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The Exchange Substance of Rootstock and Scion and Its Grafting Healing Effect

DU Hao, CHEN Yao, WU Qingxian, LIU Sitong, JIN Leni, YIN Zengfang*

(Co-Innovation Center for Sustainable Forestry in Southern China, College of Life Sciences,

Nanjing Forestry University, Nanjing 210037, China)

Abstract Plant graft healing is regulated by rootstock/scion themselves and the external environmental
factors. The interaction between rootstock and scion is not only present histological characteristic changes, but also
involves complex physiological, biochemical and molecular regulatory mechanisms during the graft healing. Root-
stock and scion have completed healing by undergoing four steps of isolation layer formation, callus formation,
differentiation and vascular tissue redifferentiation. Essentially, the cells, tissues or organs of rootstock and scion
interact with each other and frequently exchange substances, such as plant hormones, sugar, nucleic acids and pro-
teins by short-distance transporting through plasmodesmata, as well as by long-distances transporting over phloem
in the process of grafting healing. Thus, the recognition, acceptance and inclusion effect between the rootstock and
scion is established, and the graft healing process is finished finally. It also plays an important role in the subsequent
growth process of grafted seedlings. In this paper, the histological characteristic, exchanges substances property and
the factors which are affected the healing process have been reviewed, and it will provide the basic theoretical guid-

ance for the production practice of plant graft propagation.
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healing
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Table 1 Exchange and transportation of macromolecular substance between rootstock and scion
Rk ¥igdim AR L/ JGHEN SCHR
Scion Transfer Rootstock Type of substance Reference
direction
Nuc-kan:yfp — Pt-spec:gfp cpDNA [3]
Nicotiana tabacum — Nicotiana glauca; cpDNA [20]
Nicotiana benthamiana
Nicotiana tabacum — Nicotiana sylvestris mtDNA [22]
Nicotiana glauca — Nicotiana tabacum DNA [21]
Nicotiana tabacum — Nicotiana glauca DNA [21]
Solanum lycopersicum - Transgenic Solanum lycopersicum ToFT [42]
Cucurbita moschata - Cucurbita maxima Cm-FTL1/2 [45]
Cucurbita maxima - Cucumis melo CmmLecl7 [48]
Solanum lycopersicu —> Solanum lycopersicum SLCypl [49]
Transgenic Arabidopsis thaliana — Arabidopsis thaliana FNR [46]
Vitis vinifera - Transgenic Vitis vinifera PGIP [50]
Cucumis sativus - Cucurbita maxima PP1/2 [51]
Pyrus bretschneideri <> Pyrus betulifolia PbWoxT]1 mRNA [33]
Cucumis sativus - Cucurbita maxima CmNACP mRNA [27]
Malus domestica <> Malus xiaojinensis GAI mRNA [32]
Solanum lycopersicum - Nicotiana sylvestris NsCETI mRNA [52]
Solanum tuberosum —_— Solanum tuberosum StBEL5/11/29 mRNA [29-30]
Arabidopsis thaliana <> Arabidopsis thaliana PS mRNA [53]
Malus domestica — Malus xiaojinensis MdOPT3 mRNA [31]
Prunus mahaleb ‘Gisela 6 - Transgenic Prunus mahaleb ‘Gisela 6’ siRNA [37]
Vitis vinifera <> Vitis riparia siRNA [2]
Transgenic Arabidopsis thaliana — Arabidopsis thaliana miR399 [38-39]
Transgenic Solanum tuberosum —> Solanum tuberosum miR156 [40]
Transgenic Glycine max - Glycine max miR172a [41]

—: {ERL /RS A TR AR IS

Sh, JT RN E o i SRR AL Bl RE A R Az T 1)

—: the short-distance transport occurs at the junction of the rootstock and scion, and there is no direction exactly. The arrows indicate the direction of

transport of the substance between the rootstock and the scion.

R2 ARG FHRZ BN RS S8

Table 2 Exchange and transportation of small molecules substance between rootstock and scion

Rk BI85 17 fitiR L/ HEN SCHR
Scion Transfer Rootstock Type of sub- Reference
direction stance

Solanum lycopersicum - Nicotiana tabacum Nicotine [17]
Solanum lycopersicum — Solanum lycopersicum Abscisic acid [18]
Arabidopsis thaliana - Arabidopsis thaliana Gibberellin [59]
Transgenic Arabidopsis thaliana — Arabidopsis thaliana Gibberellin [60]
Nicotiana tobaccum <+ Transgenic Nicotiana tobaccum Auxin [58]
Nicotiana tabacum ‘Yunyan 87’ - Nicotiana tabacum “Wufeng 2’ K* [55]

i Sk RN SR AE AL AR () TT 1)

The arrows indicate the direction of transport of the substance between the rootstock and the scion.

TR DL S 3a B 1) 77 18], % BRAS [E] Bl 26 I mRNAIZE Hi
Ji 1A & A AEARAEY) 5 (Solanum tuberosum)
W, StBEL5/11/29 mRNA5 POTHI mRNAY i #%

FEE By 22 kA 2830 1 55 )R (Cucurbita maxima)ff]
CmNACP mRNAN Hfl A i 2 o B Al
T V) 3 B (Malus domestica)[f]MdOPT3 mRNATF]

AA
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Table 3 The roles of plant hormones and related genes involved in grafting

TR AHSCHER] R 27 R
Plant hormone Related gene Regulating effect Reference
Auxin ANACO71, RAP2.6L Promote callus connection [68]
Auxin XTH19, XTH20 Encodes proteins involved in cell proliferation during healing [58]

ETH (ethylene) ACS1, ERFS5 Affects callus formation [58]
Cytokinin CYCD3;1, WIND1 Promotes callus formation [67,69]
JA (jasmonic acid) DADI, AOS, JAZ10 Induction of RAP2.6L expression at the grafting site [67-68,70]
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Fig.1 Schematic diagram of substance transport and its effects during graft healing
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