[20] Evans D A, Sharo W R, Medina-Filho H P.Somaclonal and gametoclonal variation[J].American
Journal of Botany, 1984, 71:750-774

[21] George E F.Plant propagation by tissue culture, part 1: the technology[M]. London: Exegetics
Ltd,1993

[22] Krikorian A D, Irizarry H, Cronauer-Mitra S S, Rivera E.Clonal fidelity and variation in plantain
(Musa AAB) regenerated from vegetative stem and floral axis tips in vitro[J].Annals Botany, 1993,
71:519-535

[23] McPheeters K, Skirvin R M.Histogenic layer manipulation in chimeral 'Thornless Evergreen’ trailing
blackberry[J].Euphytica, 1983,32:351-360

[24] Marcotrigiano M. Genetic mosaic and chimeras: Implication in biotechnology[A]//YPS. Bajaj(ed).
Biotechnology in agriculture and forestry. 1990, 11:85-111

[25] Broertjes C. Mutation of bmeding of streptocarpus[J]. Euphytica, 1969, 18:333-339

[26] Broertjes C, Keen A. Adventitious shoots: Do they develop from one cell[J]. Euphytica, 1980
(29):73-87

[27] Chuang S J, Chen C L, Chen JJ, Chou W Y, Sung J M. Detection of somaclonal variation in micro-
propagated Echinacea purpurea using AFLP marker[J].Sciencia Horticulturae, 2009, 120:121-126

[28] XU A REA, BT S ARG TE M JR AR S ATE Tk R [3]. 4R R #viy A kR 22,2001, 7(2) : 22-29

[29] Peschke V M, Phillips R L. Genetic implications of somaclonal variation in plants[J]. Advances in
Genetics, 1992, 30:41-75

[30] Gimenez C, de Garcia E, de Enrech N X, Blanca |I.Somaclonal variation in banana: cytogenetic and
molecular characterization of the somaclonal variant CIEN BTA-03[J].In Vitro Cellular and
Developmental Biology-plant, 2001, 37:217-222

[31] Siragusa M, Carra A, Salvia L, Puglia A, De Pasquale F, Carimi F.Genetic instability in calamondin
( Citrus madurensis Lour.) plants derived from somatic embryogenesis induced by diphenylurea
derivatives[J]. Plant Cell Reports, 2007, 26:1289-1296

[32] Radhakrishnan R, Ranjitha Kumari B.Morphological and agronomic evaluation of tissue culture
derived Indian soybean plants[J]. Acta Agriculturae Scandinavica, 2008, 91:391-396

[33] Rodrigues P H V, Tulmann Neto A, Cassieri Neto P, Mendes B M J.Influence of the number of
subcultures on somoclonal variation in micropropagated Nanico ( Musa spp., AAA group) [J].Acta
Horticulturae,1998, 490:469-473

[34] Bairu M W, Fennell C W, van Staden J.The effect of plant growth regulators on somaclonal variation
in Cavendish banana ( Musa AAA cv. 'Zelig’ ) [J].Scientia Horticulturae, 2006, 108:347-351

[35] Al-Zahim M A, Ford-Lloyd B V, Newbury H J.Detection of somaclonal variation in garlic ( Allium
sativum L.) using RAPD and cytological analysis[J].Plant Cell Reports, 1999, 18:473-477

[36] Hao Y J, Deng X X.Occurrence of chromosomal variations and plant regeneration from long-term-
cultured citrus callus[J].In Vitro Cellular and Developmental Biology-plant, 2002, 38:472-476

[37] Mujib A, Banerjee S, Dev Ghosh P.Callus induction, somatic embryogenesis and chromosomal
instability in tissue culture-raised hippeastrum (Hippeastrum hybridum cv. United Nations) [J].
Propagation of Ornamental Plants, 2007, 7:169-174



[38] iy AW, #0 -, 4 F, INSL A X8 I KA AR A I TG 1 2R A2 57 [9] ) 1 4k, 2002, 19: 749-755

[39] Evans D A, Paddock E F.Comparison of somatic crossing over frequency in Nicotiana tabacum and
three other crop species[J].Canadian Journal of Genetics and Cytology, 1976, 18:57-65

[40] BREEDE, #ha = A4 L TE M R AR e it R [9]. 2B 24 4% 76, 1994(3): 4-6

[41] Peschke V M, Phillips R L, Gengenbach B G.Discovery of transposable element activity among
progeny of tissue culture-derived maize plants[J].Science, 1987, 238:804-807

[42] Peschke V M, Phillips R L.Genetic implications of somaclonal variation in plants[J].Advances in
Genetics, 1992, 30:41-75

[43] Chintapalli P, Moss J, Sharma K, Bhalla J.In vitro culture provides additional variation for pigeonpea
[J]-1n Vitro Cellular and Developmental Biology-plant, 1997, 33:30-37

[44] Guo W, Wu R, Zhang Y, Liu X, Wang H, Gong L, Zhang Z, Liu B.Tissue culture-induced locus-specific
alteration in DNA methylation and its correlation with genetic variation in Codonopsis lanceolata Benth. et
Hook. f[J].Plant Cell Reports, 2007, 26:1297-1307

[45] Asif M J, Othman R Y.Characterization of fusarium wilt-resistant and fusarium wilt-susceptible
somaclones of banana cultivar rastali (Musa AAB) by random amplified polymorphic DNA and
retrotransposon markers[J].Plant Molecular Biology Reporter, 2005, 23:241-249

[46] Larkin P J, Ryan S A, Brettell R I S, Scowcroft W R.Heritable somaclonal variation in wheat[J].
Theoretical and Applied Genetics, 1984, 67:443-455

[47] Gao D Y, Vallejo V, He B, Gai Y C, Sun L H.Detection of DNA changes in somaclonal mutants of rice
using SSR markers and transposon display[J].Plant Cell Tissue and Organ Culture, 2009, 98:187-196
[48] Phillips R L, Kaeppler S M, Olhoft P.Genetic instability of plant tissue cultures, breakdown of normal
controls[J].Proceedings of National Academy of Sciences, 1994, 91:5222-5226

[49] Brown P T H, Gobel E, Lorz H.RFLP analysis of Zea mays callus cultures and their regenerated plant
[J]-Theoretical and Applied Genetics, 1991,81:227-232

[50] Devaux, Hou L M, Ulirich S E, Huang Z X, Kleinhofs A.Factors affecting anther cutturability of
recalcitrant barley genotypes[J].Plant Cell Reports, 1993, 13:32-36

[51] Neelakandan A K, Wang K. Recent progress in the understanding of tissue culture-induced genome
level changes in plants and potential applications[J]. Plant Cell Reports, 2012, 31:597-620

[52] Wang Q M, Wang L. An evolutionary view of plant tissue culture: somaclonal variation and selection
[J]. Plant Cell Reports 2012,31: 1535-1547

[53] #METC, i 35, 240 X A A A At o Dot R A8 S I 9 45 B [9]. B R 54k, 2005, 19(6): 479-484

[541 AR, EAEAK, 5 S LN AR A A0 B TEPE R AR e BORIE & A R R [3]. 2 HAE 4, 2004, 24(3):
151-152

[55] 5K fill, 5K B35 A e e AR AN o 1 2R A S AR AE b A & b ) B T [ AE D5 T 22,2006, 51 48-50

[56] Ak R, E2 e A R AR AN TC I 2R A8 S B UE B eV A2 R 011 BF S [9]. Hh A Ak lk 24k, 2006, 14
(2): 37-39

[57] 3% A SERE, R 427 AR ML O e 3R A8 e S AR /N2 5 6 3t o f 2 P L9090 i AR A%, 2008, 21 20-25
[58] Jackson J A, Dale P J.Somaclonal variation in Lolium multiflorum L. and L.memulentum L.[J].Plant
Cell Reports, 1989,8:161-164

[59] Hanna W W.Induced mutations in Midiron and Tifway bermudagrass[C].Agronomy Abstracts,
American Society of Agronomy, Madison, WI, 1990,175

[60] Taliaferro C M. Somaclonal variation in regenerated bermudagrass plants[C].Agronomy Abstracts,
American Society of Agronomy, Madison, WI, 1992,116

[61] Byron L B, Charles R T. Regeneration and somaclonal variation in apomictic Paspalum dilatatum
Poir[J].Euphyita, 1993, 67:71-78

[62] Chayaporn W, Peter D W. Effect of growth regeulator on callus cell growth, plant regeneration and
somaclonal variation of smooth bromegrass (Bromus inermis L.) [J]. Euphytica, 1993, 69:77-82

[63] Roylance J T, Hill N S, Parrott W A. Detection of somaclonal variation in tissue culture regenerants
of tall fescue[J]. Crop Science,1994, 34:1369-1372

[64] Cardona C A, Duncan R R.In vitro culture, somaclonal variation, and transformation strategies with
paspalum turf ecotype[A]//Sticklen M B, Kenna M P.Turfgrass biotechnology-cell and molecular genetic
approaches to turfgrass improvement.Michigan: Ann Arbor Press, MI, 1997.229-236

[65] Denise M Seliskar, John L Gallagher. Exploiting wild population diversity and somaclonal variation in
the salt marsh grass Distichlis spicata (Poaceae) for marsh creation and restoration[J]. American Journal
of Botany, 2000, 87(1):141-146

[66] yi/b 2z, 5k K MRk A% S F AR A 255 77 SRR S A WE ST AR [9]. T 27749, 2003, 30(4):482-484

[67] Goldman J J, Hanna W W.Plant regeneration and an analysis of somaclonal variation from

'TifEagle’ and 'TifSport’ bermudagrass cultivars[J].HortScience, 2004, 39 (6):1381-1384

[68] 2N, MR T, N7, i o Bk, 24 AR B W A R B 805 T AR MR R AR K MRIR 1 28 0 9T 9] 4%
A7 4i,2011, 25(4): 645-651

[69] M fciil, X B . fBAS B IR ok A L 2R oAb S P AR AR RR I AR b 9 [9]. Hh B 22,2012, 43(1):65-71
[70] Ackerman E B.Enzymatic and physiological studies of low-temperature response in vegetative and
somaclonal Pangola[R].University of Florida,PHD,Dai-B 51/10, 1991:4645

[71] Krans J V, Park S L, Tomaso-Peterson M, Luthe D S.In Vitro selection in Agrostis stolonifera var.
palustris:heat tolerance and Rhizonctonia solani resistance[A].In:Stieklen M B, Kenna M P, eds.Turfgrass



biotechnology: cell and molecular genetic approaches to turfgrass improvement. Michigan: Ann Arbor
Press,1997:221-222

[72] 450 R, E20 % AR Tk il 36 1 45 28 R i AL da bk [9]. B 4, 2005(21), 5: 557-560

[73] Lu S Y, Peng X X, Guo Z F, Zhang GY, Wang Z C, Wang C Y, Pang C S, Fan Z, Wang J H.Invitro
selectionof salinity tolerant variants from triploid bermudagrass (Cynodon transvaalensis X C.dactylon)
and their physiological responses to salt and drought stress[J].Plant Cell Reports, 2007, 26:1413-1420
[74] Lu S Y, Chen C H, Wang Z C, Guo Z F, Li H H.Physiological responses of somaclonal variants of
triploid bermudagrass (Cynodon transvaalensi X C.dactylon) to drought stress[J].Plant Cell Reports,
2009, 28:517-526

[75] E s AR TE S, 5RA 4992 57 . 400 TR BRI B 1) 55 Ml L SR8 Aol i ) i bk 23 #r [91. 3l 2741, 2009, 18
(2): 60-65

[76] M HeTs, TR0, A2 dl W], RAA R, B AR 2L, B 2L 1 o AR A UL U 1 A2 S AR SRAP 43 T AR L [T UL AR AR Mk 2%
%,2009, 25(5): 552-557

[77]1 MHGed A R0, 9k 0, TR R, A, SR BT VA A A VUL T 8 SR A € S AR AR [9]. Fritth 2%
#,2010, 18(1): 97-102

[781 B 577, R, Se W] [y SRSty S 28 R Ay 20 20 A R #h 1 (4 5 i [9]. Fk 24, 2010, 19(5):25-30
[79]1 /N FEFZE, E 95, MR B, 367 . DES YR AL by B9 (AR B4 IR 45 15 I b A AE S 0 € SRAZ AR I ST [3]. Bk %
#,2010, 19(5): 25-30

[801 X WF, j7 /b 2, S04 K ARG B S AL S AR 1) 9 08 R FL AR FRLE 5 [J]. i 224, 2011, 19(4): 652-656

[81] XUBARE, /7 /b 2, FRHR K ABAR BT A8 S A P 7 328 B LA B8 58 [9]. 50k 224k, 201 2, 21(1): 126-132

[82] &7, ik 53 Ak X 55 , At W ARG B AR A R U € SRARAR ISR AT S SESRAP 73 1452 [3]. k2 4ik, 201 1,
20(6): 237-244

[83] Bouharmont J, Dekeyser A’ S, Jan V V, Dogbe Y S.Application of somaclonal variation and in vitro
selection to rice improvement[M].l RRI, Manila, Philippines, 1991: 271-277

[84] Bulk R W.Application of cell and tissue culture and in vitro selection for disease resistance Breeding-
a review[ J ].Euphytica, 1991, 56:269-285

[85] Skipp R A, White D W R.Somaclonal variation in resistance of perennial ryegrass to crown rust
[J].Proceeding of New Zealand Grassland Association, 1988, 49:93-96

[86] Croughan S S,Quisenberry S S.Enhancement of fall armyworm(lepidoptera: noctuidae)resistance in
bermudagrass through cell culture[J].Journal of Economic Entomology, 1989, 82:236-238

[87] Croughan S S,Quisenberry S S.Eichhorn M M, Croughan S S, Quisenbeny S S, Eichhorn M M,
Colyorjr P D, Broun T F.Registration of Brazos-R3 bermudagrass germplasm[J].Crop Science, 1994,
34:542

[88] Chai M L, Lee J M, Park M H, Kim D H.In vitro selection for large patch resistance in zoysiagrass
[J].Journal of the Korean Society for Horticultural Science, 2001, 42(3): 249-253

[89] Lee H J, Lee G J, Kim D S, Kim B J, Ku J H, Kang S Y.Selection and Physiological Characterization of
Glyphosate-tolerant Zoysiagrass Mutants Derived from a Gamma Ray Irradiation[J].Korean Journal
Horticultural Science and Technology, 2008, 26 (4):454-463

[90] Douglas L H, Wayne A P, Paul L R.Obtaining sethoxydim resistance in seashore paspalum[J].Crop
Science, 2010, 50:2632-2640

[91] Chen S, Chai M L, JiaY F, Gao Z S, Zhang L, Gu M X, Lin W D, Wang L P. In vitro selection of
glyphosate-tolerant variants from long-term callus cultures of Zoysia matrella [L.] Merr[J]. Plant Cell
Tissue and Organ Culture, 2012,111:199-207

[92] BT, BR S, 3% 9%, axtfdn, WhAH, ik Pe. PR gl USSR S R [9]. b5l 2,2006,(6):53-56
[93] 564,24 i, B 0t MMM L BT AR AoV R A 9T [I]. AR 738 ik, 2010, 26(14):70-73
[94] Rl VFTE AR, D a1, %1 2. fa A fkan Mook R AR R w9 [I]. A&k, 2007,(11): 11-15

2 o g 0L S

1. BT, K A AR A S T R R S A F AT ST ], B AR R, 2004,18(04): 241-246

2. RUSERE, b BRI B R U, A R 2R K A s A ) 2% ) 5 A R A FE b TSR 9 i3 g [9]. AR AR,
2004,18(04): 247-251

3. AR, W ARALET XS, D 52 25 MR 2= T RAF5 AR S5 i U5 AR AH 45 5 i B /K Rt i R [0 A% AR 279,
2004,18(04): 284-285

4. RIS, H LD AR R AR B R AT S R [J]. AR AEIR, 2004,18(04): 294-296

5. CPZr, i B X, FE0 a4 AR R AR [ R ME B R 40 A R [J]. A% AR 244)k, 2004,18(04): 297-299

6. Wioeom, TR E A R ARG, A, TRk VR T E A S TENT FRE R G RTTARL]. AR R,
2004,18(04): 303-306

7. AN IR AR 2, AR AR, A T TR A R i A BB AR = R R[] B R4k, 2004,18
(04): 321-322+271

8. BREEZ, BEARR BRAR, AR MR e TR mrbn e . G MU R B AL IR [9]. R 244K, 2004,18(04):
327-329

9. LRI, XM, WM, HKE, F0EH AR EEST R E BRI D], A%, 0,0: 1-5

10. FEW )9, S NI, AP B PN AR RS BN R[] AR 243, 2003,17(05): 354-357



11. PR, R m R, E T A S5y B R IR S R AR AR 4 A R RS L K R AR ARRB027[J].
A 244, 2003,17(03): 165-170

12, gkveH B, B, B A, KOS BRSNS R TS LR A AR ST 9], AR SR, 2003,17
(03): 215-220

13. PHRSE Aara, S R EARE T s RA T MRS 65 [J]. AR Y], 2003,17(02): 141-142
14. FEMFN, B BB TRAGY, 52 20, B ity AR g M A W B U7 D2 B I]. AR 274k, 2003,17(02): 153-159

15. PR3, SR, BLAEEY, HER ), AR . LR P AR LONISE 7 . HFIE AP 15 2k P [0, AR,
2003,17(01): 6-10

Copyright by %4 %4k



