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exa mple/ hist one m olecules may become non-functional if some of its amino acids developed 
are replaced w ith different ones . On the other hand/ ITS of ribosom al RNA can st ill stu dyin gg 
fold properl y even if many of its nucleotid es are chan ged . Thus, ITS can accumulate varieties 0 

muta tions m ore rapidly than histories. reflectin g the d ifferent fun ctional cons traints cu ltiva rs a 
on th eir gene product. Ribosomal RNA is considered as one of the bes t target for pepper cui 

stud ying phylogenetic relationship because it is universal and is composed of highly and re la te­

conse rve d as w ell as variable domain s. Marker-assisted gene pyramiding (MAG P) AFLP mar 

is one of th e m ost important app lications of DNA markers to pl ant br eeding. Gene and agron . 

pyramiding has been prop osed and applied to enhance resistance to disease and dendrogra 
insects by selecting for tw o or m ore genes at a time. For examp le, such pyr amids cu ltivars 'A 

have been de velop ed in rice agains t bacterial blight and blast (Hua ng ei al., 1997; m arkers fr 

Luo et al., 2012) we re used 
collection i 

The advan tages of using molecul ar data is obvious - molecul ar dat a are 
pepper of 

mo re numerous than fossil records and easier to ob ta in. There is no sam pling of 15.5 alle 
bias involved, w hich helps to correct the gap s in real fossil records. A clearer and 
robust phylo genetic tree can be cons tructed wi th th e help of m olecular data. When The gt 

factors for va riation in morphological data become insufficient to distinguish tw o orga nisms at 
differ en t levels oiz., phyla/ class/ orde r, fam ily eic., th e ana lys is of the biomolecules to ga in be 

are cons ide red/ which are large in number and occur in various forms in species. Pipersped 

Therefore, biom olecular markers have become a favourite and some times the only diversit y ir 
reliable inform ation ava ilable for researcher s to reconstruct evo lutionary history . and conch 

hom ogene 
2. Commonly Utilized Molecular Markers in Spices ioichmannii 

and conclu Molecul ar m arkers are features determined by allelic forms of genes or genetic 
m orphotyr loci and can be transm itted from one generation to ano the r, thus are being used 
and p rese r to tag targe t genes. Classical markers and DNA ma rkers ar e used in breeding 
suggested programmes, h ow ever classi cal m arkers (including morphological markers, 
data was us cytolog ical markers and biochem ical m arkers) are not associated w ith important 
better undeeconomic traits alw ays, but DNA markers have develop ed into m any sys tems 
Piper. [a ran based on different polym orphism-detecting techniqu es or method s (Sou thern 
Internal Tnblotting, nuclear acid hybridizatio n, PCR and DNA sequencing), such as RFLP, 
sam ple of 1AFLP, RAPO/ SSR, SNP, etc. 
yield 257pr 

2.1. Molecular Characterization of Germplasm suggested 1 

th ree mono 
2.1.1. Genus Piper 

Inter- a 
Black peppe r, derived from Piper nigrum L., is th e m ost im po rtan t sp ice of Chaveeracl 

the world . India is the na tive home of black pepper and is its major producer and P. kud: 
and expo rter. Conse rving and fingerprinting the gene tic diversity in pepper and Johnson et c 
development of resistant va rieties will increase the production and prod uctiv ity for gene tic 
of black pepper. Use of molecu lar markers to au gment bree d ing through marker identifying 
assisted selection is a recent development in black pepp er. Mos t of the studies ar e 

N irma l confine d to m olecular p ro filing of germ plasm and indexing genetic fid elity. For 
Pip er specir the molecular characterization of black pe pper germp lasm, RAPD/ ISSR an d SSR 
hapnium an, markers were used . Pradeep Kumar et al. (2001, 2003) characterized 24 black pe pper 
ano ther gro (Piper nigrum L.) accessions using RAPD m arkers and cultivar specific ban ds were 
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stu dy helped in id entifying th e core collections of holotyp es of Piper sp ecies. N irmal 
Babu (2003) stu died RAPD and AFLP polymorphism among nine spe cies of Piper. 
The exotic spec ies P. colubrinum and P. arboreum we re found to be highl y di stinct. P. 
argyrophyllum, P. aiienuaium, P. bababudani and P. nigrum we re found to be closely 
related. P. betle, P. choba, and P. longum L. stoo d indep endently . Specific marker 
probes for each species we re develop ed and we re and successfu lly hybridized 
with corres po nd ing gen om ic DN A. Wa dt ei al. (2004), w ho stud ied 49 gen otypes 
belonging to three species of Piper oiz ., Piper hispidineroum, Piper aduncum, and 
Piper hispidum, used RAPD m arkers to prove the demarcat ion of P. hispidinervum 
and P. aduncutn as two separa te species . Liao et al. (2009) rep orted the isola tion 
and characteriza tion of eleve n polymorphic m icrosatellites loci from an ende mic 
species, Piper polysyphonum from China. Sen et al. (2010) evalua ted gene tic diversi ty 
of eight Piper spec ies oiz., P. nigrum, P. longum, P. betie, P. chaba, P. argyrophyllum, P. 
trichostachyon, P. galeatum, and P. hymenophyllum using RAPD markers. Jiang and 
Liu (2011) used RAPD and SRAP (Sequenc e Related amplified polymorphism ) to 
stu dy gene tic diversi ty among 74 Piper spp . in Haina n Island and SRAP technique 
cou ld efficiently di stinguish all Piper spp from each othe r. Patr a et al. (2011) used 
RAPD and ISSR markers to analyse th e gene tic diversity am ong 15 cultivars of 
betel v ine. Sheeja et al. (2013) rep orted the genetic diversi ty analys is of 27 Piper 
species using ISSR markers and gene ra ted 35 sp ecies specific b ands for 19 different 
Piper species . The genetic d ive rs ity ana lysis of six different species of Piper from 
North East region of India using RAPD mark er was reported by Chowdhury et al. 
(2014). Yoshida et al. (2014) d eveloped and characte rized nine microsatellite loci for 
natural populations of Piper solms ianum , a potential source of bioact ive seco nd ary 
metab olites. Anupama et al. (2015) eva lua ted six microsatellite markers, d eveloped 
from black pepper, for cross-species amplification and gene tic diversity analysis 
in 23 Piper species from different location in India w hich included Western Ghats, 
N orth East and Exotic regions. The dendrogram genera ted could discr iminate th e 
23 Piper species evalua ted into eight clusters; three of the clusters could be further 
d ivided into sub clu sters. The black peppe r-specific mi crosatellite mark ers we re 
found to clearly demarcate d ive rsity among Indian and exo tic species (Figure 15.1). 

2.1.2. Zingiberales 

A p hy loge ne tic ana lysis of the tribe Zingibereae (Zingiberaceae) w as performed 
by Ngam riabsaku l et al. (2003) using nuclear ribosomal DN A (ITS1, 5.8S and JTS2) 
an d chloropla st DNA [tmL (UAA) 5/exon to tmF (GAA)]; based on th e results 
obtaine d, it w as suggested th at th e trib e Zingibereae, as w ell as the gen us Curcuma, 
are m onophyletic. Cha se (2004)atte mp ted to have an overview on the phylogeny and 
relati onships in monocots based on an alysis of DNA sequence data of seven genes 
rep resenting all three genomes and reported high bootstr ap support to the clad es 
which included Zingiberales . Monocotshave been sho wn in m olecular clock stu dies 
to be at least 140 million yea rs old, and all major clad es and m ost families date to 
well before the end of th e Cre taceo us. Kress etal. (2002) stud ied the phylogen y of the 
g inger (Zingibe raceae) based on DNA sequences of the nuclear int ernal transcrib ed 
spacer (ITS) and p las tid matK regi ons and proposed a new classificati on of the 
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RFLP and ISSR pol ymorphism . The collections of cardamom germplasm, which rar 
include released varie ties, promising lines and local cultivars of cardam om, were cer 
char acterized using 50 RAPD primers, six ISSRprimers and two PCR-RFLP primers fra 
to stu dy th eir relationships and diversity. The study indicated a clear divergen ce fro 
in Kerala and Karnatak a collections, the tw o main regions of carda mo m diversity dif 
an d comparatively less divergence within the p opulation is due to op en pollinated loc 
seed origin (siblings).The collections and hybrids from Indi an Carda mom Resear ch sin 
Institute (ICRI), Mylad umpa ra, Keral a, India formed one cluster and they are well wa 
sepa rated from rest of the geno types.The resu lts indic ated that controlled br eeding, ei c 

rather than selection from open po llinated p rogeny, is a preferred approach in (Fi: 
cardamom to genrate more gene tic variability in germplasm (Nirm al Babu et al., 
2005). De novo isolation, characte risation and utili zation of micro satel1ite markers 
for the genet ic diversity an alysis of small cardam om has been recently reproted by 
An u et at. (2016). 

2 .1.2.1 Curcuma Species 

Geneti c diversity of Curcuma aiismatifolia Gagnep . Populati ons, from both 
cu ltivated and wild habitats, were studied by Paisooksantivatana et at. (2001). Cao 
ei al. (2003) used trn K nucl eotide sequencing, for identification of six med icinal 
Curcumauiz.,C.longa, C. phaeocaulis, C. sichuanensis, C.chuanuui in, C. chuanhuangjiang 
and C. chuanezhu found in Sichuan, China. Hybrid detection and characterization 
of Curcuma spp . from Tha iland usin g seq uence characterized amplified (SCAR) 
DN A markers was done by Anuntalabochai et al. (2007). In the study, the tropi cal 
cut flow er, C. alismatifolia variety 'Patumm a', was ana lysed was using 11 RAPD 
primers . A robust seque nce cha racterized amplified region w ith 600 bp in len gth 
was present in all 'Patumma' va rieties and hybrids, which did not amplify in 
an additiona l se ries of 24 distinct Curcuma species used as an indep endent test. 
The molecular mark er develop ed wa s useful for cost effective, morphologically 
independent charac terization of Curcuma hybrids. Five species of Curcumanam ely 
C. tonga, C. zedoaria, C.aromaiica, C. amadaand C. caesia were characterized based on 
th e RAPD profiles of DNA isolated from fresh rhi zom es by Sreeja (2002). Eleven 
polymorphic bands we re produced in the five species studie d using three RAPD 
markers. 

Kress et al. (2002) su ggested that Curcuma is par aphyletic wi th Hiichenia, 
Siahlianihu s and Smiihairis. Molecular gene tic fingerprints of 15 Curcuma species U 
were developed using Inter Simple Sequence Repeats (ISSR) and Random Amplified 
Polymorphic DNA (RAPD) markers to elucidate the genet ic diversity / relatedness 
am ong the species (Syamkuma r, 2008). Siju et al. (2010) develop ed 18 genomic 
microsatellite markers for turmeric (Curcuma langa 1.). These mark ers when use d 
to evaluate 20 turmeric accessions gene ra ted 103 alleles w ith an ave rage of 5.7 base 
alleles pe r locus. The 18 ESTSSR markers developed by Siju et al. (2010) in turmeric Smi 
(Curcuma longa1.) revealed 100 per cent cross species trans ferability amo ng the 13 for s 
related species . s tue 

Nayak et al. (2006) carrie d out 4C nuclear DN A conten t and RAPD ana lysis aCCE 

of seventeen promising cultivars of turmeric (c. longa) from India. RAPD analysis char 
clearly showed the gene tic va riation among the seven teen cultiva rs using twenty 

2.1 
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Rose. (Ginger) from a microsatellite enriched library. These were used to detect a	 togethe 
total of 34 alleles across the 20 accessions with an average of 4.3 alleles pe r locus.	 p laced 
The data generated indicated moderate leve l of genetic diversity among the ginger M< 
accessions genotyped with eight markers . ISSR profiles were generated for eigh t RAPD, 
high yie ld ing varie ties of ginger (Figure 15.3) by Nirmal Babu et al. (2016b). yie ld in, 
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Figure 15.3: ISSR Profiling of High-yielding Varieties of Ginger using Primer USC seed wei 
810. Lanes 1-8: Varada, Rejatha , Mahima, Suprabha , Suruchi , Athira , Karthika and observe , 

OCP 1222. M: Molecualr weight ladder (Source: Nirmal Babu et st., 2016b) 
level. Fe 
regular 12.1.2.3. Tree Spices 
2 .1.2 .4. Perennial tree crops face problems like long pre-bearing period, d ioecy in 

nutmeg an d narrow ge netic base in clove; hence, priority need to be given to	 Con 
characterization of germplasm based on mo lecular markers.	 improve 

of varia t Ge ne tic identification among cinnamon species was studied analyzing 
which is nucleotide sequences of chloroplast DN A from four species iCinnamomumcassia, C. 
and morzeylaniculn, C. burmannii and C. sieboldii).The two regions studied were the intergenic 
of the pf! spacer region between the irnl. 3'exon and tmF exon (ImL -tmF IGS) and the trnL 
eval uate, intron region. We found nucleotide variation at one site in the trnL-tmF lGS, an d 
(Figu re 1 at th ree sites in the trnL intron. With the sequence data from analysis of these 
and inre regions, the four Cinnamomum species used in this study were correctly identified. 
compare,Furthermore, single-st rand conformation polymorphism (SSCP) ana lysi s of PCR 
(Minoo eproducts from the trnL-tmF lGS and the trnl: intron resulted in different SSCP band 

patterns among C. cassia, C.zeylanicum and C.burmannii. Judy (IISR,2005) conducted Use 
a preliminary RAPD study on eleven species of cinnamon viz. C. .verum, C. cassia, heterozy 
C. malabairum, C. riparium, C. macrocarpum, C. peroiiitii, C. weightii, C. citronella, C. like RAP 
iamala, C. sulphuraium, C.glaucens and C. camphora using three primers (OP A 1, OPB d i-nuclec 
5 and OPC 15). The dend rogram indicated that C. malabairum is closely related to C. were ino 

verum. The species like C. cassia, C. weightii and C.citronella , C. camphoraare grouped in cul tiv: 
howeve r 
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of cv. Sreekara, derived from bamboo nursery us ing RAPD. Genetic fidelity of Myristic 
microp ropagated Piper longum usin g RAPD profiling was repor ted by Ajith ei al. one prin 
(1997) and occurrence of sornaclonal variation was obse rve d. et at. (2C 

speci fic In tu rmeric, Ni rmal Babu et al. (2003a). stu died m orphological and m olecular 
varia tio ns among microp ro pagated and callus regener ated p lan ts and found 2.4.2. I 
va riations in both but wi th high er percen tage of variation in callus regenerated 

Isoe 
somaclones , Invitroplants developed through microrhizom e exhibite d least amount 

specific 
of va ria tions .They inferred that this is due to th e accumulated vegetative mutations 

specific 
(mosaic) in tu rm eric. The genetic fideli ty studies of turmer ic germp lasm conserved 

id entify 
in in vitro gene bank using RAPD p rofiling showed their gene tic integr ity (Geetha, spec ific 
2002i Ravind ran et al., 2004). ide ntific 

RAPD p rofiling, with in the rep licates of in vitroconserved and cryopreserved In c
lines of ginger using operon random (RAPD) p rime rs was studie d, but it d id not essentia
de tect any polymorp hism betw een the conserve d lin es in any of the p rime rs tested , plants al 
indica ting the genetic stability (Geetha , 2002i Pete r et al., 2002). 

m olecul 
Mic ropropagated multipl e shoots of Vanilla planijolia developed from axillary both en' 

bud exp lan ts and esta blishe d in cu lture for 10 years, have been used to determine also bee 
somaclonal va riatio n using random amp lified p olym orp hic DNA (RAPD) and in ter­ for the d 
sim ple sequence repeats markers (ISSR). No difference was observed in banding populati 
patterns of any of the sam ples for a part icul ar primer, indicating th e abse nce of The resu 
va riation among the micropropagated p lan ts, concluding that the microp rop agation morpho' 
p rotocol used for in vitro proliferati on of van illa plant lets could be applied for the m orp hol 
production of clona l p lants ove r a considerable pe riod of time (Sreedhar etal., 2007). showed 

2 .3.	 Development of Mapping Population and Preliminary Molecular 2.4.3 .1\1 
Map Nin 

A ma pping po pulation of 200 seg regating progenies was develope d betw een linked to 
Subhakara X Panniyur 1 for p rep aration of preliminary gene tic map of black pepper and tole! 
(Ninnal Babu ei al., 2003b). RAPD and ISSR profiling of 96 progenies of first mapping clu ster 0 

pop ulati on Sub hakara X Pa nniyur 1 was do ne along with their pa ren ts and ove r at 700 bI 
200 po lymorphic marke rs segregating in the po pulation were sco red . Prepara tion Sheji eta 
of frame work mo lecular map is in progress using pseudo test cross approach. an d com 

and susc 
2.4.	 Identification of Markers Linked to Important Characters RAPD IT 

SCAR m 2.4.1. Sex Specific Markers 
deletion 

Bane rjee et al. (1999) stu d ied m olecular basis of genotypic differentia tion pair app
betw een the male and fema le plants of dioecious P. longum L. and identified two lines, an, 
RAPD m arkers specific to male plants. Philip et al, (2000) used RAPD profiles to 
differentiate three fema le varieties of P. longum. Manoj et at. (2004) stu die d the 2.4.4. II 
mo lecular basis of differentiation betw een male an d fema le plants of Piper longum Dha 
using RAPD. adulteral 

Shi bu et at. (2000) identified sex specific DNA m arkers for ide ntifying the of proto: 
productive fem ale trees in nu tmeg. Ganes ha iah et at. (2000) attem pted to identify traded c 
sex spe cific DNA markers that could po tentially be used to de te rmi ne the sex of different 
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Figure 15.7: Differential Amplification of SCAR Markers among Phytophthora
 
Susceptible and Resistant Lines of Black Pepper (Source: Sheji Chandran et el.,
 

2006). 

Detection of extraneo us Curcuma sp . con tamina tion of powdered sam ples of 
turmeric using random amplified polym orphic DNA was reported by Sasikumar 
et al. (2004). The analys is of three ma rket samples of turmeric powder from Kerala, 
and Ind ia, revealed the prevalence of C. zedoaria (wild species) powder ove r the 
C. longa (the common culinar y turmeric) powde r, altho ug h the curcumin levels 
of the samples were in accordance with th e quality standards prescribed for the 
commodity.The other stud ies on studies on genetic purity and checking adulteration 
are th ose of Cao et al. (2001) and Sasaki et al. (2002, 2004) who use d sequence 
ana lysis of Chinese and Japanese Curcuma drugs on th e 18S rRN A gen e and trnK· 
gene and the applicatio n of am plification-re fractory mutation sys tem analysis for 
their au then tication .Application ofsingle nucleotide polym orphism ana lysis based 
on species specific nucleotide sequence w as developed by Sasaki et al. (2004) to 
identify the plants and d rugs derived from C. Zanga, C. phaeocaulis, C. zedoaria and 
C. aromaiica. Based on the difference in the nu cleotide p ositions at 177, 645,724 and 
a 4 base indel on th e tmK gene obtained using three different lengths of (26 mer, 
30 mer and 34 mer) rever se primers helped to identify the four Curcuma spec ies 
stu died . The SNP ana lysis me tho d developed become a useful m ethod for the 
identification of botanical origins of Curcuma drugs such as 'Ezhu ' used in Chinese 
med icine, which was difficult to identify morphologically and phytochemically. 

Xia et al. (2005) use d molecular (5S-rRNA spac er dom ain s) and chem ical 
fingerprints for qu ality control and authentication of RhizomaCurcumae, a traditional 
Chinese medi cine used in removing blood stasis and allevia ting pain . 

Gene tic profiling of trad ed ginger from India and China using 20 RAPD p rimers 
and 15 ISSR primers gave consisten t am plification pattern. Significant variation 
was observed between th e produces from the two coun tries (un published , lISR 
2008). Jian g et al. (2006) used metab olic profiling and phylogenetic analysis for 
authent ication of ginger. They use d these too ls to investigate the diversity w ith in 
the ginger species and between gin ger and closely related species in the genus 
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Pip erine is the main bioactive compo und amo ng black pepper alkaloids, which 
performs unique physiological functions. How ever, th e mechani sm s of piperine 
synthesis we re poorly understood an d studies by Hu et al. (2015) were the first to 
describe the fruit transcriptome of black pepper by sequencing on Illumina HiSeq 
2000 platform. A total of 56,281,710 raw read s were obtaine d an d assembled, from 
whi ch 44,061 unigen es w ith an average len gth of 1,345 nt were gene ra ted . During 
functional annotation,40,537 unigenes we re annotated in Gene Ontology catego ries, 
Kyoto Encyclopedi a of Genes and Genomes pathw ays, Swiss-Prot datab ase, and 
Nucleotide Collection (NR/NT) database. In addition, 8,196 simple sequence repeats 
(SSRs) were detected . In a detailed ana lysis of the transcriptome, housekeeping 
genes for qu antitative polymerase chain react ion internal control, polymorphic 
SSRs, and lysine /ornithine metabolism-related genes were identified which could 
provide useful data for fur ther research on piperine synthesis . 

2.4 .5.2. Cardamom 

Development of structu red populati ons for tagging of Katte and Rhizom e rot 
resistance are in th e process of field pl anting (IISR unpublished 2008). One putative 
RAP D m arker was also id entifi ed asso ciated wi th Katt e Resis tance (IISR 2003). 

2.4.5.3. Ginger 

Swetha and Subramanian (2008) reported isolation and molecular ana lysis of 
R-gene in resistant Zingiber officinale (ginger) varieties agains t Fusarium oxysporum. 
They observed that the R-gene is present only resistant va rieties . These cloned 
R-gen es provid e a new resource of molecul ar marker s for marker assisted selection 
(MAS) and rapid id enti fication of Fusarium yellows resistant ginger varieties. Kavitha 
and Thomas (2006)reported Zingiber zerumbei, a close relative of ginger, as a potential 
donor for soft-ro t resistance in Ginge r. They employe d AFLP markers and mRNA 
differential display to identify genes w hose expression was altered in a soft rot­
resistant access ion of Zingiberzerumbeibefore and after inoculating it w ith. Pythium 
aphan idermaium, w hich is the principal causa tive age nt of so ft-rot dis ease in ginger 
A few di fferentially expressed trans cript-derived frag ments (TDFs) we re isolat ed , 
cloned and sequenced . Hom ology searches an d functiona l categorization of some 
of these clones revealed the presence of defen ce / stress / signalling group which are 
homologous to genes known to be actively involved in various pathogenesis-relat ed 
functions in other plant species, They fou nd Z. zerumbei shows ad equate variability 
both at DN A level and in res ponse to Pythium. (Kav itha and Thoma s, 2006; 2008). 
Nair et al. (2010) id entified a memb er of the pathogenesis-related protein group 5 
(FRS) gene fam ily in Z. zerumbei th at is expressed constitutively but upregulated 
in resp onse to infection by P.aphanidermatum. Nair an d Thomas (2013) isolated th e 
full length seque nce of ZzR l res istance gene from Zingiber zerumbei with potential 
for im parting res istance to so ft rot in ginger. Isolati on of resistan ce genes from su ch 
re lated genera wil l help in ginger improvem ent vi a transgeni c approaches. 

2.4 .5.4. Turmeric 

Joshi et al. (2010) have reported isolation and cha racterization of resistance 
gene candidat es in Curcuma tonga cv.su rama . R gene conf er ring resistance to 
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Arabidopsisgenome (Aarts et al., 1998). With the adve nt of next generation seque ncing in va ric 
techniques, genome w ide ana lys is of NBS-LRR-encoding genes in Arabidopsis Subram 
(Meyers et al., 1999; She n et al., 1998) rep orted tha t the resistance gene can d idates Zingiber 
id entified by PCR w ith degene ra te oligonucleo tide primers map to clus te rs of the R-gE 
resistan ce genes in lettuce. These form an important approac h for isolating R gen es new res, 
usin g cand ida te gene approach. identific 

A PCR-based approa ch for isolating pathogen resistan ce genes from potato Vio 
wi th poten tial for w ide application in plants was rep orted by Leister ei al. (1996). plays an 
The geno mic approach was used to isolate R genes in Black pepper . Degenera te excessiv 
primer s were design ed from th e conserved m otifs (Ploop and GLPL) of NBS violaxar 
reg ion of kn own R genes and th ese we re us ed to amplify similar sequences from oioiaxani 
geno mic DNA of bla ck pepper . A 500 bp fragment was amplified cons istently from ginge r 1.: 

black pepper va riety P 24 using degenerate primers from P LOOP GG - GLPLA3 . exp ressi 
This fragment was cloned in PCR XL TOPO vector and a libr ary of 48 clon es wa s a 1431 b 
developed by Nirrnal Babu et at. (2003b) . acids wi 

GVDE", Simil arly informati on ava ilable on mapping of heterol ogous loci for example, 
Ph-2 10cus controlling partial resistance to Phytophthora injesians in tomato (Philippe 2 .4.6 .4. 
et al., 1998), gene tic and physical mapping of molecular markers linked to the 

Tw( Phytophthora resistants gene Rps l -k in soybean (Takao et al.,1997) can also be used 
like gem to tag Phytophthora resistance in black pepper . Intras pec ific compa ra tive geno mics 
spec ializ to id entity avirulence genes from Phytophthora was rep orted by Bos ei al. (2003) . 
th e com Compara tive genomics has already mad e much headway for solanaceous cro ps to 
th at botl which Capsicum belongs (Tanksley ei al., 1988; Livingstone et al., 1999) and w he re 
sequeno much information on Phytophthora resistan ce is ava ilable. 
other. Ql 

Rl'JA-Seq technology was employed, for the first time (Go rdo et al., 2012), express u 
to de scribe the root tran scriptom e of bla ck pepper. The root tran scriptome was developi 
sequenced by the NGS SOliD platform and assembled using the multipl e-k method. a lower a 
Blast-2-GO and orthoMCL method s we re used to annota te 10338 unigenes. The than witl 
4472 pred icted proteins showed abou t 52 per cent hom ology with the Arabidopsis for an en 
proteom e. Tw o roo t pr oteom es identifi ed 615 p rotein s, which seem to de fine the m ainly e 
plant's root pattern. Th is dataset of 10,338 unigen es wi ll be important for th e Phylogei 
biotechnological breeding of bl ack pepp er . and it ch. 

predicte: 2.4.6.2. Ginger 
tob acco c 

Aswati and Tho mas (2006) rep orted isolation, characterization and express ion flavonoic 
of resistan ce gene cand ida tes (RGCs) using degenerate pr imers based on conserved 

The motifs from th e NBS dom ains of plant resistance (R) genes we re used to isola te 
scientists ana logous sequences or resis tance gene cand ida tes (RGCs) from cultiva ted and wild 
actively ( Zingiber speCies . Kav itha and Tho mas (2006, 2008) employed mRNA di fferential 
w ith the di splay was employe d to identify genes whose expression was alte red in a soft rot­
for Vanilresistant accession of Zingiberzerumbet. A few differentially expressed tr an script­
tr an scrip de rive d fragme nts (TOPs) were isolated , clon ed from Pythium aphanidermaium, 
of gene 1w hich is the princip al causative agen t of soft-rot disease in ginge r. Sequence and 
developn fun ctional categorizat ion of these clon es revealed the presen ce of defence / stress / 
pathway: signalling group which are ho mologo us to genes kn own to be acti ve ly in volved 
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yield, non-deh iscence , abiotic stress tolerance) and transcriptional regulation of dia gn os 

th ese impor tant fruit processes; and 3) th e analysis of Vanilla root resp onses and breedin 
root structu re to understand the innate defense response to pathogen infection. The Sec 
fact ors chosen are critica l for survival of the vanilla industry, with the threat of a second, 
Fusarium p andemic that is destr oyin g vanilla, and the accelera ted threat of global mod el] 
warm ing th at has already affected the timing of Vanilla planifolia flowering and di fferer 
impacted successful fertilizati on, thus th e datab ase provides a gene ral resource for similar 
further stu dies (Xiaolan Rao ei al., 2014). to clone 

express2.7 Molecular Characterization and Detection of Pathogens 
Thegro 

Gos h and Purkau astha (2003) used polyc1onal antibo dies and antigens of host aCcuml. 
and pathogen for ear ly di agnosis of rhizome rot disease of ginge r caused by Pythium in othei 
aphanidermaium an d pythium aphanidermaium, wa s detected in ginge r rhi zom e after the unk 
eigh t weeks of inoculati on by agar gel double diffusion and imrnuoelectrophoretic involve 
tests, but only one wee k after inocu lati on by indirect ELISA. Kumar and Anandaraj mo lecu 
(2006) developed an efficient DN A isolation protocol and PCR based detection the leve 
of bacterial pathogen in soil. This PCR based me tho d using universal Ralsionia 
solanacearum. speci fic primer offer a rapid metho d for unambigu ous detecti on of Hefen 
this pathogen at a concentration of 103-1 04 cells per gram of soil. Aa r ts, ] 

During 2009 an d 2010 in Papantla, th e greatest vanilla-producin g region of A. 
Mexico, Fusarium was isolated from van illa roots and stems th at showed symptoms lin 
of the disease. From 189 isolates 11 m orp hologically different colonies were selected Int 
to ve rify th e species by amplifying and sequencing their ITSregions. The detected Adame 
species corresponded to F. proliferatum, Fusarium sp. , F. oxysporum f. sp . an d vanillae JJv 
(w hich was the m ost nume rous and mos t pa thogenic to vanilla stems an d leaves), Val 
an undetermined species of Fusarium and F. proliferatum, which showed no evid ence ­ Bol 
of prod ucing disease symptoms by Ada me-Garcia et al. (20 15). 

Ajith,A 
3. Future Prospects an i 

5a ~ 
Uses of m olecular markers in the phylogen etic stu di es of various organ isms 

have become increasingly importan t in recent times . Av ailability of fast DNA 
am 

seque ncing techniques along wi th the developm ent of robus t sta tistical an alysis Annadi 

methods provides a new momentum to this field. In this context, utility of different M. 
nuclear encode d genes (like 16S rRN A, 55 rRN A, 285 an d rRNA) mitochondrial A. 

(cytochrom e oxidase, m itochon drial 12S, cytochrome b and control region ) and rev 

few ch loroplast encode d genes (like rbcl., matK and rp116) will reveal important PL 
characters of fun ctional va lue in spices . Though molecu lar markers are not free Anu, C 
entirely of flaw s, they can complem ent the traditional morphology based method an 
for phylogen etic studies. This combination al approach will stre ngthe n the basis of rru 
relationships of organ isms to a great extent. uti 

Cro p specific strateg ies ut ilizing biotechnology, thus ensures conse rvation of 1-1 
resources unaffected by climatic changes, ava ilability of an alterna te set of genotypes Anunt, 
that could be multiplied in large numbers, engineered w ith speci fic genes, and an 
maintained sa fe from the threats of natu ral disasters for posterity. Unde rstan ding sPI 
the m olecular interactions between the host and pathogen s and developing disease 38< 
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