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The rooting of stem cuttings is a common vegetative propaga-
tion practice in many ornamental species. Among other signals, 
auxin polarly transported through the stem plays a key role in 
the formation and growth of adventitious roots. Unlike in other 
plant species, auxin from mature leaves plays a decisive role in the 
rooting of carnation (Dianthus caryophyllus. L) cuttings. The gene 
DcAUX1, which codifies an auxin influx carrier involved in polar 
auxin transport, has now been cloned and characterized in carna-
tion. The expression pattern of this gene was seen to depend on 
the organ, the cultivar and the time of cold storage. The variations 
observed in its expression could be related with the rooting ability 
of different carnation cultivars.

Ornamental plant production is an important part in the global 
market for agricultural products, among which carnation (Dianthus 
caryophyllus L.) is one of the most popular commodities.

The rooting of cuttings is the most common way of propagating 
carnation plants and many commercial companies offer cuttings 
of selected registered varieties just rooted or ready for rooting. 
However, as in the production of young plants of other species, 
carnation cuttings are not planted immediately after excision but are 
usually stored for several weeks to match production with demand. 
The postharvest protocol implies: (a) storage in a cold chamber to 
preserve the cuttings and (b) to planting the stored cuttings for them 
to root. Each step has its own particular features and while the exact 
influence of storage on rooting has hardly been investigated, the 
movement of signals from apical to basal zones has been the subject 
of intense research.

The rooting process is a complex sequence whereby, in a first 
phase, some cells take on a special status (stem cells) to divide around 
an organized centre, allowing the appearance of a meristem. In a 
second phase, cell growth will lead to a structured root appearing. 
Furthermore, in addition to other signals, auxin is involved in 
the rooting process,1,2 as deduced from the inhibition of rooting 
observed after removal of the presumed endogenous auxin source 
by decapitation and/or debudding, a process that is restored when 
exogenous auxin is added.3,4 Polar auxin transport (PAT) is necessary 
for the formation of adventitious roots, as demonstrated in several 
studies in which the application of PAT inhibitors such as naph-
thylphtalamic acid (NPA) and triiodobenzoic acid (TIBA) was seen 
to strongly inhibit the rooting of cuttings.5,6 Basipetal PAT in stems 
is found in the xylem parenchyma and involves specific auxin trans-
port carriers, such as the influx (AUX1, LAX) and efflux (PIN1-8, 
P-glycoprotein (PGP)) auxin carriers that have been identified in 
several species.7-10

As indicated above, in the commercial production of rooted 
plants, cuttings are usually stored in a cold chamber for several weeks. 
The aim of our first studies, therefore, was to investigate the influ-
ence of cold storage and auxin treatment on the subsequent rooting 
of carnation cuttings. The results showed that cold storage alters 
rooting and might be as effective as auxin treatment in stimulating 
the formation and growth of adventitious roots. The effects were 
dependent on the length of storage and the carnation cultivar and 
suggested that changes in endogenous auxin might occur during 
storage.11,12 Later, we carried out experiments to search for the origin 
of the endogenous auxin responsible for the rooting. The results13 
showed that the suppression of the young leaves and/or the apex did 
not inhibit rooting, while the suppression of mature leaves strongly 
reduced rooting. The application of exogenous auxin directly to the 
rooting zone (i.e., the basal internode) of cuttings without mature 
leaves restored rooting. Moreover, after application of radioactive 
IAA to mature leaves, radioactivity was recovered in the rooting zone 
rather than in the apex. These results suggest that, unlike in other 
types of cuttings, where the auxin source for rooting is the apex or 
buds, mature leaves are the auxin source in carnation cuttings. The 
presence of a lanoline ring containing NPA in the basal internode of 
intact cuttings fully inhibited rooting and reduced the accumulation 
of radioactivity in the rooting zone after application of radioac-
tive IAA to mature leaves. Once the role of PAT in the rooting of 
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carnation cuttings had been confirmed, 
the features of PAT and the effects of 
its inhibitors were extensively studied14 
and the PAT measurement method was 
improved. The influence of cold storage 
on PAT was also studied and a parallel 
variation in PAT and rooting was observed 
in some cultivars.14,15

Unlike for lateral roots, there is 
almost no information on the molecular 
mechanism that controls PAT during 
the formation of adventitious roots, 
especially in cuttings used for vegetative 
propagation. To investigate the molecular 
basis of the PAT variations observed in 
carnation cuttings, we have searched for 
genes coding for putative auxin carriers. 
A novel cDNA encoding an auxin influx 
carrier was isolated and characterized. 
The full length of DcAUX1 (Access no. 
AM235386) was obtained and the amin-
oacid sequence revealed a high degree of 
identity with the corresponding auxin 
carrier proteins from several species.16 
The expression of this gene depends on 
the organ, the carnation cultivar and the 
length of time cuttings are stored in a cold 
chamber. As a rule, expression is higher in 
stem than in leaves and in mature than 
in young leaves (Fig. 1). This pattern of expression agrees with our 
previous data that auxin from mature leaves, which is polarly trans-
ported through the stem, is decisive for rooting in carnation cuttings. 
Variations in the expression of this gene observed during cold storage 
(depending on the cultivar) might be related to the variation in PAT 
and rooting reported in previous studies.12,14,15

Our current experiments suggest that pinching cuttings from 
mother plants reduces the expression of the gene DcAUX1. However 
the protein has a given turnover and it could still remain as a func-
tional carrier for some time. The result might be an apparent “barrier 
effect”17 which allows the progressive accumulation of IAA in the 
base of the cuttings, producing the peak necessary to induce a change 
of phase and starting the rooting process. According to proposed 
models,18 IAA derepresses the ARF genes which activate the synthesis 
of transcription factors such as PLETHORA or SHORT ROOT/
SCARECROW to organize a quiescent centre, which gives rise to 
the root apical meristem. Later, restoration of the PAT pathway 
guarantees the auxin flow necessary to maintain the growth of the 
new root.

Among our results, the variations observed in DcAUX1 expres-
sion might reflect the mutual interaction between PIN/AUX1 
and PLETHORA genes.19-22 Low temperatures (storage in a cold 
chamber) presumably affected the frequency of the oscillation of 
gene expression, which finally would reach stable levels.
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Figure 1. Variation in the expression of DcAUX1 in different organs of carnation cuttings during cold 
storage. The expression in a given organ after each storage period (3 days and 1, 3 and 5 weeks) is 
presented as a percentage on the sum of the values measured in all the organs analyzed after each four 
storage period. The scheme shows the different organs studied (I0, basal internode; I1, first internode; L1 
and L2, mature leaves; L5, young leaves). The arrows represent the movement of auxin from leaves and the 
PAT pathway in the stem. The width of the arrows reflects the amount of auxin transported. Auxin from all 
the mature leaves is accumulated in the rooting zone of the cutting (I0). The data presented correspond to 
the carnation cultivar Solar.
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