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Background Metagenomics results: Counts in bar graphs, left ; ordination in “vector” diagrams, right) Following leads from metagenomic results, developing
Replant disease (RD) and other replant problems such as plant parasitic foungal community and testing qPCR primers (under Obj' 1)
nematodes can seriously reduce cumulative nut yield in successive almond Fung endo-2 * We designed, tested, and optimized quantitative PCR primers for key
plantings. When almond orchards are replaced, RD suppresses root . Healthy organisms associated with RD
development and thereby slows the rate of canopy development. In severe cases e EROMRe EATHe " pegrys, Chae-l » We are using the primers to validate metagenomic results (see Table 1).
_ : : : : % Fung endo-1 - _ _ _ _ :
RD Kills trees. Evidence suggests that a son_borne cgmplex of microorganisms 8w I Pligl Fssp b 23 "Seha 4 . gPCR primers may help to identify orchards at high risk for RD
causes RD, but many of the important details remain unresolved. RD Is a @ Soil fung:2 { Gibb, " _## Seba2 _ . . .
o | Ty  gPCR primers were validated for Cylindrocarpon spp., Pythium
separate problem from nematode damage. @ _ ung éNdg2 Hypocr . . . .
g — ' — P.lig-2 N\ — — helicoides (positively assoc. w/ RD), and Trichoderma harzianum
. . . O sease | Ng-2 f »Fung- | : :
Pre-plant soil fumigation can prevent RD and other replant problems, but all soil 5 o e e L Health (negatively assoc. w/ RD at some sites).
. . . . . . SV02 Dis. mSV01 Dis. mSJV Dis. Sea ea’ y . . . .
fumigants face tremendous regulatory pressures. This project is 1) using E _ Cadoph Fung-1 * gPCR primers for P. lignicola were designed and tested but need further
traditional and DNA-based methods to unravel the causes of RD, and 2) testing = Y. sp. unk fung clone refinement..
and improving non-fumigant-based strategies for controlling replant problems. . Basidio Bionec Table 1. Results from testing Cylindrocarpon gPCR primers*

: . Zopf Concentration of target Cylindrocarpon
Flg- 1. Symptoms of rEpIant 2 : Orchard Type of environmental sample rDNA (ng DNA/g root)
disease. A and B, healthy tree and - z Fungatsvecis 5555555558 SJV®  |Roots fr. healthy tree 0
roots in soll pre-plant fumigated ﬁ o - _ ] Roots fr. RD-affected tree 117

. SN t t
with chloropicrin; C and D, tre_e and : acterial community SV’  |Roots fr. healthy tree 6
roots affected RD in non-fumigated Healthy e RDaffectodt -~
soil. Note there are fewer healthy o S Strep3 | s b e
fine roots in D, compared to B. aro- P value, tree status effect: 0.0004

Bact-14 P value, tree status x grower interaction: 0.16
Ob] eCtiveS g *Data from replicated plots. Note: results confirm association of Cylindrocarpon spp. with RD
1. Determine the biological causes of =~ S HeBaa!Ehy
rep|ant disease e qg cenced AF .................................................... .......................................................................... T@Stlng O.I: non_fumlgant treatments for Control O.I: RD
th, SV-2 Diseased m SV-1 Diseased m SJV Diseased pha- - \/ario-4 .
2. Develop improved management E " Strep-1 Y, et (under Obj. 2)
strategies for replant disease and &/~ |\ % | Deve Myxo | - ]
other replant problems BN N X VM
Note: prOIifiC fine roots Note: less fine roots 20 Beta-p2
Metagenomics: a culture-independent analysis of sacterial spocies
microbial communities mediating replant disease _ |
: Stramenopile community
(under Obj. 1) _
Healthy
Our previous studies have emphasized culture-based profiling of the
communities, but in 2010, we focused on culture-independent rolano.2 e —g o, Gt AP O T
metagenomics (Fig. 2), which uses diagnostic DNA amplification and — Fig. 3. Application of steam and soll amendments to tree sites.
. . . . . <) :
sequencing of genetic material recovered directly from environmental 5 * Table 2. First-growing-season results from replant trial testing non-fumigant
samples, instead of culture-based isolations. > - i . Diseased ' growing pral J J
RESS S O ———— treatments for management of replant problems
° Diseased Components of treatment 95% Conf. interval
CT) > _1 SV-2 Diseased m SV-1 Diseased m SJV Diseased Telone BSM BSM AVg trunk CirC.
——— LE: 5o | Trt. No trt. | C35,540 |Tree site| 4000 8000 increase, 2010 | Lower Upper
DNA extracted Diagnostic DNA i e e | 2 number | (control) | Ib/trt. ac | augered | Ib/trt. ac | Ib/trt. ac | Steam (mm) limit limit
from roots of fragments EgleAd ftr(?gigcrlréenrt\itfs;/ 100 1 + 12.9 10.9 14.8
healthy and RD- j‘> amplified by j‘> and quantif 2 + 214 18.5 24.2
affected trees polymerase chain qtantty 0 I N Aplano-1 3 + 18.8 16.4 21.3
source microbes
reaction (PCR) : ; - s B - 4 + + 17.3 14.8 19.7
Chromatogram of DNA sequence T ¢ ¢ ¥ £ £ § % % 3 % % I & 3 3 5 + + 20.1 17.7 22.6
in 30 base pair portion of 600 £ £ 0f g 8 5 & & & & & 5 g g o 6 + + 18.0 16.0 20.1
base pair fragment Stramenopile species ; U + + + 17.4 15.4 19.4
| Q _ _ _ _ 8 + 25.1 21.3 28.9
Piseased Discussion, interpreting the data : * * 279 208 | 994
: . : : : . *Data from replicated plots, Delhi sand, Merced Co., with David Doll. Trial planted Jan. 2010. Previous
° I\/Ietagenomlcs analy5|5- the fung' Cyllndrocarpon SP. and Phaeonectriella “ngOIa show the orchard affected by the ring nematode, current orchard probably affected by the nematode and RD.
strongest association with RD. _ _ _
« Culture-based analyses also associated Cylindrocarpon sp. with RD from same orchards but not Testing rootstocks for resistance to RD (under Obj. 2)
P. lignicola. * Replicate fumigatec! and non-fumigated plots were pre_pared Oct. 2010
A example of “tally” of different bacterial species An example of the fungal community e Culture isolations found species of Pythium and Fusarium associated with the RD, metagenomics at USDA-ARS, Parlier for testing 20 rootstocks for resistance to RD
found in roots affected by replant disease associated with healthy and RD-affected approach did not. * The plots will be planted in spring 2011 and the rootstock growth will be
roots using ordination analysis. Fungi _ _ monitored
found closer to diseased symbol showed| | ¢ Both metagenomics and culture-based approaches are needed for complete analysis of the
stronger association with the disease microbial communities. ACknOWIGdgem entS
Fig. 2. Metagenomics approach used to characterize microbial populations in « Current and planned research includes development of quantitative PCR detection methods for We gratefully acknowledge funding and support from the Almond Board of
roots of healthy and diseased almond trees. Cylindrocarpon sp. and P. lignicola (see Table 1) and genetic and pathogenic examination of California, Duarte Nursery, Fowler Nursery, Agromillora, Inc., TriCal, Inc.

these fungal populations. and many others.
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