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ABSTRACT

The study on the fin vfitro mficropropagatfion of Robfinfia pseudoacacfia L. shows the possfibfiflfity of the rapfid fincrease of 

the vegetatfive progeny usfing organogenesfis. The cuflture system consfists of sequentfiafl use of three medfia, namefly, 

the finfitfiatfion medfium (MS medfium suppflemented wfith 0.6 mg · fl-1 6-BA (6-benzyflamfino-purfine), 0.1 mg · fl-1 NAA 

(naphthaflene acetfic acfid), proflfiferatfion medfium (1/2 MS medfium added wfith 1 mg · fl-1 6-BA,) and root-finductfion 

medfium (1/2 MS medfium fortfified wfith 0.2 mg · fl-1 NAA). The resufltfing mficropropagated pflants, fuflfly accflfimatfised 

to an fin vfivo envfironment, dfid not show any vfisuaflfly detectabfle morphoflogficafl varfiatfion.

In addfitfion, we finvestfigated the genetfic stabfiflfity (vegetatfive progeny to the donor pflant) of a sampfle of 30 pflants 

randomfly taken from ca. 1067 mficropropagated pflants, by usfing three mficrosateflflfites flocfi Rops 15, Rops 16, Rops 18. 

Our resuflts suggest that DNA sequence varfiatfions may occur fin mficropropagated pflants.
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INTRODUCTION

Bflack  flocust  (Robfinfia  pseudoacacfia L.) fis a drought-

resfistant tree and, fin symbfiosfis wfith Rhfizobfium, abfle to 

fix dfinfitrogen from the atmosphere. It fis, therefore, an 

finterestfing specfies for margfinafl flands where sofifl ame-

flfioratfion fis sought fin addfitfion to economfic gafin. Robfinfia 

fis wfidefly pflanted due to fits rapfid growth and ecoflogficafl 

pflastficfity, adaptabfiflfity and good tfimber quaflfity.

Severafl countrfies have started research programmes 

on fimprovfing bflack flocust wood quaflfity and/or fincreas-

fing  productfion  of  bfiomass  for  energy  purpose.  Future 

dfirectfions  for  forestry  research  fin  Pofland  fincflude  thfis 

specfies sufitabfle for productfion of the smaflfl-sfized tfimber 

fin  short  productfion  cycfles  as  an  attractfive,  renewabfle 

energy resource. As a resuflt of the flatest study conduct-

ed by the Forest Research Instfitute, a few forest stands 

wfith bflack flocust characterfised by the unfique, strafight 

form  of  the  stem  have  been  flocaflfised.  Therefore,  root 

mficrocuttfings from the seflected strafight stem trees were 

coflflected from those stands and these trees became the 

basfis of the most vafluabfle forest stands of the bflack flo-

cust fin Pofland. However, there are findfivfiduafl genotypes 

that  are  resfistant  to  the  efforts  of  propagatfion  by  the 

tradfitfionafl methods. In thfis context, the bflack flocust fis-

sue demands the deveflopment of an effectfive method of 
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mficropropagatfion to enabfle the productfion of vegetatfive 

mficrocuttfings on a commercfiafl scafle.

Severafl reports have showed that fin vfitro propaga-

tfion of R. pseudoacacfia fis a feasfibfle method to produce 

flarge numbers of cflonafl pflants (Enescu and Jucan 1985; 

Baflfla and Vértesy 1985; Barghchfi 1987; Arrfiflflaga 1993; 

Zhang et afl. 2007; Rédefi et afl. 2013). To obtafin effectfive 

procedures of fin vfitro propagatfion, authors have tested 

two mafin factors: the type of expflants and the type and 

concentratfion of pflant growth reguflators. Unfortunatefly, 

fit fis weflfl known that exogenous hormones and growth 

reguflators  usefufl  for  the  mficropropagatfion,  especfiaflfly 

the synthetfic ones, have been a cause of genetfic finstabfiflfi-

ty (Martfin et afl. 2006). Even at optfimafl flevefls, flong-term 

mufltfipflficatfion may often flead to somacflonafl or epfigenet-

fic varfiatfions fin the mficropropagated pflants questfionfing 

the  very fideflfity  of  thefir  cflonafl  nature.  Therefore,  fit  fis 

necessary to estabflfish genetfic unfiformfity of mficropropa-

gated shoots by moflecuflar technfiques that woufld enabfle 

a hfighfly sensfitfive detectfion of any mutatfions.

Random  ampflfified  poflymorphfic  DNA  markers 

(RAPDs)  have  been  appflfied  to  determfine  the  genetfic 

homogenefity  fin  a  smaflfl  sampfle  of  mficropropagated 

4-year-ofld pflants of R. pseudoacacfia (Bfindfiya and Kan-

war 2003). The afim of thfis study was to assess the possfi-

bfiflfity to appfly mficrosateflflfite fingerprfintfing technoflogy 

for checkfing genetfic stabfiflfity of bflack flocust tfissue-cufl-

ture derfived pflantflets. Mficrosateflflfites, comprfisfing tan-

demfly repeated short nucfleotfide sequences, are found as 

ubfiqufitous, abundant and hfighfly poflymorphfic fin eukar-

yotfic  genomes.  Mutatfion  rates  are  estfimated  to  occur 

between 10−2 and 10−6 events per flocus per generatfion, 

whfich are very hfigh compared to pofint mutatfion rates at 

codfing gene flocfi (Lfi et afl. 2002). Tree mficrosateflflfite flocfi 

(Rops 15, Rops 16, Rops 18) wfith a hypervarfiabfle dfinu-

cfleotfide repeat flocus (AG motfif) and wfith an extraordfi-

narfifly hfigh mutatfion rate were used by Lfian and cow-

orkers (2004), fin study on mutatfionafl characterfistfics of 

bflack  flocust  fin  dfifferent  fleaf  sampfles  from  findfivfiduafl 

ramets, ramets wfithfin findfivfiduafl genets and seeds from 

findfivfiduafl mother ramets.

The  foflflowfing  work  covers  the  resuflts  of  tryfing  to 

obtafin pflantfing stock of R. pseudoacacfia usfing vegeta-

tfive reproductfion fin the fin vfitro tfissue cufltures. We have 

aflso monfitored the genetfic stabfiflfity of flong-term mficro-

propagated shoots of bflack flocust cflones usfing mficrosat-

eflflfite flocfi Rops 15, Rops 16, Rops 18. Our resuflts suggest 

that mficrosateflflfite technfique can be successfuflfly used to 

assess genetfic varfiatfions fin mficropropagated pflants.

MATERIAL AND METHODS

Pflant materfiafl

As the startfing materfiafl for mficropropagatfion, the frag-

ments of shoots from pflus trees, and from cflones orfigfi-

natfing from seed orchard were used (Tab. 1). The young 

shoots that sprouted from the flower trunk were coflflect-

ed fin sprfing, before buddfing.

Tabfle 1. Lfist of propagated cflones of Robfinfia pseudoacacfia

Name Cflones number
No of seedflfings  
from fin vfitro 

1 PN 9733 (root cuttfinngs) 2

2 PN 9755 ( grafted) 265

3 PN 9759 ( grafted) 68

4 PN 9757 ( root cuttfinngs) 247

5 PN 9733 ( grafted) 43

6 PN 9735 ( grafted) 80

7 PN 9758 ( grafted) 212

8 PN 9759 (grafted) 11

10 DM 9755 (pflus tree) 139

Cuflture medfium and fincubatfion condfitfions

In order to finfitfiate the cufltures, the sterfiflfised materfiafl 

was  flafid  out  on  the  MS  cuflture  medfium  (Murashfige 

and Skoog 1962) for finfitfiatfion. The composfitfion of the 

finfitfiatfion  medfium  was  as  descrfiber  fin  Tabfle  2.  The 

first week after the cufltures finfitfiatfion, they were kept 

fin phytotron fin the darkness and then exposed to the 

16-hour photoperfiod of the dafifly temperature of 25°C 

and the nfight temperature of 20°C. To keep the cufltures 

fin vfigorous growth, the subcufltures were flafid out on 

the fresh cuflture medfium every 14 days. The emerg-

fing adventfitfious shoots about 1.5–3 cm flong were cut 

and aflflocated up to rootfing or secondary propagatfion 

(secondary expflants).

Proflfiferatfion and rootfing

Secondary expflants were put on the MS cuflture medfium 

dfifluted by haflf (½ MS), suppflemented wfith hfigher con-

centratfion of cytokfines – 1 mg · fl−1 BA P. Shoots aflflocat-

ed up to rootfing were first kept for 1 week on the cuflture 
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medfium enhanced wfith auxfins and then for 4–5 weeks 

flafid  out  to  root  on  the  ½  MS  cuflture  medfium  wfithout 

the growth hormones and suppflemented wfith actfivated 

carbon 2 g · fl-1 (Tab. 2).

Tabfle 2. The composfitfion of the cuflture medfium 
for vegetatfive propagatfion of Robfinfia pseudoacacfia

Compounds Infitfiatfion
Proflfife-
ratfion 

Inductfion 
of roots

MS medfium
fuflfl 

strength*
haflf 

strength*
haflf 

strength*

Sucrose (g · fl-1) 30.0 30.0 20.0

Agar (g · fl-1)   5.5   5.5   5.5

BAP (mg · fl-1)   0.6   1.0 –

NAA (mg · fl-1)   0.1 – (0.2)

actfivated charcoafl (g · fl-1) – –   2.0

pH   5.8   5.8   5.8

* Haflf strength means the concentratfion of major eflement saflts fis 
haflved.
NAA: naphthaflene acetfic acfid; 6-BA: 6-benzyflamfino-purfine;  
IBA: 3-findoflebutyrfic acfid.

Greenhouse transfer

Accflfimatfion  of  the  bflack  flocust  cflones  occurs  under 

greenhouse  condfitfions.  Adaptatfion  of  the  pflantflets 

grown fin vfitro to the growth fin naturafl condfitfions re-

qufired keepfing the flow fintensfity of flfight, hfigh humfidfity 

of  afir  and  the  temperature  about  15–20ºC.  In  order  to 

attafin these condfitfions, jars wfith the rooted shoots were 

moved for 1–2 weeks to the greenhouse and afterwards, 

the pflantflets were pflanted fin the pots fiflfled wfith the mfix-

ture of peat and perflfite fin the ratfio 1:2 and covered wfith 

fofifl. After 7–10 days, the humfidfity of the afir was gradu-

aflfly  flowered.  The  mficrocuttfings  were  cufltfivated  fin 

these condfitfions for about 3 months fin the greenhouse 

and then put outsfide.

Pflant materfiafl for DNA extractfion

The  fresh  fleaves  from  the  mother  pflants  (from  cflones 

and pflus trees) were used as a source of DNA. For test-

fing  the  flong-term  effects,  30  pflantflets  obtafined  after 

repeatedfly  sub-cuflturfing  fin  MS  medfium  for  24  and 

48 tfimes (approxfimatefly 1 and 2 years) after 2-week pe-

rfiod  were  used.  The  DNA  was  extracted  by  usfing  the 

DNeasy Pflant Mfinfi Kfit (250) suppflfied by Qfiagen.

DNA ampflfificatfion

Accordfing  to  Lfian et  afl.  (2004),  three  mficrosateflflfites 

flocfi Rops 15, Rops 16, Rops 18 were used to descrfibe 

genotypes  of  propagated  bflack  flocust  pflant.  The  char-

acterfistfics of these three mficrosateflflfites are flfisted fin Ta-

bfle 3. Based on the observatfions of optfimafl anneaflfing 

temperature for these markers, we composed the mufltfi-

pflex PCR. For the mufltfipflex reactfion, we used the Mufl-

tfipflex  PCR  kfit  (Qfiagen).  Concentratfions  of  the  prfimer 

pafirs fin the prfimer premfix were 0.2–0.3 μM of each de-

sfigned prfimer pafir. The cycflfing condfitfions for the mufl-

tfipflex were as foflflows: an finfitfiafl step at 95°C for 15 mfin; 

then 30 cycfles at 94°C for 30 s, 55°C for 30 s and 72°C 

for 30 s; and a finafl fincubatfion at 70°C for 10 mfin. The 

reactfion products were fractfionated usfing an CEQ 8800 

(Beckman-CouflterR), sequencer.

RESULTS

The breedfing cycfle, from the finfitfiatfion of the cufltures, 

to  the  obtafinment  of  the  mficroseedflfings  capabfle  of 

growth and deveflopment fin the naturafl condfitfions and 

the growth of thefir first shoots, took 5–6 months (from 

Aprfifl to September). However, the first mficroseedflfings 

were pflanted onfly 4 months after the finfitfiatfion of the cufl-

Tabfle 3. Lfist of prfimers thefir anneaflfing temperature (Ta), sequences and sfize of the ampflfiffied fragment

Locus Repeat Prfimer sequence(5′–3′) Ta (°C)
Sfize range 
(bp)

No. 
of aflflefles

GenBank 
accessfion no.

Rops 15 (CT)20
GCCCATTTTCAAGAATCCATATATTGG

54 112–254 43 AB120731
TCATCCTTGTTTTGGACAATC

Rops 16 (CT)13
AACCCTAAAAGCCTCGTTATC

56 195–223 15 AB120732
TGGCATTTTTTGGAAGACACC

Rops 18 (AC)8
AGATAAGATCAAGTGCAAGAGTGTAAG

54 135–219 13 AB120733
TAATCCTCGAGGGAACAATAC
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tures. The dfifficuflty of rootfing of mficrocuttfings caused 

the dfifferences between the vegetatfive progeny obtafined 

from the findfivfiduafl cflones (Tab. 1). The most resfistant 

cflones were 1PN and 8 PN. The cflones 2PN, 4PN, 7PN 

proflfiferated at a sfimfiflar hfigh rate. From 8 to 30, some-

tfimes even more (uncountabfle) deveflopfing adventfitfious 

shoots on one expflant were observed. 

Ffigure 1. Mufltfipflantflets of Robfinfia pseudoacacfia

They formed so caflfled mufltfipflantflets (Ffig. 1) from 

whfich  the  shoots  for  rootfing  were  obtafined.  Rootfing 

of  the  emergfing  shoots  fin  June  was  very  effectfive  for 

the  majorfity  of  cflones,  89.5%.  The  process  of  rootfing 

of  the  adventfitfious  shoots  has  taken  about  4–5  weeks 

(Ffig.  2).  At  the  end  of  Jufly,  the  seedflfings 

were  put  outsfide  the  greenhouse  to  flfignfify 

before the wfinter perfiod. We aflso observed 

characterfistfic  root  nodufles  on  the  roots  of 

the grown seedflfings. They grew as a resuflt 

of overgrowth of the pflant tfissue finvfigorated 

by the nfitrogen-fixfing bacterfia (mafinfly Azo-

tobacter) (Ffig. 3). Those nodufles grew finde-

pendentfly,  after  pflantfing  the  mficrocuttfings 

fin the mfixture of peat and perflfite.

Mficropropagated  pflantflets  of  bflack  flo-

cust  that  devefloped  from  axfiflflary  shoot 

bud  expflants  over  1  and  2  years  ago  were 

screened  for  genetfic  varfiatfion.  In  order  to 

confirm the genetfic fideflfity, a comparfison of 

Tabfle 4. Genotypes observed among seedflfings obtafined after repeated 
sub-cuflturfing

Cflone 
name

Genotypes (after 1 or 2 years)

Rops 15 Rops 16 Rops 18

1PN 126/162 162/204 204/218 (1,2) 134/204

2PN 126/144 204/218 134/210

3PN 126/144 204/218 134/210

4PN 126/144 204/218 134/210

5PN 126/144 204/218 134/210

6PN 118/144 206/212 136/210

7PN 126/144 204/218 134/210

8PN 126/144 160/204 204/204 (2) 134/204 134/136 (2)

10DM 126/144 204/218 134/210 134/218 (1)

Ffigure 2. Root system on the adventfitfious shoot [MS cuflture 
medfium from NAA-1-naphthafleneacetfic acfid (0.2 mg · fl-1)] 
(phot. P. Markfiewficz)

Ffigure 3. Root nodufle grown on the Robfinfia pseudoacacfia 
cuttfings after pflantfing them fin the substrate
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three mficrosateflflfites flocus of 30 vegetatfive progeny of 

mficropropagated pflant and a controfl pflant (donor pflant) 

was  carrfied  out.  Leaves  obtafined  from  dfifferent  sub-

cflones rarefly had dfifferent genotypes at the flocus Rops 

16  (onfly  cflone  1PN,  8PN)  and  Rops  18  (8PN,  10DM). 

Indfivfiduafl varfiatfions emerged both fin the 1st and 2nd 

year of cuflturfing. Cflone 8PN study showed that muta-

tfions were fidentfified fin two flocfi (Tab. 4). In case of thfis 

cflone, fit was very dfifficuflt to obtafin fin vfitro progeny and 

the quantfity of cflone 8PN was the flowest (Tab. 1).

DISCUSSION

The technfique of the fin vfitro cuflture of R. pseudoacacfia 

fis weflfl estabflfished aflthough fin case of two cflones, the 

rootfing  process  requfired  addfitfionafl  treatments.  Trans-

ferrfing shoots to an auxfin-free medfium was beneficfiafl 

for rootfing. Admfittedfly, auxfins have a rhfizogenfic actfion 

durfing  the  root  finductfion  phase  and  stfimuflate  ceflfls  to 

engage fin the estabflfishment of merfistemofids (Garrfido et 

afl. 2002), but the same phytohormones become finhfibfi-

tory after 96 h and may arrest or finhfibfit growth of root 

prfimordfia (De Kflerk et afl. 1999). Exposfing the shoots 

to  auxfin  for  sufficfient  duratfion  permfitted  root  finfitfia-

tfion, but finhfibfited further deveflopment. In our rootfing 

procedure for R. pseudoacacfia, we appflfied successfuflfly 

the MS medfium suppflemented wfith actfivated charcoafl. 

Our  resuflts  are  confirmed  by  Dumas  and  Monteuufis 

findfings (1995). They observed that actfivated charcoafl 

fin the medfium cuflture fimproves not onfly rootfing rates, 

but aflso roots growth of Pfinus pfinaster. In the fin vfitro 

condfitfions,  the  actfivated  charcoafl  fis  commonfly  used 

fin  tfissue  cuflture  medfia.  The  effects  of  actfivated  char-

coafl  may  generate  a  darkened  envfironment;  adsorp-

tfion  of  undesfirabfle/finhfibfitory  substances;  adsorptfion 

of growth reguflators and other organfic compounds, or 

the reflease of growth promotfing substances present fin 

or adsorbed by actfivated charcoafl (Ahuja 1985; Dumas 

and Monteuufis 1995; Pan and Staden 1998).

True-to-type cflonafl fideflfity fis one of the most fim-

portant  prerequfisfites  fin  the  mficropropagatfion.  A ma-

jor  probflem  that  can  be  encountered  wfith  the fin  vfitro 

cuflture fis the presence of somacflonafl varfiatfion among 

sub-cflones of one parentafl flfine arfisfing as a dfirect conse-

quence of fin vfitro cuflture of pflant ceflfls, tfissues or organs. 

The exact cause of somacflonafl varfiatfion fin the fin vfitro 

cufltures  fis  stfiflfl  unknown,  aflthough  fit  fis  beflfieved  that 

aflteratfions fin auxfin–cytokfinfin concentratfions and thefir 

ratfio, duratfion of the fin vfitro cuflture, fin vfitro stress due 

to unnaturafl condfitfions, afltered dfiurnafl rhythm and nu-

trfitfionafl condfitfions occurrfing together or findependentfly 

are responsfibfle (Modgfifl et afl. 2005). Due to such rea-

sons, morphoflogficafl varfiatfions are probabfly a common 

feature as flong as the shoot/pflantflet cufltures are under 

the fin vfitro condfitfions, fin contrast to normafl state when 

such pflantflets are transferred to sofifl. In the case of bflack 

flocust,  though  certafin  morphotypes  were  observed 

durfing  routfine  mufltfipflficatfion  as  weflfl.  Deveflopment  of 

dfifferent morphotypes durfing proflonged fin vfitro cufltur-

fing was aflso observed by Ishfifi et afl. 1987 and Goto et 

afl. 1998 whfifle they were workfing on mficropropagated 

morphotypes of Pfinus radfiata and Pfinus thunbergfifi, re-

spectfivefly.  In  these  studfies  as  weflfl  as  fin  severafl  other 

studfies, the use of cytokfinfins, especfiaflfly the exposure 

to BAP coupfled wfith afltered dfiurnafl rhythm and con-

tfinuous avafiflabfiflfity of hfigh flevefls of nutrfients have been 

noted  to  finduce  hyper-hydrficfity  (otherwfise  known  as 

vfitrfificatfion  phenomenon)  and  aflteratfions  fin  morphofl-

ogy. Cufltured pflant tfissues are aflso known to undergo 

hfigh  flevefls  of  oxfidatfive  stress  due  to  reactfive  oxygen 

specfies formed wfithfin the ceflfls and the flatter fis known 

to cause DNA damage, fincfludfing that of mficrosateflflfite 

finstabfiflfity  (Jackson et afl.  1998). In  our  study,  prfimers 

wfith hfighfly sensfitfive detectfion of mutatfions have been 

screened by usfing moflecuflar markers. Sfince there were 

onfly  finfrequent  changes  fin  the  genotypes  observed  fin 

the tfissue of cuflture pflants as compared to that of a do-

nor pflant, we concflude that our mficropropagatfion proto-

cofl for R. pseudoacacfia can be carrfied out for a consfid-

erabfle flength of tfime wfith verfificatfion of genetfic finsta-

bfiflfity. From the present study, fit fis cflear that somacflonafl 

DNA sequence varfiatfion fis present fin mficropropagated 

pflants of R. pseudoacacfia. Sfimfiflarfly, Bfindfiya and Kan-

war (2003) usfing RAPD technfique, obtafined dfifferen-

ces  between  mficropropagated  pflants  of  bflack  flocust 

after 4 years of subcuflturfing. Sfimfiflarfity findfices ranged 

from 0.86 to 0.96. Major et afl. (1998) reported sfimfiflarfity 

coefficfients rangfing from 0.51 to 0.95 between 12 tfis-

sue cufltured sampfles of Robfinfia and suggested that thfis 

varfiabfiflfity  was  due  to  accumuflatfing  mutatfions  durfing 

flong-term cflonafl growth. On the basfis of the presented 

resuflts,  fit  fis  demonstrated  that  somacflonafl  varfiatfions 

arfise even from axfiflflary bud expflants of R. pseudoaca-
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cfia. Theoretficaflfly, such expflants are supposed to mafin-

tafin cflonafl fideflfity (Ahuja 1987; Wang and Charfles 1991; 

Rahman and Rajora 2001). Our resuflts suggest that mfi-

crosateflflfite technfique can be successfuflfly used to assess 

genetfic  varfiatfions  fin  mficropropagated  pflants.  It  aflso 

demonstrates that genetfic fintegrfity of mficropropagated 

pflants  shoufld  finvarfiabfly  be  confirmed  before  transfer-

rfing hardened pflants to the fiefld.
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