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Genomic	 analysis	 of	 biomarkers,	 including	 genetic	 markers	 such	 as	 point	 mutations	 and	 epigenetic	
markers	 such	 as	 DNA	 methylation,	 has	 become	 a	 central	 theme	 in	 modern	 disease	 diagnosis	 and	
prognosis.	Recently	 there	 is	an	 increasing	 interest	 in	using	confocal	 single-molecule	 spectroscopy	 (SMS)	
for	genomic	detection.	The	driving	force	not	only	comes	from	its	ultrahigh	sensitivity	that	allows	detection	
of	low-abundance	nucleic	acids	without	the	need	for	amplification	but	also	from	its	potential	in	achieving	
high-accuracy	quantification	of	rare	targets	via	single-molecule	sorting.	DNA	extraction	and	processing	is	a	
critical	 first	 step	 that	 underpins	 nearly	 all	 of	 genetic	 and	 epigenetic	 biomarker	 analyses.	We	develop	 a	
silica	coated	nanomembrane	that	contains	a	high	density	of	nanoscale	 folds,	wrinkles,	and	creases.	The	
nanoscale	 surface	 topography	 enables	 high	 surface	 area	 silica	 based	 DNA	 extraction	 while	 eliminating	
column	 or	 particle	 based	 shear	 forces	 to	 facilitate	 high	 yield	 and	 high	 purity	 DNA	 recovery	 with	
exceptional	 DNA	 quality.	 On	 the	 other	 hand,	microfluidic	 technologies	 offer	 an	 exciting	 opportunity	 to	
realize	 the	use	of	biomarkers	 in	 routine	clinical	 settings	via	 the	development	of	miniaturized	diagnostic	
systems.	These	platforms	may	function	as	portable	bench-top	environments	that	dramatically	shorten	the	
transition	 of	 a	 bench-top	 assay	 into	 a	 point-of-care	 format.	 We	 have	 developed	 highly	 sensitive,	
quantitative	 and	 clinically	 relevant	 technologies	 for	 analysis	 of	 genomic	 markers	 based	 on	 the	
convergence	of	SMS,	microfluidic	manipulations,	and	silica	nanomaterials.	Extraordinary	performances	of	
these	 new	 technologies	 have	 been	 exemplified	 by	 analysis	 of	 a	 variety	 of	 biomarkers	 including	 point	
mutations,	DNA	integrity	and	DNA	methylation	in	clinical	samples.		
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