








Given what appears to be a constant exchange
of mRNA between Cuscuta and its hosts, the
relative prevalence of cases of HGT involving
Cuscuta is not surprising (34–38). Althoughmost
documented cases of HGT in parasitic plants
suggest a mechanism involving direct transfer of
DNA, at least one case of HGT into a parasitic

plant (Striga hermonthica) exhibits evidence of
an RNA intermediate in the mechanism (39).
The ability of one Cuscuta plant to bridge many
different host individuals raises the possibility
that this parasite could mediate RNA exchange
across different individuals and even across hosts
of different species.

REFERENCES AND NOTES

1. J. Dawson, L. Musselman, P. Wolswinkel, I. Dörr, Rev. Weed Sci.
6, 265–317 (1994).

2. K. C. Vaughn, Protoplasma 220, 189–200 (2003).
3. J. K. Roney, P. A. Khatibi, J. H. Westwood, Plant Physiol. 143,

1037–1043 (2007).
4. R. David-Schwartz, S. Runo, B. Townsley, J. Machuka, N. Sinha,

New Phytol. 179, 1133–1141 (2008).
5. M. LeBlanc, G. Kim, B. Patel, V. Stromberg, J. Westwood,

New Phytol. 200, 1225–1233 (2013).
6. S. Haupt, K. J. Oparka, N. Sauer, S. Neumann, J. Exp. Bot. 52,

173–177 (2001).
7. R. M. Hosford, Bot. Rev. 33, 387–406 (1967).
8. M. Birschwilks, S. Haupt, D. Hofius, S. Neumann, J. Exp. Bot.

57, 911–921 (2006).
9. H. J. M. van Dorst, D. Peters, Eur. J. Plant Pathol. 80,

85–96 (1974).
10. M. Kamińska, M. Korbin, Acta Physiol. Plant. 21, 21–26

(1999).
11. W. J. Lucas et al., J. Integr. Plant Biol. 55, 294–388

(2013).
12. C. G. N. Turnbull, R. M. Lopez-Cobollo, New Phytol. 198, 33–51

(2013).
13. V. Haywood, T.-S. Yu, N.-C. Huang, W. J. Lucas, Plant J. 42,

49–68 (2005).
14. M. Kim, W. Canio, S. Kessler, N. Sinha, Science 293,

287–289 (2001).
15. C. Li et al., Sci. Rep. 1, 73 (2011).
16. A. K. Banerjee, T. Lin, D. J. Hannapel, Plant Physiol. 151,

1831–1843 (2009).
17. D. J. Hannapel, J. Integr. Plant Biol. 52, 40–52 (2010).
18. M. Notaguchi, S. Wolf, W. J. Lucas, J. Integr. Plant Biol. 54,

760–772 (2012).
19. A. Molnar et al., Science 328, 872–875 (2010).
20. A. Alakonya et al., Plant Cell 24, 3153–3166 (2012).
21. P. Sarkies, E. A. Miska, Science 341, 467–468 (2013).
22. Y. Goldwasser, W. T. Lanini, R. L. Wrobel, Weed Sci. 49,

520–523 (2001).
23. J. H. Westwood, J. K. Roney, P. A. Khatibi, V. K. Stromberg,

Pest Manag. Sci. 65, 533–539 (2009).
24. C. Trapnell et al., Nat. Biotechnol. 28, 511–515 (2010).
25. F. Chen, A. J. Mackey, C. J. Stoeckert Jr., D. S. Roos, Nucleic

Acids Res. 34, D363–D368 (2006).
26. K. C. Vaughn, Int. J. Plant Sci. 167, 1099–1114 (2006).
27. R. Deeken et al., Plant J. 55, 746–759 (2008).
28. X. Bai et al., PLOS ONE 6, e16368 (2011).
29. C. Doering-Saad, H. J. Newbury, C. E. Couldridge, J. S. Bale,

J. Pritchard, J. Exp. Bot. 57, 3183–3193 (2006).
30. S. Guo et al., Nat. Genet. 45, 51–58 (2013).
31. S. Huang et al., Nat. Genet. 41, 1275–1281 (2009).
32. R. Ruiz-Medrano, B. Xoconostle-Cázares, W. J. Lucas,

Development 126, 4405–4419 (1999).
33. D. J. Hannapel, P. Sharma, T. Lin, Front. Plant Sci. 4,

10.3389/fpls.2013.00257 (2013).
34. J. P. Mower, S. Stefanović, G. J. Young, J. D. Palmer, Nature

432, 165–166 (2004).
35. J. P. Mower et al., BMC Biol. 8, 150 (2010).
36. L. Jiang et al., PLOS ONE 8, e81389 (2013).
37. Y. Zhang et al., BMC Evol. Biol. 13, 48 (2013).
38. D. Zhang et al., BMC Plant Biol. 14, 19 (2014).
39. S. Yoshida, S. Maruyama, H. Nozaki, K. Shirasu, Science 328,

1128 (2010).

ACKNOWLEDGMENTS

Data are archived at National Center for Biotechnology Information
BioProject ID PRJNA257158. This research was supported
by NSF award IOS-0843372 to J.H.W. and NSF Plant Genome
Research Program awards DBI-0701748 and IOS-1238057
to J.H.W. and C.W.D., with additional support to J.H.W. from the
U.S. Department of Agriculture Hatch Project no. 135997. This
work was facilitated by resources provided by the iPlant Collaborative.
We are grateful to T. Lanini for supplying C. pentagona seeds.
Additional data are in supplementary materials.

SUPPLEMENTARY MATERIALS

www.sciencemag.org/content/345/6198/808/suppl/DC1
Materials and Methods
Figs. S1 to S4
Tables S1 to S5
References (40–47)

10 March 2014; accepted 3 July 2014
10.1126/science.1253122

SCIENCE sciencemag.org 15 AUGUST 2014 • VOL 345 ISSUE 6198 811

Fig. 3. Properties of mobile and nonmobile RNAs. (A) Distribution of transcript expression levels in
interface tissue as related to mobility in Arabidopsis-Cuscuta associations. (B) Same as (A), but for
mobility in tomato-Cuscuta associations. (C) Venn diagrams showing common sets of transcripts that
were either mobile or nonmobile out of Arabidopsis, tomato, or Cuscuta. Numbers are orthologous clus-
ters as determined byOrthoMCL. (D) Pie charts showingGeneOntology (GO) slim terms as proportions of
sets of 11 mobile and 23 nonmobile GO terms that were enriched for multiple species.The full lists of GO
slim terms for these data sets and all terms significantly overrepresented and underrepresented in each of
the three species are given in table S2.

Fig. 4. Scatter plots of transcript abundance (FPKM) in parasite stem versus host-parasite
interface. (A) A total of 9518 Arabidopsis transcripts identified as mobile into Cuscuta (Table 1).
(B) A total of 347 tomato transcripts identified as mobile into Cuscuta. Lines are linear regressions of
the data.
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