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Plants come in many shapes and sizes, from tiny mosses to 
large trees. A common feature among plants is their upright 
posture, a natural response to gravity. Roots grow down into 
the soil in search of nutrients and stability, while shoots grow 
upward, a process known as negative gravitropism. Many tree 
species develop a complex branching system to maximize 
light capture for photosynthesis, which requires the forma
tion of tension wood—a specific anatomical adaptation 
to cope with gravity. Species such as magnolia (Magnolia 
acuminata) or poplar (Populus tremula) have branches that 
grow upward. However, some species, like the weeping willow 
(Salix babylonica) and Japanese apricot (Prunus mume), are 
known for their gracefully drooping branches. Despite recog
nizing the impact of branch orientation on tree architecture 
and light absorption, the molecular mechanisms controlling 
this orientation are not well understood.

One of the key players in directing growth is the hormone 
auxin, whose uneven distribution causes the plant to change 
its direction of growth, branching, or bending with or against 
gravity (Moore 2002; Rakusová et al. 2011). At the molecular 
scale, a mutation in WEEP causes the weeping appearance 
of peach trees (Prunus persica), affects branch patterns in 
plum trees (Prunus domestica), and alters root systems in 
Arabidopsis thaliana, indicating its universal role in plant 
growth and response to gravity (Hollender et al. 2018; 
Kirschner et al. 2021; Johnson et al. 2022). WEEP homologs 
are involved in cell wall synthesis, participating in xylan 
methylation and lignin production (Guo et al. 2023), which 
suggests their role in affecting structural support.

In this issue of Plant Physiology, Kohler et al. (2024)
explored the molecular mechanisms through which WEEP 
controls branch phenotype in peach. Through RNA sequen
cing performed on standard and weeping varieties of 

peaches, the authors revealed inverted expression of SMALL 
AUXIN-UP RNAs (SAURs), early-auxin response genes essential 
for cell elongation. Contrary to standard varieties, where 
SAURs are upregulated on the lower side of shoots, weeping 
varieties exhibit increased SAUR concentration on the upper 
side, highlighting the importance of auxin gradients for or
ienting growth through the inhibition of PP2C-D phospha
tases and activation of H+-ATPases (Spartz et al. 2014). The 
mislocalization of auxin and subsequent SAUR expression 
supports the Cholodny-Went hypothesis for gravitropism 
(Moore 2002; Rakusová et al. 2011), suggesting that the weep
ing phenotype results from altered auxin gradients (Fig. 1).

The authors also identified the upregulation of FASCICLIN- 
LIKE ARABINOGALACTAN-PROTEINS (FLAs), which are 
involved in the regulation of cell wall synthesis. This process 
involves changes in cellulose microfibril angles and increases 
in arabinogalactan and cellulose content, essential for tension 
wood formation on the upper side of the branch when WEEP 
is functional. Like the altered SAUR expression pattern in 
weep mutants, FLAs showed increased activity on the lower 
side, suggesting a role in the downward growth of the 
branches. This observation aligns with studies that show ten
sion wood formation in young shoots is associated with in
creased activity in genes regulated by auxin, ethylene, and 
gibberellic acid. Specifically, these genes become more active 
on the lower side of the shoot, opposite to the typical location 
for tension wood formation (Gerttula et al. 2015). These find
ings highlight the need to study auxin flux not just in epider
mal cells but also in the vascular cambium, where xylem 
development and tension wood formation occur. This ap
proach could show how auxin distribution affects growth 
and wood formation in young shoots, thus explaining the 
weeping growth pattern.
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In contrast to the altered positive gravitropism in the weep 
shoot branches, the lateral roots displayed enhanced positive 
gravitropism, a phenomenon regulated by WEEP through its 
crucial role in enhancing polar auxin transport. This regula
tion leads to distinct root growth patterns, including reduced 
lateral root angles and a more vertical orientation, diverging 
from the upward root growth seen in LAZY mutants and 
arising from inverted auxin gradients. The importance of aux
in distribution in root gravitropism is highlighted, with weep
ing peach roots exhibiting an enhanced positive gravitropic 
response that suggests a different mechanism of auxin action, 
possibly without reversing the auxin gradient. The distribu
tion of PIN3 and PIN7 proteins, vital for auxin transport 
in root cells, is important for maintaining this gravitropic be
havior. PIN3 typically localizes to the lower side of a cell, 

helping in directing root growth downward. Meanwhile, 
the positioning of PIN7 varies depending on the root type 
(Roychoudhry et al. 2023). This precise localization influences 
auxin flow and significantly affects root architecture and 
gravitropic responses.

In summary, the study by Kohler et al. (2024) offers novel 
insights into how plants respond to gravity, suggesting that 
WEEP plays a central role in guiding gravitropism in peach 
shoots and roots by influencing polar auxin transport. 
Mutations in WEEP result in unusual positive gravitropism 
in shoots, causing branches to grow downward, alongside 
an enhanced positive gravitropic response in roots. The 
weeping phenotype together with analyses of auxin-response 
gene expression indicates that WEEP is essential for the proper 
establishment of a gravitropic auxin gradient, a gradient that is 

Figure 1. Gravitropic responses in standard and weep peach tree varieties influenced by WEEP. On the left, the standard variety is depicted with 
branches bending upward and roots growing downward, the lateral roots extending horizontally. Amyloplasts settle on the lower side of cells, sig
naling for PIN3 transporters to localize at this same side. This localization, potentially guided by WEEP, creates an auxin gradient, resulting in the 
accumulation of SAURs on the lower side, which then leads to cell elongation and the upward curvature of the branches, indicative of a negative 
gravitropic response. On the right, the weep variety is shown with branches bending downward and roots exhibiting a more vertical growth with 
sharply angled lateral roots. Despite normal amyloplast sedimentation due to gravity, the lack or malfunction of WEEP is hypothesized to invert PIN3 
localization to the upper side, generating an inverted auxin gradient with SAUR accumulation at the top. This leads to cell elongation on the upper 
side, downward bending of branches, and a positive gravitropic curvature, characteristic of the distinct gravitropic behavior in weep.
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reversed in weeping phenotypes. The authors proposed that 
WEEP alters the distribution of PIN proteins, especially PIN3, 
within the membrane of gravity-sensing statocytes. This adjust
ment in PIN protein localization is crucial for the regulation of 
auxin flow in response to gravity, affecting the localization of 
SAURs and subsequent cell elongation, which contributes to 
the bending toward or away from the gravity vector. Further 
research could focus on WEEP’s precise mechanisms, including 
its possible impact on PIN3 localization and overall regulation 
of auxin transport in response to gravity. This hypothesis is sup
ported by WEEP localization and interaction patterns, suggest
ing a broad regulatory role in auxin homeostasis and transport 
critical for plant orientation. Additionally, the lack of a similar 
shoot phenotype in Arabidopsis weep loss-of-function mutant 
points to the need for further investigation into how FLAs con
tribute to lignification and the localization of tension wood, 
which may play a critical role in the development of the weep
ing phenotype.

Conflict of interest statement. None declared.

References
Gerttula S, Zinkgraf M, Muday GK, Lewis DR, Ibatullin FM, Brumer 

H, Hart F, Mansfield SD, Filkov V, Groover A. Transcriptional and 
hormonal regulation of gravitropism of woody stems in populus. 
Plant Cell. 2015:27(10):2800–2813. https://doi.org/10.1105/tpc.15. 
00531

Guo L, Klaus A, Baer M, Kirschner GK, Salvi S, Hochholdinger F. 
ENHANCED GRAVITROPISM 2 coordinates molecular adapta
tions to gravistimulation in the elongation zone of barley roots. 
New Phytol. 2023:237(6):2196–2209. https://doi.org/10.1111/ 
nph.18717

Hollender CA, Pascal T, Tabb A, Hadiarto T, Srinivasan C, Wang W, 
Liu Z, Scorza R, Dardick C. Loss of a highly conserved sterile alpha 
motif domain gene (WEEP) results in pendulous branch growth in 
peach trees. Proc Natl Acad Sci U S A. 2018:115(20):E4690–eE4699. 
https://doi.org/10.1073/pnas.1704515115

Johnson JM, Kohler AR, Haus MJ, Hollender CA. Arabidopsis weep 
mutants exhibit narrow root angles. MicroPubl Biol. 2022:2022: 
10.17912/micropub.biology.000584. https://doi.org/10.17912/micropub. 
biology.000584

Kirschner GK, Rosignoli S, Guo L, Vardanega I, Imani J, Altmüller J, 
Milner SG, Balzano R, Nagel KA, Pflugfelder D, et al. ENHANCED 
GRAVITROPISM 2 encodes a STERILE ALPHA MOTIF-containing 
protein that controls root growth angle in barley and wheat. Proc 
Natl Acad Sci U S A. 2021:118(35):e2101526118. https://doi.org/10. 
1073/pnas.2101526118

Kohler AR, Scheil A, Hill JLJ, Allen J, Al-Haddad JM, Goeckeritz C, 
Strader LC, Telewski FW, Hollender CA. Defying gravity: WEEP pro
motes negative gravitropism in Prunus persica by establishing asym
metric auxin gradients. Plant Physiol. 2024;195(2):1229–1255. https:// 
doi.org/10.1093/plphys/kiae085

Moore I. Gravitropism: lateral thinking in auxin transport. Curr Biol. 
2002:12(13):R452–R454. https://doi.org/10.1016/S0960-9822(02)00943-0

Rakusová H, Gallego-Bartolomé J, Vanstraelen M, Robert HS, 
Alabadí D, Blázquez MA, Benková E, Friml J. Polarization of 
PIN3-dependent auxin transport for hypocotyl gravitropic response 
in Arabidopsis thaliana. Plant J. 2011:67(5):817–826. https://doi.org/ 
10.1111/j.1365-313X.2011.04636.x

Roychoudhry S, Sageman-Furnas K, Wolverton C, Grones P, Tan S, 
Molnár G, De Angelis M, Goodman HL, Capstaff N, Lloyd JPB, 
et al. Antigravitropic PIN polarization maintains non-vertical growth 
in lateral roots. Nat Plants. 2023:9(9):1500–1513. https://doi.org/10. 
1038/s41477-023-01478-x

Spartz AK, Ren H, Park MY, Grandt KN, Lee SH, Murphy AS, 
Sussman MR, Overvoorde PJ, Gray WM. SAUR inhibition of 
PP2C-D phosphatases activates plasma membrane H+-ATPases to 
promote cell expansion in Arabidopsis. Plant Cell. 2014:26(5): 
2129–2142. https://doi.org/10.1105/tpc.114.126037

What makes a tree weep?                                                                                      PLANT PHYSIOLOGY 2024: 195; 1097–1099 | 1099

https://doi.org/10.1105/tpc.15.00531
https://doi.org/10.1105/tpc.15.00531
https://doi.org/10.1111/nph.18717
https://doi.org/10.1111/nph.18717
https://doi.org/10.1073/pnas.1704515115
https://doi.org/10.17912/micropub.biology.000584
https://doi.org/10.17912/micropub.biology.000584
https://doi.org/10.1073/pnas.2101526118
https://doi.org/10.1073/pnas.2101526118
https://doi.org/10.1093/plphys/kiae085
https://doi.org/10.1093/plphys/kiae085
https://doi.org/10.1016/S0960-9822(02)00943-0
https://doi.org/10.1111/j.1365-313X.2011.04636.x
https://doi.org/10.1111/j.1365-313X.2011.04636.x
https://doi.org/10.1038/s41477-023-01478-x
https://doi.org/10.1038/s41477-023-01478-x
https://doi.org/10.1105/tpc.114.126037

	What makes a tree weep?
	References


