Propagation of Ornamental Plants
Vol. 18, Ne 2, 2018: 64-74

EFFECTS OF ENDOGENOUS INDOLE-3-ACETIC ACID AND POLYAMINES ON ADVENTITIOUS ROOT FORMA-
TION OF TAXUS CHINENSIS LEMEE ET LEVL. VAR. MAIRE]I

Yongjun Fei' and Wei Tang'?*

'College of Horticulture and Gardening, Yangtze University, 88 Jingmi Road, Jingzhou,
Hubei Province 434025, China *Fax: + 86-716-8066262, *E-mail: wt1656(@gmail.com
*Program of cell and Molecular Biology, Duke University, 101 Science Drive, Durham, NC 27710, USA

REFERENCES

ABU-ABIED M., SZWERDSZARF D., MORDEHAEV 1., YANIV Y., LEVINKRON S., RUBINSTEIN M., Riov J., OpHIR R., SapoT E. (2014). Gene
expression profiling in juvenile and mature cuttings of Eucalyptus grandis reveals the importance of microtubule remodeling
during adventitious root formation. BMC Genomics, 15: 826.

AHkAMI A. H., MELZER M., GHAFFARI M. R., POLLMANN S., GHORBANI JAVID M., SHAHINNIA F., HalREZAEI M. R., DRUEGE U. (2013).
Distribution of indole-3-acetic acid in Petunia hybrida shoot tip cuttings and relationship between auxin transport, carbohydrate
metabolism and adventitious root formation. Planta, 238: 499-517.

ARIAS M., CARBONELL J., AGgusti M. (2005). Endogenous free polyamines and their role in fruit set of low and high parthenocarpic
ability citrus cultivars. Journal of Plant Physiology, 162: 845-853.

BERT P. F., BORDENAVE L., DONNART M., HEVIN C., OLLAT N., DECrOOCQ S. (2013). Mapping genetic loci for tolerance to lime-induced
iron deficiency chlorosis in grapevine rootstocks (Vitis sp.). TAG. Theoretical and Applied Genetics, 126: 451-473.

BLiLou 1., Xu J., WILDWATER M., WILLEMSEN V., ParoNov 1., FRIML J., HEIDSTRA R., AipA M., PALME K., ScHERES B. (2005). The PIN
auxin efflux facilitator network controls growth and patterning in Arabidopsis roots. Nature, 433: 39-44.

BosseLut N., VAN GHELDER C., CLAVERIE M., VoisIN R., ONesTo J. P., Rosso M. N., EsmeNiaup D. (2011). Agrobacterium rhizogenes-
mediated transformation of Prunus as an alternative for gene functional analysis in hairy-roots and composite plants. Plant Cell
Reports, 30: 1313-1326.

Bouporr V., LaAMMENS T., Boruc J., VAN LEENE J., VAN DEN DAELE H., MAES S., VAN ISTERDAEL G., Russinova E., KoNDOROSI
E., Wirters E., DE JAEGER G., INzE D., DE VEYLDER L. (2009). CDKBI;1 forms a functional complex with CYCA2;3 to
suppress endocycle onset. Plant Physiology, 150: 1482-1493.

BRreuer C., IsHipa T., Sucimoto K. (2010). Developmental control of endocycles and cell growth in plants. Current Opinion in Plant
Biology, 13: 654-660.

CHeN P. Y., LEE Y. I, CHEN B. C,, Juang K. W. (2013). Effects of calcium on rhizotoxicity and the accumulation and translocation of
copper by grapevines. Plant Physiology and Biochemistry, 73: 375-382.

CompToN M. E. (1994). Statistical methods suitable for the analysis of plant tissue culture data. Plant Cell, Tissue and Organ Culture,
37:217-242.

DA Costa C. T., pE ALMEIDA M. R., RUEDELL C. M., ScHwAMBACH J., MARASCHIN F. S., FETT-NETO A. G. (2013). When stress and
development go hand in hand: main hormonal controls of adventitious rooting in cuttings. Frontiers in Plant Science, 4: 133.
DRrUEGE U., FRANKEN P., LiscHEWsKI S., AHKAMI A. H., ZERCHE S., HAUSE B., HANREZAEI M. R. (2014). Transcriptomic analysis reveals

ethylene as stimulator and auxin as regulator of adventitious root formation in petunia cuttings. Frontiers in Plant Science, 5: 494.

DRrUEGE U., FRANKEN P., HAJIREZAEI M. R. (2016). Plant hormone homeostasis, signaling, and function during adventitious root forma-
tion in cuttings. Frontiers in Plant Science, 7: 381.

Dutra N. T., SILVEIRA V., DE AZEVEDO I. G., GoMES-NETO L. R., FAcANHA A. R., STEINER N., GUERRA M. P., FLOH E. 1., SANTA-CATARINA
C. (2013). Polyamines affect the cellular growth and structure of pro-embryogenic masses in Araucaria angustifolia embryogenic
cultures through the modulation of proton pump activities and endogenous levels of polyamines. Physiologia Plantarum, 148:
121-132.

EsmeEnsaup D., Mot J. C., VoisiN R., SALESSES G., BoNNET A. (1995). Effect of cutting age on the resistance of Prunus cerasifera
(Myrobalan Plum) to Meloidogyne arenaria. Journal of Nematology, 27: 634-638.

Fartormnt L., VELOCCIA A., DELLA ROVERE F., D’ ANGELI S., FaLasca G., ALtaMUurA M. M. (2017). Indole-3-butyric acid promotes ad-
ventitious rooting in Arabidopsis thaliana thin cell layers by conversion into indole-3-acetic acid and stimulation of anthranilate
synthase activity. BMC Plant Biology, 17: 121.

Funnara S., Yoneyama T. (2001). Endogenous levels of polyamines in the organs of cucumber plant (Cucumis sativus) and factors
affecting leaf polyamine contents. Physiologia Plantarum, 113: 416-423.

GIRJASHANKAR V. (2012). In vitro regeneration of Eucalyptus camaldulensis. Physiology and Molecular Biology of Plants, 18: 79-87.

Haopa C., GE G., X140 P., ZHANG Y., YANG L. (2011). The first insight into the tissue specific taxus transcriptome via [llumina second
generation sequencing. PloS One, 6: €21220.

Hepavati V., Mousavi A., Razavi K., CULTRERA N., ALAGNA F., MARIOTTI R., HossEINI-MaziNaNI M., BALDONI L. (2015). Polymorphisms
in the AOX2 gene are associated with the rooting ability of olive cuttings. Plant Cell Reports, 34: 1151-1164.

HErRrRMANN S., RECHT S., BoENN M., FELDHAHN L., ANGAY O., FLEISCHMANN F., TarRkkAa M. T., Grams T. E., Buscot F. (2015). En-
dogenous rhythmic growth in oak trees is regulated by internal clocks rather than resource availability. Journal of Experimental
Bbotany, 66: 7113-7127.



IsHipA T., ApacHi S., YosHIMURA M., Suimizu K., UMEDA M., SucimoTo K. (2010). Auxin modulates the transition from the mitotic
cycle to the endocycle in Arabidopsis. Development, 137: 63-71.

Juang K. W, LEe Y. I, LATH. Y., WanG C. H., Cuen B. C. (2012). Copper accumulation, translocation, and toxic effects in grapevine
cuttings. Environmental Science and Pollution Research International, 19: 1315-1322.

Karayama M. (2000). Synthesis and biological activities of 4-chloroindole-3-acetic acid and its esters. Bioscience, Biotechnology, and
Biochemistry, 64: 808-815.

Katayama M., Masur Y., Kageyama E., KawaBata Y., Kanavama K. (2008). Synthesis and biological activities of 4-trifluoromethyl-
indole-3-acetic acid: a new fluorinated indole auxin. Bioscience, Biotechnology, and Biochemistry, 72: 2025-2033.

Koske C., ErpaL S., Kava O., Atici O. (2011). Comparative evaluation of oxidative enzyme activities during adventitious rooting in
the cuttings of grapevine rootstocks. Journal of the Science of Food and Agriculture, 91: 738-741.

KraHuLcova A., TRavNICEK P., KrAHULEC F., REIMANEK M. (2017). Small genomes and large seeds: chromosome numbers, genome
size and seed mass in diploid Aesculus species (Sapindaceae). Annals of Botany, 119: 957-964.

Ksouri R., DEBEZ A., MaumMoup! H., OUERGHI Z., GHARSALLI M., LacHAaAL M. (2007). Genotypic variability within Tunisian grape-
vine varieties (Vitis vinifera L.) facing bicarbonate-induced iron deficiency. Plant Physiology and Biochemistry, 45: 315-322.

L1Y., YaNG ], Znou X., Zuao W., JiaN Z. (2015). Isolation and identification of a 10-deacetyl baccatin-III-producing endophyte from
Taxus wallichiana. Applied Biochemistry and Biotechnology, 175: 2224-2231.

LrorentE B. E., LARRABURU E. E. (2013). In vitro propagation of fraser photinia using Azospirillum-mediated root development. /n:
Lambardi M., Ozudogru E. A., Jain S. M. (Eds). Protocols for Micropropagation of Selected Economically-Important Horticul-
tural Plants. Methods in Molecular Biology (Methods and Protocols), vol. 994. Humana Press, Totowa, NJ: 245-258.

Mou D., Yao Y., YANG Y., ZHANG Y., TiaN C., AcHAL V. (2011). Plant high tolerance to excess manganese related with root growth,
manganese distribution and antioxidative enzyme activity in three grape cultivars. Ecotoxicology and Environmental Safety, 74:
776-786.

Niemi K., HagomaN H., SariaLa T. (2002). Effects of exogenous diamines on the interaction between ectomycorrhizal fungi and
adventitious root formation in Scots pine in vitro. Tree Physiology, 22: 373-381.

NorbstrROM A. C., Jacoss F. A., ELiassoN L. (1991). Effect of exogenous indole-3-acetic acid and indole-3-butyric acid on internal
levels of the respective auxins and their conjugation with aspartic acid during adventitious root formation in pea cuttings. Plant
Physiology, 96: 856-861.

NorieGa X., Burgos B., PErez F. J. (2007). Short day-photoperiod triggers and low temperatures increase expression of peroxidase
RNA transcripts and basic peroxidase isoenzyme activity in grapevine buds. Phytochemistry, 68: 1376-1383.

ONRUBIA M., PoLLIER J., VANDEN BosscHE R., GoETHALS M., GEVAERT K., Movano E., VipaL-LiMon H., Cusipo R. M., PaLazon J.,
Goossens A. (2014). Taximin, a conserved plant-specific peptide is involved in the modulation of plant-specialized metabolism.
Plant Biotechnology Journal, 12: 971-983.

PaGNussar G. C., LANTERI M. L., LamaTTINA L. (2003). Nitric oxide and cyclic GMP are messengers in the indole acetic acid-induced
adventitious rooting process. Plant Physiology, 132: 1241-1248.

QuAN J., ZHANG S., ZHANG C., MENG S., ZHao Z., Xu X. (2014). Molecular cloning, characterization and expression analysis of the
SAMS gene during adventitious root development in IBA-induced tetraploid black locust. PloS One, 9: €108709.

RiBero C. L., Sitva C. M., Drost D. R., Novaks E., Novags C. R., DeErvinis C., KirsT M. (2016). Integration of genetic, genomic and
transcriptomic information identifies putative regulators of adventitious root formation in Populus. BMC Plant Biology, 16: 66.

SaLLa T. D., pa Sitva R., AsTariTa L. V., SAnTAREM E. R. (2014). Streptomyces rhizobacteria modulate the secondary metabolism of
Eucalyptus plants. Plant Physiology and Biochemistry, 85: 14-20.

SarLomoN M. V., PiccoLi P., FUNEs PINTER 1., STIRK W. A., KUuLKARNI M., VAN STADEN J., BoTTini R. (2017). Bacteria and smoke-water
extract improve growth and induce the synthesis of volatile defense mechanisms in Vitis vinifera L. Plant Physiology and Bio-
chemistry, 120: 1-9.

SaNNAzzARO A. 1., ECHEVERRIA M., ALBERTO E. O., Ruiz O. A., MENENDEZ A. B. (2007). Modulation of polyamine balance in Lotus
glaber by salinity and arbuscular mycorrhiza. Plant Physiology and Biochemistry, 45: 39-46.

Santos Macepo E., Carboso H. G., HERNANDEZ A., PEIXE A. A., PoLIDOROS A., FERREIRA A., CORDEIRO A., ARNHOLDT-SCHMITT B.
(2009). Physiologic responses and gene diversity indicate olive alternative oxidase as a potential source for markers involved in
efficient adventitious root induction. Physiologia Plantarum, 137: 532-552.

SariaLa T., Niemi K., HaGomaN H. (2010). Mycorrhiza formation is not needed for early growth induction and growth-related changes
in polyamines in Scots pine seedlings in vitro. Plant Physiology and Biochemistry, 48: 596-601.

Stevens M. E., WoesTE K. E., Puut P. M. (2018). Localized gene expression changes during adventitious root formation in black
walnut (Juglans nigra L.). Tree Physiology, doi: 10.1093/treephys/tpx175.

SykLowska-BARANEK K., PIETROSIUK A., Kokoszka A., FuURMANOwA M. (2009). Enhancement of taxane production in hairy root culture
of Taxus x media var. Hicksii. Journal of Plant Physiology, 166: 1950-1954.

TanG W., NEwToN R. J. (2005). Polyamines promote root elongation and growth by increasing root cell division in regenerated Vir-
ginia pine (Pinus virginiana Mill.) plantlets. Plant Cell Reports, 24: 581-589.

TanG W., TANG A. Y. (2016). MicroRNAs associated with molecular mechanisms for plant root formation and growth. Journal of
Forestry Research, 27: 1-12.

TanG W., TANG A. Y. (2017). Transcriptional mechanisms regulating gene expression and determining cell fates in plant development.
Journal of Forestry Research, 28: 863-880.

TonoN G., Kevers C., Gaspar T. (2001). Changes in polyamines, auxins and peroxidase activity during in vitro rooting of Fraxinus
angustifolia shoots: an auxin-independent rooting model. Tree Physiology, 21: 655-663.

TroBEC M., STAMPAR F., VEBERIC R., OsTERC G. (2005). Fluctuations of different endogenous phenolic compounds and cinnamic acid
in the first days of the rooting process of cherry rootstock ‘GiSelA 5’ leafy cuttings. Journal of Plant Physiology, 162: 589-597.



TsavkeLova E. A., CHERDYNTSEVA T. A., Botina S. G., NETRUsOV A. 1. (2007). Bacteria associated with orchid roots and microbial
production of auxin. Microbiological Research, 162: 69-76.

Vuosku J., Suorsa M., RUOTTINEN M., SuTELA S., MuiLU-MakELA R., JULKUNEN-THTTO R., SARIALA T., NEUBAUER P., HAGGMAN H.
(2012). Polyamine metabolism during exponential growth transition in Scots pine embryogenic cell culture. Tree Physiology,
32: 1274-1287.

WiLDWATER M., CamPILHO A., PEREZ-PEREZ J. M., HEIDSTRA R., BLIiLOU 1., KOorRTHOUT H., CHATTERIEE J., MARICONTI L., GRUISSEM W.,
SchEres B. (2005). The RETINOBLASTOMA-RELATED gene regulates stem cell maintenance in Arabidopsis roots. Cell, 123:
1337-1349.

WiLkins D., VAN OosTeN J. J., BEsrorD R. T. (1994). Effects of elevated CO, on growth and chloroplast proteins in Prunus avium.
Tree Physiology, 14: 769-779.

YanY.H, LiJ. L., ZuanG X. Q., YaNG W. Y., Wan Y., MA Y. M., Zuu Y. Q., PENG Y., Huang L. K. (2014). Effect of naphthalene
acetic acid on adventitious root development and associated physiological changes in stem cutting of Hemarthria compressa.
PloS One, 9: €90700.

ZuANG Q., Liu H., Sun G., WiLsoN [. W., Wu J., HorrmaN A., CHENG J., Qiu D. (2015). Baseline survey of root-associated microbes
of Taxus chinensis (Pilger) Rehd. PloS One, 10: e0123026.

ZuANG W., FAN ], TaN Q., Zuao M., ZHou T., Cao F. (2017). The effects of exogenous hormones on rooting process and the activities
of key enzymes of Malus hupehensis stem cuttings. PloS One, 12: e0172320.



