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Summary

Three major objectives have been pursued in the Zhou group at the University of Oklahoma 
(OU): (i) understanding of gene function, regulation, network and evolution of Desulfovibrio 
vugaris Hildenborough in response to environmental stresses, (ii) development of metagenomics 
technologies for microbial community analysis, and (iii) functional characterization of microbial 
communities with metagenomic approaches. In the past a few years, we characterized four 
CRP/FNR regulators, sequenced ancestor and evolved D. vulgaris strains, and functionally 
analyzed those mutated genes identified in salt-adapted strains. Also, a new version of GeoChip
4.0 has been developed, which also includes stress response genes (StressChip), and a random 
matrix theory-based conceptual framework for identifying functional molecular ecological 
networks has been developed with the high throughput functional gene array hybridization data 
as well as pyrosequencing data from 16S rRNA genes. In addition, GeoChip and sequencing 
technologies as well as network analysis approaches have been used to analyze microbial 
communities from different habitats. Those studies provide a comprehensive understanding of 
gene function, regulation, network, and evolution in I), vulgaris, and microbial community 
diversity, composition and structure as well as their linkages with environmental factors and 
ecosystem functioning, which has resulted in more than 60 publications.

(i) Understanding o f  gene function, regulation, network and evolution o f  D. vugaris in 
response to environmental stresses. Salt stress is found to co-exist in many environments like 
DOE-contaminated sites. A long-term experimental evolution was established to select salt- 
adapted strains. Control and salt-stressed lines (six lines each) have been experimentally evolved 
under standard (LS4D defined medium) and salt stress (LS4D + 100 mM NaCl) conditions for 
4000 generations. D. vulgaris lines quickly adapted to salt stress at about 100 generations and the 
salt resistance keeps improving as generations increase. The dynamics of the improvement on 
salt resistance suggested that D. vulgaris lines genetically adapted to the salt stress, and that such 
an adaptation reached a relatively stable stage at approximately 1000 generations. The Illumina 
sequencing analysis of the isolated clones from evolved lines (1200 generations) and the ancestor 
revealed the mutations accumulated during evolution. A total of nine SNPs and two deletions in 
evolved salt-adapted line, 14 SNPs and one deletion in evolved control line, and five SNPs, 14 
insertions and four deletions in the ancestor were identified and confirmed by Sanger sequencing. 
Gene transcriptional profiling of the isolated salt-evolved clone demonstrated the increased 
expression of the genes involved in exclusion of Na+, influx of osmoprotectants, energy 
metabolism, iron uptake and decreased expression of flagella assembling systems and phosphate



transport compared to the ancestor strain. Consistent with the gene transcriptional profiling data, 
Glu and Ala were found accumulated and lysine was less abundant in the isolated salt-evolved 
clone. The most abundant Glu and Ala appeared to be the major osmoprotectants for salt stress. 
Further analysis of deletion mutant of DVU0597 (lytS, SNP found in evolved clone) confirmed 
the contribution of this gene for increased salt resistance. Also, four annotated crp/fnr genes were 
functionally characterized with mutagenesis, transcription profiling, physiology and competition 
assay, and the results suggest that these four regulators have distinct functions in response to 
different stresses.

(ii) Development o f  metagenomics technologies fo r  microbial community analysis. We have 
developed various metagenomics technologies for characterizing microbial community structure. 
First, based on previous GeoChips, we have developed GeoChip 4.0, a more comprehensive 
GeoChip to facilitate our analysis of microbial communities from a variety of habitats. GeoChip
4.0 contains 120,054 distinct probes, covering 200,393 genes involved in different functional 
processes important to biogeochemistry, ecology, environmental sciences and human health. 
Among them, a total of 21,560 probes covering 55,425 gene sequences for 45 functional genes 
involved in responses to environmental stresses, such as temperature, osmolarity, oxygen, and 
nutrients, which is termed as StressChip, and StressChip has been applied to analyze many sets 
of environmental samples. As a new version, GeoChip 4.0 is developed on a NimbleGen 
12xl35K platform that each chip contains 12 arrays. Both computational and experimental 
evaluations show that GeoChip 4.0 is a highly specific, sensitive and quantitative tool for 
microbial community analysis. Also, a random matrix theory-based conceptual framework for 
identifying functional molecular ecological networks is developed with the high throughput 
functional gene array hybridization data. Our results indicated that RMT is powerful in 
identifying functional molecular ecological networks in microbial communities. Elucidating 
network interactions in microbial communities and their responses to environmental changes is 
fundamentally important for research in microbial ecology, systems microbiology, and global 
change. In addition, amplicon sequencing approaches have been widely used in microbial 
ecology, but we found that its reproducibility and quantitative capability were quite low, mainly 
due to random sampling. Various approaches have been developed to predict and minimize the 
artifacts associated with random sampling processes.

(i'll) Functional characterization o f  microbial communities with metagenomic approaches.
Metagenomic technologies, especially GeoChip and metagenome sequencing have been used to 
understand the functional diversity, composition, structure, function, and dynamics of microbial 
communities from a variety of habitats. Here we present two examples of studies at DOE 
relevant sites with GeoChip or metagenome sequencing. One is to examine effects of emulsified 
vegetable oil (EVO) on microbial communities from a uranium contaminated aquifer at the DOE 
Oak Ridge (Oak Ridge, TN) site using GeoChip 3.0. EVO was injected one-time into a U(VI) 
contaminated aquifer as a slow-released alternative electron donor for biostimulation of U(VI) 
reduction. Groundwater samples were collected from one upgradient control (W8) and seven 
downgradient wells (W l-7) to monitor subsurface geochemistry and temporal dynamics of 
microbial communities over a 9-month period. Acetate was detected as one of the intermediates 
from biodegradation of EVO. During this period, while the microbial community function and 
structure in W8 remained unchanged, significant enrichments of genes involved in the 
biodegradation reactions of EVO and reduction of the electron acceptors via denitrification,



dissimilatory and assimilatory nitrate reduction, and reduction of Mn(IV), iron (III), sulfate and 
U(VI) were observed in W l-7, corresponding to the acetate production and electron acceptor (e- 
acceptor) reduction. The other is metagenome sequencing of two microbial communities, FW106 
(contaminated well) and FW301 (background well) at DOE Oak Ridge sites. Our analysis of 
FW106 sequencing data showed that exposure to high concentrations of heavy metals, nitric acid 
and organic solvents has resulted in a massive decrease in species and allelic diversity as well as 
a significant loss of metabolic diversity. P- and y-Proteobacteral populations and key functional 
genes for stress responses, metal resistance and organic contaminant degradation were 
significantly enriched. An initial comparison of the two metagenomes indicates that species, 
strain and metabolic diversity are severely reduced in the FW106 stressed community. In 
addition, GeoChip has been used to analyze microbial communities from a variety of habitats, 
such as soil samples from a uranium mill tailings remedial action (UMTRA) site (Rifle, CO), 
sediment samples from heavy metal contaminated Lake DePue, water samples from acid mine 
drainage, and soil samples from arsenic contaminated sites.

Publications (P: partially supported by this project)

2010

1. Xu, M.Y., W.-M. Wu, L.Y. Wu, Zhili He, Joy D. Van Nostrand, Y. Deng, J. Luo, J. Carley, 
M. A. Ginder-Vogl, T. Gentry, B.Gu, D. Watson, P. M. Jardine, C. S. Criddle, and J.-Z. 
Zhou. 2009. Functional understanding of microbial community structures in sediments 
during in situ bioremediation/immobilization of uranium at a uranium contaminated site. 
The ISME J (in revision). P

2. Zhou, A.-F, Z.H. He, A. M. Redding, A. Mukhopadhyay, C. L. Hemme, M. P. Joachimiak, 
K. S. Bender, J. D. Keasling, D. A. Stahl, M. W Fields, T. C. Hazen, A. P. Arkin, J. D. Wall, 
and J.-Z. Zhou. 2010. Hydrogen peroxide-induced oxidative stress responses in 
Desulfovibrio vulgaris Hildenborough. Environ Microbiol (in minor revision).

3. Liang Y, He Z, Wu L, Deng Y, Li G, and Zhou J. 2010. Development of a common oligo 
reference standard (CORS) for microarray data normalization and comparison across 
different microbial communities. Appl Environ Microbiol (in press). P

4. He, Z., Zhou, A., Baidoo, E., He, Q., Joachimiak, M.P., Benke, P., Phan, R., Mukhopadhyay,
A., Hemme, C.L., Huang, K, Aim, E.J., Fields, M.W., Wall, J.D., Stah, D., Hazen, T.C., 
Keasling, J.D., Arkin, A.P., and Zhou, J. (2010). Global transcriptional, physiological and 
metabolite analyses of Desulfovibrio vulgaris Hildenborough responses to salt 
adaptation. Appl Environ Microbiol (in press).

5. Van Nostrand, J. D., S. Kang, Y. Deng, Y. Liang, Z. He, and J. Zhou. Monitoring Microbial 
Activity with GeoChip. In: Microbial Metal and Metalloid Metabolism: Advances and 
Applications. ASM Press, Washington DC, pp to be determined. (Invited book chapter, 
Submitted). P



6. Van Nostrand, J. D., Z. He, and J. Zhou. Microarray analysis of environmental samples. In: 
Environmental Microbiology: Current Technology and Water Applications. Horizon 
Scientific, Norwich, UK, pp to be determined. (Invited book chapter, In Press). P

7. Van Nostrand, J. D., Z. He, and J. Zhou. Analysis of microbial communities by functional 
gene Arrays. In: L. Barton, M. Mandl and A. Loy (eds) Geomicrobiology: Molecular and 
Environmental Perspective. Springer, New York, (Invited book chapter, in press). P

8. He, Z., M. Xu, Y. Deng, S. Kang, L. Kellogg, L. Wu, J. D. Van Nostrand, S. E. Hobbie, P.
B. Reich, and J. Zhou. 2010. Metagenomic analysis reveals a marked divergence in the 
functional structure of belowground microbial communities at elevated CO2 . Ecol. Lett, (in 
press). P

9. Kimes, N. E., J. D. Van Nostrand, E. Weil, J. Zhou, P. J. Morris. 2009. Microbial functional 
structure of Montastraea faveolata, an important Caribbean reef-building coral, differs 
between healthy and Caribbean yellow-band diseased colonies. Envrion. Microbiol, (in 
press, 10.1111/j. 1462-2920.2009.02113.x). P

10. Zhou, J., Z. He, J. D. Van Nostrand, L. Wu, Y. Deng. 2010. Applying GeoChip analysis to 
disparate microbial communities. Microbe (in press). P

2009

11. lost Liebich, Thorsten Wachtmeister, Jizhong Zhou and Peter Burauel, "Degradation of 
Diffuse Pesticide Contaminants: Screening for Microbial Potential Using a Functional Gene 
Microarray", (2009), Vadose Zone Journal. P

12. Liang, Y., G. Li, J. D. Van Nostrand, Z. He, L. Wu, Y. Deng, X. Zhang, J.Zhou. 2009. 
Microarray-based analysis of microbial functional diversity along an oil contamination 
gradient in oil field. FEMS Microbiol. Ecol. 70:324-333. P

13. Ning, J., J. Liebich, M. Kastner, J.-Z Zhou, A. Schaffer, P. and Burauel, " Different 
influences of DNA purity indices and quantity on PCR-based DGGE and functional gene 
microarray in soil microbial community study", (2009), Appl. Microbiol. Biotechnol., 82: 
983-993.P

14. Neslihan Tas, Miriam H.A. van Eckert, Gosse Schraa, Jizhong Zhou, Willem M. de Vos, 
and Hauke Smidt, "Tracking Functional Guilds Dehalococcoides spp. in European River 
Basins Contaminated with Hexachlorobenzene", (2009), Appl. Environ. Microbiol, 
doi: 10.1128/AEM.02829-08. P

15. Terry J. Gentry, Zhili He, Jizhong Zhou, "Detection and Characterization of Uncultivated 
Microorganisms Using Microarrays", (2009), Microbiology Monographs. P

16. Yang Y. , D. P. Harris, F. Luo, W. Xiong, M. Joachimiak, L. Wu, P. Dehal. J. Jacob sen, Z. 
Yang, A. V. Palumbo, A. P. Arkin, and J.-Z. Zhou, "Snapshot of Iron Response in 
Shewanella oneidensis by Gene Network Reconstruction", (2009), BMC Genomics, BMC 
Genomics 2009, 10:131 doi: 10.1186/1471-2164-10-131. P



17. Walker, C. B., Z.L. He, Z. K. Yang, J. A. Ringbauer, Jr., J.-Z. Zhou, G. Voordouw, J. D. 
Wall, A. P. Arkin, T.C. Hazen, S. Stolyar, and D. A. Stahl. 2009. The Electron Transfer 
System of Syntrophically Grown Desulfovibrio vulgaris. J. Bacteriol. 191: 5793-5801.

18. Van Nostrand, J. D., W.-M. Wu, L. Wu, Y. Deng, J. Carley, S. Carroll, Z. He, B. Gu, J. Luo, 
C. Criddle, D. B. Watson, P. M. Jardine, T. L. Marsh, J. M. Tiedje, T. C. Hazen, J. Zhou. 
2009. GeoChip-based analysis of functional microbial communities during the reoxidation 
of a bioreduced uranium-contaminated aquifer. Environ. Microbiol. 11:2611-2626. P

19. Waldron, P. J., L. Wu, J. D. Van Nostrand, C. Schadt, D. Watson, P. Jardine, T. Palumbo, T. 
C. Hazen, J. Zhou. 2009. Functional gene array-based analysis of microbial community 
structure in groundwaters with a gradient of contaminant levels. Environ. Sci. 
T echnol .43:3 529-3 534.

20. Wang, F., H. Zhou, J. Meng, X. Peng, L. Jiang, P. Sun, C. Zhang, J. D. Van Nostrand, Y. 
Deng, Z. He, L. Wu, J. Zhou , X. Xiao. 2009. GeoChip-based analysis of metabolic 
diversity of microbial communities at the Juan de Fuca Ridge hydrothermal vent. Proc. Natl. 
Sci. Acad. USA. 106:4840-4845. P

21. Liang, Y., J. D. Van Nostrand, J. Wang, J. Zhou, X. Zhang, G. Li. 2009. Microarray-based 
functional gene analysis of soil microbial communities in ozonation and biodegradation of 
crude oil. Chemosphere. 75:193-199. P

22. Mason, O. U., Di C. A DiMeo-Savoie, J. D. Van Nostrand, J. Zhou, M. R. Fisk, and S. J. 
Giovannoni. 2009. Prokaryotic diversity, distribution, and preliminary insights into their 
role in biogeochemical cycling in marine basalts. ISME J. 3:231-42. P

23. Van Nostrand, J. D, L. Wu, Z. He, and J. Zhou. GeoChips for analysis of microbial 
functional communities. In: J. R. van der Meer (ed) Handbook of Hydrocarbon and Lipid 
Microbiology, vol 4, Experimental Protocols and Appendices. Springer, New York (Invited 
book chapter, in press).

24. Van Nostrand, J. D, Y. Liang, Z. He, G. Li,and J. Zhou. GeoChip: A high throughput 
genomic tool for linking community structure to functions . In: K. N. Timmis (ed) 
Handbook of Hydrocarbon and Lipid Microbiology, vol 3, Consequences of microbial 
interactions with hydrocarbons, oils, and lipids. Springer, New York (Invited book chapter, 
in press).

2008

25. Hwang, C., W.-M.Wu, T.J. Gentry, J. Carley, S.L. Carroll, D. Watson, P.M. Jardine, J.' CZ. 
Zhou, C.S. Criddle, and M.W. Fields, "Bacterial community succession during in situ 
uranium bioremediation: spatial similarities along controlled flow paths", (2008), The ISME 
J, 3: 47-64. P

26. Zhou, J.-Z*, Sanghoon Kang*, Christopher W. Schadt, and Charles T. Garten, Jr, "Spatial 
Scaling of Functional Gene Diversity across Various Microbial Taxa", (2008), Proc. Nat. 
Acad. Sci. USA, 105: 7768-7773. P



27. Wu, Liyou, Xueduan Liu, Matthew W. Fields, Dorothea K. Thompson, Christopher E. 
Bagwell, James M. Tiedje, Terry C. Hazen, and J.-Z. Zhou, "Microarray-based whole- 
genome hybridization as a tool for determining procaryotic species relatedness", (2008), The 
ISME J, 2:642-655. P

28. He, Z., and J.-Z. Zhou, "Empirical evaluation of a new method for calculating signal-to- 
noise ratio for microarray data analysis", (2008), Appl. Environ. Microbiol. 74: 2957-2966.

29. Pereira, Patricia M. Qiang He, Antonio V. Xavier, J.-Z. Zhou, Ines A. C. Pereira and 
Ricardo O. Louro, "Transcriptional Response of Desulfovibrio vulgaris Hildenborough to 
Oxidative Stress Mimicking Environmental Conditions", (2008), Archives of Microbiology, 
189: 451-461.

30. Pereira, Patricia M., Qiang He, Filipa M. A. Valente, Antonio V. Xavier, J.-Z. Zhou, Ines A.
C. Pereira & Ricardo O. Louro, "Energy metabolism in Desulfovibrio vulgaris 
Hildenborough: insights from transcriptome analysis", (2008), Antonie van Leeuwenhoek 
International Journal of General and Molecular Microbiology, 93:347-362.

31. He, Z, J. D.Van Nostrand, L. Wu, and J.-Z. Zhou, "Development and application of 
functional gene arrays for microbial community analysis", (2008), Transactions of 
Nonferrous Metals Society of China 18: 1319-1327 (Invited review). P

32. Deng, Y., Z. He, J. D. Van Nostrand, J.-Z. Zhou, "Design and analysis of mismatch probes 
for long oligonucleotide microarrays", (2008), BMC Genomics, 9:491 doi: 10.1186/1471- 
2164-9-491.

33. Rodrigues, D. F., N. Ivannova, Z. He, M. Huebner, J.-Z. Zhou and J. M. Tiedje, 
"Architecture of thermal adaptation in an Exiguobacterium sibiricum strain isolated from 3 
million year old permafrost: A genome and transcriptome approach", (2008), BMC 
Genomics 2008, 9:547doi:10.1186/1471-2164-9-547. P

2007

34. Stolyar, S., Q. He, M.P. Joachimiak, Z. He, Z.K. Yang, S.E. Borglin, D. C. Joyner, K. 
Huang, E. Aim, T. C. Hazen, J. Zhou, J. D. Wall, A. P. Arkin, and D A. Stahl, "Response of 
Desulfovibrio vulgaris to alkaline stress", (2007), J. Bacteriok, 189(24):8944-8952.

35. Mukhopadhyay A., Redding A.M., Joachimiak M.P., Arkin A.P., Borglin S.E., Dehal P.S., 
Chakraborty R., Geller J.T., Hazen T.C., He Q., Joyner D C., Martin V. J.J., Wall J.D., 
Yang Z.K., Zhou J., and Keasling J.D. (2007), "Cell-wide responses to low-oxygen 
exposure in Desulfovibrio vulgatis Hildenborough", (2007), J. Bacteri ok, 189(16):5996- 
6010.

36. Caffrey, S, Hyung-Soo Park, Johanna Voordouw, Zhili He, Jizhong Zhou, and Gerrit 
Voordouw, "Function of Periplasmic Hydrogenases in the Sulfate-Reducing Bacterium 
Desulfovibrio vulgaris Hildenborough", (2007), J. Bacteri ok 189: 6159X6167.



37. Butler, J. E., Qiang He, Kelly P. Nevin, Zhili He, Jizhong Zhou, Derek R. Lovley, 
"Genomic and microarray analysis of aromatics degradation in Geobacter metallireducens 
and comparison to a Geobacter isolate from a contaminated field site", (2007), BMC 
Genomics 2007, 8:180.

38. Bender, K.S., H.C.B. Yen, C.L. Hemme, Z. Yang, Z. He, Q. He, J. Zhou, K.H. Huang, Eric 
J.A., T.C. Hazen, A.P. Arkin, and J.D. W alll, "Analysis of a ferric uptake regulator (Fur) 
mutant of Desulfovibfio vulgatis hildenborough", (2007), Appl. Environ. Microbiol. 73: 
5389-5400.

39. Yergeau, E., Kang, S., He, Z., Zhou, J., and Kowalchuk, G.A, "Functional microarray 
analysis of nitrogen and carbon cycling genes across an Antarctic latitudinal transect", 
(2007), The ISME J. 1: 163-179. P

40. He, Z., T. J. Gentry, C. W. Schadt, L. Wu, J. Liebich, S. C. Chong, W.M. Wu, B. Gu, P. 
Jardine, C. Criddle, and J.Z. Zhou, "GeoChip: a comprehensive microarray for investigating 
biogeochemical, ecological and environmental processes", (2007), The ISME Journal, 1: 67- 
77. P

41. Gao, H. Zamin K. Yang, Terry J. Gentry, Liyou, Wu, Christopher W. Schadt, and Jizhong 
Zhou, "Microarray-based analysis of microbial community RNAs by whole-community 
RNA amplification", (2007), Appl. Environ. Microbiol. 73: 563-571.

42. Wagner, M., Hauke Smidt, Alexander Loy, and Jizhong Zhou, "Unravelling microbial 
communities with DNA-microarrays: Challenges and future directions", (2007), Microb 
Ecol 53:498-506. P

2006

43. Walker, C. B. Walker, S. S. Stolyar, N. Pinel, H. C. Yen, Z. He, J.-Z. Zhou, J. D. Wall, D. A. 
Stahl, "Recovery of temperate Desulfovibrio vulgaris bacteriophage using a novel host 
strain", (2006), Environ. Microbiol., 8:1950-1959.

44. Mukhopadhyay A, He Z, Aim EJ, Arkin AP, Baidoo EE, Borglin SC, Chen WQ, Hazen TC, 
He Q, Holman HY, Huang K, Huang R, Joyner DC, Katz N, Keller M, Oeller P, Redding A, 
Sun J, Wall J, Wei J, Yang ZM, Yen HC, J.Z. Zhou and Keasling JD, "Salt stress in 
Desulfovibrio vulgaris Hildenborough: An integrated genomics approach", (2006), J. 
Bacteriol. 188 : 4068-4078.

45. Clark, M E., Q. He, Z. He, K.H. Huang, E.J. Aim, X. Wan, T.C. Hazen, A.P. Arkin, J.D. 
Wall, J.-Z. Zhou, and M.W. Fields, "Temporal transcriptomic analysis as Desulfovibrio 
vulgaris hildenborough transitions into stationary phase during electron donor depletion", 
(2006), Appl. Environ. Microbiol. 72: 5578-5588.

46. Gentry T.J., G.S. Wickham, C.W. Schadt, Z. He, and J. Zhou, "Microarray applications in 
microbial ecology research", (2006), Microb. Ecol. 52:159-175. P



47. Rodriguez-Martinez, E.M., , Ernie X. Perez, C.W. Schadt, J. Zhou, and A.A. Massol-Deya, 
"Microbial Diversity and Bioremediation of a Hydrocarbon-Contaminated Aquifer in Vega 
Baja, Puerto Rico", (2006), International Journal of Environmental Research and Public 
Health: 3:292-300. P

48. Gao, H., Zamin Koo Yang, Liyou, Wu, Dorothea K. Thompson, and J.-Z. Zhou, "Global 
Transcriptome Analysis of the Cold Shock Response of Shewanella oneidensis MR-1 and 
mutational analysis of its classical cold-shock proteins", (2006), J. Bacteri ok, 188:4560- 
4569. P

49. Fields, M.F., C.E. Bagwell, S.L. Carroll, T. Yan, X. Liu, D.B. Watson, P.M. Jardine, C.S. 
Criddle, T.C. Hazen, and J.-Z. Zhou, "Phylogenetic and functional biomakers as indicators 
of bacterial community responses to mixed-waste contamination", (2006), Environ. Sci. & 
Tech. 40: 2601-2607. P

50. Leaphart, A. B., D. K. Thompson, K. Huang, Eric Aim, X.-F. Wan A. Arkin, S. D. Brown, 
L. Wu, T. Yan, X. Liu, G. S. Wickham, and J.-Z. Zhou, "Transcriptome Profiling of 
Shewanella oneidensis Gene Expression Following Exposure to Acidic and Alkaline pH", 
(2006), J. Bacteriol. 188:1633-42.

51. He, Qiang, K. Huang, Zhili He, E. Aim, M. W. Fields, Matthew W. Fields, Terry Hazen, 
Adams Arkin, Judy D. Wall, and J.-Z. Zhou, "Energetic Consequences of Nitrite Stress in 
Desulfovibrio vulgaris Hildenborough, Inferred from Global Transcriptional Analysis", 
(2006), Appl. Environ. Microbiol. 72:4370-4381.

52. Chhabra, S R., He, Q., Huang, K.H, Gaucher, S.P. , Aim, E.J., He, Z., Hadi, M.Z., Hazen, 
T.C., Wall, J.D., Zhou, J-Z., Arkin, A.P. and A.K. Singh, "Global Analysis of Heat Shock 
Response in Desulfovibrio vulgaris Hildenborough", (2006), J. Bacteriol. 188: 1817-1828.

53. Brown, S.D, M. Martin, K. Huang, E. Aim, Y. Yang, A. Arkin, J.-Z. Zhou, and D. K. 
Thompson, "Cellular Response of Shewanella oneidensis to Strontium Stress", (2006), Appl. 
Environ. Microbiol., 72: 890-900.

54. Wu, L., X. Liu, C. W. Schadt, and J.-Z. Zhou. Microarray-based analysis of subnanogram 
quantities of microbial community DNAs by using whole-community genome 
amplification", (2006), Appl. Environ. Microbiol. 72:4931-4941. P

55. Liebich, J., S. C. Chong, C. Schadt, Z. He, and J.-Z. Zhou. 2006. Improvement of 
oligonucleotide probe design criteria for the development of functional gene microarrays for 
environmental applications. Appl. Environ. Microbiol. 72:1688-1691. P

56. Hwang, C., W. Wu, T. J. Gentry, J. Carley, S. L. Carroll, C. Schadt, D. Watson, P. M. 
Jardine, J.-Z. Zhou, R. F. Hickey, C. S. Criddle, and M.W. Fields. 2006. Changes in 
bacterial community structure correlate with initial operating conditions of a field-scale 
denitrifying fluidized bed reactor. Applied Microbiology and Biotechnology, 71 : 748-760.

2005



57. Li, X., Z. He, and J.-Z. Zhou, "Selection of optimal oligonucleotide probes for microarrays 
using multiple criteria, global alignment and parameter estimation", (2005), Nucleic Acids 
Res. 33:6114-6123. p

58. He, Z., L. Wu, X. Li, M. Fields, J.-Z. Zhou, "Empirical establishment of oligonucleotide 
probe design criteria", (2005), Appl. & Environ. Microbiol, 71:3753-3760. P

Books/Book Chapters

1. Andersen G, He Z, DeSantis T, Brodie E, Zhou J. 2010. The Use of Microarrays in Microbial 
Ecology. Pages pp87-110 in Jansson W-TLaJK, ed. Environmental Molecular Microbiology. 
Norfolk, UK.: Caister Academic Press.

2. Gentry TJ, He Z, Zhou J. 2009. Detection and characterization of uncultivated 
microorganisms using microarrays. Pages 35-58 in Epstein SS, ed. Uncultivated 
Microorganisms. Heidelberg: Springer-Verlag Heidelberg Berlin.

3. Van Nostrand JD, He Z, Zhou J. 2010. Microarray analysis of environmental samples. Pages 
pp 251-280 in Ashbolt KSaNJ, ed. Environmental Microbiology: Current Technology and 
Water Applications. Norwich, UK: Horizon Scientific.

4. Van Nostrand JD, He Z, Zhou J. 2010. Analysis of microbial communities by functional gene 
arrays. Pages pp 109-126 in Barton L, Mandl M, Loy A, eds. Geomicrobiology: Molecular 
and Environmental Perspective, vol. SpringerLink. Dordrecht; New York: Springer.


