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A B S T R A C T

Jute is a p rin cip al cash crop of B an glad esh , obtained from  the b ark  o f the two 

cultivated sp ecies, Corchours capsularis (w h ite  jute) and Corchorus o litorius  (tossa 

jute). Ju te  is  a short-day plant, needs lo n g  d ay light for vegetative g ro w th  and short- 

day for flow erin g . T he yield and quality  o f  to ssa  is better than w h ite  ju te . The centre 

of orig in  o f  w h ite  jute is said to be Indo-Bu rm a including South C hin a, and Africa 

for that o f  tossa.

The g lo bal dem and for traditional p rod u cts o f jute is declining d ay  to  day due to 

invasion o f  synthetic fibre. There is th erefore  a golden op p ortu nity  to  revive the 

past g lo ry  o f  ju te  through the p rod u ctio n  o f  paper pulp from  g reen  ju te, which 

could so lv e  th e  retting problem  and ensu re the bulk use.

As ju te  is a self-fertilized crop, its natu ral genetic variability is v ery  narrow ; this 

m akes th e  p lan t breeder helpless in  the developm ent of this crop . T h e molecular 

techniques cou ld  be a suitable alternative to im prove the crop. I f  th e  programme, 

p rod u ction  o f  p aper pulp from green ju te  b ecom es a success, th en  a t le a st tw o crops 

w ill b e  required  in  a year to m eet the m ill dem and for green ju te  rou nd  the year and 

one crop  w ill have to be produced in  the w in ter season. So it is e sse n tia l to develop 

low  tem p eratu re  tolerant DNA m arker fo r  m arker-aided se lectio n  an d  finally to 

develop a lo w  tem perature tolerant ju te  variety  through m olecular approach .

Iso la tion  o f  quality DNA from ju te  is very  difficult because o f  th e  presence of 

p olysacch arid es and other m etabolites. T w o  m odified m eth od s w ere  evaluated 

using fo u r typ es o f p lant m aterial (seed , seedling, young leaf and o ld  leaf) from  two 

species o f ju te . I t  w as observed th at d ifferen t m ethods w ere su itab le  for isolating 

D N A  fro m  different plant sam ples and seedling (grow n in  the dark) is the best 

sam ple fo r  qu ality  DNA isolation.

In D N A  fingerprinting study of som e ju te  varieties and accessions, it w as observed 

that th e  tw o  species were w ell d ifferen tiated  but d ifferen tiation  w ith in  species 

am ong th e  varieties/accessions w as d ifficult to detect w ith  lim ite d  number of
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p rim ers due to narrow  g en etic  base. This study ho ld s enorm ou s prospect fo r the 

developm ent and ap p lication  o f  molecular m arkers fo r  ju te  and for the generation  

o f a ju te  linkage map. H o w ev er, further studies w ith  m o re  num ber of prim ers are 

h ighly  recomm ended to  g en erate  a linkage map that sp an s the entire length o f  the 

ju te  genom e.

T o  develop  m olecular m ark er for low tem perature to lerance, tw o C. olitoriu s  

genotypes, variety 0 - 9 8 9 7  and accession no. 1805 w ere  selected  as low tem perature 

sensitive and tolerant, respectively, follow ing m orphological and m olecular 

investigation. In RA PD  an alysis a particular band w as found in tolerant accession . 

A cross w as made b e tw e e n  0 -9 8 9 7  and accession no. 1805 as seed and p o llen  

parent, respectively, an d  hybrid  (Fi) was produced. O n  germ ination test in  low  

tem perature stress con d ition , it w as observed that the lo w  tem perature tolerant tra it 

is a dom inant character.

T h e D N A  obtained fro m  th e  parents and d ifferentially  grow n (low tem perature 

to leran t and sensitive) seg reg atin g  F2 populations w ere  thoroughly evaluated w ith  

R A P D  markers for track in g  the expected D N A  fra g m e n t associated w ith  lo w  

tem perature tolerance. I t  w a s  observed that a p articu lar band of about 1200 b p  in  

size consistently co -m ig rates w ith  a band o f sam e size  in  the low tem perature 

to leran t parent and se lected  F2 populations. T h is  band  w as always absent in  the 

sensitive parent and F2S. T h e  observation strengthened the idea that this particu lar 

stretch  o f DNA is associated  w ith  low  tem perature to leran t character.

T h is  co-segregating D N A  fragm ent may be part o f  a lo w  tem perature tolerant g en e  

or any fragm ent associated  w ith  low  tem perature to leran t trait. The fragm ent w a s  

isolated  and used as p ro b e  fo r  Southern an alysis, s e q u e n c e d  fo r SCAR analysis, b u t 

failed  to differentiate th e  parents. To study the d ifferen ces betw een the p arents at 

nucleotide level in th e  am plified  products, the am p lified  fragm ents from  b o th  

p arents w ere isolated, sequ enced  and com pared. A n S N P  w as found betw een th ese  

sequences.
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A  b io in fo rm atics  analyses w ith this sequ ence w as carried out. A  stron g  homology 

(>90% ) w a s  observed at nucleotide lev el w ith  the genome A rab idopsis  thaliana. This 

w as sh o w n  to  b e  a part of a gene (a  term inal exon). The tran sla ted  product of its 

sequence revealed  a strong h om ology, to  that of an A rabidopsis thaliana  expressed 

gene co d in g  fo r low-density lip o p ro te in  B like protein. T h is  w as a significant 

finding, as  lipoproteins are know n fo r  its ro le in cold tolerance in  o th e r organisms.

A noth er e ffo rt w as made to rescue the upstream sequence to  know  the total 

sequence o f  the gene using inverse P C R  w ith SCAR prim er, b u t  n o  am p lifica tion  

w as fou n d . Further bioinform atics an alysis of the sequence rev ea led  the presence of 

an O R F th at is show n to be expressed . T h is  indicates that th e  reg io n  is present in 

close p rox im ity  to the locus d eterm in in g  low  tem perature to leran ce. From the 

ev idence o f  strong linkage observed, this O RF itself could b e  responsib le for the 

trait, tw o  p ossib le m echanism s cou ld  b e  proposed, one is  a t th ere m ight be a 

co m b in atio n  o f  SNPs (both in in tro n  and in  exon) w hich are resp onsib le for such 

d ifferen tia l phenotype. Second, th ere m a y  alternate splicing p rod u cts, which could 

lead to  d ifferen t products form ed in  d ifferen t genotypes. I t  w a s  evaluated that the 

gene resp on sib le  for low  tem perature tolerance was exp ressed  as determ ined by 

R T-PC R .

The first an d  very preliminary lin k ag e  m ap of the jute g e n o m e  w as constructed 

w ith  R A P D  m arkers using tw o p aren ts  and their F2 pop ulations. L inkage analyses 

at a L O D  sco re  of 3.0 and a m axim um  distance 50 cM revealed  18 linkage groups. 

A m ong the 18 linkage groups, 15 g ro u p s (group no. 1 to  15) co n ta in ed  single locus 

and the o th e r  three groups designated  as Linkage group-16, 1 7  an d  18 contained 2,

11 and 12  loci respectively. The u niqu e chrom osom e nu m ber o f  Corchorus spp. is 

seven (2n=14), so it was expected to  o b ta in  seven linkage g ro u p s to represent the 

genom e. B u t for linkage group analysis, the effort w as v ery  lim ited  and the total 

nu m ber o f  loci (40) was also low.
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IN T R O D U C T IO N

1.1. B R IEF D E S C R IP T IO N  ON JUTE

Bangladesh is a h o m elan d  of quality ju te  p rod u ction . It is a d icoty led on ou s fibre 

yielding p lan t o f  th e  genus Corchorus, Fam ily  T iliaceae. At the end o f 18 th century, 

Roxburg id en tified  ju te  as an alternative to  E u rop ean  hemp (C annabis sa tiva  L.) 

(Ghosh, 1983). Ju te  fibre is obtained from  th e  bark of the tw o com m ercia lly  

im portant sp ecies, nam ely Corchours capsu laris  L . (white jute) and C orchorus C. 

olitorius  L. (to ssa  ju te ). The yield and qu ality  o f  C. olitorius jute is b e tte r  th an  C. 

capsularis (K undu, 1968). The centre o f o r ig in  o f w hite jute is said to  b e  Indo- 

Burm a including So u th  China, and A frica fo r th a t o f tossa (Kundu, 1951).

Jute grow s u n d er w id e variation of c lim atic  cond ition s and stresses o f  the tropics 

and subtropics. I t  is  grow n in Bangladesh, In d ia , M yanm ar, Nepal, C hin a, Taiw an, 

Thailand, V ietn am , Cam bodia, Brazil and so m e  o th er countries. B an g lad esh  used 

to enjoy a lm o st a com m ercial m onopoly; its  sh are  in  the export m arket w a s  80%  in 

1947-48 but in  1 975 -76  it fell to only 25%  and currently it is further red u ced  due to 

invasion o f the substitu tes of jute by, p o ly -p rop ylen e, polyethylene, m ultiw alled 

paper bags e tc . Ju te  fibres are used in h essian s and gunnies, carp et an d  rugs, 

paper, canvas, tarpau lin , handicrafts, etc.

Jute w as cu ltiv ated  in  ancient times in B en g al. A t that time it w as m o re  or less a 

garden p lan t an d  its  leaves were used as a  v eg etab le  and for m ed icinal purposes. 

Jute grow s w e ll w h ere  the annual rainfall is 1500 m m  or more, w ith  a t le a st 250 

m m  during e a ch  o f  the months of M arch, A p ril and May. The op tim u m  range of 

tem perature requ ired  is 22° to 33°C.

Jute is cu ltivated  in  the rainy season. In  B an g lad esh  sowing usually s ta rts  at the 

end of Feb ru ary  an d  continues up to  the e n d  o f  M ay, depending o n  the species 

and varieties. C ultivation  largely depend s u p o n  pre-m onsoon sh o w ers  and soil 

m oisture co n d itio n s. C. capsularis is m ore w a te r  tolerant and thus g en era lly  can  be
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gro w n  in low lands, and e v e n  under water logging cond ition s, while C. olitorious is 

m ore  susceptible to w a te r  logging and hence cu ltivated  in  m edium  to m edium  

h igh  lands (Kundu e t a l., 1959). Jute can be gro w n  in  a num ber of soil typ es, 

ranging from clay to san d y  loam  w ith optimum fertility  and soil pH ranging from

5.0  to  8.6 (BJRI, 1996).

Ju te is basically self-p ollinated  and has fourteen d ip lo id  chrom osom es (2n=14). 

Ju te  is a short-day plant. It need s long day light fo r  vegetative grow th and short- 

d ay for flowering (IC A R , 1990). A fter sowing, fou r to  five m onths are needed fo r  

harvesting of the crop. T h is  is done at the flow ering stage. The fibre is obtained 

from  the bast or phloem  la y e r  o f the stem (D em psey, 1975).

G enerally, jute seed is so w n  broadcast, about 8 to 10 k g  o f seed per hectare fo r C. 

capsularis  and about 6  to  8  k g  per hectare for C. olitoriu s  (Hussain and Sobhan, 

2001). Traditionally, fa rm ers  keep  a small part o f  the crop  area for growing seed s 

until the seeds m ature in  October/November. A fter harvestin g , plants are bundled 

tog eth er w ith required n u m b er o f plants, and k ep t stan d in g  for 4  to 5 days in  the 

field  for shedding o ff the leaves. Then the bundles are  p u t under water. C lear slow  

flow ing  w ater is best fo r  g o o d  retting. After 12 to  15 d ays, w hen proper retting is 

com pleted, the fibre is  sep arated  from the stick  b y  h an d  and then w ashed and 

dried in sunlight. A fter dry ing , farm ers sell the fibre  in  the local market.

1 .2 . JU T E  IS  THE C A S H  C R O P  OF B A N G LA D ESH

T w o species of ju te, C. capsularis  and C. olitoriu s  are w idely cultivated in 

Bangladesh. It is grow n  in  a lm o st all the districts o f  the cou n try , Faridpur, T angail, 

Jessore , Dhaka, S irajgan j, B og ra , and Jam alpur are con sid ered  the better grow in g  

areas. It is the principal cash  crop. On an av erage Bangladesh produces 0 .7 9 4  

m illion  tons of raw ju te  o n  about 0.392 m illion  h ectares  o f land i.e. national 

average production is  2 .0 3  tons per hectare. T h is  average production is 

encouraging because th e  fertile  lands are occupied b y  food  crops and jute is b e in g

Introduction 3

Dhaka University Institutional Repository



pushed to the m arginal land. It contributes to  about 6% of the to ta l e x p o rt earning 

and em p loys around 30 million p eop les in  d ifferent events such a s  cu ltiv a tion , 

processing, carrying, marketing, research, trading, exporting etc. in volv in g  jute. 

Jute offers cash  earnings to 5 million fa rm  fam ilies (SYB, 2004). So, ju te  is really a 

very im p ortan t cash  crop of Bangladesh.

1.3. JU T E  IS  T H E  S O IL  EN RICH ER

A m ong the m a jo r cultivated crops in B an glad esh , jute is the only d icotyledonous 

plant, p ossessin g  a very well developed tap  ro o t system, that can p en etra te  60 cm 

or m ore d ep th  o f  the soil and capable o f b reak in g  plough pan (G o sw am i and Saha, 

1969). Ju te  en rich es soil microbial p op u la tio n  by  providing b e tte r  aera tio n  and 

im proves so il drainage condition. It p ro v id es 1.92 tons per hectare d ry  leav es in a 

season. It contribu tes 36%  of the dry w eig h t as organic m atter th rou g h  leaves, left 

over roots and abou t half of the bark im m ed iate ly  as retting w aste  (K han d akar et 

al., 1995). Ju te  contributes 10 times m ore org an ic  m atter than it receiv es as  nutrient 

from  the soil. F o r breaking disease and p e st cycle and also b a lan cin g  the soil 

nutrients in  u p p er and lower horizon o f  th e  soil, jute could b e  in clu d ed  in the 

cropping sy stem  to  im prove and m aintain  th e  soil health (K handakar e t  al., 1995).

1.4. SOM E U N IQ U E PROPERTIES OF JU T E  COM PARED TO SYN TH ETIC F IB R E S

■ Ju te  is a natural product and obviously it is b io d eg rad ab le  and 

environm en tally  safe.

■ It has a greater capacity of retain ing m oisture.

■ It is m o re  flexible.

■ A s geo  ju te , it has shown trem en d ou s prom ise in river em b an k m en ts to 

check  soil erosion.

■ G reen  ju te  can be used as a sou rce of paper pulp fo r  production 

of sp ecialized  paper.

■ Ju te  b a g s  have excellent stacking p rop erties.

■ Ju te  sticks are now extensively used  for m aking partex  an d  softw ood 

in furniture.
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1.5. CURRENT SITUATION

T h e global demand fo r traditional products o f ju te  is  declin ing day to day d u e to  

invasion of synthetic fib re . O n the other hand, the fo o d  dem and is increasing very  

sharply as a result ju te  is being pushed to the m arginal lands where it faces  

various limitations th u s further causing the low  y ield  o f  jute. In addition to  th is, 

farm ers are facing p ro b lem  for retting their green  ju te  fo r extracting fibre, d u e to  

lack  and availability o f  retting water. This also  contribu tes to low ering o f the 

cultivated area. A ccord in g  to  the expert's (M andat, 2000) opinion, jute can n o t 

survive only with its  trad ition al use. There is a g o ld en  opportunity to revive the 

p ast glory of jute th rou g h  the production of p ap er pulp  from  green jute. I t  w ou ld  

solve the retting p ro b lem  and ensure the bulk use o f  g reen  jute.

1.6. NECESSITY OF T H E  PRESENT STUDY

Bangladesh holds the largest gene bank of ju te  and allied fibre (JA F) crop s. 

Bangladesh Jute R esearch  Institute (BJRI) prem ises p reserve 5936 accessions o f  ju te  

and allied fibre g erm p lasm  including 15 species o f C orchorus, 22 species o f H ib iscu s  

and 15 of allied gen era  y e t to be characterized. A lth o u g h  a num ber o f varieties 

have been developed experim entally from tim e to  tim e from  intervarietal cro sses 

using conventional b reed in g  techniques but n o n e h a s  b een  stable enough to  b e  

com m ercially released  (Islam  e t al., 1992). A s ju te  is a self-fertilized crop., its 

natural genetic variab ility  is  very narrow; this m ak es the plant breeder help less in 

the developm ent o f th is  crop. The m olecular techniques could be a su itab le  

alternative to im p rove the crop. Jute is a new  crop  in  the field of m olecu lar 

biology. However, v ery  little  molecular in form ation  o f  ju te  or its related sp ecies  is 

available at the gene b an k , and few efforts have b een  undertaken in the p a st to 

develop m olecular m ark ers to study its genetic variab ility  (Hossain et al., 2002 , 

2003; Basu et al., 2004 ; R oy  et al., 2006). So any kind o f  m olecular level in form atio n  

w ould  be helpful fo r i ts  im provem ent. As w e o b serv e  and believe that ju te can n o t 

survive only of its trad ition al use, a bulk use m u st b e  ensured and p rod u ction  o f

Introduction 5

Dhaka University Institutional Repository



paper pulp from  green jute could b e  a  suitable alternative. If  th is  program m e 

becom es a success, then at least tw o cro p s  w ill be required in  a  y e a r  to  m eet the 

m ill d em and  fo r  green jute round the y e a r  and one crop will h ave to  b e  produced 

in the w in ter season . But jute is a su m m er season crop and its b a se  tem perature is 

20°C. T o  p ro d u ce  ju te  in the w inter se a so n , several environm ental s tresses  such as 

drought, sh o rt-d ay  length and low  tem p eratu re will need to be addressed . Low 

tem perature b elo w  20°C drastically reduces the physiological activ ities and 

ultim ately th e  g row th  of jute plant. S o  it is essential to develop lo w  temperature 

tolerant D N A  m arker for m arker-aided selection and finally to  d evelop  a low 

tem perature to leran t jute variety th rou g h  m olecular approach.

1.7. O B JE C T IV E S  O F THE P R E SE N T  S T U D Y

The p resen t w o rk  was undertaken to  o b ta in  the follow ing m a jo r  objectives. A 

series o f  re la ted  experim ents w ere co n d u cted  to support the b a sic  w o rk  and their 

purposes w ill b e  m entioned later.

• T o  d ev e lo p  D N A  marker(s) asso cia ted  w ith low tem perature tolerance.

• T o  e s ta b lish  a basis for m arker-aid ed  selection.

• T o  d ev elo p  a genetic map or lin k ag e  group for jute.

• T o  co n trib u te  for the d evelop m ent o f low  tem perature to le ra n t variety to 

m eet the off-season raw m ateria l dem and in pulp industry.
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REVIEW OF LITERATURE

Environm ental s tresses  refer to any kind o f ab io tic  or nonpathogenic stresses such 

as drought, flood, lo w  tem perature, salinity, short-d ay  etc. All abiotic stresses are 

not equally im p ortan t for a particular crop. To im p rove abiotic stress to leran ce 

ability in an o rgan ism  through m olecular ap p roach  is a tedious task especially  

w hen the organism  is a very new in this field.

2.1. Q U A LITY D N A  IS O L A T IO N

The DNA of an  in d iv id u al is identical w hether it is  extracted from  roots, seeds, 

seedlings, leaves etc. T hese principles o f individual uniqueness and identical D N A  

structure w ithin all tissu es of the sam e organ ism  provide the basis fo r D N A  

profiling. Many stan d ard  m ethods are available fo r  isolating plant genom ic D N A . 

H ow ever, p rob lem s arise because o f contam inants. Polysaccharides are 

particularly p ro b lem atic  (Scott and Playford , 1996). For exam ple, acidic 

polysaccharides in h ib it H in d  III e n z y m e  r e s tr ic t io n , th ereb y  precluding classic 

2-prim er PCR (D em ek e and Adams, 1992; P and ey  e t al., 1996) by in h ib iting  Taq  

D N A  polym erase activ ity  (Fang et al., 1992), w h ereas neutral polysaccharides are 

not inhibitory (D o  and  Adams, 1991). P olysaccharid es can cause anom alous 

reassociation k in etics  (M erlo and Kem p, 1976). T h ey  can also co-precip itate w ith  

D N A  after alcohol ad d itio n  during DNA iso lation  to  form  highly viscous solu tion s 

(D o and A dam s, 1991). The DNA is unsuitable fo r restriction and Southern 

hybridization and o fte n  remains in the w ells during electrophoresis. T h e m o st 

effective way to e lim in ate  polysaccharide in h ib ition  is to dilute the D N A  extracts, 

thereby diluting the polysaccharide inhibitors (Pandey et al., 1996). H ow ever, 

excessive dilution o f  a D N A  solution m akes it u nusable for Southern analysis.

A num ber o f m eth o d s are available and are b ein g  developed for isolating nucleic 

acids from plants. B ecau se different plants con ta in  different am ount o f  nucleic 

acids, a single n u cle ic  acid isolation m ethod is n o t likely to be suitable fo r  all 

plants or even d ifferen t parts of same plant (L o o m is, 1974). Plant sp ecies o f  the
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sam e or re la ted  genera can exhibit en orm ou s variability in  th e  com plexity of 

pathw ays o f  dispensable functions. T h u s, the biochem ical co m p o sitio n  in  plant 

tissues o f  d ifferent species is exp ected  to vary considerably . Chem otypic 

h etero g en eity  am ong species m ay  n o t  a llo w  optimal DNA y ie ld s  w ith  a single 

p rotocol; thus, even closely re la ted  species may require d ifferen t isolation 

p rotocols (W eish ing et al., 1995). M o st p rotocols recommend iso la tin g  D N A  from 

fresh tissu es, b u t sometimes the sam p les collected from rem ote an d  rare locations 

(w ith  the a im  o f authenticity through D N A  profiling) m ay co n sist o f  p lant parts in 

dry and sem id ry  conditions. A run and h is associates (2002) m o d ifie d  a procedure 

based o n  a C T A B  method that w as p reviou sly  applied to so rg h u m  seed s (Murray 

and T h o m p so n , 1980), which co n ta in  h ig h  levels of p o lysacch arid es (Singh and 

A sthier, 1988). They extended the p ro to co l to other p lan t sp ecies, including 

chickpea, soybean, and wheat. T h e p ro to co l isolates a good y ie ld  o f  D N A  from 

various tissu es that is suitable for P C R  and restriction digestion. P o in ts  that should 

be con sid ered  for obtaining good q u ality  D N A  are:

■ U se  o f  lyophilized tissues o ffe r  several advantages. D ry  tissue can be 

effic ien tly  disrupted while th e  D N A  is unhydrated an d  ca n  b e  stored for 

sev era l years with little loss o f  quality .

■ T h e  tu bes should not be sh ak en  vigorously because D N A  is  very  vulnerable 

to  fragm entation.

■ I f  the D N A  pellet is co lou red , it should be m in im ized  b y  2-3 ethanol 

extractions.

■ C are  should be taken so th a t p e lle t is not dried e x cessiv e ly  because over 

d ry in g  m akes it difficult to  dissolve.

A ljabani e t  al., (1999) have optim ized  a  sim ple and rapid m eth od  fo r  isolating high 

quality  D N A  from polysaccharide- and polyphenolic-rich tissu e such as 

sugarcane, lettuce and straw berry. T h e  protocol utilizes fre s h  tissue without 

m aking u se o f  liquid nitrogen or freeze-d ryin g  for initial g rin d in g  o f  the tissue and 

it s ign ifican tly  m inim izes the use o f  lab  m aterials. The iso la ted  D N A  is essentially
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free of polysacch arid es, polyphenols, R N A  an d  other m ajor con tam in an ts, as 

judged by: its c lear colou r, viscosity, ratio o f  th e  absorbance at 260 and 280  nm , 

digestibility w ith  restrictio n  enzymes, and su itab ility  for other p olym erase chain 

reaction (PCR) b a se d  techniques. The ox id ized  form s of polyphenols co -v alen tly  

bind to D N A  giv ing  it a brown colour and m ak in g  it useless for m o st research  

applications (K a tte rm a n  and Shattuck, 1983; G uillem aut and M arechal-D rouard , 

1992). One m eth od  com m only used to avoid  p rob lem s with polyphenols in volves 

freezing the tissu e during or prior to h o m o g en izatio n  (Katterm an and Shattu ck , 

1983; Leutw iler e t a l ,  1984).

A ljabani et al., (1999) also mentioned o th e r precautions su ch 'as p rep arin g  all 

solutions involved in  the isolation of D N A  just before use avoid  lon ger 

hom ogenization tim es as it can result in p artia l degraded D N A  an d  avoid 

disturbing the in terface  during pipetting o f th e  aqueous phase.

A rapid D N A  e x tractio n  method for sugarcane and its relatives (H on ey cu tt e t  al.,

1992), recently, a  m od ification  of a C TA B D N A  extraction protocol fo r  p lants 

containing h igh  polysaccharide and/or p o ly p h en o l com ponents (P o reb sk i e t  al., 

1997; Peterson e t  a l., 1997) have been p u blish ed  but these m eth od s are  not 

convenient w ith  resp ect to  cost, simplicity o r  tim e  limits.

In respect o f  s torab ility , the integrity o f pu rified  D N A  in solution cou ld  be 

com prom ised b y  nuclease, pH below 6.0 o r  ab o v e  9.0, heavy m etals, U V  lig h t, and 

oxidation by  free  rad icals. Ethylene diam ine te tra  acetate (EDTA) is o ften  ad d ed  to 

chelate divalent ca tio n s required for nuclease activ ity  and to prevent h eav y  m etal 

oxidative d am age (Sibylle, 2001). Tris-based b u ffe rs  will provide a safe p H  o f  7 to 

8  and will n o t gen era te  free radicals, as can  occu r w ith PBS (M iller e t a l., 1991; 

M uller and Jan z , 1993). Free-radical o x id a tio n  seem s to be a k ey  p la y er in 

breakdow n and e th an o l is the best m eans to  control this process (E v an s e t al., 

2000). Low  tem p eratu res are also im portant fo r  long-term  stability. S to ra g e  a t 4°C 

is only recom m ended fo r  short periods (d ays) (K rajden et al., 1999) e v e n  though 

som e studies have show n that storage u n d e r ethanol is safe even a t elevated
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tem p eratu res. Long-term  storab ility  o f D N A  is best obtained a t -80°C  (Sharova, 

1977).

2.2. D N A  F IN G E R P R IN T IN G

D N A  fingerprinting or genotyping refers to  the characterization  o f  one or more 

relatively  rare  features of an  ind ividual genome or h ered itary  m ake up. An 

o rg an ism 's  D N A  contains the b lu ep rin t o f its characteristics. E v ery  human, low er 

anim als and sexually reproduced p lan ts  has a characteristic p h en o ty p e  or physical 

ap p earan ce  because each p ossesses unique hereditary com p osition .

Since e a ch  living creature is unique, each  has a unique D N A  recipe. Individuals 

w ith in  any given species, breed  o r  hybrid  line can usually b e  identified  by minor 

d ifferen ces in  their D N A  sequences as few  as one d ifferen ce  in a million 

n u cleo tid es can be detected. U sin g  the techniques of D N A  fingerp rin ting  and PCR 

(p o ly m erase  chain reaction) scientist can  easily distinguish b e tw e e n  closely related 

individual, m ap the location o f  sp ecific  genes along th e  v a s t length o f DNA 

m olecu les in  the cells or diagnose v iral, o r  fungal infection.

H o w ev er, it w as supposed th at g en etic  analysis can yield v a lu ab le  inform ation on 

p op u lation  structure m ore quickly and at less cost than, fo r  exam p le, a tagging 

exp erim en t is m ore reliable than morphometric studies (Hossain, 2002).

2 .3 . A P P L IC A T IO N S  OF D N A  F IN G E R P R IN T IN G

T he D N A  fingerprints for closely  related  organisms are very  sim ilar. Differences 

in  D N A  sequence are observed as the presence or ab sen ce  o f  bands. These 

d ifferen ces are characteristic and  heritable. The fingerp rin ts can  be used to 

e stab lish  the identities of specific D N A  sam ples. The fin g erp rin ts  can also be used 

as a sou rce  o f DNA m arkers fo r g en etic  linkage m aps or to  id e n tify  m arkers linked 

to a sp ecific  locus. The am plification-based  scanning m eth o d s th at use arbitrarily 

am p lified  D N A  characterize nu cleic acids without prior k n o w led g e  of nucleotide 

sequ en ce o r  cloned and characterized  hybridization p rob es (L iv ak  e t al., 1992; 

B assam  e t  al., 1992; M cC lelland e t  al., 1996). These tech n iqu es are versatile and 
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universal, as d em on strated  by the many ap p lica tio n s and wide range o f organ ism s 

studied, covering all dom ains of life (C aetan o-A n olles, 1993, 1996; R a fa lsk i and 

Tingey, 1993; M cC lellan d  et al., 1995; Sch ierw ater, 1995)

The pow er o f D N A  fingerprinting w as d em on strated  in the very first m u rd er case 

in  which it w a s  u sed . A  man had been accu sed  o f  tw o rape-m urders com m itted  

three years ap art and had made a confession . Sam ples of the rap ist's  se m e n  w ere 

available from  b o th  attacks, and DNA fin gerp rin tin g  by Alec Jeffreys sh o w ed , just 

as the police h ad  surm ised, that the sam e m an  w as involved in  b o th  attacks. 

H ow ever, it w as c lear that the suspect w as n o t the culprit. This result w as, a t first, 

unbelievable, and the D N A  fingerprinting h ad  to  b e  repeated several tim e s  before 

he w as caught, an d  D N A  fingerprinting co n firm ed  the identification.

D N A  fingerprinting is  now in use in m a n y  countries. In the U n ited  K ingdom , 

D N A  fingerprin ting is used to resolve fam ily  relationships in  o v e r 3000 

im m igration ca se s  each  year. DNA fingerp rin ting  in the United K in g d o m  also has 

been fully accep ted  as  a tool in forensic scien ce , being used in  sev era l thousand 

forensic cases e a ch  year. In  the United S ta tes , D N A  fingerprinting h as co m e  under 

particularly c lose  scrutiny in the courtroom .

D N A  profiling is applicable in a nu m ber o f  areas in medicine, h u m an  forensic 

science, etc. su ch  as:

* Tw in zy g o sity  testing.

■ Bon e m arro w  transplantation analysis.

■ D etectio n  o f  D N A  changes in tum ors.

■ Id en tification  o f possible con tam in atio n  o f fetal by m aternal tissue in 

chorionic v illus analysis.

■ P athogen  identification.

■ Paternity  testin g  where family stu d ies  are  being perform ed fo r  antenatal 

d iagnosis o f  inherited diseases.

■ G en etic d iversity  studies in flora an d  fau n a (Hossain, 2002).
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2.4. CURRENTLY USED TECH N IQ U ES FOR DNA FIN G ERPRIN TIN G

• R A PD

- R FLP

- P C R  based RFLP

- A FLP

■ M IN ISA TTELITES

■ M ICRO SA TTELITES or S S R  o r  STM S

- ISSR

■ D A M D -PCR

2.4 .1 . R A P D

R A P D  stands for random am p lified  polymorphic D N A . R A P D  analysis can be 

used fo r  detecting genes o f in terest in a crossing p rog ram m e. R A PD  uses short 

p rim ers and PCR can identify ex trem ely  large num bers o f  g en o m ic  polymorphism  

(W illiam s e t al., 1990, 1993; W e lsh  and McClelland 1990).

In th is technique, an arbitrary oligonucleotide primer, u su ally  9 to  10 bp  long, that 

d o es n o t contain any palindrom ic sequences and has a G +C  co n ten t o f 50 to 80% is 

ad d ed  to  a sam ple of p lant g en o m ic  DNA (Glick and P astern ak , 2003). DNA 

am plified  products are gen erated  fo r each genom ic re g io n  th at happens to be 

flanked  by  a pair o f 10 -base p rim in g  sites (in the ap p ro p riate  orientation), which 

are  w ith in  5000 base pairs o f e a c h  other. The D N A  sequ en ce betw een inverted 

p rim er sites is amplified, and, b ecau se  the distance b etw een  p rim er sites can vary 

am o n g  individuals, different le n g th  fragm ents are generated . Because the primers 

are sm all and not specific to  an y  given gene, m any d ifferen t fragments are 

prod uced  in  an am plification. Fragm ents present in  on e individual, but not in 

an oth er, are defined as p o ly m o rp h ic  markers. T he am p lifica tio n  products are 

analyzed  by  electrophoresis. G en o m ic  DNA from  tw o d ifferen t individuals often 

prod uces different am plification fragm ent patterns. A  p articu lar D N A  fragment, 

w h ich  is generated for one individual but not fo r an oth er, represents a D N A  

polym orphism  and can be u sed  as  a genetic m arker. T h ese  m arkers are inherited
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in  a M end elian  fashion. In fingerprinting studies, the banding p attern s are 

com pared d irectly  to  allow strain determ ination , usually w ith ou t the need to 

correlate band d ifferences with particular properties.

T o explain R A P D , the technique of PC R  has to b e  explained first. In  P C R  a thermo 

stable D N A  p oly m erase  and four d eoxy-N T P s (dATP, dGTP, dC T P  and dTTP) are 

used to am p lify  a specifically targeted  segm ent of a longer D N A  m olecule. 

Selective am p lification  is achieved through the addition o f  tw o  specific 

o ligonucleotides. T h ese  anneal to denatured  target D N A  segm ents a t th e  tw o ends 

to act as p rim ers  fo r D N A  synthesis. T h e prim ers are present in  g re a t excess over 

the D N A  and so  annealing of the prim ers to  the single stranded D N A  is  favoured 

over renatu ration  o f that segment o f the D N A . T o  anneal specifically  to  the desired 

location, the p rim ers  are usually synthesized  to  provide about 20  b ase  p a ir (bp) of 

duplex D N A  a t each  end of the segm en t. T h e three steps o f the P C R  reaction 

(tem plate d enaturation , primer annealing and elongation) m ust b e  rep eated  many 

times to ach ieve h ig h  levels of am plification. These three stages o ccu r at different 

tem peratures (typ ically  94°C, 37-40°C, 72°C) and repetition o f  th ese th ree  steps, 

cycle about 40  tim es. This can am plify the target D N A  segm ent a  m illio n  fold. The 

num ber o f  am p lified  products in R A P D  analysis depends u p o n  the primer 

sequence, D N A  concentration, type o f  therm ocycler, geom etry o f  th e  tu be and the 

genom e size.

Unlike restrictio n  fragm ent length polym orp hism  (RFLP) analysis b y  Southern 

blotting, w h ere  it  is usual for a probe to  show  polym orphism  b y  hybrid izing to 

fragm ents o f  d ifferen t lengths in the D N A s being com pared, R A P D  prim ers will 

show  p o lym o rp h ism  just by separating the products by gel e lectrop h oresis. RAPD 

patterns can  b e  com pared for linkage to tra its  o f interest in a b reed in g  population.

RAPD has b e e n  used in a wide range o f  p lan t species for genetic m ap p in g  and 

gene tagg ing  (M artin  et al., 1991; R afalsk i e t al., 1996), for parentage determ ination 

and fo r sp ecies  identification (W elsh e t al., 1990). The advantage o f  u sing  RAPDs 

in genetic an a ly sis  is cost effective. T h e  procedure requires little  D N A  (W elsh et
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al., 1990) and allows the u se o f  sim ple procedures fo r th e  iso la tion  of genomic 

D N A  (W illiam s et al., 1990). T h is  technique is easy an d  fast because a single 

p rim er m ay detect m ore th an  on e locus; it is useful fo r  phylogenetic studies 

(Sm ith , 1995). Finally it is  ap p licable as and w hen th e  genom e sequence is 

u n kn ow n  (Cooke, 1999).

2 .4 .2 . R FL P

R PL Ps are differences in  the len g th  of some restriction frag m en ts  observed after 

d ig estio n  o f DNA w ith a sp ecific  restriction endonuclease. T h ese  differences are 

the result o f m utations occurring over time and are  d etected  as variations 

(polym orphism ) in the len g th  o f  restriction fragm ents. In  th is  technique, genomic 

libraries are screened for p rob es to  variable regions and th e  p robes are then used 

to  d etect RFLP via Southern hybridization.

W h en  D N A  is extracted from  a  tissue, it is digested w ith  restriction  enzymes, size 

fractionated  on a gel using electrophoresis, and then tran sferred  to  a hybridization 

m em b ran e (usually n itrocellu lose o r  nylon) in a s in g le  strand ed  form. Cloned 

sequ en ces o f DNA (probes) are  labeled (using 32P, b u t non-radioactive labeling 

techniques are becom ing m o re  refined) and under ap p ro p ria te  conditions, the 

lab eled  single-stranded p rob e hybrid izes to its single stran d ed  D N A  counterpart 

o n  the m em brane. U nhybrid ized  probe is then w ashed  o ff  and the m em brane 

exp o sed  to X-ray film  to  o b ta in  an autoradiograph. T h e  b an d s visible on an 

autoradiograph represent the restriction  fragm ents in th e  d ig ested  plant DNA that 

co n ta in s the sequence ho m ologou s to the cloned sequence used  as a probe.

W h en  the size of fragm ents hybrid izing to the probe is  d ifferen t in the individuals 

b ein g  exam ined, a polym orphism  exists. Fragm ent sizes  a t  particular sites w ill 

d iffer am ong individuals e ith er because of base su b stitu tio n s that result in the 

ad d ition  or the deletion o f  an  enzym es cutting site o r  b eca u se  o f the insertion or 

d e le tio n  of a portion o f  D N A  bracketed by or o v erlap p in g  the cutting sites. 

R esearch  on the use o f  R F L P  fo r fingerprinting and cu ltiv ar identification w as
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docum ented fo r  beets (Nagamine e t  a t., 1989) and m aize (Sm ith an d  Sm ith, 1991). 

The R FL P  technique was also used to  detect quantitative tra it loci (QTL) 

associated  w ith  seed protein and oil co n te n t in soyabean (Diers e t  a l., 1992)

2.4.3. P C R  b a se d  R FLP

A PCR m o d ifica tio n  of this technique em p loys specifically d esig n ed  prim ers to 

am plify s in g le  o r  low  copy DNA. W illiam s and co-workers (1 9 9 1 ) converted 30 

m apped R F L P  m arkers to PCR based  m ark ers by determining th e  end  sequence of 

the m ap p ed  R F L P  probes. They th en  synthesized pairs of p rim e rs  based  on the 

determ ined sequence. These p rim ers  w ere then used to  am plify  DNA 

corresponding to  the region represented  b y  the RFLP m arker. T h e y  w ere able to 

show  the u sefu lness of the technique particularly when it w a s  coupled with 

d igestion  o f  the PC R  products.

H ence, P C R  based  makers can fu n ctio n  like RFLP m arkers in  determining 

ho m ology  o r  b y  follow ing introgression o f  a desired gene in a m u ch  sh orter time.

2.4.4. A F L P

A FL P  stan d s fo r  amplified fragm ent le n g th  polymorphism  w ere  in ven ted  in 1995 

(V os e t a l., 1995) and has becom e w id ely  used for m ap p in g , tagging, and 

genotyping (K eim  e t al., 1995; Bohn e t  a l., 1999; Corbellini e t a l., 2 0 0 2 ; H artl et al., 

1999; H a z e n  e t  al., 2002; M anifesto e t  a l., 2001). It is based o n  P C R  am plification of 

a set o f  restric tio n  fragments, selected  fro m  a pool of fragm ents, th a t  are generated 

due to  d ig estio n  w ith  a pair of sp ecific  enzym es, one of th em  b e in g  a frequent 

cutter (e .g . M se I), and the other being a rare cutter (e.g. EcoRI) (H ill e t  al., 1996), to 

facilitate  d esign ing of prim ers fo r  seiectioin of re stric tio n  fragments, 

o ligon u cleotid e adapters, few base p a irs  (~20 ) long are ligated a t th e  ends of these 

D N A  frag m en ts . W ith the help o f  th ese  ligated adapters, th e  n u m b er of DNA 

fragm en ts to  b e  am plified can b e  restricted , since the prim ers a re  designed  to bind 

to the fo llo w in g  sequence: ligated ad ap ters  + the restriction s ite  o f  the enzyme 

used fo r  d ig estio n  + 1-3 selective b a se s  (ch osen  randomly).
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This m ethod  generates a large n u m b er o f bands representing th e  amplified 

products fro m  selected restriction fragm en ts, thus facilitating the detection of 

polym orphism  (Gupta, 2004). This technique actually detects the presence or 

absence o f  restriction  fragments rath er than  the difference in th e ir  length . AFLP 

has been u sed  fo r genetic m apping o f  p lan ts and to distinguish am o n g  closely 

related sp ecies (Keim  et al., 1995; B oh n  e t  a l ,  1999; Corbellini e t a l., 2002).

2.4.5. M IN IS A T T E L IT E S

M inisattelites, also  called hyper variable repeats (HVR) and/or v ariab le  num ber of 

tandem  rep eats (VN TR) is tandem rep eatin g  DNA sequences, w h ich  generally 

consist o f  10-60 bp  motifs. Regions contain in g  m inisattelites u su ally  show  high 

levels o f  R F L P . Extrem e variations in  the tandem repeat co p y  num ber of 

m inisattelite  loci is considered to be the source of the observed polym orphism s in 

hum ans. T o -d ate , a number of m in isa tte lite  sequences has b e e n  identified  in a 

variety o f p lan t species. Most of the m in isattelites share a com m on  m o tif  know n as 

the core sequence. T he tandemly rep ea ted  segm ents of a core seq u en ce  of DNA 

are d istribu ted  throughout the g en o m e (i.e. at many loci) and are highly 

p olym orp hic in the number of rep eats they contain, resulting in  the ability to 

resolve g en etic  identity/nonidentity.

M in isattelite  D N A  probes have also  b e e n  used to differentiate c lo n es that have 

been indistinguishable using other m ark ers including fishes (T u rner e t al., 1990). 

A lthough th e  num ber of loci and alie iic  assignm ents are unknow n fo r  multilocus 

techniques, such as DNA fingerprinting, recent theoretical ad v an ces by  Lynch 

(1990, 1991) have provided m ethods fo r  using DNA fingerprinting data (band 

sharing) to  m ake estim ates of p o p u la tio n  genetic param eters. T h ese  are not 

unbiased estim ates, but provide reason ab le  first approxim ations.
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2.4 .6 . M icrosate llites o r  S S R s  or ST M S

Sim ple sequence re p e a ts  or SSRs are also know n as sh o rt tandem repeats (ST R s) or 

m icrosatellites ( 1-6  b a se s  long) are ubiquitous in eukaryotic genomes and can  be 

analyzed through P C R  technology (Lagercrantz e t al., 1993). The sequences 

flanking specific m icrosate llite  loci in the gen o m e are believed to be conserved 

w ithin a particular sp ecies, across species w ith in  a genus and rarely even  across 

related genera. T h ese  flanking sequences, th erefore , can be used for d esign ing 

prim ers to am plify individual m icrosatellite loci and the technique is d escribed  as 

sequence tagged m icrosate llite  site (STMS) analysis (Beekm ann and Soller, 1990). 

T he STM S or SSR m ark ers reveal polym orphism s due to variation in the lengths 

microsatellites at sp e c ific  individual loci; they are, therefore, polyallelic and co ­

dom inant in nature, th u s proving to be very useful. Consequently, they have been 

used extensively n o t o n ly  for mapping SSR loci in  m any crop plants b u t a lso  for 

tagging genes in a v arie ty  o f  organisms (G upta and Varsheny, 2000; R od er e t al., 

1998; Varshney e t al., 2000). Since developm ent o f  S S R  markers requires clon ing 

and sequencing, in itia lly  it is  very costly and labour-intensive, but once the locus 

specific primers b eco m e  available, the approach b e co m e s  cost-effective.

Furtherm ore, the d ifferen ces in allele size are, though, difficult to resolve on 

agarose gel e lectrop h oresis w ith ethidium b ro m id e  staining (Heun, 1994; H uttel, 

1999; Lagoda et al., 1998) high resolutions, w ith ou t applying radioactivity, can  be 

achieved through th e  use o f polyacrylam ide g els  in com bination w ith  eith er 

ethidium  brom ide (Scrim shaw , 1992) or silver sta in in g  (Klinkicht and T autz, 1992). 

B oth  denaturing and non-denaturing polyacrylam ide gel electrophoresis (PA G E) 

w ere used to resolve s ize  differences betw een a lle les  (Lagoda et al., 1998; G ay  et 

al., 1999; Brondani e t  a l., 1998). The use o f flu o rescen t primers in com bin ation  

w ith  a sem i-autom ated D N A  sequencer has b ee n  show n to be very prom ising 

alternative (Ziegle e t  a l., 1992; Schwengel e t al., 1994) and has been actu ally  used 

to  assay genetic v a ria tio n  in soybean (D iw an and C regan , 1997). A t present R FL P  

and RAPD are the m o st w idely used types o f D N A  m arkers.
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M icrosattelites o r  s im p le  sequence repeats (SSR ) o r  ST M S combine the ad v an tages 

o f the co-dom inantly  inherited RFLP w ith  th e  convenience of the P C R  b ased  

m ethod.

2.4.7. IS S R

Inter simple sequ en ce repeats (ISSR) w as d evelop ed  such that no sequence 

know ledge w as required . Primers based o n  a re p e a t sequence, such as (CA)n, can 

be made w ith  a d egenerate 3' -anchor, su ch  as (C A )8RG or (A G C )sTY . The 

resultant PC R  am p lifies  the sequence b e tw e e n  tw o  SSRs, yielding a m ultilocu s 

m arker system  useful fo r fingerprinting, d iv ersity  analysis and genom e m ap p in g  

(Zietkiew icz e t a l., 1994). A typical reactio n  yields 20-100 ban d s p e r  lane 

depending o n  the sp ecies and primer (G o d w in  e t al., 1997). ISSR  m ark ers have 

com pared fav orab ly  w ith  RFLP and R A PD  m ark ers  w ith applications to  D N A  

fingerprinting and diversity  analysis in sorgh u m  (Y ang et al., 1996), fin g e r m illet 

(Salim ath e t al., 1995), m aize (Kantety et al., 1 995 ) and sweet potato (H u an g  and 

Sun, 2000).

2.4.8. D A M D  P C R

H eath e t al. (1993) h ave reported a new tech n iqu e, called direct am p lifica tio n  of 

m inisattelite reg ion  D N A  (DAMD) that h as  b e e n  used to distinguish  am ong 

species. This tech n iqu e uses PCR to d irect th e  am plification to reg ion s rich  in 

m inisattelite rep eat. B y  using the core sequence o f m inisattelite as a sin g le  prim er, 

this PCR ap p lica tio n  is capable of producing R A P D  like results (sp ecies specific 

banding pattern) fo r  the identification o f sp ecific  regions in a genom e. I t  h as  been  

speculated that if  a p ortion  of a m inisatellite array  is involved in an in v ersio n  this 

would m ake P C R  p ossib le  using a single m in isa te llite  core sequence as  a prim er. 

Thus these am p lified  fragments can also  b e  used  to generate single-locu s 

m inisatellite p ro b es. If  inversions have taken  p lace , then the repeats w ou ld  m ost 

likely have a p iece  o f  single-copy flanking D N A  inserted betw een them . T herefore, 

D AM D could a lso  am plify sequences fo rm erly  adjacent to  h y p er variable 

m inisattelite loci.
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Furtherm ore, since m in isa tte lite  core sequences are  lo n g e r than RAPD prim ers, 

D A M D -PC R  can also b e  effectively  carried out at re la tiv e ly  high stringency, th u s 

yielding highly reprodu cib le results (Heath et al., 1993).

2 .5 . D N A  F IN G E R P R IN T IN G  O F PLANTS

F or the study of g en etic  diversity, the plant sc ie n tis ts  have used trad itionally  

m orphological as w ell a s  physiological features o f p lan ts . Several genes have b e e n  

nam ed after their p h ysical appearance before their b ioch em ical (DNA) nature and 

physical location o n  chrom osom es were id en tified . T h e number of scorab le  

m orphological characters is very few  as com pared to  the biologically active genes. 

M oreover in m ost cases, p lant genomes have larg e  am ounts of repetitive D N A  

w hich are not exp ressed  and do not con tribu te  to  the physiological or 

m orphological ap p earan ce o f the plants. In the case  o f  very closely related p lan t 

varieties and species, th ere  are very few m orp h o log ical differences, w hich  a s  a 

m atter of fact do n ot rep resen t the true genetic d iffere n ce s  at the DNA level. So, 

there is always a n eed  to  study polymorphism  a t D N A  level, which can b e  an 

indicative of genetic d iversity .

W elsh  and M cC lelland (1990) used arbitrary p rim e rs  for fingerprinting o f 

genom es. They also u sed  arbitrary primers for the characterization  o f p ath og en ic  

m icroorganism s. T h ey  a lso  reported RNA fin gerp rin tin g  using arbitrary prim ers. 

T h e use of RAPD p rim ers  for comparative g en o m e analysis w as reported  by  

W illiam s et ai. (1993). D ebener et al. (1996) used R A P D  analysis to g et g e n e tic  

variation betw een a grou p  o f  rose varieties and se lected  w ild  rose species.

T h e RAPD m arkers w ere  used for variety id en tification  and m olecu lar 

characterization o f n ew ly  bred lines of Brassica ju n c e a  (Fujishiro and Sasaku m a, 

2994). Y azaki et al. (1994) a n a ly z ed  DNA p olym orp h ism  in  m aize inbred lin es by  

RA PD s. Paran et al. (1991) used RFLP and R A P D  m arkers to dow ny m ild ew  

resistance genes in  lettuce.
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H oey and C ro w e  (1996) conducted a phylogenetic analysis o f  P isu m  based  on 

m orphological characters, and allozym es and RA PD  markers. N e w to n  e t al. (1994) 

evaluated th e  ex ten t of genetic variation in  m ahoganies using R A P D  m arkers.

A com p arison  w as done with R A PD  and isozym e analysis fo r d eterm in in g  the 

genetic re la tio n sh ip s among Avena sterilis  b y  Heun et al. (1994). T h orm an n  and 

Ferrerja (1994) have done a com parison o f  R FL P  and RAPD m arkers to  estim ate 

genetic re la tio n sh ip s within and am ong cruciferous species.

2.6. M O L E C U L A R  M A RK ERS

As long as m a p  construction and m arker aided selection depend o n  m orphological 

m arkers a lon e, the pace of progress w a s  bound to be slow becau se o f  the paucity 

of such m ark ers  and the im probability th at any particular cross w ou ld  feature any 

m ore than  a  fe w  markers. The situ ation  b eg a n  to change w hen iso zy m e markers 

w ere in trod u ced  and then DNA m arkers. T hese biochem ical m ark ers  have the 

advantage th a t, fo r  the m ost part, th e ir  p aren ts form s are p h en otyp ica lly  neutral, 

frequent p olym orp h ism  can therefore b e  obtained for b io ch em ica l markers. 

Because iso z y m e  markers predated D N A  m arkers and are easier an d  cheaper to 

use, there is a  considerable literature o n  the use of isozyme m arkers (H einz, 1969; 

Thom  and M aretzk i, 1970; W aldron and G lasziou, 1971; Fautret and Glaszm ann, 

1988), b u t D N A  m arkers are likely to  prove m ore im portant in  th e  long term 

because th eir frequency is much g reater than that of isozym e m ark ers  and it is 

certain th at th e  inconvenience and co st o f  applying DNA m arkers w ill decline 

m arkedly o v e r  the next few years. F o r th is reason, m ost scientists n o w  p refer DNA 

m arkers.

Provided a su itable  segregating p op u lation  is available, it is n o w  p o ssib le  to tag a 

gene o f in terest w ith a D N A -m arker w ith in  few  weeks (M ichelm ore e t al., 1991) 

and to  p rep are  a usable map of an  en tire  nuclear genome w ith in  a few  months 

(Reiter e t a l., 1992).
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W ith the advancem ent o f  technological im provem en ts, the cost of D N A -based  

gene tagging and g en o m e m apping are declin ing to  a level where they ca n  be 

expected to m ake sig n ifican t contributions to p lan t breed ing  in both industrialized 

and developing cou ntries.

A com parison o f gen era l features of different m olecu lar markers and their uses 

(Gupta, 2004).
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No. of loci detected 1-5 MO >70 1-3 1
(biallelic)

Inheritance C o­
dom inant
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+ + + + + + + + +

Qualitative gene 
tagging

+ + + + + + + + +

QTL mapping + + + + + + +

MAS + +/- + + +
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2.7. UTILIZA TIO N  OF DNA M ARKERS IN JUTE AND K EN A F BREEDING

D N A  m olecu lar m arker analysis is th e  m ethod  of trait an alysis a t D N A  levels, 

w hich escap e  the lim itation o f en v iro n m en t influence and g e n e  expression. 

M olecular m arkers are becom ing m ore  and more im portant to o ls  fo r selecting 

plants o f  desired  types in breeding p ro g ram m e (Poulsen et al., 1 9 9 6 ).

There are tw o  types of molecular m arkers: hybridization based m a rk e r  (RFLP) and 

PC R  b ased  m arkers (Williams et aL, 1990). Breeders can d e te rm in e  a trait of 

agron om ic interest, and track the tra it in  genetic crosses. In  o th e r  applications, 

m olecular m arkers that are uniform ly d istributed throughout th e  g e n o m e  are used 

to estim ate  the genetic contribution o f  each  to each m em ber o f  a segregating 

population.

There are m an y plant species w here th ese  molecular m arkers a re  easily  available 

e ith er th rou gh  their respective g en o m e p ro ject o r sequences in  p u b lic ly  available 

D N A  d atab ases. H ow ever in jute, v ery  little  molecular w ork  h a s  b e e n  conducted 

(H ossain  e t  a l ,  2002, 2003; Basu e t al., 2004 ; Roy et al., 2006) and  n o  real effort has 

been  rep orted  using sequence sp ecific  m olecular markers to  stu d y  its genetic 

variability . O n ly  recently, some ju te-sp ecific  DNA sequences h a v e  b e e n  posted in 

the G en B an k  (A shraf e t al., m anuscript subm itted).

Ju te  and k en af cultivation has h igh  econ om ic significance (M an d al, 2000). The 

form er In ternational Jute O rganization (IJO ), now International Ju te  Study Group 

(IJSG ) h as  already collected m ore th an  tw o  thousand germ p lasm  o f  ju te  (Corchorus 

spp. L .) and kenaf (Hibiscus cann abinus  L .), including cu ltivars and related wild 

species. S o m e o f  these carry d ifferen t k inds o f beneficial g e n e s , w hich had been 

identified  and partially transferred in to  cultivars (H ussain a n d  Sobhan, 2001). 

M uch m o re  investigation of m orp h o log ical characters an d  agron om ic traits, 

d isease resistance and stress (sa lin ity , drought, w ater log g in g , extreme 

tem perature etc.) tolerance of the co llected  germplasm h as b e e n  developed for 

gen etic  stu d y and gene mapping (H u ssa in  and Sobhan, 2001).
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H ossain  e t  al. (2002) conducted an  experim ent with 9 ju te  cu ltivars and 12 

accessions; evaluated  those sep arately  using RAPD m arkers w ith  29 primers. 

Seven p rim e rs  generated substantial differences betw een th e  different jute 

varieties an d  6 primers gave p olym orp h ism  within the accession s. DNA 

fingerprin ting th at w as obtained revealed  th at the cultivars b o th  C. capsularis and

C. olitoriu s  w ere  genetically distinct. A  dendrogram  was co n stru cted , o n  the basis 

o f genetic d istan ce  matrix, show ed th at the cultivars were w ell d ifferen tiated  into 

tw o clu sters representing two species. T h e genetic distance w ith in  species among 

the cu ltivars w as also reflected in  the dendrogram. S im ilar tren d  w as also 

observed in  case  of the accessions u n d er study. The genetic d is ta n ce  inform ation 

w ould b e  help fu l in selecting parents fo r  conventional breeding.

In an o th er stu d y (Hossain et al., 2003 ), tw o  PC R  based fin gerp rin tin g  techniques; 

R A PD  and A F L P  were applied o n  six  ju te  genotypes. T w o  o f  th em  were low 

tem p eratu re sensitive and four w ere to leran t. Both the techn iqu es w ere  employed 

to gen erate  polym orphism  b etw een  low  temperature sen sitiv e  and tolerant, 

because o f  their simplicity, and a lso  because of the p a u city  o f sequence 

in form atio n  o n  jute. RAPD data w ere  obtain ed  by using 30 ra n d o m  prim ers. Five 

w ere fo u n d  to  give polym orphism s b e tw e e n  genotypes. A F L P  fingerprinting was 

generated  u sing  25  com binations o f  selective am plification  prim ers. Eight 

co m b in atio n s gave the best results w ith  93 polym orphic fra g m e n ts , and they were 

able to  d iscrim inate the tw o low  tem perature sensitive an d  fo u r tolerant jute 

gen otyp es. A  cluster analysis, based  o n  R A P D  and AFLP m a rk e r d ata , showed the 

trait sp ecific  grouping of individuals. T h is  inform ation w ould b e  useful in marker- 

aided se le c tio n  betw een the traits (H o ssa in  et al., 2003).

A  sim ilar s tu d y  w as made to evalu ate the genetic diversity in  4 9  genotyp es of jute 

using 7  S S R  (N icotiana tabacum  L . ch lo rop last specific) and 10  p airs (EcoRl and 

M sel)  o f  A F L P  p r im ers  by Basu e t al. (2004). A  total of 305  p o ly m o rp h ic  products 

w ere d e te c te d  b y  AFLP and tw o to  fou r allelic lengths w ere  d etec ted  w ith each 

pair o f  S S R  primers. Results from  b o th  evaluations sh o w ed  th a t the level of
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variation  betw een sp ecies is  h igh  but within species, am o n g  the genotypes is lo w . 

T h e resulting dendrogram  show ed com mon ancestral o rig in  for many genotypes. 

A few  m ajor Indian cultivars o f both  the species, used  as an  internal check, w ere  

closely  related to the w ild  accessions. The results in d icate  that enough d iversity  

ex ists  to broaden the gen etic  b ase  o f new jute cultivars.

V ery  recently, an effo rt w a s  m ade by Roy et al. (2006) to estim ate pattern  o f  

genetic diversity in ju te , w ith  20 exotic germ plasm  lines and 20 com m ercial 

varieties of the tw o cu ltivated  species (Corchorus o litoriu s  and C. capsularis) and 

tw o  wild relatives o f ju te  (C. aestuans and C. trilocu laris) using STMS, ISSR  and 

R A P D  markers. Result show ed  that, six STM S m ark ers developed from  the 

genom ic sequence o f C. olitorius  w as not fully tran sferable  to  the related sp ecies C. 

capsularis. The level o f  in trasp ecific  polym orphism  revealed  by  these m arkers w a s  

very low. The four IS S R  and 22 RAPD prim ers em p lo y ed  in  the study revealed 

98 .44%  and 100% polym orphism , respectively, acro ss  all the species, w hile the 

level o f  polym orphism  w a s significantly low  w ith in  a species. The com m ercial 

varieties, particularly th o se  o f C. capsularis, had an extrem ely  narrow  genetic b ase . 

T h e germ plasm  accession s in both  the cultivated sp ecies show ed considerably 

h igher levels of d iversity  and thus could be used in  broadening the base o f  the 

varieties. All the accession s o f C. olitorius together w ith  the w ild species C. aestuans  

clustered separately fro m  th ose of C. capsularis and C. trilocularis, suggesting a 

polyphyletic origin o f the tw o  cultivated species.

T o  com pare the relative efficiencies and to find the m o st suitable marker fo r ju te  

diversity studies, an e ffo rt w as made by A shraf e t al. (m anuscript subm itted) to 

evaluate three sequence independent DNA m arker system s, RAPD, ISSR  and 

A FL P . Their discrim inating capacity was analyzed b y  taking five elite gen o typ es 

o f  each of the tw o cu ltivated  species of jute, C. olitoriu s  and C. capsularis. T h e level 

o f genetic diversity am o n g  jute genotypes w as sco red  using 62 RAPD and 135 

ISSR  and 749 A FLP m arkers.
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A ll th ree-m arker system s w ere ab le  to  discriminate b etw een  th e  tw o species, 

h o w ever intraspecific variation w as found to be very low . F o r  estim atin g  genetic 

d istance the A FLP  and ISSR m ark ers  gave the m ost corre la ted  results, with a 

correlation  coefficient of r=0.86 w ith in  C. olitorius and r=0.71 w ith in  C. capsularis. 

The result indicated the RAPD m arkers had the highest p o ly m o rp h ic  information 

con ten t w ith in  the genotypes used in  the study.

Som e e ffo rts  w ere also m ade (C heng e t al., 2002, 2 0 0 4 ) for molecular 

ch aracterization  in kenaf (H ibiscus cannabinus  L.). W ith d ata fro m  m orphological 

analysis, it is  difficult to identify individual varieties. A  s tu d y  w ith  14 kenaf 

varieties has indicated that R A PD  analysis is able to identify an d  determ ine their 

genetic relationships to a certain  extent, but the num ber o f D N A  polymorphic 

frag m en ts detected w as relatively  low . It was also o b serv e d  that genetic 

relationsh ip  o f the kenaf varieties ob tain ed  from m orp ho-agronom ic studies and 

R A P D  analysis, w ere found very s im ilar (Cheng et al., 2002). M o re  m olecular data 

needs to  b e  accum ulated to d eterm ine diversity and genetic re la tio n sh ip s of kenaf 

germ p lasm .

A n o th er study w as made by  C h en g  e t  al. (2004) w ith 23 k en af accessions and 2 

accession s o f  its relative, roselle (H . sabdariffa  var. altissim a), in  o rd er to identify 

d ifferen t genotypes and genetic relationsh ip s, using A FLP an aly sis . A  total of 505 

p o ly m o rp h ic m arkers (out o f  560) w ere  produced by six se le cted  A FLP  primer 

com bin ation s. The AFLP fingerprin ting w as effective in  id en tify in g  all kenaf 

accession s included in their study. K en af and roselle are in d ep en d en t species with 

close relationships, and great gen etic  diversity was also d etected  am ong the kenaf 

accession s w ith  different origins, b ased  o n  the analysis o f A F L P  m arkers. Unlike 

A sh raf e t al. w orks on jute, A F L P  analysis provided a p o w erfu l and reliable 

m olecu lar too l than RAPD analysis fo r  the identification o f k e n a f  sam ples.

A ll m olecu lar markers used in  ju te  and kenaf will be u se fu l in marker-aided 

se lectio n  (M A S). Jute and k en af have a high potential to leran ce  to adverse 

cond ition s.
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It is necessary to plant ju te  in  th e  areas, such as, salinity, d rou gh t prone land, and 

w a te r  logged areas, through in corp oratin g  the environm ental stress tolerant gene 

fro m  related species to national cultivars by MAS (W en-Jing  e t  al., 1999).

2 .8 . M E C H A N ISM  FO R  E N V IR O N M E N T A L  S T R E S S  T O L E R A N C E

Environm ental stresses are an y  kind of abiotic stresses; it m ay be drought, 

w aterlogging, salinity, low  tem perature etc. The natu re o f  various stresses is 

d ifferen t and their adaptive m ech an ism s are also different.

2 .8 .1 . D R O U G H T

D rou ght is one of the im p ortan t environm ental stresses. T h e w h ole  plants respond 

to  drought through m orphological, physiological, and m etab o lic  m odifications 

o ccu rring  in all plant organs. T h e  m orphological adaptive m ech anism  for drought 

to leran ce involves leaf characters. Leaves become serrated  o r  m odified into hair 

like structure, thick cuticle, su n ken  stom ata and glossy le a f surface; that means all 

m od ification s involved to  m in im ize evapo-transpiration lo ss  o f  w ater (Pandey and 

S in ha, 1978). At the cellular lev el p lant responses to w ater d efic it m ay result from  

cell dam age, whereas o th er responses may correspond to  adaptive processes. 

A lthou gh  a large num ber o f  drought-induced genes have b ee n  identified in a w ide 

ran g e o f plant species, a m olecu lar basis for plant to leran ce to  w ater stress rem ains 

fa r  from  being com pletely u nderstood  (Ingram and B arte ls , 1996). The rapid 

tran slocation  of abscisic acid  (A B A ) in shoots via xy lem  flu x  and the increase o f 

A B A  concentration in p lan t o rg an s correlate w ith the m a jo r  physiological changes 

th at occur during plant resp on se  to  drought (Zeevaart and C reelm an, 1988). It is 

w idely  accepted that A B A  m ed iates general ad ap tive responses to drought. 

H ow ever, there is evidence suggesting  that additional sign als are involved in this 

p rocess (Munns and K ing, 1988 ; Trejo and D avies, 1991 ; M unns et al., 1993; 

G riffith  and Bray, 1996).

S ix  cD N A s corresponding to  transcripts up-regulated b y  w ater stress w ere 

iso la ted  previously from  a d ro u g h t tolerant sunflow er (H elian thu s annuus L.) line
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(Ri) (Ouvrard et al., 1996 ). Com parison o f the stead y-state  level of tran scrip ts 

betw een the Ri line an d  a  closely  related drought sensitive line (Si) has sh ow n  th at 

three of those tran scrip ts  (H aE lip l, H aD hn l, and H aD hn2) were d ifferen tly  

accum ulated in to leran t com pared with sensitive p lan ts  during w ater d eficit. In  

response to exogenous A B A  in leaves of the Ri genotyp e, H aD hnl and H a D h n l  

transcripts were u p -regu lated  and the steady sta te  level of H aE lip l transcripts w as 

n ot modified (O uvrard e t  al., 1996). H aD hnl and H a D h n l  deduced proteins b e lo n g  

to  the dehydrin fam ily, and H aE lipl is a related h om ologu e of early-light-induced 

protein (ELIP).

A m ong the w ater-stress-induced proteins so fa r  identified , dehydrins, the D - l l  

subgroup of late-em bryogenesis-abundant (LEA ) p ro tein s (Dure et al., 1989) are 

frequently observed, and  m ore than 65 plant d eh y d rin  sequences are availab le 

(C lose, 1997). D ehydrins are  highly abundant in  d esiccation  tolerant seed em b ry o s 

and accumulate during periods of w ater d efic it in vegetative tissues. T h ese  

proteins display p articu lar structural features su ch  as the highly conserved L ys- 

rich dom ain p red icted  to  b e  involved in h y d ro p h o b ic  interaction lead in g  to 

m acrom olecule stab iliza tio n  (Close, 1996). S tu d ies have established correlation s 

betw een drought ad ap ta tio n  and dehydrin accu m u lation  in wheat and p op lar 

(Labhilili et al., 1995; P e la h  e t al., 1997).

Positive correlations w e re  also reported for sp ecies tolerant to stresses that h av e  a 

dehydrative com p on en t such as salt stress (G alvez e t  al., 1993; M oons e t al., 1995) 

and freezing and co ld  stress (Arora and W isn iew ski, 1994; Danyluk e t al., 1994; 

Close, 1996; Artlip e t a l., 1997).

2.8.2. W A T E R L O G G IN G  O R  FLO O D IN G

Flooding or excess w a te r  results in reduced ab so rp tio n  of w ater and leaf w ater 

deficit is the earliest resp on se  (Gill, 1970; R ow e and B eardsell, 1973). Later responses 

include leaf epinasty, s tem  swelling, form ation o f  ca llu s and adventitious ro o ts, leaf 

senescence and leaf abscission .
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In jury b y  flooding varies w ith  tim in g  and duration of flo o d in g  an d  physiochemical 

con d ition s o f the floodw ater (G ill, 1970; Row e and Beardsell, 1973).

B o th  anatom ical and physiological adaptations are im p ortan t fa c to rs  in tolerance to 

flood in g  (Kozlow ski, 1976). F o rm atio n  of aerenchyma is im p o rta n t in  som e species 

and p rod u ction  o f adventitious ro o ts  appears to be on e o f  th e  m ost important 

ad ap ta tio n s (Hook et al., 1970). T h e adventitious or w a te r  ro o ts  increased the 

ab so rb in g  surface for w ater and m inerals. Under flooding th e  n e w ly  initiated roots 

oxid ized  the rhizosphere w h ereas unflooded roots did n o t (H o o k  et al., 1971). 

O xy g en  entered the stem through lenticels and appeared to b e  transported through 

the cortex  or phloem. The com bin ed  adaptations of increased an aerob ic  respiration, 

o x id ation  o f the rhizosphere, an d  tolerance to CO2 by  the n e w  roots appeared to 

accou n t fo r  flood tolerance o f th is species (Hook et a l ,  1972).

T he m echanism s of survival d u ring  w aterlogging m ay b e  im p o rtan t at the seed 

germ in ation  stage or during v eg eta tiv e  growth. These m ech an ism s may involve 

avoid an ce o f w aterlogging e ffe c ts , e .g . by  phenological d ev elo p m en t; adaptation 

to  w aterlogging, e.g. by  aerenchym a or m etabolic ch a n g e ; and recovery 

m ech an ism s following w aterlo g g in g  (Greenway et. al., 1 9 9 4 ). P lants for w ater­

lo g g in g  avoidance/tolerance m a y  use one or all o f  th e se  mechanisms. The 

p articu lar mechanism used in  cerea ls  m ay vary depending o n  th e  crop, the growth 

habit and the duration o f w aterlo g g in g  (Setter et al., 2001). T o leran ce  to long term  

w aterlogg in g  requires plants n o t on ly  to 'survive' b u t a lso  to  grow  during the 

w aterlogg in g  event(s). T he k ey  strategy  used for long te rm  w aterlogging is the 

d ev elop m en t of aerenchym a in ro o ts  to facilitate gas d iffu s io n  (Arm strong, 1979; 

B lom , 1999; Jackson and A rm stron g, 1999).

2 .8 .3 . L O W  TEM P ER A T U R E O R  C O L D

L ow  tem perature is an im p o rtan t environm ental fa c to r  that limits plant 

d istribu tion , survival, and crop  yields. Exposure to low , n o n freez in g  temperatures 

in d u ces genetic, m orphological, an d  physiological ch an ges in  plants, which result
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in  the developm ent o f  cold hardiness and the acquisition of freezing to leran ce 

(V asilyev , 1961; L ev itt, 1980; Guy, 1990; T hom ash ow , 1990; H uner e t  al., 1993). 

Biochem ical and m olecu lar analyses have dem onstrated d ifferential gene 

expression and the accum ulation of specific proteins during the in d u ction  of 

freezing tolerance (G u y, 1990; Howarth and O ugham , 1993; Lee and C hen, 1993; 

Thom ashow , 1990, 1993). Cold-induced genes have been iso lated  and

characterized in m an y  species, such as alfalfa (M edicago sativa), A rabidopsis tkaliana, 

barley (Hordeum vu lgare), Brassica napus, and w h eat (Triticum  aestivum ) (H ou d e et 

al., 1992; Chauvin e t  al., 1993, 1994; Dhindsa e t  al., 1993; Thom ashow  e t al., 1993; 

W eretiinyk e t a]., 1993 ; DanyJuk et a]., 1994; C rosatti et a iv 1995; Lim in et a l., 1995). 

There is a high co rre la tio n  between the exp ressio n  o f som e of these genes, w hich  

appear to be u p -regu lated  by low  tem perature, and the developm ent o f freezin g  

tolerance (Guy, 1990 ; Thom ashow , 1990, 1993; H o w arth  and O ugham , 1993; Lee 

and Chen, 1993). In  w h eat cold acclim ation rap id ly  induces a specific set o f  Wes, 

w hich subsequently disappear upon deacclim ation . Wes are regulated b y  low  

tem perature at the transcriptional level and w in ter w heat cultivars exh ib it higher 

levels of expression  th an  spring cultivars (H ou d e e t al., 1992; Chauvin e t a l., 1993; 

Danyluk et a l ,  1994 ; Lim in et al., 1995). W csZ9 is a nuclear gene sp ecifica lly  

regulated by low  tem perature, but it also requires light for m axim al induction 

(Chauvin et al., 1993). The function o f th ese  cold-stim ulated genes and their 

encoded p olyp ep tid es have not been d em onstrated  fully, it is difficult to  assess 

their direct re lev an ce  to freezing tolerance. T h e m echanism  by w h ich  low - 

tem perature sig n als  are perceived and transduced into specific b ioch em ical 

responses is largely  unknow n (Trewavas and G ilroy, 1991; Dhindsa et a l., 1993; 

Bow ler and C hua, 1994). Light, through the p rocess of photosynthesis, p rovid es 

the energy required fo r cold acclimation, w h ich  leads to the attainm ent o f  freezin g  

tolerance (D exter, 1933 ; Tysdall, 1933; Steponku s and Lanphear, 1968; L ev itt, 1980; 

G riffith and M cIn tyre, 1993).

It w as reported th a t tocopherols are am phip athic m olecules, and in v itro  studies 

using artificial m em b ran es have show n th at tocop herols form  com p lexes w ith
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sp ecific  lipid constituents and physically stabilize m em b ran es and play crucial 

ro les in  low -tem perature adaptation  (W assail et a lv 1986 ; Stillw ell et al., 1996; 

W an g  and Quinn, 2000; B rad ford  et al., 2003).

T h e adaptation of a sp ecies to  low  tem perature requires an  increase in the flexibility  

o f  the m icro-structures o f  p ro te in  m olecules (A lexandrov, 1967). Kacperska-Palacz 

e t  al. (1977) observed p ro te in  changes during the d evelop m en t o f cold hardiness in 

w in ter rye (Secale cereale). T h e contribution of the p ro tein  synthesized in the cold  

acclim ated  seedlings o f  a lfa lfa  to tolerate low  tem p eratu re , even som etim es in 

freezin g  tem perature (R a jin d er e t al., 1988; Taiz et al. 1991).

A  com parison was m ad e b etw een  a freezing-tolerant, cold-acclim ating (CA) w ild  

p o ta to  species (Solatium  com m ersonii) and a freezing-sensitive, nonacclim ating 

(N A ) cultivated sp ecies (Solatium  tuberosum). C o m p arativ e  studies allow ed 

differentiation of p lasm a m em brane lipid changes associated  with increased 

freezing tolerance fo llo w in g  C A  from  lipid changes th at ca n  result from m etabolic 

ad justm ent to reduced tem perature during CA. F o llo w in g  CA  treatm ent lipid 

changes found in b o th  th e  N A  and CA species included a decrease in palm itic 

acid, an increase in u nsatu rated  to saturated fatty  acid  ratio , an increase in  free 

sterols, an increase in  sitostero l, and a slight d ecrease in  cerebrosides. Lipid 

changes detected on ly  in  the acclim ating sp ecies included an increase in  

phosphatidylethanolam ine, a decrease in sterol to  p h osp h olip id  ratio, an increase 

in  linoJeic add, a d ecrease  in linoJenic acid, and an  in crease  in acylated steryl 

glycoside to steryl g ly co sid e  ratio. These changes w ere  e ith er  absent or opp osite  in 

the N A  species, su g g estin g  an association o f th ese  lip id  changes w ith C A . 

Furtherm ore, the lip id  changes associated w ith  in creased  freezing to leran ce 

during CA were d istinct fro m  lipid differences b etw een  the tw o species in the N A  

sta te  (Palta et al., 1993).

A  w ide range of stu d ies ind icates that the m em b ran e sy stem s of the cell are  the 

prim ary site of freez in g  injury in plants (Levitt, 1980 ; Steponkus, 1984). In  

addition , it is w ell estab lish ed  that freeze-induced m em brane dam age results
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prim arily from  the severe dehydration asso cia te d  with freezing (Step on k u s, 1984; 

Steponkus e t a l., 1993). As tem peratures drop  below 0±C, ice fo rm atio n  is 

generally in itia ted  in  the intercellular sp aces  due, in part, to the extrace llu lar fluid 

having a h ig h er freezing point (low er so lu te  concentration) than  the intracellular 

fluid. Because th e  chem ical potential o f ice  is less than that o f liqu id  w ater at a 

given tem perature, the formation o f ex tracellu lar ice results in  a  d rop  in  w ater 

potential o u tsid e  the cell. Consequently, th ere is movement o f  u n fro zen  w ater 

dow n the ch em ica l potential gradient fro m  inside the cell to th e  intercellular 

spaces. Thus, a  k ey  function of cold acc lim atio n  is to stabilize m em b ran es against 

freezing injury. In d eed , cold acclim ation p rev en ts  expansion-induced-lysis and the 

form ation o f h exag on al II phase lipids in  rye and other plants (S tep o n k u s e t al.,

1993). M u ltip le m echanism s appear to  b e  involved in this stabilization . T h e best 

m echanism s d ocu m ented  are changes in  lip id  com position (Steponkus e t  al., 1993). 

H ow ever, the accum ulation of sucrose and other simple sugars th a t typically 

occurs w ith  co ld  acclim ation also seem s lik ely  to  contribute to the stab ilization  of 

m em branes as  th ese  molecules can p ro te c t m em branes against freeze-induced 

dam age in  v itro  (Anchordoguy et al., 1987 ; Strauss and Hauser, 1986). In  addition, 

there is em erg in g  evidence that ce rta in  novel hydrophilic an d  L E A  (late 

em bryogenesis abundant) polypeptides a lso  participate in the s tab iliza tio n  of 

m em branes ag a in st freeze-induced in jury. A lthough freezing in jury is  thought to 

result p rim arily  from  membrane lesio n s caused by cellu lar dehydration, 

additional fa cto rs  m ay also contribute to  freezing-induced cellu lar d am ag e. There 

is evidence th a t freeze-induced p rod u ction  o f reactive oxygen sp ecies contributes 

to m em brane d am ag e and that intercellu lar ice can form adhesions w ith  cell walls 

and m em branes and cause cell rupture (O lien  and Smith, 1977). T h ere  is evidence 

that protein denatu ration  occurs in p lan ts  at low  tem perature (G u y e t  al., 1998), 

w hich could p oten tia lly  result in cellular d am age. In  these cases, the enhancem ent 

o f antioxid ative m echanism s (M cK ersie and Bow ley, 1997), in creased  levels of 

sugars in the ap o p lastic  space (L ivingston and H enson, 1998), and the induction of
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genes encoding m olecu lar chaperones (Guy and L i, 1998), respectively, could have 

protective effects.

Significant higher am o u n t o f lignin contents w ere  observed in selected lo w  

tem perature tolerant ju te  genotypes than sensitive o n e  b y  Begum  (1997). It m ay  be 

m entioned that B u xton  (1992) reported im portant ro le  o f lignin in plant d efen se  

m echanism  and accord in g  to  him  more lignin co n ten t help  plants to w ithstand cold  

stress.

2.9. DNA CLONING IN  CROP IMPROVEMENT

D N A  cloning has op en ed  opportunities u nim aginable just a few decades ag o , 

including the id en tification  and study of genes involved  in almost every k n o w n  

biological process. T h e se  new  methods are tran sform in g  basic research, in m an y  

areas particularly in  agricu lture such as Bt co tto n , v itam in  'A ' rich golden rice, 

transgenic tobacco e tc  (G u pta, 2004).

T h ere is a continuing need  to increase food  prod uction , particularly in  the 

developing countries o f  A sia, Africa and Latin  A m erica . And this increase h as  to 

com e from increased y ie ld s from  m ajor crops g ro w n  o n  existing cultivable lands. 

O n e practical m eans o f  achieving greater yields is to  m inim ize the pest asso cia ted  

losses, which are estim ated  at 14% of the to ta l agricultural production: 52%  in  

w heat, 83% in rice, 59%  in  m aize, 74% in potato, 5 8%  in  soybean and 84% in co tto n  

(O erke et al., 1994).

Integrated pest m an ag em en t (IPM) has h istorically  placed  great hopes o n  h o st 

p lant resistance. H o w ev er, conventional ho st-p lan t resistance to insects in volves 

quantitative traits at sev era l loci, and as a result, th e  progress has been slow  and 

difficult to  a ch iev e .  W ith  the advent of genetic tran sform ation  techniques b ased  on 

recom binant D N A  technology , it is now p ossib le  to  clone genes into the p lan t 

genom e that confer resistan ce  to insects (Bennett, 1994).

Review of literature 33

Dhaka University Institutional Repository



T oxin  genes fro m  bacteria such as B acillu s thuringiensis (Bt) and B a cillu s  sphaericus 

(Gill e t al. 19 9 2 ; Charles et a!. 1996) have been  the most su ccessfu l group of 

organism s id en tified  for use in genetic tran sform ation  of crops fo r p e s t control on 

a com m ercial scale.

M any crop  sp ecies  have been g en etica lly  engineered to p rod uce B t toxins to 

control the ta rg e t insects. Genes conferring resistance to insects h av e  b ee n  inserted 

into crop p la n ts  such as maize, co tto n , potato , tobacco, rice, b ro cco li, lettuce, 

w alnuts, ap p les, alfalfa and soybean (B ennett, 1994; Federici, 1998; G riffith s, 1998). 

The first tran sg en ic  tobacco plants w ith  B t w ere produced in 1987  th ro u g h  cloning 

(Barton e t al. 1987 ; Fischoff et al. 1987; V aeck  e t al. 1987).

Ingo P otryk u s and Peter Beyer described  the first version of G o ld e n  R ice  in 1999 

(Ye e t al., 2 0 0 0 ). It is a remarkable exam p le  o f genetic transform ation through gene 

cloning. A grobacterium  mediated tran sform ation  of precultured rice  immature 

em bryos w e re  used designed so as to  install the entire 6 -caro ten e biosynthetic 

pathw ay in to  rice endosperm  in a single transform ation effort. T h re e  vectors were 

constructed: p B 19h p c combined the sequences for a plant phytoene synthase (psy) 

orig inating fro m  daffodil (Narcissus pseudonarcissus-, accession no. X 78814 ) w ith the 

sequence co d in g  for a bacterial ph ytoene desaturase (crtl) o rig inating from  Erwinia 

uredovora  (accessio n  no. D90087), the tw o  being placed under th e  control of the 

en d osp erm -sp ecific  glutelin (G tl)  and the constitutive C aM V  3 5 S  prom oter, 

respectively . T o  com plete the 6-caro ten e biosynthetic pathw ay, cotransform ations 

w ere carried  o u t employing tw o vectors, one (pZPsC) carrying psy an d  crtl, like in 

pB19hpc b u t lacking the expression cassette  for the selectable m a rk e r aphIV, and 

the o th er (pZ C ycH ) providing, under glutelin  prom oter con tro l, the sequence 

coding fo r  th e  enzym e lycopene 6 -cyclase, originating from  N . pseudonarcissus 

(accession no . X98796) (Al-Babili e t al., 1996).
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L ike phytoene syn th ase, lycopene fi-cyclase carried  a functional transit pep tid e, 

allow ed plastid-im port (Bonk e t a lv 1997). T h e  com bination  of b oth  p lasm id s, 

directed 6-carotene fo rm atio n  in rice endosperm.

2 .10 . FR O M  M A R K E R  T O  GEN E

D N A  cloning has o p en ed  up opportunities fo r id en tify in g  genes from  m olecu lar 

m arkers. As alread y discussed, several e ffo rts  have been m ade to d evelop  

m olecular m arker(s) fo r  com m ercially im portant tra its  in different crops and m any 

o f them  were able to  id en tify  gene from the m arker(s).

Poulsen et al. (1995) w a s  able to develop R A P D  m ark ers  (2.7 kb) for resistan ce  to 

barley leaf rust (P u ccin ia  hordex). The m arker w a s  generated by PC R  w ith  the 

oligonucleotide p rim er O PU -02 and u ltim ately found out the gene, located  

approxim ately 12cM  from  RphQ , using resistan t and susceptible D N A  bulks, 

constructed fo llow in g  th e  classification of F2 p lan ts  b y  leaf rust infection type. B o th  

the marker and g en e  w ill b e  potentially useful in  the developm ent of new  b arley  

cultivars.

Three RAPD m arkers closely  linked to a gene fo r  resistance to pow dery m ildew  

caused by Blum eria g ram in is  in  wheat has b ee n  rep o rted  by Hu et al. (1997). A fter 

perform ing PC R  an aly sis , tw o RAPD m arkers, UBC320420 and UBC638sso, w ere  

identified to b e  co-segregatin g  with the d ise a se  resistance. The third R A P D  

m arker, OPF12&50 w a s  determ ined to be 5 .4  to  1 .9  cM  from the resistance gene. 

M arkers UBC320-UO an d  U BC638550 were p re se n t in  wheat pow dery m ildew  

differential lines carry in g  the gene P m l, su ggestin g  linkage betw een these m arkers 

and the P m l  resistan ce  gene. Co-segregation b e tw e e n  P m l  and the tw o m arkers 

UBC320«o and U B C 638550 w as confirmed by  u sin g  w h eat differential line carrying 

P m l.
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R A PD  m arkers tightly linked to ta rg e t gen es m ay facilitate se le c tio n  and enable 

gene pyram id ing  for powdery m ild ew  resistance in w heat b ree d in g  programm es 

(H u e t al., 1997). H essian fly resistance genes in wheat w ere id en tified  b y  Dweikat 

et a l  (1997) using RAPD markers.

Bacterial b lig h t (BB) caused by X an thom on as oryzae pv oryzae  (X o o ) is  one of the 

m ost seriou s diseases of rice. T h e recessive gene xa-13  co n fe rs  resistance to 

Philippine race 6 of Xoo. To tag xa-13  w ith  molecular m arkers, R A P D  analysis was 

conducted  w ith  the combined use o f  near-isogenic lines and b u lk ed  segregant 

analysis. F rom  the survey of 260 arb itrary  10-nucleotide p rim ers , one primer 

(O P A C 05) w as detected to am plify specifically  a 0.9 kb band fro m  the DNA of 

susceptible plants. The distance b e tw e e n  the RAPD m arker O P A C 0 5 -9 0 0  and xa-13 

w as estim ated  to  be 5.3 cM. The R A P D  m arker was then m ap p ed  o n  chrom osom e 

8  using a  m apping population o f  d ou b led  haploid iines. T h e m ap p in g  o f xa-13 

w ith  clo se ly  linked DNA marker h as  provided the basis for m ark er-a id ed  selection 

fo r  rice im p rovem en t (Zhang et al., 1996).

T he d evelop m en t of the industrial u se o f  rapeseed oil, rich in  e ru c ic  acid  has led to 

increased  in terest in the im provem ent o f  the varieties with h igh-eru d c-acid  (50 - 

60% ) co n ten t. T w o genes w ith ad d itiv e  effects control this tra it. T h e  low-erucic- 

acid tra it w as relatively easily in trodu ced  through b ack cro sses into various 

back grou n d s because the zero-erucic-acid  hom ozygotes w ere c learly  identified in 

the seg reg atin g  populations. To se le c t fo r  high erucic acid lev el is m ore difficult 

because o f the partial overlap o f th e  high-erucic-acid h o m o zy g o u s class and the 

in term ed iate  one, containing h eterozy gotes. In order to  h e lp  conventional 

breeding, R A PD  markers w ere used to  map the tw o g e n e s  involved in 

d eterm in in g  the erucic acid conten t in  a doubled haploid p ro g en y  derived from a 

low  x h ig h  erucic acid Fi hybrid (Jo u rd ren  et al., 1996).
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T he feasibility o f id en tify ing  molecular m arkers linked to disease resistance genes 

in oats w as in v estigated  (Penner et al., 1993) utilizing random  p rim ers in 

conjunction w ith  P C R  technology through clon ing o f genes involved. A  p a ir o f 

near-isogenic o a t lin es  w as screened for p olym orp h ic DNA fragm ents linked to 

the stem rust resistan ce  gene Pg3. Tw o p rim ers w ere identified w h ich  am plified  

D N A  fragm ents th at w ere polymorphic b e tw e e n  the lines analyzed. O n e p rim er 

(ACOpR-2) w as sh o w n  to be completely linked to  the Pg3  locus; the o th e r prim er 

w as not linked to  e ith er  the ACOpR-2 or the P g3  loci. This type o f analysis, offers 

an  effective m eans o f  identifying useful m olecu lar m arkers and o f ap p ly in g  them  

to plant breeding se lectio n  strategies (Penner e t al., 1993).

2.10.1. INVERSE POLYM ERASE CHAIN REACTIO N  (IPCR) AND PR IM ER  

WALKING TO  ISOLATE COMPLETE GENE SEQUENCE

Cloning of genes lin ked  to markers has never b ee n  straightforw ard. A  n u m b er of 

techniques have b e e n  utilized for cloning the com plete gene. Such techn iqu es are 

Inverse PCR (O ch m an  e t al., 1988; Triglia e t  a l., 1988, detail cited in  the section 

3.5.6), ad apter-specific  PCR or primer w alking e tc  v e iy  useful for the am p lification  

of uncharacterized stretches of DNA u p stream  or dow nstream  o f  reg ion s that 

have already b ee n  cloned  and sequenced (B en kel and Fong, 1996).

2.10.1.1. INVERSE PCR

Inverse PCR is an  effective technique to  k n o w  the unknown sequence, upstream  

or dow nstream  o f  a  know n sequence of a genom e.

Total sequence o f  the prom oter of fungal resistan t gene (HM G I/Y) o f  pea w as 

determ ined b y  D ru ffe l e t al. (2005) using in verse PCR. Pea genom ic D N A  w as 

cleaved w ith th e  T aq  1 (4  bp cutter) had the specificity  to cleave the site located 

w ithin the 3' en d  o f  H M G  I/Y gene open read ing fram e and various sites upstream  

or dow n-stream  o f  th e  gene of interest.
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T h e  digested D N A  w a s  purified and ligated to  itse lf (using T 4 D N A  ligase) to 

create a series o f sm a ll circular DNAs representing the genome, including the 

HMG-I/Y gene and its  ad jacen t sequence. A p r im a r y  PC R  w as perform ed. T h e 

product was then d ilu ted  to  1:10 in preparation fo r secondary PCR. A second ary  

P C R  was done. This y ie ld ed  a -780  bp segm ent, w h ich  w as cloned and sequenced. 

T h e tw o new sequences generated from the clone w ere  recognized as being w ith in  

the region 5 ’ of the H M G  I/Y start site. The length  o f  this sequence (780 bp ) w as 

insufficient for the co m p le te  analysis of a H M G  I/Y 5' region but contained an  A lu  

I site. Thus the pea D N A  w as cut with Alu  I and the D N A  w as again circularized 

by  ligation to obtain  ad d itio n a l upstream sequence. T w o new  sets of prim ers w ere  

designed and used fo r  the primary and then secondary PCR reaction. T h e 

subsequent PCR p ro d u ct w as cloned and sequenced as before and increased the 

total sequence u p stream  o f  the HMG-I/Y gene to  1748 bp. To verify the sequence 

1748 bp upstream o f  th e  HMG-I/Y gene, a p rim er set w as used to am plify  an 

approxim ate 2500 b p  seg m en t off of uncut g en o m ic D N A . The PCR product w as 

cloned and com p letely  sequenced to confirm  th at the inverse sequence reaction s 

w ere assembled correctly .

2 .10.1 .2 . PR IM ER  W A L K IN G

Prim er walking is a lso  an efficient and reliab le  procedure that enables the 

identification of u n k n o w n  regions flanking a k n o w n  D N A  sequence based o n  P C R  

am plification.

A n effort w as m ade b y  A shoub and Abdalla (2006) based  on the annealing and 

ligation of single stra n d ed  DNA primers w ith  3 ' sequences com plem entary to  the 

tetra-nucleotide o v erh an g s  generated by  D N A  digestion with restriction  

endonucleases (A pa  I , P st  I, Sac I and Sph I) th a t form  3 ' overhangs. T he lig a tio n  

depends on the p h o sp h o ru s group presented at the 5 ' nucleotide of digested D N A . 

A fter ligation, a D N A  lib rary  with 5' overhangs a t b o th  sites w as formed.
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T h ese  5 ' overhangs served as sites fo r adaptor primers and n e ste d  prim ers for PCR 

am p lification  in com bination w ith  the gene-specific p rim ers an d  finally able to 

rescue the com plete D N A  sequence o f  potato leafroll virus. T h is  strategy was 

verified  by  the am plification o f  fu ll-length  virus sequence c lo n e. The procedure 

could b e  adapted to target any u p stream  and dow nstream  re g io n s  flanking known 

sequences w ithin the plant genom e.

2 .11 . F R O M  M A R K E R S T O  G E N E T IC  M A PS O R  L IN K A G E  G R O U P S  

A  gen etic  or linkage m ap is a lin ear m ap of the relative p o sitio n s  o f genes along a 

chrom osom e. Distances are established  by  linkage analysis, w h ich  determines the 

frequ ency  at which tw o gene loci becom e separated d u ring  chromosomal 

recom binations. G enetic m aps a re  based  on the relative o rd e r  and distances of 

gen etic  m arkers. The position o f gen es on a chrom osom e ca n  b e  located via its 

lin k ag e  w ith  these D N A  m arkers. A  genetic map can be b u ilt u p  by  using enough 

linked pairs of m arkers lying at c lose  intervals to each o th er (P aterso n  e t al., 1991).

A  n u m ber o f PCR-based m arker technologies have exp ed ited  the construction of 

h igh-density  linkage m aps; facilita ted  genetic analysis and m a p  based cloning 

(Y on g e t al., 2002). T hese techniques include RFLP (M cC o u ch  e t  al., 1988), RAPD 

(W illiam s e t al., 1990), A FPL (V os e t al., 1995), SSR (Tautz, 1 989 ) etc.

A  m apping population is a p rerequisite  for the con stru ction  o f a linkage map. 

M ap p in g  population can be d erived  b y  selfing the Fi to  p ro d u ce  an F2, which is 

then scored for segregation o f the m arkers or backcross the F i to  one of the parents 

and observing the segregation in  the first backcross g en eratio n . It is better to use 

an Fz population if this is possib le , as m ore inform ation c a n  b e  gained from this 

than  from  a backcross pop ulation  o f com parable size (C h aw la , 2002). A mapping 

p op u lation  o f about 50 F2 or b ack cro ss  plants is sufficient fo r  a fairly detailed map 

(C haw la, 2002).
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R em n an t seeds from previous cro sses are also suitable fo r  m ap p in g  populations. 

R ecom bination  frequencies can  also  b e  estim ated from  d o u b led  haploids (DH) 

d erived  from  the pollen o f  Fi p lan ts. A t first there w ill b e  m any more linkage 

g rou p s than the basic num ber o f  chrom osom es, but the nu m bers will tend to 

converge as more m arkers are ad d ed  (Chawla, 2002).

T h e first RELP map in rice w as developed by M cCouch e t al. (1988). The map w as 

b ased  o n  the F2 mapping p op u lation  derived from the cross o f  indica and japonica 

cultivars. It consisted of 135 R E L P  m arkers and covered 1398  cM . Similar RFLP 

lin kage m aps for m aize and to m a to  w ere developed in  1986  (Helentjaris et al., 

1986).

A second RELP map w as constru cted  by  Saito et al. (1991) fro m  144 F2 plants of 

in d ica  type "Kasalath" crossed w ith  japonica FL134. U tiliz in g  322  RELP markers, 

an d  m orphological and b ioch em ical m arkers, the m ap sp an n ed  1836 cM, w ith 347 

loci, and exceeds the first R E L P  m ap  b y  32.2% in rice.

A  m ore  saturated m olecular m ap  o f rice was constructed b y  C ausse et al. (1994) 

fro m  an  interspecific backeross population of Ozyza sa tiv a  X  w ild  African relative

O. longistam inata. The 726 m arkers used included R E L P s (238), rice cDNA (250), 

o a t cD N A  (112), barley cD N A  (20), maize genom ic c lo n es  (2), m icrosatellite 

m arkers (11), telom ere m arkers (3), isozym es (11), clon ed  g e n e s  (26), RAPD (6), 

and m utant phenotypes (47). T h e m ap covers 1491 cM , w ith one m arker 

approxim ately every 2.1 cM .

A s m ore markers were located  o n  genetic maps, it b ecam e p o ssib le  to detect single 

g en etic  loci associated w ith  the quantitative trait loci (Q T L ). Furthermore, the 

chrom osom al location of the Q T L  w as more precisely e stim a te d , and their linkage 

relationship s w ith other genes could  be accurately d eterm in ed  (Paterson, et at., 

1991 ; G regorio, 1997).
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Q TL m apping in  rice  w as first reported b y  W ang et al. (1994). G enes fo r com plete 

and partial b la s t  resistance were m ap p ed  using F7 recom binant in bred  lines 

betw een a d u rab ly  resistant japonica (M oroberekan) and highly su scep tib le  indica 

(0 0 3 9 )  cultivars.

The RA PD  tech n iqu e (Welsh and M cC lelland , 1990; W illiams e t  a l., 1990) has 

w idely b een  used  in  plants for the constru ction  o f genetic m aps in sp ecies  such as 

A rabidopsis  (R e ite r  e t alv 1992), bananas (Faure e t al., 1993) and slash  p in e  (N elson 

et al., 1993).

A  h igh-density  gen etic  linkage m ap o f  A rabidopsis thaliana w as constru cted  by 

Reiter et al. (1 9 9 2 ) using a population o f recom binant inbred lines. A  to ta l o f 252 

RAPD m arkers w ere  imposed on p reviou sly  constructed m ap b ased  o n  RFLP 

markers. T h e  fin al m ap  contains 320 m arker loci w ith an average d istan ce  o f 2  cM 

betw een m ark ers. T his map has a to ta l len g th  o f 630 cM, slightly g reater than 

previous R F L P  m aps.

A  partial m o lecu lar linkage map o f b an an a  (M usa acum inata) w a s  constructed 

based o n  58  R F L P , four isozyme and 28  R A P D  markers seg reg atin g  in  an F2 

population o f  92  individuals. A total o f  90 loci w as detected, 77  o f  w h ich  were 

placed on 15  linkage groups w hile 13 segregated  independently. Segregation 

distortions w e re  show n by 36% o f all loci, m ostly favoring the m ale  parent. 

C hrom osom e structural rearrangem ents w ere  believed to be on e o f  the main 

causes o f th ese  distortions. The use o f  gen etic  linkage data help  to  im p rove for 

designing o f  b reed in g  strategies (Faure e t al., 1993).

AFLP tech n iqu e (V os et al., 1995) is b eco m in g  im portant in fine-m ap p ing  o f genes 

through p o sitio n a l cloning and in m ap p in g  traits controlled by  m a jo r  genes and 

Q TLs. A s m a n y  as  208 polymorphic A F L P  m arkers were m apped  fro m  only 20 

prim er co m b in atio n s in  rice.
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Previously mapped R E L P  m arkers were used as  an ch ors in constructing the 

linkage map. The m ap spanned  3058 cM, w hich is 1 2 4 7  cM  longer than the m ap 

generated by RELP a lo n e  (H uang et al., 1994). A F L P  m arkers filled the gap s 

b etw een  the RELP m arkers, reducing the d istance fro m  13.4 cM to 8.9 cM . 

Furtherm ore, the A F L P s extended the map tow ard s th e  telom eric region o f m o st 

chrom osom es. A FLP m ark ers  have been utilized fo r constru ction of genetic m ap s 

in barley (Becker e t al., 1995).

2 .12 . B IO IN F O R M A T IC S

Bioinform atics is the fie ld  o f  science in w hich b io lo g y , computer science, and 

inform ation technology m erge into a single d iscip lin e. T h e ultimate goal o f  the 

field  is to enable the d iscovery  of new biological in sig h ts  as well as to crea te  a 

g lo bal perspective fro m  w hich  unifying principles in  b io log y  can be d iscerned  

(G ibas et a l ,  2001).

Bioinform atics or com p u tation al biology is the u se  o f  techniques from  applied  

m athem atics, in form atics, statistics, and com p u ter scien ce to solve b io lo g ica l 

problem s. Research in  com putational biology o ften  o v erlap s w ith system s b io logy . 

M ajor research effo rts  in  the field include seq u en ce  alignm ent, gene finding, 

genom e assembly, p ro te in  structure alignm ent, p ro te in  structure p red iction , 

prediction of gene exp ression , protein-protein in teractio n s, and the m od elin g o f 

evolution. The term s b ioin form atics and com p u tation al biology are o ften  used 

interchangeably, a lth o u g h  the latter typically fo cu ses o n  algorithm developm ent 

and specific com p u tation al methods. A co m m o n  thread in p ro jects  in 

bioinform atics and com p u tation al biology is the u se o f  m athem atical to o ls  to 

extract useful in fo rm atio n  from noisy data p ro d u ced  by high-throughput 

biological techniques.
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2.12.1. W eb Services as Bioinformatics Tools

The b io in fo rm atics  tools that are cu rren tly  used for m olecu lar b io lo g y  and 

b io tech n ology  have been described b elo w  (G upta, 2004).

M ajor publicly available d atabase and data m ining to o ls  
(Courtesy: Gupta, 2004).
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2 .12 .2 . A L IG N M E N T  T O O L S  

L o ca l Sequence A lig n m e n t T ools

T h ese  tools allow  u s to  find out the location  and identity o f a query (input) 

sequence in the d atab ase . They have a very w id e  spectrum  o f uses including b asic  

studies like 'taxo n o m y  and evolution' to ap p lication s in 'crop b reed in g ' and 

'hum an health care'.

F A ST A  Fam ily: F A ST A  is used for an ap p ro p riate  form at, for data exp lo ra tio n  

and transaction (i.e. as  softw are).

P at M atch: Pat M atch  allow s users to analyze a given  sequence against a ll o r  a 

num ber of selected sequ en ce datasets available in  the databases.

B L A S T  (earlier version): T h e m ost popular to o l fo r searching sequence d atab ases 

is a package called B L A S T  (basic local alignm ent search  tool) (Altschul, 1990).

T he following p ro g ram m es can be used for m ore  d etailed  analyses:

B L A ST p  com pares an  am ino add query seq u en ce  against a protein sequence 

database; B L A S T n  com p ares a nucleotide qu ery  sequence against a nu cleotid e 

sequence database; B L A S T x  compares a n u cleo tid e  query sequence tran slated  in 

all reading fram es ag a in st a protein sequence database; tB L A ST n  co m p ares  a 

protein query sequence against a nucleotide d atab ase  dynam ically translated  in  all 

reading fram es; tB L A S T x  compares the six  fram e translations of a nu cleotid e 

query sequence d a tab ase ; BLA STz com pares lo n g  stretches of nucleotides >2kb; 

B L A ST b g p  allow s u se o f  tw o BLA ST m odes, th e  first is PH I B L A ST , w h ich  uses 

protein motifs, and th e  second is P S I B L A S T , w h ich  uses an interactive a lig n m en t 

procedure to d etect w e a k  pattern m atches, b P s e q  allow s a com parison o f  tw o 

sequences using the B L A S T p  and BLASTn program m es.

B L A ST  (later v e rs io n  2 .1 ): These tools include the follow ing:

V ecScreen  gives an  output, which lists all seg m en ts o f the query th at closely  

m atch any o f the sequence in the U nivac d atabase including sequ en ces o f
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plasm ids, phage, cosmids, BACs, P A C s, and YACs. IgBLA ST fa c ilita te s  analysis of 

im m unoglobulin  sequences in G en B an k . M egaB L A ST  is a m u ltip le  alignment 

tool, w hich  com pares a set of E ST s w ith  a set of genes. S N P  B L A S T  gives an 

output, w hich  lists all high confidence SN P s available in the S N P  d atab ase in the 

sequences th at correspond the query sequence. Pow erBLA ST is a n  application for 

au tom atic analysis of genomic sequences.

2.12.3 . M U L T IP L E  SEQ U EN CE A L IG N M E N T  TO O LS

M ultip le sequence alignment technique is used to study group o f  related  genes or 

proteins to  in fer evolutionary relation sh ip s betw een genes and to  d iscover pattern 

that are shared  am ong groups o f fun ctionally  or structurally re la ted  sequences. 

Fo llow ing  are som e tools used in  m u ltip le  sequence alignm ents.

C L U S T A L W : T h is  is a program m e fo r  progressive m ultiple seq u en ce  alignment 

and is used  fo r phylogenetic analysis.

P H Y L IP : It contains 30 program m es th at implement d ifferen t phylogenetic 

analysis algorithm s.

B io N u m e ric  V e rs io n  2.0: This p ro g ram m e can handle exp erim en tal d ata available 

for a gen etic  similarity/diversity study.
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2.12.4. SOME IM PO R T A N T  WEB SITES C O M M O N LY USED FOR 

BIOINFORM ATICS

Subject Source Link

Nucleic acid 
sequence

GenBank http://www.ncbi.nih.gov:80/enterz/query/fc
gi?bd=Nucleotide

Genome
sequence

SRS at EMBL/FBI Entrez 
Genome

http://srs.cbiac.uk

TIG R database http://www.ncbi.nlm.nin.gov:80/enterz/que
ry/fcgi?bd=genome

Protein
sequence

GenBank http://www.tigr.org/tbl/

SW1SS-PORT at 
ExPASY

http://www.ncbi.nlm.nin.gov:80/enterz/que 
ry/fcgi?bd=protein

PIR http://www.expasy.ch/spro/

Protein
structure

Protein database http://www.ndrf.georgetown.edu

Post
translational
modifications

RESID http://www.resb.org/pdb/

Biochemical
and
biophysical
information

ENZYM E http://www.ndrf.georgetown.edu
/pirwww/search/textresid.html

BIND http://www.expasy.ch/enzyme

Biochemical
pathways

Path DB http://www.ncbi.nlm.nih.gov:80/enterz/que
ry/fcgi?db=structure

KEGG http:www//ncgr.org/software/pathdb

W IT http://www.gcnome.ad.jp/kegg/

Microarry Gene Expression Links http://www.wit.mcs.anl.gov/WTT2/

Other
interesting
sites

European
Bioinformatics Institute

http://www.ebi.ac.uk

DNA Database of Japan http://www.nig.oc.jp/home/html

Courtesy: Gupta, 2004.
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M A TERIA LS AND METHODS

A  series o f  related experiments w e re  conducted to support th e  m a in  objective of 

the w o rk  (experim ent no. 5) an d  th e  details of the exp erim en ts are described 

independently . The field experim ents w ere  conducted in the g reen  house premises 

o f B an glad esh  Jute Research In stitu te  (BJR I) and the laboratory  experim ents were 

carried o u t in the Departm ent o f  B ioch em istry  and M olecular B io lo g y , University 

o f D haka, during the period b e tw e e n  Ju ly  2001 to D ecem ber 2005 .

3.1. E X P E R IM E N T  1 :  M ETH O D  F O R  Q U A LITY D N A  IS O L A T IO N  FRO M

D IFFEREN T P A R T S  O F  JU T E  PLANT

3.1.1. P lan t materials

T h e fundam ental plant m aterials w e re  the seeds of the tw o  cu ltivated  species of 

ju te  v arie ties  D -154 and 0 -9 8 9 7  fro m  Corchorus capsularis and C orchorus olitorius, 

resp ectively . The seeds were o b ta in ed  from  Bangladesh Ju te  R esearch  Institute 

(B JR I). T h e  other plant m ateria ls w ere derived from  th e  seed s, which were 

seed lin g s (4 days old germ inated seed lings on moist filter p a p e r  in  p etri dishes at 

30°C  in  th e  dark), young leaves (3  to  7  days old) and old leav es (35  to  40 days old) 

for b o th  th e  species.

3.1.2. Solutions and Reagents

F or the m odified Dellaporta e t  a l., (1983) protocol (m en tion ed  as M ethod-I): 

C etyltrim ethylam m onium  b ro m id e  (CTA B), 2-m ercap toeth anol (2-M E), CTAB 

e x trac tio n  solution, 24:1 (v/v) Chloroform/ Isoam yl a lco h o l (Cl), CTAB

'p re c ip ita tio n  solution, High sa lt T r is  ED TA  (TE) buffer, 8 0%  ethan ol, TE buffer, 

D N ase free  RN ase, mortar and p e s tle  and screw cap g lass tu b es etc. For modified 

D o y le  and D oyle 's  (1990) p ro to c o l (mentioned as M e th o d -II) : T h e additional 

reag en ts w ere  Phenol, Isopropanol and 3M  Na-acetate.
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3.1.3. PRO TO COL FOR DNA ISOLATION

3.I.3 .I. M ethod-I

O ne gram o f  each  o f  the 4 fresh sam ples (seeds, seedlings, young and o ld  leaves) 

w as ground in  liqu id  nitrogen to a fine p ow d er w ith  a mortar and p estle . E ach  of 

these sam ples w e re  transferred to a 15 m l screw  cap glass tube con ta in in g  5 ml 

preheated (65°C ) C TA B extraction so lu tion  and mixed thorou ghly  before 

incubating fo r 30  m inutes at 65°C in a w ater b a th  w ith occasional m ixin g. The 

hom ogenate w as extracted with an equal volu m e of 24:1 Chloroform /Isoam yl 

alcohol (Cl). A fte r  centrifugation for 20 m inu tes at 4000 rpm at room  tem perature, 

the top (aqueous) phase w as recovered into a fresh  screw cap tube. T h is  step  w as 

repeated three m o re  tim es for seed and seed ling  and four m ore tim es fo r young 

and old leaf sam p les  w ith equal volum e o f C l m ixture. O ne-tenth (l/10lh) volum e 

o f  65°C C TA B/N aC I solution w as added to  the recovered aqueous p h ase  and 

m ixed well b y  in versio n  before extracting w ith  an equal volume o f C L T h e tubes 

w ere m ixed w ell, centrifuged (4000 rpm ) and the top  phase recovered. E xactly  one 

volum e o f C T A B  precipitation solution w as ad d ed , mixed well b y  in version . If a 

precipitate w as v isib le then proceeded to  n e x t step, if not, the m ixtu re  w as 

incubated fo r 3 0  m inutes at 65°C. The so lu tio n  w as then centrifu ged  fo r 10 

minutes at 4000  rpm  at room tem perature. T he pellet w as collected  and 

resuspended in  h igh-salt TE buffer (2-3 m l p er gram  of starting m ateria l). The 

suspended ex trac t w as treated w ith D N ase  free  RNase (l/100'h volu m e) and 

incubated for 20  m inutes at 37°C. T he suspension w as transferred to  m icro 

centrifuge tu bes (1 .5  m l) and the D N A  w as precip itated  by adding 0 .6  volum e of 

ice-cold isop ro p an ol. A fter mixing w ell by  in verting  slowly and th en  centrifuging 

for 10 m inutes a t 10000 rpm at 4°C, the p elle t w as washed w ith 80%  eth an ol, dried 

and resuspended in  a minimal volum e o f T E  (Tris lOmM, ED TA  1 m M ) buffer 

(usually 1 00 -500pi p er gram of starting m ateria l) and stored at -20°C.
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3 .1 .3 .2 . M eth o d -II

In  th is m ethod the 1st step is s im ilar to  the previous on e. T h en  one volume of 

25:24 :1  Phenol/Chloroform/Isoamyl alcohol (PCI) w as ad d ed . T h e mixture was 

m ixed and centrifuged at 4000  rpm  fo r 20 minutes at ro o m  tem perature. The 

su p ern atant w as transferred to a new  tube; the PCI extraction  w as repeated 3 to 4 

tim es o r  m ore, depending o n  sam ples, more p u rification s w ere required, 

resp ectively  for seedlings, seed s, young leaves and old  leaves) until a clear 

su p ern atan t w as obtained (H aqu e at el., 2004). The D N A  w as precipitated with 

ice-cold  isopropanol. The D N A  p e lle t w as washed in 80%  e th a n o l (ice-cold), dried 

and dissolved in TE buffer. A fter R N ase  treatment, the D N A  w as treated with one 

vo lu m e o f PCI. The m ixture w as th en  centrifuged at 10000 rp m  fo r 10 min at 4°C. 

T he D N A  w as precipitated w ith  l/10,h volume of 3M  N a-aceta te  and double 

volu m e o f ice-cold 99% ethanol. A fte r  washing with 80%  e th a n o l, the DNA w as 

dried , d issolved in T E  buffer and stored  at -20°C.

3.1.3.3. Quantification of DNA

T w o  m ethod s were fo llow ed fo r  quantification o f D N A  w hich  were: (a) 

Spectrophotom etric method: T h e o p tica l density (OD) o f  th e  isolated  DNA w as 

m easu red  a t 260 and 280 run w avelen gth  (Specord 50, A n aly tik jen a) to assess the 

q u ality  and quantity, (b) Gel a n a ly s is : T he genomic D N A s a lo n g  w ith  A DNA were 

run in  a 0 .8%  agarose gel, the g el w as stained by ethidium  b ro m id e  solution and 

v isu alized  using UV illum ination and documented by  K o d ak  B io doc system. The 

D N A s w ere  quantitated by  com p arin g  w ith the intensities o f  kn ow n  concentration 

o f  A D N A .
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3.2. EXPERIM ENT 2 : DNA FINGERPRINTING OF SOME V A RIETIES AND 

ACCESSIONS OF JUTE

3.2.1. Plant m aterials

A total of 18 ju te  genotypes (Table 3 .1) in clud ing six varieties and fiv e  accessions 

from  C orchorus capsu laris  and four v arie ties  and three accessions fro m  Corchorus 

olitorius  w ere used  fo r fingerprinting analysis.

Table 3.1: L ist o f  18 genotypes with their o rig in  and unique characters.

SI.# Genotypes Origin Unique characters

01 Var. D-154 Local collection, 
PLS

Stem  green, petiole upper side dull coppery red, 
ovate leaves.

02 Var. CVL-1 -do- Full green, leaves lanceolate.

03 Var. CVE-3 Thailand, PLS Stem  green, petiole upper side bright coppery red.

04 Var. CC-45 Egypt Stem  green, petiole upper side light coppery red. 
Photo  insensitive.

05 Var. BJC-83 CVL-1 X Fuleshori Fu ll green, leaf blade wavy, leaves tip  pointed.

06 Var.BJC-7370 PLS Stem  green, petiole upper side light coppery red, 
broad er leaves.

07 A cc. No. 905 Japan H igher harvest index.

08 Acc. No. 1505 Local collection Full green, blue seeded.

09 Acc. No. 1515 Nepal Short field duration.

10 Acc. No. 1833 Local collection Short field duration (40-60 days).

11 Acc. No. 2470 Local collection Stem  red, waterlogging tolerant.

12 Var. 0 -4 Local collection Full green, leaves long & broad, photosensitive

13 Var. 0 -9 8 9 7 0 -5  X B2-5 Full green, leaves lanceolate, short day tolerant.

14 Var. OM-1 Uganda PLS Fu ll green, ovate glossy leaves.

15 Var. 0 -7 2 (0-9897 X 0-2012) 

X 0-9897

Full green, ovate non-glossy leaves.

16 Acc. N o. 1333 Japan Full green.

17 Acc. No. 1805 Egypt Base of stem & stipule red, low tem perature 
tolerant.

18 A cc. No. 1749 Local collection Full green and early maturing.

Note: PLS means Pure Line Selection. 
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F ro m  these genotypes, seed lings (obtained from seed germ in atio n  in petri dishes 

at 30°C  in the dark) w ere used  for D N A  isolation.

3.2.2. D N A extraction

D N A  w as extracted from  each  sam ple following M ethod-I (cited  in section 3.1.3.1).

3.2.3. Method: Random Am plified Polymorphic DNA (RA PD )

T h e basic principle involved in this technique assum es the presence of sam e 

rand om  sequence in inverse orientation  within an am p lified  distance. So that the 

sam e sequence works as forw ard  and reverse prim ers a t m u ltip le loci. In RAPD 

sy stem  usually 10 nucleotides long prim ers are used (G lick  and Pasternak, 2003).

3.2.4. Amplification conditions

D N A  sam ples from 18 ju te  genotypes were am plified w ith  40  arbitrary decam er 

p rim ers (Appendix I) from  O p eron  Technologies, U SA ; 9  p rim ers from set OPAB 

(01, 03, 05, 0 6 ,0 8 ,1 0 , 12, 18 and 20); 10 primers from  se t O P G  (03, 05, 06, 07, 08, 09, 

11, 13, 15, and 16); 10 p rim ers from  set OPH (02, 03, 04 , 0 5 , 07, 10, 12, 13, 14 and 

15); 8 prim ers from set O P Q  (01, 05, 06, 07, 08, 16, 17 an d  20); 1 primer from  set 

O P E  (01) and 2 prim ers fro m  set O PN  (02 and 03). O u t o f  40 prim ers 18 prim ers 

h ad  70%  and the rest 22  p rim ers 60%  GC nucleotides. T h e  reactio n  mixture (25 ml) 

contained  the follow ing: IX  reaction  buffer (20mM T ris -H C l pH  8.4, 50 m M  KC1),

0 .2  m M  dNTPs, 2 m M  M gC h , 60 ng primer, 1.0 unit o f  T aq  D N A  polymerase, and 

25-40  ng genomic D N A . D N A  w as amplified in a th erm al cycler (Eppendorf 

M astercycler Gradient) th at w as program m ed as fo llow s: a fter  preheating for 5 

m inu tes at 95°C; 40 cycles o f  1 m inute at 95°C (d enatu ration ), 1 minute at 40°C 

(annealing) and 2 m inutes at 72°C  (extension), and a fin a l extension  at 72°C for 7 

m inu tes that w as fo llow ed  by  cooling to 4°C. B efore am plification , all the PC R  

chem icals and am p lification  conditions w ere o p tim ized  using different 

concentration of the in gred ients and condition of the P C R  m achine.
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3.2.5. V is u a liz in g  th e  PC R  products

D N A  dye (X ylen e cyanol: 0.25%, B ro m o p h en o l blue: 0.25%  and G lycero l: 30%) 

w as added to  the amplified PCR p ro d u ct and mixed well w ith  g en tle  agitation. 

A fter a m om en tary  spin the PCR p ro d u cts  w ere loaded in the w ells  o f  2%  agarose 

gel. E lectrop h oresis w as accom plished a t 80 volts. Then the g e l w a s  visualized 

under U V  transillum inator follow ed b y  stain ing in ethidium b ro m id e  (0 .5  Hg/ml) 

for 20-30 m inu tes and destaining in d istilled  w ater (Sambrook e t  al., 1989).

3.2.6. S c o r in g  an d  analyses of data

The am plified  products were scored fo r  further analysis. D u ring  scoring, only 

intense clearly  resolved am plification p rod u cts that were rep rod u cib le  in  multiple 

runs w ere considered  for further analysis. The DNA frag m en ts  th at were 

am plified  b y  a given primer were scored  as 'Y  for presence or '0 ' fo r  absence of a 

particular locu s fo r all of the genotyp es th at w ere studied. A  c lu ster analysis was 

accom plished using the software ST A T IST IC A  version 3.0 (S tat S o ft, 1994).

Study o f sequ en ces of simple sequence rep eats  (SSR) enriched clon es com m ercially 

developed u sing  the genome of C orchorus olitorius variety 0 - 4  w a s  undertaken. 

The raw  sequences w ere edited and used  for designing fo rw ard  and reverse 

prim ers o n  th e  b asis of the flanking re g io n  o f the repeats (A pp en d ix II). A  total of 

16 g en o ty p es o f  w hich varieties D -l  54 , C V L-1, CVE-3, C C -45, B JC -83 , BJC-7370 

from  C orchorus capsularis  and varieties 0 - 4 ,  0 -9 8 9 7 , OM-1, 0 - 7 2  and  accession no. 

1805 from  C orchorus olitorius (d escrib ed  in Table 3.1) w as used  for SSR 

am plification . T h e characteristics o f  th e  5  remaining genotypes su ch  as BJC-2142 

(C. capsu laris), SD LT-1, SDLT-2, S D L T -3  and advanced b reed in g  line 7/95 (C. 

olitorius) are  cited  in Table 3.2.
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T ab le  3.2: List of jute v arieties and accessions used fo r S S R  analysis

Genotypes Species Origin Unique characteristics

SDLT-1 O litorious Exotic (PLS) Full green, b lue seeded, short day tolerant

SDLT-2 O litorious 0 - 4  X Uganda red Brown seeded, red, photo insensitive

SDLT-3 O litorious 0 - 4  X  Uganda red Brown seeded, red, less photosensitive

Line 7/95 O litorious
Advanced 

breeding Line
Short day tolerant

BJC-2142 Capsularis C C-45 XS-718 Blue seeded, snow  white fibre, early

D N A  isolation, quantification, PC R  analysis, v isu alizatio n  o f PCR products, 

scoring  of gel and finally an alysis the data were alm ost s im ilar to  that of the R A PD  

system . There was little d ifferen ce  in  PCR conditions an d  visualizing the am plified 

prod ucts in the gel system . A s  the product size ranged  fro m  150 to 300 bp, high 

resolution polyacrylam ide g e ls  w ere  used instead o f ag a ro se  gel in this system.

3.2 .7 . T herm al cycling p r o f ile  u sed  in  PCR w ith  S S R  p r im e rs

T h e therm al cycling p rofiles th at w ere program m ed to  am p lify  the 16 genom es by  

Polym erase Chain R eaction  (P C R ) for 35 cycles w ere as  fo llow s:

T em p eratu re T im e Z o o
In itia l denaturation 95°C 5 m inu tes 1 (First)

D enaturation 95°C 30 second s 35

A nnealing 58°C 40 seco n d s 35

E longation 72°C 30 seco n d s 35

Final elongation 72°C 5 m inu tes 1

For different primers, d ifferen t annealing tem peratures w ere  employed. For SSR  

prim ers the optimum an n ealin g  temperature used w as in  the range o f 55° to 62°C .
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3.3. EXPER IM EN T 3 : DEVELOPM ENT OF MOLECULAR M A R K ER  FOR

LEAF SHAPE AND LEA F GLOSSINESS CH A RA CTER OF JUTE

This ex p erim en t w as actually d esign ed  to develop m olecu lar m arker(s) for 

w aterlo g g in g  tolerance (an im p ortan t environm ental stress) in  C. olitorius jute 

because, th e  yield  and quality o f  C. olitoriu s  jute is better than  C. capsularis but 

highly sen sitiv e  to waterlogged con d ition . N o C. olitorius g en o ty p es w ere reported 

as w aterlo g g in g  tolerant earlier; in  th e  recently passed, a g e n o ty p e  (Corchorus 

olitoriu s  var. In cisifo liu s) was rep orted  as  flood tolerant (N ew az , 1983). A cross 

w as m ad e b etw een  C. olitorius flood  sensitive variety 0 - 4  and to leran t genotype 

Incisifolius. T h e F2 populations w ere  raised by selfing Fi in  e arth en  pots and 

norm ally  g ro w n  for 60 day s  w ith th eir p arents follow ing BJR I stan d ard  cultivation 

procedure (B JR I, 1996). A concrete tan k  w as prepared to acco m m o d ate  the pots 

w ith p aren ts  and F2 plants. The w a te r  height in the tank w as in creased  gradually 

fo r c re a tin g  artificial w aterlogged co n d itio n  with slight current m a d e  possible by 

using w a te r  pum p. All possible e ffo rts  w ere made to create an  artific ia l flooding 

cond ition , w h ich  w as very close to  th e  natural one. The w a te rlo g g ed  condition 

w as m ain ta in ed  fo r 30 days w ith  c lo se  observation o f the p la n t characteristics. 

D uring w aterlogg ed  condition, p ro fu se  adventitious roots w e re  form ed and the 

plants lo o k ed  healthy. After 30 d ay s, w ater was receded g rad u ally  until dry. 

H ow ever, no plants including even  th e  tolerant parent survived . T h is  experiment 

w as rep ea ted  tw o more times, but the result w as same. This m a y  have been due to 

the seed  lo t and the different screen in g  procedures. It w as n o t th ou g h t to be wise 

to p roceed  w ith  this m aterial fo r the developm ent o f  flood  to leran t molecular 

m arker. H ow ever, two im portant le a f  characters of the p a re n t Incisifolius were 

observed : (a) leaf texture i.e. leaf g lo ssin ess and (b) leaf structure i.e. leaf serration. 

These tw o  leaf characters su p p ort the plants for thriv ing d rou gh t situation 

(K ulw al e t al., 2003). In xerophytes, the adaptive m echanism  fo r  d rou ght tolerance 

is m o stly  involves in leaf characters.
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L eaves becom e serrated o r  m odified into hair like structure, thick cuticle, sunken 

stom ata  and glossy leaf surface that means all m od ification s involved to m inim ize 

evapo-transpiration loss o f  w ater (Pandey and Sinha, 1978). T hen  the experim ent 

w as further advanced fo r  the developm ent of D N A  m arker for leaf characters. T h e  

y ield  performance o f the advanced populations w as a lso  evaluated.

3 .3 .1 . P lant m aterials

Fou r hom ozygous lines (Fa) w ere developed w ith  sp ecia l reference to leaf sh ap e 

(entire and serrated) and leaf texture (matte and g lo ssy) fo r the developm ent o f 

their molecular m arkers. Ju te  is  a short-day crop. So  it w as possible to grow  tw o  

generations in a year. T h e seeds w ere sow n in early  February ; the plants flow ered  

a fter  minimum vegetative g row th  and set som e fru its. T h e seeds were co llected  

and bulked on the b asis o f  leaf characters after rip en in g  o f the fruits. These seed s 

w ere sow n in early Sep tem b er and harvested in  D ecem ber. T he yield contributing 

characters were also ev alu ated  in com parison w ith  th eir parents at Fs level.

3 .3 .2 . T he w orkin g  m a te ria ls

Six genotypes com p osed  o f 2  parents (variety 0 - 4  and Incisifolius) and 4 

hom ozygous lines (Fs). T h eir identities were as fo llow s:

1 . Pi (parent-1, non -g lossy  and entire leaves). 2. P2 (p arent-2 , glossy and serrated  

leaves). 3. Pi type, 4. P2 type. 5. Pi + glossy leaf typ e and 6. P2 + non-glossy le a f 

type (Figure 3.3).

3 .3 .3 . D N A  iso lation

Seedlings were raised fro m  6 seed samples through germ ination of the seed s on 

m oist filter paper fo r 3  d ays at 30°C in dark. D N A  w a s isolated from seed lings 

using modified D ellap o tra  a t el. (1983) method (d eta iled  in  section 3.1.3.1.).

Bulking the 6 sam ples su ch  as form ed four m ore w o rk in g  D N A  samples:

7. Bulk-1: Entire leaf (1+ 3+ 5) 8. Bulk-2: Serrated  le a f (2 + 4  + 6)

9. Bulk-3: Glossy leaf &  (2  + 4  + 5) 10. Bulk-4: N o n -g lo ssy  leaf (1 + 3+ 6)
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N o w  10 working sam ples, w h ere  2  parents, 4 hom ozygou s lines and 4 bulks for 

d esired  traits were formed.

3 .3 .4 . M a rk e r  developm ent te c h n iq u e s

V ariou s PCR based m ark er techniques such as : (a ) Random  Amplified 

P olym orp h ic DNA (R A PD ); (b) In ter Simple Sequence R ep eats  (ISSR) and (c) 

Sequ en ce  Tagged M icrosatellite S ites (STMS) or Sim ple Sequence Repeats (SSR) 

w ere  used. Forty RAPD (A p p en d ix  1), 15 ISSR (A ppendix III) and 6  SSR (Appendix 

IV) prim ers were used for am plification  of the 10 w o rk in g  D N A  samples. The 

am plified  DNA fragm ents w ere visualized in 2%  ag a ro se  gel under U V  

transillum inator for R A P D  and ISSR am plification and nondenaturing 

polyacrylam ide gels (6% ) w ere  used for SSR am plification . T he PCR products 

w ere  scored  as 'V or '0 ' fo r p resen ce or absence of a p articu lar band respectively 

and analyzed by softw are ST A T IST IC A  version 3.0.

3 .4 . E X PE R IM E N T  4 : S T U D Y  O F THE YIELD  P E R F O R M A N C E  OF FO U R

H O M O Z Y G O U S L IN E S  OF T O S S A  JU T E  IN  C O M P A R ISO N  

W ITH T H E IR  P A R E N T S

3.4 .1 . P lan t m aterials: Six gen o typ es composed o f 2  p aren ts  (variety 0 - 4  and 

Incisifolius) and four h o m ozy gou s lines (Fs) obtained fro m  the experiment no. 3 

(cited  in  section 3.3.1) w ere  used in this study. T h e m a jo r objective of this 

exp erim en t w as to evalu ate the yield perform ance o f  the hom ozygous lines in  ' 

com p arison  with their parents.

3 .4 .2 . E xperim ental d esig n

T h e experim ent w as cond u cted  follow ing R andom ize C om p lete  Block D esign 

(R C B D ) com posed o f 6 treatm en ts (genotypes) and 6 rep lication s.
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T he follow ing d ata  w ere  recorded:

1. Plant h eig h t (P H ) in  cm.

2. Basal d iam eter (BD ) in mm.

3. Leaf area p e r  p lan t (cm2).

4. Leaf dry w e ig h t per plant (g).

5. Stem dry w eig h t per plant (g).

6. Bark dry w eig h t p er plant (g).

7. Flow ering (% ) a t 60 days after sow ing  (D A S).

8. Flow ering (% ) a t 120 DAS.

9. Plants n ot flo w erin g  (%) at 120 DAS.

10. H arvest In d ex  (%)

3.4.3. Procedure

Seeds o f the six  g en o ty p es were sow n in  th e  G reen  house prem ises o f  B JR I. The 

unit plot size w a s  6  m 2 (3m x 2m). A s th e  experim ental design w a s  R C B D ; a 

com plete set o f  trea tm en ts i.e. 6 genotypes w ere  em ployed in the 6  b lo ck s. The 

treatm ent in e a ch  p lo t w ithin a block w as ran d om ly  selected. A fter germ ination , 

different cultural p ractices were carried o u t as  p er BJRI recom m endations (BJRI, 

1996). All the a b o v e  d ata  were recorded at th e  tim e o f harvest i.e. 120  d a y s  after 

sow ing except o n e; w h ich  w as the flow ering d ata  taken at 60 DAS. S ix  p la n ts  w ere 

randomly se lected ; after measuring the p la n t height and basal d iam eter; the 

leaves, stem  and b a rk  w ere separated fro m  each  plant and dried in  an  ov en  at 

70°C for abou t 7 2  hours until constant w e ig h t w as determ ined. L ea f a rea  w as 

measured by  p o rta b le  leaf area m eter (A rea M eter A M 100, ADC B io scien tific  Ltd.) 

and H arvest In d ex  (H I) w as calculated u sing  the follow ing formula:

H arvest Index (% ) = Econom ic yield (here bark)/Biological yield (exclu d ing  root) X 

100. The collected  d ata  w ere analyzed sta tistica lly  using M STAT p rog ram m e.
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3 .5 . EX PERIM EN T 5 : D E V E L O P M E N T  O F D N A  M A R K E R  F O R  LOW 

T E M P E R A T U R E  TO LER A N C E IN JU T E

3 .5 .1 . P lan t m aterials

Seed s of 6 Corchorus o litoriu s  L. genotypes (Table 3 .3 ) com posed of 2  low  

tem perature sensitive v arie ties  ( 0 -4  and 0 -9897) and 4  low  tem perature tolerant 

accession s (Acc. no. 1540 1805, 1852 and 2015) and Fi and F2 seeds and plants w ere 

used  in this study.

T ab le  3.3: List of six gen o ty p es, Fi and F2 seeds and plants.

SI. no. Species Genotypes Source

1 Corchorus olitorius L. Variety 0 -4 Bangladesh. Pure line selection

2 Corchorus olitorius L. Variety 0-9897 Hybridization between var. 0 -4  

and Brazilian var. BZ-5

3 Corchorus olitorius L. Acc. no. 1540 India

4 Corchorus olitorius L. Acc. no. 3805 Egypt

5 Corchorus olitorius L. Acc. no. 1852 Bangladesh

6 Corchorus olitorius L. Acc. no. 2015 India

7 Fi and F2 seeds and plants.

3.5 .2 . D evelopm ent o f  F i and  F2 seeds and p lan ts

T w o low  tem perature sensitive cultivars and 4 to leran t accessions reported by  

B egu m  et al. (1998) w ere  prelim inarily selected as  stu d y m aterials. Finally tw o 

genotypes such as cu ltiv ar 0 -9 8 9 7  and accession no . 1805  were selected fo r  

detailed  study as low  tem perature sensitive and to le ra n t parents respectively. A 

cross w as made b e tw e e n  th ese tw o parents w here cu ltiv ar 0 -9 8 9 7  w as the seed  

parent. The hybrid (F i) seed s w ere produced and ev alu ated  by  germ ination in  an 

incubator in normal and lo w  tem perature (16°C) s tre ss  condition.
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The F2 seeds w e re  obtained by selfing F i. A  good number o f seg reg atin g  F2 

populations w as raised by differentiating th e  co ld  tolerant (16°C) and sensitive in 

an Envoron A ir  G row th  Cabinet. The environm ental conditions in  th e  cabinet 

w ere 16°C tem p eratu re , 70-75% relative hu m id ity  and a light period o f  1 2 .5  hours 

having light in ten sity  o f around 30,000 lux.

3.5.3. D N A  e x tra c tio n

Genom ic D N A  w a s extracted from young leav es of the parents, sen sitiv e  and 

tolerant F2 p lan ts  follow ing the m odified p ro to co l from D ellaporta e t  al. (7983, 

detailed in se c tio n  3.1.3.1.). A total nu m ber o f  114 DNA sam ples co m p o sed  o f 2 

parents, 50 co ld  sensitive and 62 co ld  to leran t Fz were taken  fo r  m arker 

developm ent stu d ies. The DNA w as R N ase-treated  and subsequently quantified 

on 0.8%  ag aro se  gel by  comparison w ith k n o w n  concentration o f stan d ard  lam bda 

DNA.

3.5.4. T e c h n iq u e s  fo r  m arker stu d ies: In  th is study, 4 PC R  b ased  m olecular 

m arker sy stem s w ere  employed, w hich w ere:

1. R A P D : R an d om  Amplified P o ly m o rp h ic  D N A . Single d ecam er 40  random 

prim ers (A ppendix I) were used fo r  detecting polym orphism  am on g the 

study m ateria ls.

2. IS S R : In te r  Sim ple Sequence R ep eats. S in gle  15 p r im ers  (A p p en d ix  111) were 

used in  th is experiment, w here 10 prim ers were single o r  di-nucleotide 

anchored  at 5' end of the SSR m o tif and 5 primers w ere sin g le  nucleotide 

anch ored  at 3' end.

3. A FLP: A m plified  Fragment L en g th  Polym orphism . T w o ad ap ter ligated 29 

p rim er com binations (Appendix V) w ere  used.
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4. S S R : S im p le Sequence Repeats o r  Sequence Tagged M icro sate llite  Sites 

(STM S). S ix  specific forward and reverse  primers (Appendix II; designed  by 

considering the SSR flanking reg ion ) w ere used. A nother 4 7  S S R  primers 

w ere ob tain ed  but could no t b e  used for analyzing th e  segregating 

p op ulations because of the d eg rad atio n  of the isolated F 2 D N A s. A 

m apping population is being d ev elop ed  using recom binant inbred  lines 

through single seed descent (SSD ) technique for future use.

3.5.5. C lo n in g , se q u e n cin g  and d e s ig n in g  o f  SC A R  prim er

The D N A  fragm en t, associated w ith low  tem perature tolerance w a s  iso la ted  from 

gel, cloned in  Escherichia coii (strain d H 5 a ) using vector pU C 18 and  sequenced. 

From  the sequence, forward (F) and reverse (R) o ligonu cleotid e sequence 

characterized am plified  region (SC A R ) prim ers were designed, su ch  that the 

original 3' end  o f the RAPD primer w a s  n o w  positioned at the 5' end  o f  the SCAR 

prim er (G uo e t al., 1997). This included 10 b ases  of the original R A P D  prim er, plus 

the next ten  to  fifteen  3' bases of the g e n o m ic  sequence. On the b a sis  o f  sequence 

inform ation the designed SCAR prim ers w ere  used.

3.5.6. In v erse  P C R

To know  the upstream  sequence o f  th e  D N A  fragment asso cia ted  w ith  low 

tem perature to lerance, a plan w as d esign ed  to rescue the to ta l g en e  sequence 

using inverse P C R  (Figure 3.1). D N A  isolated from b oth  the p arents was 

com pletely d ig ested  w ith enzyme B am -H I. T he fractionated D N A  o f  abou t 1 to 6 

kb size w as iso lated  from the gel an d  se lf ligated (using T 4  D N A  ligase) at 

different D N A  concentration and tem p eratu re. PCR analysis w as p erform ed  with 

the ligated  p rod u cts w ith SCAR prim ers.
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Inverse PCR

G en o m ic  D N A  iso la ted  from 

tw o  ju te  parents

i
C om plete  D igestion  w ith  Bam -HI 

M  1 2

*  F ractionated  D N A  o f  size 
betw een  1200bp and  6kb

S e lf  L igation  to form  circu lar DNA: 
Legend a t d ifferen t D N A  concentration  and
M: M aiker tem perature
1: Variety 0-9897 
2: Acc. No. 1805

PCR w ith  inverse prim ers to  prom ote 
am plification

Figure 3.1: Flow  chart o f Inverse PCR

3.5.7. B io in fo rm atics  an a ly sis  o f  the D N A  seq u en ce  asso cia ted  w ith  cold 

to leran ce

Sequences w ere cleaned o f vector and am biguous data and analyzed w ith gene 

prediction softw are to find open reading fram es (O RF) and possible exon/intron 

boundaries. Sequences w ere also subm itted in BLA ST program s (BLA STn and 

tBLA STx) to search fo r conserved dom ains and sim ilar sequences present in the 

D N A  data bank.
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3 .5 .8 . R N A  Isolation and R T -P C R

T o ta l R N A  was isolated w ith  T rizo l (GibcoBRL) from  th ree  days old seedlings 

g ro w n  in  the dark. The in teg rity  o f  RNA was checked in  form aldehyde gel and 

w a s accepted when their ra tio  o f optical density at 260  n m  and 280 nm w as 

b e tw e e n  1.9 and 2.0. T he m R N A  w as extracted using g en E lu te  (Sigma). Reverse 

tran scrip tion  (RT) was carried  o u t w ith Superscript III (In v itro g en ) using Oligo dT- 

20  in  a thermocycler fo llo w in g  the instruction m anual. T h e P C R  was carried ou t 

u nder standard conditions w ith  4  pi of the RT product in  a 25  pi reaction volum e 

con ta in in g  specific prim ers, G  A G  AGC A C IT T  A A A G T T G  G G  and TCA AG A ATC 

T G A TC T G G T G  as forw ard an d  reverse, respectively, b o th  designed  from the O R F 

reg ion . The amplification w a s  carried out in a th erm ocycler program m ed at 94°C  

fo r 5  minutes; follow ed b y  30  cycles o f 30 seconds at 9 4 °C (denaturation), 30  

seco n d s for 60°C (annealing) and 60 seconds at 72°C  (exten sion ) and the final 

ex ten sio n  at 72°C for 5  m inutes.

3 .6 . B IO IN F O R M A T IC S  A N A L Y S E S

Bioinform atics analyses w e re  done w ith the sequence (A pp en d ix VI) obtained 

fro m  the DNA fragm ent asso cia ted  with low tem p eratu re tolerance. Basic local 

a lig nm en t search tool (B L A ST ) searches (Altschul e t a l., 1990) against G enBank 

d atab ases were perform ed  using the N ational C e n te r  for Biotechnology 

In fo rm ation  (NCBI) serv er (http://www.ncbi.nlm .nih.gov). The exon-intron 

d istribution and orientation  w as determined by  "N e tG e n e 2 "  (Hebsgaard, e t  al., 

1996) at CBS, Technical U n iversity  of Denm ark serv er (http://www.cbs.dtu.dk/ 

services/NetGene2/) and b y  "S p lice  Predictor" (Brendel e t  a l., 1998) at Iowa State  

U niversity  server (http://deepc2.psi. iastate.edu/cgi-bin/sp.cgi).

B L A S T n  (version 2 .2 .11): A  nucleotide query w as co m p ared  against a nucleotide 

sequ en ce in the d atab ase . B L A ST x : Com pared n u cleo tid es  query sequence
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translated in  all reading fram es ag a in st a protein sequence d atab ase . tBLA STx: 

C o m p ares th e  six frame translations o f  a nucleotide sequence d a ta b a se  (it is used 

to id en tify  clu sters of genes in large d u p licated  segments).

P S I-B L A S T  (version  2.2.11): P ositio n  specific iterated (PSI) B L A S T  is a more 

pow erful v ersio n  of BLAST that is u sed  to uncover several n ew  and interesting 

m em bers o f  the family.

3.7. CO N STRUCTIO N  OF D EN D RO G RA M  AND LINKAGE G R O U P

The am p lified  PCR products w ere analyzed  running through d ifferen t percentage 

o f  ag a ro se  and polyacrylam ide gel an d  scored as '1 ' or '0 ' fo r  p resen ce  or absence 

o f a p articu lar band respectively. T h e  d ata w ere analyzed fo r dend rogram  and 

linkage grou p  form ation using so ftw are  STA TISTICA  v e rs io n  3.0 and 

M A P M A K E R  version 3.0 (LOD >3.0 and m axim um  distance <50 cM ) respectively.
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R E S U L T S  AND D IS C U S S IO N

A s review ed jute is a new  crop  in  the field of m olecular b io log y  and quite d ifferent 

from  other agricultural crop s. T he desired part o f m o st o f the agricultural crop s is 

fru it or seed. But the fibre, obtained from  ju te  is  the phloem  tissue. T h e 

developm ent of this cro p  through molecular ap p ro ach  is unlike other crops; 

therefore, it is necessary to  standardize every step  fo r the study of this crop. T h e 

results are presented exp erim en t w ise and discussed separately .

4.1 . EXPERIM EN T 1: M E T H O D  FO R Q U A L IT Y  D N A  ISO L A T IO N  F R O M

D IF F E R E N T  P A R T S  O F JUTE P LA N T

4.1 .1 . R ESU LTS A N D  D IS C U S S IO N

In any molecular b io lo g y  w ork, the quality of D N A  is m ore im portant than its 

quantity for digestion, lig ation , cloning and sequencing. But isolation of quality  

D N A  from jute is very  d ifficu lt because of the p resen ce o f polysaccharides and 

o th er m etabolites. In  th is  study, tw o m odified m eth o d s (cited here as M e th o d -I 

and M ethod-II, D ellap orta  e t  al., 1983 and D oyle an d  D oyle, 1990 respectively), 

and four types of p lan t m ateria ls (seed, seedling, y o u n g  leaf and old leaf) from  

tw o  species of jute (C orchorus capsularis variety D -154  and Corchorus olitorius  

variety 0-9897) w ere used . T h e basic difference b etw een  the tw o m ethods is the 

usage of phenol. D N A  extractio n  following M e th o d -I (w ithout phenol) show ed 

(Table 4.1) that, the ratio  o f  the optical density (O D ) m easured  at 260 and 280 run 

ranged from 1,71 to  2 .11 . T hese values were very c lo se  to  the ratio 1.8 indicating 

that it w as good qu ality  D N A . It is interesting to  n o te  th at no DNA w as found 

from  seed sam ples fro m  b o th  the species. It w a s  suspected  that the C T A B  

extraction buffer failed  to  disrupt the cell w alls o f  the com pact seed tissue to 

release DNA.
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T o  con firm  this, the experim ent w as repeated  with increasing ly se s  period from 

one to  fou r hours but the results rem ain  unchanged. The am o u n t o f  D N A  obtained 

ranged fro m  58.76 to 98.97 p e r  g  o f  tissue. The quality an d  quantity of the 

isolated  D N A  w as also reflected o n  0 .8%  agarose gel (F ig u re  4 .1 ). The DNA 

isolated fo llow in g  M ethod-II (w ith  phenol) showed (T able 4 .1 ) th at the ratio 

O D 260/280 nm  ranged from 1.27 to  1.78, ind icating a wide range o f  quality .

T able 4 .1 : Q uality and quantity assessm en t o f  DNA isolated fro m  different plant

p arts  and methods.

G en otyp e and 
M eth od

Sam ples O D  260/280 T o ta l D N A  
(fag/g o f  tissue)

C orchorus capsularis  
V ariety  D -154

Seeds N o DNA N o  D N A

Seedlings 1.75 68 .23

M ethod-I
Young leaves 2.11 58 .76

Old leaves 2.06 66.91

C orchorus olitorius  
V ariety  0 - 9 8 9 7

Seeds N o DNA N o  D N A

Seedlings 1.72 68 .6 7

M ethod-I
Young leav es 1.89 88 .23

Old leaves 1.71 98 .97

C orchorus capsularis 
V ariety  D -154

Seeds 1.73 97 .3 0

Seedlings 1.78 86.80

Young leav es 1.35 47 .47
M etn oa-ll

Old leaves 1.30 50 .20

C orchorus olitorius 
V ariety  0 - 9 8 9 7

Seeds 1.60 110.00

Seedlings 1.68 63.38

M ethod-II
Young leav es 1.27 45 .50

Old leaves 1.29 49 .00
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The ratio  o f the D N A  isolated from  seeds and seedlings from  b o th  species w as 

very d o se  (1.60 to  1.78) to 1.8, but D N A  obtained from  young and old  leaves w ere 

poor in quality, w hich w as also reflected on the agarose gel (Figure 4 .1). It w as 

observed that the D N A  in  the lanes 1 1 ,1 2 ,1 5  and 16 failed  to m igrate in the gel at 

the sam e rate as the others. T his could be due to the presence o f oth er im purities 

like protein. Proteins associated  w ith  the isolated D N A  could n ot be rem oved w ith 

phenol. The presence o f such proteins m ay have retarded the m igration rate 

decreasing the quality o f the isolated D N A . T he yield o f  D N A  ranged from  45.50 

to 110.00 fig per g  o f tissue (Table 4.1). The quantity o f D N A  is also  dependent on 

the am ount o f ground tissue harvested and collection o f the supernatant.
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Figure 4.1: G enom ic D N A  in  0.8%  agarose gel.

From  the study, it m ay b e  concluded that M eth o d -I is suitable fo r isolating D N A  

from  seedlings and leaves but n ot from  the seeds. O n the other hand, M e th o d -II is 

effective for all sam ples, how ever, com prom ising o n  the quality o f D N A  isolated 

from  leaf sam ples. If  the sam ple is lim iting, as in the case o f dead seeds, then 

M e th o d -II is likely to  be m ore suitable.
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4 .2 . EX PERIM EN T 2 : D N A  F IN G E R P R IN T IN G  O F  S O M E  V A R IE T IE S  A N D  

A C C E S S IO N S  O F JU TE

D N A  fingerprinting o r  m olecular identity o f ju te  genotypes, particularly fo r the 

varieties, is very im p ortan t. In  m ost of the cases th ere  is no way to d ifferentiate 

the varieties of sam e sp ecies at seed level. A  ju te  breeder m ay also b eco m e 

confused to identify a particular variety at seed level. A s a result, the unfair seed 

dealers use this w eak n ess to  cheat the innocent farm ers b y  supplying poor quality  

seed s in the nam e o f g o o d  varieties. So DNA fingerprin ting is necessary to  p ro tect 

such biopiracy.

4 .2 .1 . RESU LTS

Eighteen genotypes o f  tw o  species of jute, C orchorus capsularis L. and C orchorus  

olitorius  L. were used in  this study. A m plification o f  the isolated genom ic D N A  

from  each of the 11 ju te  varieties and 7 accessions u sing  all 40 prim ers, revealed  a 

variety  of RAPD p attern s  (Figure 4.2, 4.3, 4.4 and 4 .5 ). A  total of 140 scorable loci, 

D N A  fragments or R A P D  m arkers were observed, o f  w hich 19 or 13.57%  loci did 

n ot show polym orphism , 50 or 35.71% loci w ere  able to show  in tersp ecific 

polymorphism , 50 o r  35 .71%  loci showed p olym orp h ism  am ong the C. capsu laris  

genotypes, 20 or 14 .2 8 %  loci were found p o ly m o rp h ic  am ong the C. olitorius  

genotypes and the rem ain in g  71 or 50.71% loci sh o w ed  polym orphism  am ong the 

genotypes of both  the sp ecies. Am ong these 40 p rim ers, 25 produced am plification  

but failed to d ifferen tiate  the species or varieties, 3  failed  to am plify and on ly  12 

w ere able to generate gen etic  variability b etw een  d ifferen t cultivars and accession s 

o f jute. They w ere Q P A B -03 , OPAB-O8, O PA B-18, O P G -03, OPG-05, O PC -08, O P G -

10, OPH-04, O PH -12, O P H -19, OPQ-16 and O P Q -17  (T able 4.2). The Tables 4 .2  and 

4 .3  show the nu m ber o f  am plified fragm ents ag a in st genotypes and prim ers and 

num ber of band d ifferen ce  obtained by the R A P D  prim ers and square Euclidean 

distances betw een g en o ty p es, respectively.
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T h e am plified  products w ere sco red  and used for constru ction  o f  a dendrogram 

(Figure 4 .6) as well as for d eterm inin g their genetic distances. T a b le  4 .3  shows two 

triangular sections. The upper p o rtio n  of triangle show s the nu m ber of band 

d ifferences betw een the pairs o f  ju te  sam ples, and the lo w er trian g le  shows the 

d istan ces betw een the jute genotyp es, respectively. From  th ese  data, distinguish 

b etw een  the C. olitorius and C. capsu laris  genotypes (varieties and accessions) could 

easily  b e  illustrated.

SSR  analyses w as perform ed in  the sam e way as R A P D  an alyses and results 

show n in Figure 4.7 was very  sim ilar to that o f R A P D  analyses (a little 

m od ification  m entioned in section  3 .5 .4).

T h e polym orphism s obtained fro m  SSRs were used to  e s tim a te  the genetic 

d istan ce o f  the 16 genotypes u sin g  the unweighted p air-grou p  average (UPGA). 

T he gen etic  distance w as estim ated  and organized in m atrices an d  the associations 

am on g  the 16 jute genotypes w ere  revealed by cluster an a ly ses (Figure 4.8) 

applying the unweighted p air-grou p  m ethod w ith arithm etic av erag es (UPGMA). 

A m on g the 47  SSR prim ers screen ed , 28 of them  produced g o o d  amplification 

p rod u cts th at detected p olym orp hism  betw een the sp ecies (C. capsularis and C. 

olitorius). T he am plification p rod u cts generated 197 b an d s fro m  28 SSR primers. 

M ost o f  the polym orphic bands (184) distinguished b etw een  th e  tw o jute species. 

A  very  low  percentage of p olym orp h ic bands were observed am o n g  the genotypes 

w ithin species. These prim ers gen erated  the highest p ercen tag e  o f  polymorphism 

w ith in  each  species: 40.60%  for C. olitorius  and 6.60% for C. capsu laris.
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Figure 4.2: RAPD profile am plified w ith  prim er O PH -12
Arrow indicates inter and intra specific polymorphism
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Figure 4.3: Polym orphism  am plified w ith RA PD  prim er O PH -04 
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T ab le  4.2: Num ber o f  am plified  fragments scored ag a in st genotypes and p rim ers

Genotypes
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D-154 4 8 6 4 7 3 6 4 8 2 9 6 67

CVL-1 4 9 6 4 9 5 6 7 8 2 9 6 75

CVE-3 4 10 6 4 11 5 5 8 10 2 9 6 80

CC-45 4 10 6 4 13 5 6 8 9 4 9 6 84

BJC-83 4 10 6 4 13 5 5 8 9 6 9 6 85

BJC-7370 4 10 7 4 13 5 4 8 10 7 9 6 87

Acc. 905 4 10 6 4 12 5 7 8 10 5 9 6 86

Acc. 1505 5 8 6 4 9 5 5 8 9 4 9 6 78

A cc. 1515 5 11 6 5 9 5 7 8 10 5 9 6 86

Acc. 1833 5 10 7 4 13 5 6 10 9 6 9 6 90

Acc. 2470 5 9 6 5 13 4 6 7 8 7 9 6 85

OM-1 4 8 4 13 9 4 6 8 8 4 6 5 79

0-9897 3 7 3 5 8 3 6 11 9 6 6 5 72

0 -4 3 7 3 6 8 3 7 10 8 7 6 5 73

Acc. 1333 4 7 3 6 9 4 4 8 8 5 6 3 67

Acc. 3828 3 7 3 5 9 4 7 8 10 4 6 4 70

0 -7 2 3 7 3 5 8 1 6 8 6 7 6 5 65

Acc. 1805 3 7 3 5 8 3 5 4 8 4 4 5 59

Total band 71 155 90 91 181 74 104 141 157 87 139 98 1388
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T a b le  4 .3 : Num ber of band d ifferen ce and Square Euclidean D istan ces between 

ju te  genotypes

Number of Band Differences
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D -1 5 4 0 8 13 17 18 2 0 19 n 19 23 18 12 5 6 0 3 2 8

C V L -1 12 0 5 9 10 12 11 3 11 15 10 4 3 2 8 5 10 1 6

C V E -3 17 9 0 4 5 7 6 2 6 10 5 I 8 7 13 10 15 2 1

C C -4 5 19 1! 6 0 1 3 2 6 2 6 1 5 12 11 J 7 14 ] 9 2 5

B J C - 8 3 2 2 14 7 3 0 2 1 7 I 15 0 6 13 12 18 15 2 0 2 6

B J C - 7 3 7 0 2 8 16 11 9 6 0 1 9 1 3 2 8 15 14 2 0 17 2 2 2 8

A cc . 9 0 5 2 4 16 13 11 10 12 0 8 0 4 1 7 ! 4 13 19 16 21 2 7

A cc . 1 5 0 5 2 0 16 19 17 16 18 10 0 8 12 7 1 6 5 11 8 13 19

A cc . 1 5 1 5 2 4 2 0 21 21 2 2 2 2 12 12 0 4 1 7 14 13 19 16 21 2 7

A cc . 1 8 3 3 2 4 14 13 7 6 8 12 16 22 0 5 11 18 17 23 20 2 5 31

A cc . 2 4 7 0 2 6 2 4 27 21 2 0 2 0 2 4 2 6 30 16 0 6 13 12 18 15 2 0 2 6

O M -l 8 4 8 4 87 87 9 0 8 8 9 4 88 8 4 9 0 8 2 0 7 6 12 9 14 2 0

0 - 9 8 9 7 8 0 8 2 85 85 8 6 8 4 9 0 84 82 84 8 2 1 8 0 1 5 2 7 13

0 ^ 1 7 9 83 84 84 85 8 5 8 9 87 81 85 7 9 17 7 0 6 3 8 14

A cc . 1 3 3 3 8 7 89 90 92 91 8 9 8 7 81 7 9 93 83 2 1 17 16 0 3 2 8

A cc . 3 8 2 8 8 4 8 8 87 87 9 0 9 0 8 4 82 78 9 4 8 8 2 0 16 17 11 0 5 11

0 - 7 2 7 9 81 86 86 8 7 85 83 79 75 89 85 2 7 13 18 16 17 0 6

A cc . 1 8 0 5 7 2 7 8 8 5 85 8 8 8 8 86 80 76 9 0 8 4 2 6 2 0 23 19 20 19 0

Square Euclidean Distances
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Figure 4.6: A dendrogram  using RA PD  data w ith  cultivars and accessions o f ju te
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Figure 4.7: Ju te  genotypes (16) am plified w ith  SSR  prim ers in PA G E
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Figure 4.8: A  dendrogram  for 16 stra in s o f jute using SSR markers

4.2 .2 . D IS C U S S IO N

From  the data p resen ted , the molecular m ark ers th at w ere generated ca n  identify 

D N A  of ju te  v arie ties  and accessions am p lified  w ith  12 RAPD p rim ers. The 

experim ent w as p rim arily  based on 40 d ifferen t 10-m er oligonucleotide prim ers 

that w ere scored in  10 ju te varieties and 8 accessions. A m ong the 40  p rim ers, 12 

generated su b stan tia l differences betw een in ter  and intra specific polym orphism . 

O nly fragm ents reproducible in the su b sequ en t attem pts were con sid ered  for 

docum entation. W eak  and spurious bands w ere  no t included in the analysis. Table 

4 .2  show s that th e  p rim er OPG-05 is able to  prod uce a total of 181 b an d s (average 

10.06 bands per g en o ty p e) in 18 genotypes and the highest number (13 b an d s) w as 

recorded in 5 C. capsu laris  genotypes. O n  the o th er hand the low est n u m b er (71 or 

3.94 bands per g en o ty p e) w as recorded in  p rim er OPAB-Q3.

C orchorus olitorius

Z H

C orchorus capsularis

Results and Discussion 76

Dhaka University Institutional Repository



F ro m  the calculation it w as a lso  observed that the av erage num ber of bands per 

gen otyp e per primer w as h igher (6.84) in C. capsularis th an  in  C. olitorius (5.77).

T h e  highest number o f  band  difference (31) w as found betw een C. capsularis 

accession  no. 1833 and C. olitorius  accession no. 1805 (T ab le 4.3). The average 

g en etic  distance am ong the C. olitorius  genotypes (18  units) w as higher than C. 

capsu laris  (16.40 units) and the d istance betw een the sp ecies w as 86.10 units. D N A  

fingerprints that w ere ob ta in ed  by RAPD analysis revealed that al! the 18 

gen o typ es from b oth  sp ecies (nam ely D-154, CVL-1, C V E -3 , CC-45, BJC-83, BJC- 

7370, acc.905, acc.1505, acc.1515, acc.1833, acc.2470, O M -1, 0 -9 8 9 7 , 0 -4 , acc.1333, 

acc.3828, 0 -72 . and acc.1805) w ere genetically distinct. A  dendrogram  (Figure 4.6) 

w a s  constructed using the program m e STATISTICA  v ersio n  3 .0  (StatSoft, 1994), 

based  on the genetic d istan ce m atrix (Table 4.3). The relationsh ip  that is portrayed 

by  this clustering also agreed  w ith  the available p ed ig ree inform ation (H ossain et 

al., 2002). Two m ajor clu sters representing two species w ere  resolved am ong the 

genotyp es that w ere exam in ed  in  the study. All C. capsu laris  genotypes belonged 

to  one and the C. olitoriu s  genotyp es to the other clu ster, here  mentioned as C. 

capsu laris  and C. olitorius  cluster. T he study also revealed  th at the two jute species 

a re  distantly related w ith  h ig h  level o f similarity w ith in  species, thus confirm ing 

previou s reports. O n the b asis o f cluster analysis, p a ir w ise genetic distances, 

reported  by Basu e t al. (2004) that the tw o ju te  sp e c ie s  are  widely separated. 

Presence of distinct p attern s o f diversity betw een the tw o species was also 

reported  by Palit e t al. (1996). Such distinction co rro b o rates w ith previous 

hypothesis that the tw o  sp ecies originated from  tw o  different geographical 

locations: C. capsularis o rig in ated  from  the Indo-Burm a reg ion  and C. olitorius from  

A frica (Kundu 1951). T h e  resu lts agree with Basu e t al. (2004), suggesting that the 

tw o  species are indeed allopatric, sharing certain co m m o n  alleles. This could be 

related  to the strong sexual incom patibility barrier b e tw e e n  these tw o cultivated 

ju te  species, which do n o t cross-fertilize (Patel and D a tta , 1960; Sw am inathan et 
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a l., 1961). Sim ilar results w ere  obtained by H ossain e t  al. (2002, 2003) and Basu e t 

al. (2004) in jute.

T h e genetic distance (fro m  distance matrix show n in  T ab le  4.3) am ong the 

gen o typ es within C. capsu laris  cluster ranged from  3  to 30 units. The m inim um  

d istan ce  (3 units) w as ob served  between variety C C -45 and BJC-83 and w as 

m axim um  (30 units) b e tw e e n  acc. no. 2470 and 1515. O n  the other hand, the 

g en etic  distance am ong the genotypes within C. olitoriu s  cluster ranged from 7  to  

27  units. The minimum d istan ce  (7 units) w as recorded b etw een  variety 0 - 4  and 

0 - 9 8 9 7  and w as m axim um  (27  units) between variety  O M -1 and 0 -7 2 . These data 

correlated  with the field ob serv atio n  in case of C. olitorius  w ith  little discrim ination 

in  C. capsularis. In C. o litor iu s , variety 0 -4  and 0 - 9 8 9 7  are  phenotypically very  

close. The basic d ifferen ce is the photosensitivity (var. 0 -9 8 9 7  is short-day 

tolerant). But the gen etic  d istance should be w id er b e tw e e n  the G  capsularis 

variety  CC-45 and BJC -83 accord in g  to their phenotypic characters.

T h is  genetic distance in fo rm atio n  could be useful in  b reed in g  program m es in  

ord er to introduce agron om ically  im portant genes. H o w ev er, more extensive 

m olecular data is need ed  in  order to make a m ore gen era l conclusion about the 

relationship betw een ju te  genotypes. D espite the stro n g  homology that is 

exhibited by the closely re la ted  genotypes, the w ork  d em on strates that it is n ow  

possible to differentiate b etw een  them. Furtherm ore, m o s t o f  the cultivars th at 

w ere studied can be individually characterized w ith  cultivar specific R A P D  

m arkers. The results sh ow  th at if such an analysis w ere  extended to additional 

m em bers of the jute g erm p lasm , particularly to lines w ith  unknown pedigree 

inform ation or from  d iv erse  sources, it would be p o ssib le  to  obtain a detailed  

picture of their genetic relationship .

SSR  primers have b e e n  used  to analyze diverse ju te  germ plasm  and w ere 

com pared with m orp h o log ical and physiological d a ta . O n ce  SSR primers have 
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been ev a lu a ted  fo r their effectiveness in  determ ining genetic d iversity , they would 

provide a  v ery  cost-effective m olecular to o l that could be used in  variou s breeding 

p ro g ram m es o r  D N A  fingerprinting o f  a variety o f cultivars.

In  this stu d y , the first batch of 47 SSR  p rim er pairs were syn th esized  and used for 

scoring  g e n e tic  diversity in 16 g en o ty p es o f  jute. Tw enty-eight o u t o f  the forty- 

seven p a irs  o f primers generated su itable  polymorphic p ro d u cts  in the jute 

genotyp es. A lthough the prim ers w e r e  C. olitorius specific, s o m e  show ed sharp 

ban d s in  C. capsularis. The prim ers revealed  a high percentage o f  polym orphism  

b etw een  th e  tw o species. The p olym orp hism s within C. olitorius  w ere  greater than 

C. capsu laris ; 184 polymorphic b an d s w ere  found betw een th e  tw o  species, 80 

b etw een  C. olitorius, and only 13 b e tw e e n  C. capsularis. T h e resu lt w as able to 

p artition  the genetic diversity at b o th  in ter and intra-specific levels. Although the 

SSR  m ark ers  w ere best at d iscrim inating  between the sp ecies, interspecific 

d iversity  w a s  also determined w ith  m a n y  o f  the primers. T h ro u g h  this study, not 

only w ere  the presence of ju te  sp ecific  SSR s established b u t a lso  polym orphic 

repeat m o tifs  w ere found w ithin sp ecies. The di- and tri- nu cleotid e motifs 

rendered a high number o f highly polym orphic bands. B e s t  results of PCR 

am p lifica tio n  reactions were obtain ed  w ith  the poly (CT, G T , C A , G A , TC, and 

TG ) d in u cleotid e repeats.

A d en d ro g ram  (Figure 4.8) w as constru cted  using the p o ly m o rp h ic  data showing 

the g e n e tic  relation betw een the d ifferen t jute genotypes. I t  show s separate 

clu sters o f  distinct genotypes from  a particular geographical location  such as 

variety  D -154  and CVL-1 of C. capsu laris, which are b oth  o f  Bangladesh  origin, 

in d icatin g  that these are genetically  m ore  related. Sim ilarly v a rie ty  0 - 7 2  and Line 

7/95, tw o  genotypes o f C. olitorius  fro m  the sam e region, w e re  grou ped  together. 

T he cu ltiv ar 0 - 4  and 0 -9 8 9 7 , previously  show n to be cold sen sitiv e  (Begum , 1998) 

has a lso  b ee n  grouped in the sam e cluster.
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T h u s comparisons of m olecu lar to m orphological and physiological data produced 

generally  sim ilar conclu sions o f relatedness am on g  accessions, confirming the 

u tility  o f molecular analysis. Sim ilar result w as o b serv ed  b y  Basu et al. (2004) in  

ju te . A s already m entioned in literature review (sectio n  2.7).

T h e  present study revealed  that the tw o jute species are  d istantly  related. Presence 

o f  distinct patterns o f  d iversity  betw een the tw o sp ecies w as also reported by  P alit 

e t al. (1996). The resu lts thus provide support to the earlier belief that the tw o  

sp ecies originated from  tw o different geograp h ical locations: C. capsularis  

originated from the Ind o-B u rm a region and C. olitoriu s  from  A frica (Kundu, 1951).

T h e  marker system  d em onstrated  a lower percentage o f  polym orphism  w ithin C. 

capsularis  than C. olitoriu s  species. From the d istance m atrix , it w as observed th at 

the average genetic d istan ce  am ong the genotypes o f  C. capsularis  w as only 6 .8 6  

units when it w as 35 .50  u nits in  C. olitorius. T hese fin d in g s revealed that the SSR  

prim ers were m ore e ffectiv e  in C. olitorius than  C. capsularis. This m ay have 

happened because the p rim ers had been developed fro m  C. olitorius genom e 0 - 4 .  

T h e result could be corre la ted  w ith the lower p ercen tage (3 to 4%) of out crossing 

in C. capsularis as op p osed  to 8  to 12% natural cross p o llin ation  within C. olitoriu s  

(G h ose and Gupta, 1945). In the flow er of C. capsularis, the pollen receptive period  

o f the stigma is short and is usually fertilized b efore o r  im m ediately after the p etal 

o p en s (Kundu et al., 1959). T his decreases the chances o f  cross-fertilization th ereby 

decreasing the genetic variability  in C. capsularis. In  C. olitoriu s  flower, the stigm a 

is receptive to pollens fo r  a longer period o f tim e a fte r  the petal opens. T h is  

increases the likelihood o f  cross-fertilization in C. o litor iu s  and hence a greater 

genetic variability than  C. capsularis.
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It has b e e n  further observed that so m e  o f  the wild jute accessio n s o f the two 

species, in  sp ite  of containing diverse m orphological characters, orig inated  from  a 

very c lo se ly  related  common ancestor. It should also be kept in  m ind  th at marker- 

based g e n o m ic  analyses do not ad eq u ately  indicate the full p ictu re  o f the genetic 

variability  p resen t in the expressed p ortion s of the crop g en o m e. A ttem pts to 

break the sexu al barrier for g en etic  introgression by tech n o lo g ies as som atic 

h ybrid ization , chrom osom e doubling, and embryo rescue and th en  b y  searching 

for su itab le  hom ologous recom bin ation  in the hybrid p lan ts  m ay b ear fruit. 

A lternatively , transfer of genes o f  in te res t from genetic resou rce collections by 

genetic tran sform ation  techniques m ay  provide new w ays to  generate desired 

plant ty p es w ith  suitable agronom ic tra its  (G hosh et al., 2002).

In conclu sion , this study holds en o rm o u s prospect for the developm ent and 

ap p lica tio n  o f  m olecular markers fo r ju te .
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4 .3 . EX PER IM EN T 3 : D E V E L O P M E N T  OF M O L E C U L A R  M A RK ER  FO R  

LEA F S H A P E  A N D  G L O S S IN E S S  C H A R A C T E R S OF JU T E

4.3 .1 . R E SU L T S

A n experim ent w as cond ucted  for the d evelop m ent o f molecular marker/s fo r 

w aterlogging tolerance in  tossa (Corchorus o litoriu s  L .) jute. It is a very im p o rtan t 

agronom ic trait fo r to ssa  jute. Accordingly a  cross w as made b e tw e e n  a 

recom m ended variety  0 - 4  (sensitive) as seed  parent and a well rep orted  

w aterlogging to leran t C. olitorius variety In cisifo liu s (N ew az, 1983) as p o lle n  

parent (Figure 4.9). A fte r  collecting Fi, segregatin g  F 2 populations (Figure 4 .10 ) 

w ere raised w ith their p arents by selfing Fi. T h e populations along w ith  p aren ts  

w ere screened for w aterlo g g in g  tolerance (Figure 4 .12  and 4.13) but the result w as 

not encouraging. N o  p lan ts  were found to  b e  to leran t to w aterlogging. T h e 

experim ent w as rep eated  and the result rem ained unchanged. Actually th e  seed  

lo t w as not sam e as exam ined  earlier. The p aren t Incisifolius has been co llected  

from  Egypt and 0 - 4  is local. It was observed th at the leaf shape and tex tu re  o f 

Incisifolius w ere serra ted  and glossy, respectively , w hich supported p lan t 

characteristics for d rou gh t tolerance (Pandey and Sinha, 1978). W ith this in  m ind, 

four hom ozygous lin es (Fa) w ere developed th rou g h  selection  for the d evelop m en t 

o f D N A  marker/s fo r th o se  leaf characters. T h e segregatin g  pattern o f leaf tex tu re  

and structure is p resen ted  in Figure 4.11. T h e D N A  from  2 parents an d  4 

hom ozygous lines (Fs generation) were iso lated  and evaluated for their q u ality  

and quantity (Figure 4 .14 ). A  total of 10 D N A  sam p les w ere formed consisting  o f  2 

parents, 4 hom ozygou s lines and 4 bulks fo r leaf characters such as entire, 

serrated, m atte and g lo ssy  leaf. The 10 D N A  sam p les w ere evaluated using R A P D , 

ISSR  and STM S p rim ers (gel picture presented in  Figure 4.15 and 4.16).
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The bands w ere scored and analyzed for the detection o f D N A  marker/s 

associated w ith the traits and for genetic diversity. A dendrogram  w as constructed 

(Figure 4.17). The percent polym orphism  and genetic d istance (from  distance 

m atrix) w ere also presented in T able 4.4.

F,

Figure 4.9: T w o parents and their hybrids (Fi)

Figure 4.10: Segregating F2 population in the pots
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Parent (0 -4 ) Parent (Incisifolius) F.2

F* F2 F2

Figure 4.11: D ifferent leaf shape and texture o f F2 populations

Figure 4.12: A rtificial w aterlogged condition
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A. Adventitious root

C. Dry Adventitious root

Figure 4.13: A dventitious roots in w et and dry condition
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Figure 4.14: G enom ic D N A  in 0.8%  agarose gel

B. Adventitious root
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RAPD Gels

1 2 3  4 5 6  7 S $ 1 0 M l  2 3 4  5 6  7 S S 1 G  
m

m
'if , . -1% '■ w 5

A  Primer OPH-12 B. Primer OPH-19

M I 2  3  4 5  6  7  8  9 1 0

a

L ig i n3

1 = P,

1=P,
J = l* , t jp i  

*  = Pat jp i  

5 = P ,. 001 I f  

E =Pj*  m iti 

I  = aulK intra  

I  =  a jiK  iir r it iH  

9 = a jlK  glaiay 

10= ajIK m iti

C. Primer OPAB-18 j ,  prime,- R A P D -0 1

Figure 4.15: A m plification w ith R A PD  prim ers

— •* ■ 
m ...

A. ISSR primer CTT B. ISSR primer TC

C. STMS primer J008

Figure 4.16: A m plification w ith ISSR  and STM S prim ers
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L in k a g e  D istance

Figu re 4 .17 : A  dendrogram o f 10 v ariab les (2 parents and 8  F* populations) 
Parent-1: variety 0 -4  Variable-6: Pi + nonglossy leaf type
Parent-2: variety Incisifolius Variable-7: Bulk for matte type
Variable-3: Pi type Variable-8: Bulk for glossy leaf type
Variable-4: P : type Variable-9: Bulk for lanceolate leaf type
Variable-5: Pi + glossy leal type Variable-10: Bulk for serrated leaf type

T ab le  4 .4 : P ercen t polymorphism  and genetic distance b etw een  variables

Percent polym orphism  (up per triangle)

Pi P2 Var. 3 Var. 4 V ar. 5 Var. 6 Var. 7 Var. 8 Var. 9 Var. 10

P, 0 24 15 17 13 8 16 18 12 10

Pz 27 0 20 21 21 19 20 14 16 18

Var. 3 17 22 0 15 16 7 13 16 13 9

Var. 4 19 24 16 0 16 12 12 13 15 11

Var. 5 16 23 17 17 0 14 15 2 0 14 14

Var. 6 13 22 10 14 15 0 14 15 12 8

Var. 7 17 22 16 14 17 14 0 14 11 10

Var. 8 20 23 17 15 2 0 17 15 0 12 4

Var. 9 15 18 16 16 15 14 12 13 0 9

Var. 10 13 22 12 13 19 14 13 6 14 0

Sq u are  E u clid ean  Distance (low er trian gle)
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4.3 .2 . D IS C U S S IO N

T he yield and q u ality  o f C. oliiorius ju te is b e tte r  than C. capsularis b u t very 

sensitive to w aterlo g g ed  condition. That is w h y  the cultivation o f tossa ju te  is 

lim ited in the u p land . Developing a w aterlogg ing  tolerant DNA m arker is very 

im portant but in th e  present study it w as n o t possible to proceed w ith  these 

materials. H ow ever, it w as decided to d evelop  D N A  markers for le a f structure 

(serrated versus e n tire  leaf) and texture (m atte versus glossy leaf). T he serrated  

and glossy leaf ch aracters  are important for su p p ortin g  drought tolerance (P an d ey  

and Sinha, 1978). F ro m  the segregating p attern  it w as observed that the serrated  

leaf character is in com p letely  dominant over en tire  leaf and m atte ch aracter is 

dom inant over g lo ssy  character (Figure 4.11). F ro m  the DNA analysis w ith  lim ited  

num ber of R A PD , IS S R  and STM S prim ers, n o  consistent marker associated  w ith  

the desired tra its  w ere  observed. From  the dendrogram  (Figure 4 .17) it w as 

observed that tw o  m a jo r clusters were form ed representing the tw o p arents w here 

the seed parent and all other homozygous lines and bulks were in one c lu ster and 

only the pollen p aren t in  the other cluster.

A  num ber o f  research ers reported h ybrid ization  betw een the tw o species 

Corchorus capsu laris  and C. oiitorius, to b e  unsuccessful (Finlow , 1917, 1923; 

Baneijee and D atta , 1960; Patel and D atta, 1960). B u t many scientists (Is lam  and 

Rashid, 1961; Sw am inath an  and Iyer, 1961; C houdhuri and Mia, 1962; M ia  and 

Shaikh, 1967) h ave claim ed to have succeeded in  producing hybrids. H o w ev er all 

those putative h y b rid s showed dom inance o f  the fem ale parents in Fi and F2 

generations. R au t an d  N aik (1983) claim ed to  have follow ed the hybrid p rogen ies 

up to F3 generation  b u t there w as no further rep o rt o f exploitation o f those hybrids 

at later generation. T h is  is probably because o f  the fa ct that in the later gen eration  

the entire p op u lation  resem bled the fem ale parent.
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From  the D N A  analyses o f the t w o  p a r e n ts  an d  8  h o m o z y g o u s  lin e s  (Fs and bulks), 

it w as found that all the advanced population were skew ed to  the seed parent 

(variety  0 -4 ) .

It is a m olecu lar evidence of the fin d in g  of the conventional b reed ers . From the 

d istance m atrix  table (Table 4.4), th e  highest genetic d istan ce (2 7  units) was 

observed b etw een  the tw o parents an d  w as lowest betw een v ariab les 8 and 10. As 

it w as know n, the higher the polym orphism , the higher the g e n e tic  distance. So, 

the h ig h est percentage of polym orphism  w as found b etw een  the parents (24%) 

and w as lo w est betw een the variab les 8 and 10 (4%).
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4.4. E X P E R IM E N T  4 : ST U D Y  OF TH E Y IE L D  P E R FO R M A N C E  O F F O U R  

H O M O Z Y G O U S  LINES OF T O S S A  JU T E  IN  C O M P A R ISO N  W IT H  

T H EIR  P A R E N T S

4.4.1. RESULTS

A n effort w as m a d e  to  determine the yield  perform ance of 4 h o m o zy g o u s lines 

along with th eir parents. The availability o f  the data (obtained fro m  the 

experim ent, m en tio n ed  in section 4.3) led to  th is study. The data su ch  as  plant 

height (PH in cm ), b a se  diameter (BD in m m ), le a f area per plant (cm 2), dry w eight 

o f different p lan t p a rts  (leaf, stem and bark) p e r  p lan t (g), flow ering reco rd s such 

as flow ering at 6 0  and 120 days after so w in g  (D A S in %), num ber o f  p lan ts  not 

flow ered at h arv est tim e (%) and harvest in d ex  (H I in %) were recorded, analyzed 

statistically and th e  m eans were com pared  b y  Duncan's m ultiple ran g e test 

(DM RT). The resu lts  are presented in T able  4 .5 , 4 .6 , 4 .7  and 4.8.

Table 4.5: M ean S u m  o f  Square (MSS) for 10 p aram eters in six genotyp es o f  jute.

SI.# C h a ra c te rs C V  (%) M SS

01 P lan t h e ig h t  (cm ) 09.17 1 6 8 5 .9 9 3 **

02 B asal d ia m e te r  (mm) 15.24 9 .9 3 0 *

03 L eaf a rea/ p lan t (cm 2) 19.79 3 5 8 8 9 2 .9 3 3 **

04 Stem  d ry  w eight/plant (g) 18.10 60 .756*

05 Bark d ry  w eight/plant (g) 16.27 2 5 .1 0 8 *

06 L eaf d ry  w eight/plant (g) 15.58 1 2 .4 4 9 **

07 F lo w e rin g  (% ) a t 60 DAS 25.19 1 6 0 9 .0 7 2 **

08 F lo w e rin g  (% ) at 120 DAS 16.68 4 3 0 .2 5 7 **

09 P la n t n o t  flo w ered  (%) at 120 D A S 0 9 7 2 1 4 9 4 .1 4 4 **

10 H arv est In d e x  (%) 09.21 8 .2 7 2  N S

Design-RCBD, Replication-6, Treatment-6.

* Significant at 5%  and  ** Significant at 1% level of probability, NS means not significant
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T ab le  4 .6 : Growth perform ance w ith  respect to plant h eig h t, b a se  diam eter

and leaf area o f six  genotyp es o f jute.

G en oty p es Plant height 
(cm )

Basal d iam eter 
(mm)

L eaf area (cm2)

V ariety  0 - 4  (Ti) 228 .70  A 11.67 A 1159.00 A

Var. Incisifolius (T2) 175 .20  C 8.74 C 489.00 C

0 - 4  ty p e  (T 3) 193 .30  BC 9.14 C 627.20 BC

In cisifo liu s type (T<) 195.70  BC 9.32 BC 532.80 C

0 - 4  g lo ssy  type (Ts) 206.30  AB 11.81 A 982.60 AB

Incisifolius matte type (T6) 213 .00  AB 11.32 A B 661.40 BC

Note: Sam e letter indicates not significant and Ti to Ts indicates treatm ents

T ab le  4 .7 : Growth perform ance w ith  respect to stem , b ark  an d  leaf dry weight

of six genotypes o f  jute.

G en oty p es Stem  dry 

wt./ p lant (g)

Bark dry 

wt./plant (g)

Leaf dry 

wt./plant (g)

V arie ty  0 - 4  (Ti) 15.620 A 9.902 A  . 6.048 A

Var. Incisifolius (T2) 5 .634  C 3.728 C 2.180 B

0 - 4  typ e (Ts) 8 .802  BC 5.990 B C 3.170 B

In cisifo liu s type (T4) 7 .608  BC 5.206 BC 2.374 B

0 - 4  g lo ssy  type (Ts) 11.740 AB 8.508 A B  . 5.128 A

Incisifolius mate type (Ts) 9 .764  BC 6.500 A B C 2.946 B

Note: Sam e letter indicates not significant and Ti to Ts indicates treatm ents. 
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Table 4.8: F lo w erin g  response at d ifferent stag es o f growth am ong six  genotyp es
o f ju te.

Genotypes Flowering (%) 

at 60 DAS

Flowering (%) at 
120 DAS

Plant (%) not 
yet flowered

Variety 0 - 4  (Ti) 03.43 D 10.52 D 86 .05  A

Var. Incisifolius (T 2) 03.37 D 17.60 B 78.99  A

0 - 4  type (T3) 17.57 C 33.31 A 49 .59  B

Incisifolius typ e (T«) 39.45 AB 14.30 BC 45.97  B

0 - 4  glossy typ e (Ts) 44.45 A 06.54 E 49 .00  B

Incisifolius mate type (Te) 32.03 B 13.60 CD 54 .3 7  B

Note: Same letter indicates not significant, Ti to Ts indicate treatments and DAS m eans days after 
sowing.

4.4.2. D IS C U S S IO N

The result p resen ted  in Table 4.5 sh ow  th at am ong the 10 p aram eters, 3 

treatm ents: b ase  d iam eter, stem and b ark  d ry  w eight were significant a t 0 .05 level 

and 6 treatm ents: p lan t height, leaf area, le a f  dry weight, flow ering (% ) at 60 DAS, 

flow ering (% ) a t 120  D A S and percentage o f  p lan ts not flowered at h arv estin g  time 

w ere highly sign ifican t (0.01). Only on e treatm ent, harvest index, w a s  found 

insignificant. T h o u g h  the bark dry w eigh t rep resen ts the fibre yield (a b o u t 50%  of 

the bark is fibre , K handakar et al., 1995) and w as found highly sign ifican t, the 

harvest index w as insignificant as it is a ra tio . From  the Table 4.6 it-w a s  observed 

that plant h eig h t, b ase  diameter and le a f area  w ere significantly d ifferen t am ong 

the treatm ents (Ti to  Te). The highest and lo w est plant height w as found in the 

treatm ents T i (seed  parent 0 -4 )  and T 2 (p o llen  parent Incisifolius), resp ectively  but 

TiTs, T3T 4T 5T 6 and T 2T 3T 4T 6 were statistically  sim ilar. Considering the analyzed  data 

presented in  T a b le  4.6, 4.7 and 4.8, it w a s  observed that the p erform an ce of the 

variety 0 - 4  w as b ette r  than all other treatm en ts. It may be conclu ded  that the 

variety d ev elop ed  b y  Bangladesh Jute R esearch  Institute is a rigid o n e  and it is not 

so easy to  su p ersed e this.
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4.5 . E X P E R IM E N T  5: D E V E L O P M E N T  O F D N A  M A R K E R  F O R  LO W  

T E M P E R A T U R E  T O L E R A N C E  IN  JU T E

4.5.1. R E SU L T S

For the selection o f low  tem perature tolerant genotype, the w ell-reported four low 

tem perature tolerant accessions and tw o sensitive varieties w ere reevaluated in 

the grow th cham ber (Figure 4.18) and in the low  tem perature incubator in small 

pots (Figure n ot show n).

Figure 4.18: G erm ination and grow th o f selected accessions and varieties in

Before selecting the parents, tw o varieties ( 0 -4  and 0 -9 8 9 7 ) and 4  low  tem perature 

tolerant accessions (accession no. 1540, 1805, 1852 and 2015) w ere analyzed 

through D N A  profiling using several R A PD  m arkers to identify w hether the four 

accessions w ere genetically sim ilar or n ot (as those are phenotypically sim ilar). 

From  the analysis a clear distinction w as observed betw een low  tem perature 

tolerant and sensitive genotypes w hen am plified w ith R A PD  prim er O PG -05. A 

specific am plified product w as present in all the low  em perature tolerant 

accessions and absent in tw o sensitive genotypes (Figure 4.19).

TJTVT
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Polymorphic band in low 
tem perature tolerant accessions

Figure 4.19: Polym orphic band in low  tem perature tolerant accessions in 

R A PD  am plified w ith prim er OPG-Q5 in agarose gel.

A different D N A  profile w as observed w hen the sam e m aterials w ere am plified 

w ith RA PD  prim er O PA B-18, w here a particular band w as found in the sensitive 

genotypes and absent in the tolerant accessions (Figure 4.20).

r p r s : »—<

"TT •/*> 00 —i
T—«8

Var 6
1 1 I 1

P o ly m o rp h ic  band

Figure 4.20: Band pattern  o f low  tem perature sensitive and tolerant genotypes 

o f ju te  am plified w ith R A PD  prim er O PA B-18 in PA G E.
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D N A  o f the six genotypes w as thoroughly evaluated using R A PD  and A FLP 

(Figure 4.21) and tw o independent dendrogram s w ere constructed (Figure 4.22 

and Figure 4.23).

Figure 4.21: A n A FLP  gel am plified w ith different prim er com binations.

0-9897 ---------------

0-4  ---------------

Acc. No. 1540 -------------------

Acc. No 1652 -------------------

Acc. No 1805 ---------------------  -------------------------------------------------------------------

Acc. No. 2015 ------------------------------------------------

5 10 15 20 25 30

Linkage Distance

Figure 4.22: A  dendrogram  o f  six genotypes obtained w ith  R A PD  data.
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Acc. No 1540

Acc No. 1852

ACC No 1805

Acc. No 2015

10 15 20

Linkage D istance

Figure 4.23: A dendrogram  o f  six genotypes obtained w ith A FLP data.

From  the evaluation, variety 0 -9 8 9 7  and accession no. 1805 w ere selected as seed 

and pollen parents (Figure 4.24) respectively.

Coloured stipule

Coloured stem

Var. 0 -9 8 9 7  A cc. 1805

Figure 4.24: Low  tem perature sensitive and tolerant parents 
show ing difference in stem  and stipule colour
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A  cross w as m ade b etw een  the selected parents. T he germ ination test w as 

perform ed using the seeds o f tw o parents and their hybrid at ideal tem perature 

(30°C ) presented in  Figure 4.25.

nyDna t r i ;

Figure 4.25: N orm al germ ination o f  parents and their hybrid (Fi) seeds a t 30°C

T h e seeds w ere also evaluated through germ ination at low  tem perature condition 

(16°C) in the incubator and the result show n in Figure 4.26.

Hybrid (F ,)

Figure 4.26: G erm ination o f  parents and hybrid (Fi) seeds a t low  tem perature.
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T he F2 seeds w ere obtained by selfing Fi and assessed for their germ ination at low  

tem perature (16°C) in an incubator (Figure 4.27).

Figure 4.27: G erm ination o f parents and F2 seeds at low  tem perature (16°C)

The F2 populations w ere grow n differentially as low  tem perature tolerant and 

sensitive in the grow th cham ber in earthen pots. D N A  from  114 F 2 populations 

and parents w ere isolated follow ing C TA B m ethod (describe in section 3 .1 .3 .1) and 

w ere evaluated using 40 RAPD prim ers. A dendrogram  w as constructed using a 

particular num ber o f F2 populations and their parents (Figure 4.28).

T he D N A  obtained from  differentially grow n populations w as evaluated w ith 

R A PD  prim er O PG -05 for tracking the am plified D N A  fragm ent associated w ith 

low  tem perature tolerance (Figures 4.29a, 4 .29b  and 4.29c).
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Linkage Distance

Figure 4.28: A dendrogram  o f 2  parents (0 -9 8 9 7  and acc. no. 1805) and 22 

F2S w ith RA PD  data.

Figure 4.29a: Polym orphic band associated w ith low  tem perature 

tolerance am plified w ith R A PD  prim er O PG -05 

Legend: M: Marker (lkb+), Pi: Seed parent, P2: Pollen parent, F2 Segregating population
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Figure 4.29b: Polym orphic band associated w ith low  tem perature 

tolerance am plified w ith  R A PD  prim er OPG-Q5

Figure 4.29c: Polym orphic band associated w ith low  tem perature 
tolerance am plified w ith R A P D  prim er O PG -05 

Arrow showing the position of DNA fragment associated with low temperature tolerance

The band indicating association w ith low  tem perature tolerant w as isolated, 

cloned (Figure 4.30) and sequenced (A ppendix VI) fo r the developm ent of 

sequence characterized am plified region (SCA R) m arker.
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-2000 bp 
-1650  bp

-1 0 0 0  bp

Legend:

1: Single cut inserted plasmid 

2: Double cut inserted plasmid 

3: Uncut inserted plasmid 

4: Marker (1 kb+)

5: Plasmid (pl)C18) single cut 

6: Plasmid (pUC18) uncut

Figure 4.30: Plasm id inserted w ith  cold tolerant D N A  fragm ent

H ow ever, a Southern analysis o f the tolerant and sensitive parents, using the D N  A 

fragm ent associated  w ith low  tem perature tolerance as probe, failed to 

d ifferentiate the tw o parents (Figure 4.31). The tw o parents w ere also  am plified 

w ith  SC A R  prim er (A ppendix VI) but no distinction w as observed betw een the 

parents (Figure 4.32).

Legend:
L ane 1: A cc.no. 1805 
Lane 2: V ar. 0 -9897  an d  

B a n d -------* '" /  Lane 3: Var. 0 - 4

Figure 4.31: Southern b lo t hybridization, genom ic D N A  digested  w ith 

EcoRl and D N A  fragm ent associated  w ith low  tem perature 

tolerance used as p robe (D IG  labeled)

l 2  3
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f Legend:
M: Marker (lkb+)
Lane 1: Acc. no. 1805 

I Lane 2: Variety 0-9897
;  Lane 3: Variety 0 - 4

Figure 4.32: Tw o parents (accession no. 1805 and variety 0 -9 8 9 7 ) and a low 

tem perature sensitive variety (0 -4 )  am plified w ith SCAR primers.

On bioinform atics analysis o f the D N A  sequence associated w ith low  tem perature 

tolerance, a splice site w as com putationally predicted, w ith  an accep tor site 

present at the beginning o f 153 bp  long open reading fram e (O RF), presented in 

Figure 4.33.

I n t r o n  E x o n

4^ 1 2 3
ACACATTCA CAGGTTG TCTTGATTTTTGCTT

4

N on-coding region 1 I C oding region | | ^
1. Branch p o in t 'A '
2. A cceptor site 'G '
3. Stop  cod on  'T G A '
4. Prim er binding site

Ju te  Sequence: (translated sequence)
ESTLKLGSILTDGQVG1FKDRSAAAMSTFGDILPVQAGGLLSSFTTTRSDS- 
ESTLKLGSILTDGQVGIFKDRSAAAMSTFGDILPAQAAGLLSSFTNTRSE- 

A rabidopsis Sequence: (sequence m atch from  data base)
Out of 51 iimino acids: 46 Identical + 3 Highly Conserved + 1 Addition + 1 Substitution.

Figure 4.33: H om ology study o f the translated products o f the low  

tem perature tolerant D N A  fragm ent w ith A. thnliana.
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The sequence obtained from  the D N A  fragm ent associated  w ith low  tem perature 

tolerance w as analyzed w ith bioinform atics too ls w ith the available database in 

the G enbank. A nalyses show ed that the fragm ent w as part o f a gene (term inal 

exon). A nother effo rt w as m ade to  know  the upstream  sequence to  rescue the total 

gene sequence through Inverse PCR (Figure 3.1). H ow ever, all a ttem p ts failed in 

getting the upstream  sequences of the fragm ent.

For expression studies, total RN A  w as isolated from  3  day old  seedlings o f acc.no. 

1805 and w as passed through oligo-dT  colum n to  extract the m RN A . Expression 

o f the gene w as verified by R T-PC R  (reverse transcription-PC R) using prim ers 

designed from  the predicted exon (Figure 4.34).

Legend
Lane 1: RT+ PCR 
Lane 2: Normal PCR 
Lane 3: Control 
Lane 4: Ladder

Figure 4.34: Expression o f the predicted exon using m RN A  

isolated from  acc.no. 1805

T he F 2 populations w ere evaluated w ith  other R A PD  prim ers and the am plified 

products w ere scored and a genetic linkage m ap w as constructed using 

M A PM A K ER  version 3.0 (Figure 4.35). L inkage groups w ere established at a LO D  

score o f 3.0 and a m axim um  distance 50 cM  by  tw o-point analysis using the 

'g rou p ' com m and. The characteristics o f the linkage group w ith m ore than 1 locus 

w as presented in T able  4.9. T he 18 linkage groups w ith their locus/loci num ber(s) 

are show n in T able  4.10.
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T a b le  4.9: C haracteristics o f  the intraspecific genetic lin kage group with m ore than 
one locus o f  ju te.

Linkage group Length (cM) Number of 
markers

Average distance between 
markers (cM)

Linkage group-16 15.90 2 15.90

Linkage group-17 241.70 11 24.17

Linkage group-18 206.10 12 18.73

T otal 463.70 25 19.60

Linkage group with single locus: Linkage group no. 1 to 15 is not mentioned in the table. 

T ab le  4.10: Eighteen lin kage groups with their locus/loci.

Linkage Total Locus number/Primer/Size (bp) 
group locus

1 1 3. OPQ-17/450

2 1 8. OPAB-01/660

3 I 10. OPAB-03/1650

4 I 12. OPAB-Ol/lOOO

5 1 14. OPAB-08/1350

6 1 17. O PG -ll/900

7 1 26. OPH-10/850

8 I 29. OPH-12/550

9 1 30. OPH-17/1200

10 1 32. OPQ-06/950

11 1 33. OPQ-06/650

12 1 37. OPQ-08/500

13 1 38. OPQ-16/750

14 1 39. OPQ-16/450

15 1 40. OPQ-16/400

16 2 I. OPQ-17/760

17 11 23. OPAB-20/700

18 12

27. OPll-10/700

25. OPH-IO/IOOO 15. OPAB-08/700 

20. OPAB-12/1050 22. OPAB-20/950 13. OPG-07/100

5. OPfc-17/900 21. OPAB-20/1330 2. OPQ-17/700

36. OPQ-08/1350 34. OPQ-O6 /6OO 7. OPG-05/1100

9. OPAB-Ol/lSO 18. OPG-10/200 35. OPQ-06/500

19. OPG-13/1050 16. OPAB-08/650 4. QPE-17/950

24. OPAR-20/570 

28. OPH-10/670

11. OPAB-01/1350 

31. OPH-17/750 

6. QPG-05/1650
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4.5.2. DISCUSSION

It w as observed  in Figure 4 .18 th at th e  tw o varieties ( 0 - 4  and  0 -9 8 9 7 ) failed to 

germ in ate  a t 16°C i.e. in low tem p eratu re  stressed condition, in  p o ts  in the growth 

cabin et. B u t the genotypes in the o th e r  four pots not o n ly  germ inated  but also 

show ed  a  reasonable growth in  the low  temperature en v iro n m en t. It may be 

rem em bered  that the base tem p eratu re for jute is 20°C. So  it w a s  very convincing 

that am o n g  the six genotypes th e  accession s no. 1540, 1805, 1852  and 2015 were 

low  tem perature tolerant and v arie ties  0 - 4  and 0 -9897  w ere  sensitive. The same 

m ateria ls  w ere also verified by B eg u m  (1997) and found s im ila r  result.

A th rou g h  investigation of the s ix  genotyp es at m olecular lev e l w as done. As no 

D N A  level inform ation is availab le o n  jute, easy and read ily  afford able random 

am p lified  polym orphic DNA (R A P D ) technique was p e rfo rm e d  w ith  40 random 

d ecam er prim ers. Noticeable d iscrep an cies among the g e n o ty p e s  w ere observed. 

A p articu lar polymorphic band o f  ab o u t 1200 bp am plified  w ith  prim er OPG-05 

w as found in  all the four low  tem p eratu re  tolerant accession s w h ich  w as absent in 

the tw o  varieties (Figure 4.19).

A n  o p p o site  band pattern w as a lso  observed when the g e n o ty p e s  w ere amplified 

w ith R A P D  prim er OPAB-18 (F igu re 4.20), where a p a rticu la r  band w as found 

only in the sensitive genotypes b u t n ot in the tolerant o n e . T h is  band was not 

further characterized.

A d end rogram  was constructed u sin g  the software S T A T IS T IC A  version 3.0 to 

ev alu ate  the genetic diversity am o n g  the six genotypes (F ig u re  4.22). Similarly, 

am p lified  fragm ent length p olym orp h ism  (AFLP) technique w as also carried out 

to  evalu ate  the genetic relatedness am ong the six g en o ty p es (Figure 4.21) and a 

p h y log en etic  tree w as constructed  (Figure 4.23). Both  the d end rogram  showed 

very s im ilar clustering and sub-clustering pattern w ith  lit t le  discrepancies in 

resp ect o f  their genetic distance.
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I t  m ay be m en tio n ed  that similar clu sterin g  pattern  has been o b serv ed  and 

discussed in  se c tio n  4.5.1. The two d en d rogram s were com posed o f  tw o  m ajor 

clusters, w here th e  sensitive varieties 0 - 4  and 0 -9 8 9 7  were in one c lu ster and the 

rest (four low  tem p eratu re tolerant accession s 1540, 1805, 1850 and 2 0 15 ) w ere in 

the other cluster. A m o n g  the major clusters, th e  order of the genotypes in  the sub­

clusters w as e x a c tly  sim ilar in both the dendrogram . Similar clu stering pattern 

had also been o b serv e d  by Hossain et al. (2003) in jute.

In  m arker analysis, A FLP  is more accep tab le  because of its reproducibility  than 

RAPD. In kenaf, m o re  polymorphic b an d s w ere  observed (Cheng, 2 0 04 ) in  A FLP 

than RAPD. B u t in  th e  present study, it w as observed  that RAPD system  w as m ore 

effective than  A F L P  in jute genome fo r  d etectin g  polymorphism. A sh raf e t al. 

(m anuscript su b m itted ) had also observed sim ilar. By evaluating a n u m b er o f jute 

genom e seq u en ces (as obtained fro m  ju te  genomic library constructed 

com m ercially fo r  S S R  primers), it w as o b serv ed  th at the restriction s ite s  fo r  EcoRl 

w ere very lo w  in  com parison with o th er g en om es. Obaid (2005) had m a d e  sim ilar 

observations. T h is  could  be a cause for lo w e r polym orphism s in A F L P  system  in 

jute genom e sin ce  EcoRI digested D N A  w as used  in the AFLP study.

From  this ev alu atio n , a popular C orchorus olitorius jute variety 0 - 9 8 9 7  and 

accession no. 1805  w ere selected as seed an d  pollen parent w ith resp ect to  their 

low  tem perature sensitive and tolerant ch aracter, respectively (Figure 4 .24). The 

phenotypes o f th e  parents have been cited  in  T able  2. A cross w as m ad e betw een 

the parents and h y brid s were produced. T h e viability of the hybrid  seed s (Fi) 

along w ith  th eir p arents was evaluated th rou gh  germ ination test at 30°C . It was 

observed fro m  F ig u re  4.25 that the hybrid  seed s germ inated well and w ere good 

in quality, w h ich  indicated that there w a s  no barrier in germ ination o f  hybrid 

seed. It w as a lso  observed from the F igu re 4 .26  that only the to leran t parent 

(accession no. 1805) and all hybrid seed s w ere  capable of germ inating at low 

tem perature co n d itio n s (16°C) and the sensitive parent (variety 0 -9 8 9 7 )  failed  to
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germ inate at that tem perature. The result indicated th at the low tem perature 

to leran t trait is a dom inant character. The segregating F2 seeds were evaluated at 

low  tem perature and partial germ ination of F2 seeds w ere  observed (Figure 4.27).

T h e DNA obtained fro m  the parents and d ifferen tia lly  grow n (tolerant and 

sensitive) segregating F2 populations were th orou ghly  evaluated w ith R A P D  

prim er OPG-05 and tracked  fo r the expected D N A  frag m en t associated w ith low  

tem perature tolerance. It w as observed from Figures 4 .29a , 4.29b and 4.29c that a 

particular band of abou t 12 0 0  bp  in size consistently co-m igrated with a band o f 

sam e size in the low  tem perature tolerant parent (accessio n  no. 1805) and selected  

low  tem perature to leran t F2 populations. This band  w as alw ays absent in  the 

sensitive parent (variety 0 -9 8 9 7 )  and its populations. T he observation streng­

thened the idea that this particu lar stretch of D N A  cou ld  be associated w ith low  

tem perature tolerant character. The F2 populations a lo n g  w ith  their parents w ere 

also  evaluated w ith o th e r R A P D  primers looking fo r further marker/s associated 

w ith  low  tem perature to leran ce but no other co n sisten t m arker was found. A ll 

PC R  products am plified w ith  different RAPD prim ers w ere  scored (gel picture n ot 

presented) to construct lin kage group analysis. A p o rtio n  of the data w ith 22 F 2 

populations along w ith  their parents w as analyzed  and a dendrogram  w as 

constructed using the p rog ram m e STATISTICA v ersio n  3 .0  (Figure 4.28). From  the 

dendrogram , it w as o b serv ed  that the genetic d istan ce am ong the F2sw ere  h igher 

than  the variability b e tw e e n  the parents. In few cases, the variability had reduced 

b u t in m ost of the cases increased in com parison w ith  parents. It is a m olecular 

p ro o f that artificial cro ss  creates genetic variability  that w a s  observed and 

reported by several p lan t breeders (Mendel, 1865; H ossain , 1996); indicating an 

opportunity for selecting  desired  population to d esign  a variety w ith useful traits.

It m ay be m entioned th at the co-segregating D N A  frag m en t m ay be a part o f  low  

tem perature tolerant g en e  or non-coding frag m en t associated w ith  low  

tem perature tolerant tra it. F o r further confirm ation, the fragm ent w as iso lated
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from  gel and used as probe to d ifferen tiate  betw een the tolerant an d  sensitive 

parents th rou gh  Southern analysis. T he Sou th ern  technique could n o t d ifferentiate 

the parents. T h is  m eant that the nucleotide sequence of both to leran t an d  sensitive 

parents in the am plified  regions were very  sim ilar.

The iso lated  D N A  fragment associated w ith  low  tem perature to leran ce  was 

successfully cloned  using vector pU C18 in  the bacteria Escherichia coli, s tra in  dH 5a 

(Figure 4 .30). T h e desired clone w as sequ enced  commercially. T h e  tw o  parents 

were am plified  and evaluated w ith SC A R  prim ers repeatedly, g iv ing  reproducible 

results. T h a t is a band of 1200 bp in size w a s  found in both sensitive and tolerant 

parents. T h is  lack  o f polym orphism  b etw e e n  the tolerant an d  susceptible 

genotypes w ith  the SCAR primers su ggests th at the original p oly m o rp h ism s w ith 

the 10 b ase  R A P D  primers were due to  sm all mismatches at the p rim in g  sites 

(Paran and M ichelm ore, 1993) resulting in  n o  am plification p rod u ct a t this site. 

W hereas, the lon g er and more specific S C A R  prim ers (21 to 22 b a se s) w ere not 

affected by  sm all m ism atches at the p rim in g  sites. Hence, am p lificatio n  products 

w ere prod uced  o n  both the tolerant and susceptible genotypes. T w o  possible 

m echanism s could be proposed; one is th at th ere m ight be a co m b in a tio n  o f SNPs 

(both in  in tro n  and in exon), w hich  are  responsible for su ch  differential 

phenotype. Second ly , there may be a lte rn a te  splicing products, w h ich  could lead 

to d ifferent p rod u cts formed in d ifferent genotypes. A similar result w a s  recorded 

in O at b y  Tanhuanpaa et al. (2006). In  th eir study, RAPD m ark er (O P I-ll«o ) 

differentiated  the genotypes 'A slak ' an d  'K o n tan t'. The m arker w as sequenced 

and con v erted  into a SCAR m arker. T h e SCAR m arker w a s , however, 

m onom orphic.

To study the d ifferences between the p aren ts  at nucleotide level in  the amplified 

products, the am plified  fragments from  b o th  parents were isolated , sequenced  and 

com pared. A n  SN P (single nucleotide polym orphism ) w as found b etw e e n  these
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sequences. This could b e  used to develop SN P m ark ers  in  jute as developed in  

cucum ber and w heat (R o b b in s et al., 2006; K hlestkina e t  al., 2006).

A bioinform atics an a ly ses w ith  this sequence revealed  the presence of an  o p en  

reading frame (O RF) th a t has been shown to  b e  exp ressed  as determ ined u sing  

reverse transcription P C R  (RT-PCR) (Figure 4 .34). T h is  indicates that the reg ion  is 

p resent in close p ro x im ity  to the locus determ ining low  temperature to leran ce. 

From  the evidence o f  s tro n g  linkage observed, this O R F  itself could be resp onsib le 

fo r the trait. The tran slated  product of its sequence revealed  a strong h om ology, to 

that o f an Arabidopsis thalian a  expressed gene cod in g  fo r  low -density lip op rotein  B 

like protein. Out o f 51 am ino acids, 46 w ere id en tica l, 3 highly conserved, 1 

addition and 1 su b stitu tio n  in comparison w ith  tran slated  product of A rabidopsis  

thaliana  (Figure 4.33). T h is  is a significant finding, as  lipoproteins are know n fo r  its  

ro le in cold tolerance in  o th e r organisms such as rye and other plants (S tep onku s 

e t al., 1993).

A n effort was m ade to  rescu e the upstream sequence to  know  the total sequence o f 

the gene using in verse P C R  (technique presented  in  Figure 3.1). This technique 

w as repeated under d ifferen t PCR conditions, b u t n o  PC R  products w ere found. 

But it is an effective techn ique. Total sequence o f  th e  prom oter o f fungal resistan t 

gene (HM G I/Y) o f p ea  w as determined by D ru ffel e t  al. (2005) using inverse P C R . 

So  further investigation is  needed to address, w h eth er ligation is a p rob lem  or 

long PCR is required o r  other effective technique like prim er walking (A shoub 

and Abdalla, 2006) cou ld  be used.

The first and very p relim in ary  linkage map o f the ju te  genom e was constru cted  

using software M A P M A K E R  version 3.0 (S tat S o ft. 1994) considering 40  R A P D  

m arkers and their d iffe re n t combinations w ith  an  F 2 population developed fro m  a 

cross betw een ju te  cu ltivars 0 -9 8 9 7  and accession  no. 1805 as low tem perature
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sensitive an d  tolerant respectively. L in kage analysis at a LO D  sco re  o f 3.0 and a 

m axim um  d istance 50 cM revealed 18 linkage groups.

A m ong th e  18 linkage groups, 15 grou p s (group no. 1 to 15) con ta in ed  single locus 

and the rem ainin g three groups w ere  designated as Linkage grou p -16, 17 and 18 

contained 2 , 11 and 12 loci respectively  (Figure 4.35). The an a ly sis  revealed that 

the d istan ce  o f  2 loci in linkage grou p -16 w as 15.90 cM  (Table 4 .9 ). A  total o f 11 

and 12 lo c i w ere mapped in a length  o f 241.70 and 206.10 cM  respectively. This 

gave a m ark er density of 24.17cM  in  linkage group-17 and 18 .7 3  cM  in linkage 

group-18 b etw een  adjacent m arkers in  these groups (T ab le 4 .9 ). T he a v erag e  

m arker d en sity  obtained in the stu d y (w ith  40 loci) seem s to  b e  high. However 

w ith 135  lo c i the first RELP m ap fo r rice had more intense m ark er density (10.35 

cM ) a s  h ad  been  observed by M cC ou ch  e t al. (1988).

The u niqu e chrom osom e num ber o f  Corchorus spp. is seven  (2n=14); so seven 

linkage g rou p s were expected to  rep resen t the genome. B u t fo r  linkage group 

analysis, th is  effort was very lim ited  and the total num ber o f  lo c i (40) was also 

low. In  th e  softw are (Map m aker v ersion  3.0), it w as indicated th at, if the distance 

b etw een  tw o  adjacent loci w ere m ore  than  50 cM, there it w o u ld  b e  a split point. 

M ore m ark ers are needed to be m ap p ed  to  merge sm aller lin kage groups to larger 

ones. In  th is  w ay, the total o f 40 loci o f the 18 linkage grou p s m ay  b e  in a single 

ch rom osom e i.e. in a single linkage group in the saturated  m apping. It was 

m en tion ed  by  Chawla (2002) th at the total number o f  lin k ag e  groups should 

a lw ays b e  m ore than its real num ber till saturation. Due to the unavailability of co­

d om in an t m arkers for jute, d om in ant m arkers (RAPD) w ere  used for mapping. 

D o m in an t m arkers are unable to  distinguish heterozygote fro m  hom ozygote; 

how ever, they allow m any polym orp hic m arkers to be quickly identified , which is 

useful fo r  m apping the genom e su ch  as legum e crops (M ennd ez e t  al., 1997; Eujayl 

et al., 1998 ; Laucou et al., 1998; San tra  e t al., 2000) and also  to  exten d  the existing 

linkage m ap  o f rye (M asojc e t al., 2001).
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SU M M A R Y

Bangladesh is the h o m elan d  of quality jute. It is a dicotyledonous, self-pollinated  

and diploid (2n=14) F ib re  yielding plant of the genus Corchorus, Fam ily T iliaceae . 

Ju te  Fibre is obtain ed  from  the bark of the tw o com m ercially cultivated sp ecies, 

nam ely Corchorus capsu laris  (white jute) and C orchorus olitorius  (tossa ju te). Ju te  is a 

short-day plant. It n e e d s  long day light for v eg etativ e  grow th and sh o rt-d ay  for 

flow ering. The yield  and quality of tossa is b ette r  than white jute. The ce n tre  of 

orig in  of white ju te  is said  to be Indo-Burma including South China, and A frica  for 

that o f tossa.

The global dem and fo r  traditional products o f ju te  is declining day by  d ay d u e  to 

invasion of synthetic F ib re . There is a golden op p ortu n ity  to revive the p ast g lo ry  of 

ju te  through the p ro d u ctio n  of paper pulp from  green  jute, which w ill so lv e  the 

problem  of retting and  ensure the bulk use o f green jute.

Bangladesh holds the la rg est gene bank of ju te  and allied Fibre (JAF) cro p s w here, 

5936 accessions are p reserv ed  and yet to be characterized . As jute is a self-fertilized  

crop, its natural g e n e tic  variability is very n arrow ; this m akes the plant b reed ers  

helpless in the d ev elo p m en t of this crop. M olecu lar techniques could b e  a su itable 

alternative to im p rove the crop. Jute is a new  cro p  in  the field of m olecular b io log y . 

So  any kind of m o lecu lar inform ation w ould b e  help fu l fo r its im provem ent. A s  it is 

believed that ju te  ca n n o t survive only of its  trad ition al use, a bulk u se m u st be 

ensured and p ro d u ctio n  o f paper pulp from  green  jute could be a su itable  

alternative. If this p ro g ram m e becomes a success, th en  at least two cro p s w ill be 

required in a year to  m ee t the mill dem and for green  ju te  round the year an d  one 

crop will have to  p ro d u ce  in the w inter season . T o  produce jute in  the w in ter 

season, it is essen tial to  develop  low tem perature to leran t DNA marker fo r  m arker- 

aided selection and finally  to develop a low  tem perature tolerant ju te  variety  

through m olecular ap p ro ach .
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Isolation o f  quality  DNA from ju te  is  very difficult because o f  the presence of 

p olysacch arid es and other m etabolites. T w o m odified m ethods (cited  as Method-I 

and M eth od -II) w ere evaluated using fou r types of plant m ateria ls  (seed, seedling, 

young le a f and  old leaf) from tw o sp ecies of jute. It is in teresting  to  note  that no 

D N A  w as fou n d  from seed sam p les from  b oth  the species if iso la ted  following 

M ethod-I (lack  o f phenol). From the ob servation , it may be conclu d ed  th at Method-I 

is suitable fo r  isolating DNA from  seed lings and leaves but n o t fro m  the seeds. On 

the o th er han d , Method-II (using phenol) is effective for all sam p les, however, 

com p rom isin g  o n  the quality o f D N A  isolated from leaf sam p les. If the sample is 

lim iting, a s  in  the case of dead seed s, th en  M ethod-II is likely to  b e  m ore suitable. 

Seedling is b e s t  for isolating quality D N A .

D N A  fingerp rin ting  or m olecular id en tity  of jute genotypes, particu larly  for the 

released v arie ties , is very im portant to  p ro tect biopiracy. E ig h teen  genotypes of two 

species o f  ju te , Corchorus capsularis  an d  C. olitorius, w ere used  fo r  fingerprinting 

analysis. A m p lification  of the iso lated  genom ic DNA from each  o f  the 18 genotypes, 

revealed a variety  of RAPD p attern s. SSR  analysis w as a lso  p erform ed  w ith 16 

genotyp es in  the same way as R A P D  analysis. The result w as v e ry  sim ilar to that of 

R A PD . T w o  independent d end rogram s w ere constructed u sin g  R A P D  and SSR 

data. T w o  m ajo r clusters representing tw o species w ere reso lv ed  among the 

genotyp es th a t w ere examined in  the study. A ll C. capsularis g en o ty p es  belonged to 

one and th e  C. olitorius  genotypes to the o th er cluster in b o th  th e  dendrogram s. The 

genetic d istan ce  among the g en o ty p es w ithin cluster co rre la ted  w ith little 

d iscrep ancies w ith field data. T h is  study holds enorm ous p rosp ect for the 

develop m en t and application o f  m olecu lar markers for jute. F u rth er studies with 

m ore n u m b er o f primers are highly recom m ended to generate a linkage map that 

spans the e n tire  length of the ju te  genom e.

The yield  an d  quality of C. olitorius  ju te  is b etter than C. capsu laris  b u t very sensitive 

to w aterlo g g ed  condition. D eveloping a w aterlogging tolerant D N A  m arker is very 

im portant b u t it w as not possible to proceed  w ith the selected  m ateria ls. However,
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it w as decided to  d evelop  DNA markers for le a f  structure (serrated versus entire 

leaf) and texture (m atte  versus glossy leaf). T h e  serrated  and glossy leaf characters 

are im portant for supporting a plant to be d ro u g h t tolerant. The D N A  ob tain ed  

from  the parents and hom ozygous lines, develop ed  from  cross betw een v arie ty  0 - 4  

and Incisifolius, w ere  analyzed with RAPD, IS S R  and STM S primers. N o con sisten t 

m arker associated w ith  desired traits w as observed .

A n effort w as m ad e to  determ ine the yield p erform an ce of 4 h o m ozy gou s lines 

along w ith their parents. T he data such as p lan t h eig h t, base diam eter, leaf area per 

plant, dry w eight o f  d ifferent plant parts (leaf, stem  and bark) per p lant, flo w erin g  

records such as  flo w erin g  at 60 and 120  days a fte r  sow ing, num ber o f p lan ts  not 

flow ered at harvest tim e and harvest index w e re  recorded, analyzed statistica lly  

and the m eans w ere  com pared by DM RT. T h e  result showed that am o n g  the 10 

param eters, 3 treatm en ts: base diameter, stem  an d  bark  dry w eight w ere sign ifican t 

at 0.05 level and 6 treatm ents: plant height, le a f area , leaf dry w eight, flo w erin g  at 

60, 120 D AS and p ercen tage of plants not flo w ered  at harvesting tim e w e re  highly 

significant (0 .01). O n ly  one treatment, h arv est index, was found insignificant. 

Though the b ark  dry w eight represents the F ib re  yield  (about 50%  o f the b a rk  is 

Fibre) and w as found highly significant, the h arv est index was insignificant as  it is a 

ratio. It m ay b e  conclu ded  that the variety d ev elo p ed  by Bangladesh Ju te  R esearch  

Institute is a rigid on e and not so easy to sup ersede.

A nother effort w a s  m ade to develop m o lecu lar m arker for low  tem p eratu re 

tolerance. T w o C. olitoriu s  genotypes, variety 0 - 9 8 9 7  and accession no. 1805  w ere 

selected as low  tem perature sensitive and to lerant, respectively, fo llo w in g  a 

thorough m orp h o log ical and molecular in vestigation . In RAPD analysis a p articu lar 

band w as found in to leran t accession w hen am p lified  w ith prim er OPG-Q5. A  cross 

w as m ade b e tw e e n  0 -9 8 9 7  and accession n o . 1805 as seed and p o llen  parent, 

respectively, and hybrid  (Fi) was produced. I t  w a s  observed that only the tolerant 

parent and hybrid  seed s were capable o f  germ inating at low  tem perature
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con d ition s (16°C ) where the sensitive p aren t failed. The result in d ica ted  that the low 

tem p eratu re  tolerant trait is a d om in an t character.

The D N A  obtained from the p arents and differentially gro w n  (lo w  temperature 

to leran t an d  sensitive) segregating F2 populations were th orou gh ly  evaluated w ith 

R A PD  p rim er O PG -05 for tracking the expected DNA fragm ent associated  with low 

tem p eratu re  tolerance. It w as observed  that a  particular band o f  ab o u t 1200 bp in 

size con sisten tly  co-migrates w ith  a band  of same size in th e  lo w  temperature 

to leran t p aren t and selected F2 p op u lations. This band w as a lw a y s  absent in the 

sensitive p aren t and F2S. The o b serv atio n  strengthened the idea th a t this particular 

stretch  o f  D N A  is associated w ith  lo w  tem perature tolerant ch aracter.

This co-segregatin g  DNA fragm ent m a y  b e  a part of low  tem p era tu re  tolerant gene 

or n o n -co d in g  fragm ent associated w ith  low  temperature to leran t tra it. For further 

con firm ation , the fragment w as iso lated  from the gel and u sed  as probe to 

d ifferen tia te  the tolerant and sen sitiv e  parents through Sou th ern  analysis, but the 

technique failed  to differentiate the parents. It means that the nu cleotid e sequence 

of b o th  to leran t and sensitive p aren ts in  the amplified reg ion s w e re  very similar. 

T he iso la ted  D N A  fragm ent asso cia ted  w ith low tem p eratu re  tolerance was 

successfu lly  cloned and sequenced com mercially. From  the sequence, SCAR 

prim ers w ere  designed. The tw o p aren ts  w ere amplified and ev a lu a ted  with SCAR 

prim ers repeatedly, but also fa iled  to  discriminate the p are n ts . This lack of 

p o lym o rp h ism  betw een the to leran t and susceptible g e n o ty p e s  w ith  the SCAR 

prim ers su ggests that the original polym orphism s w ith the 10 b a se  RAPD primers 

w ere d u e to small m ism atches a t the prim ing site resulting in  no amplification 

prod uct a t this site (Paran and M ich eim ore, 1993). W hereas, th e  lon ger and m ore 

sp ecific  SC A R  prim ers (21 to 24 b a se s) w ere not affected by  sm all m ism atches at the 

prim ing sites. T o  study the d ifferen ces betw een the parents a t  nucleotide level in 

the am p lified  products, the am plified  fragm ents from b o th  p a re n ts  w ere isolated, 

sequenced  and compared. An SN P  w a s found betw een these sequ ences.
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A  bioinform atics an alysis with this sequence w a s  carried out. A stro n g  hom ology 

(>90%) w as o b serv ed  a t nucleotide level w ith  gen o m e Arabidopsis thalian a. T his w as 

show n to be a p a r t o f a gene (a term inal exon ). The translated p ro d u ct o f its 

sequence revealed a 153  bp region sh ow in g  a strong hom ology, to  th at o f an 

A rabidopsis thalian a  expressed gene cod in g  fo r  low  density lip op rote in  B like 

protein. Out o f  51 am ino  acids, 46 w ere id en tica l, 3 highly conserved, 1 addition 

and 1  su bstitu tion  w a s  observed in co m p ariso n  with translated p rod u ct of 

A rabidopsis thalian a. T h is  was a significant fin d in g , as lipoproteins are k n o w n  fo r its 

role in cold to leran ce  in other organisms.

An effort w as m a d e  to  rescue the upstream  sequence to know the to ta l sequence of 

the gene using in verse PCR with SC A R p rim er but no am plification w as found. 

Further b io in fo rm atics  analysis of the seq u en ce  revealed the p resence o f  an  ORF 

that is show n to  b e  expressed. This indicates th at the region m ay b e  p resen t in close 

proxim ity to  th e  locu s determining low  tem p eratu re  tolerance. From  th e  evidence 

of strong lin kage observed , this ORF itse lf is found to be responsible fo r  the trait, 

tw o possible m ech an ism s could be p ro p o sed ; one is that there m ig h t be a 

com bination o f  S N P  (both  in intron and in  exon ), which are resp on sib le  fo r such 

differential p h en o ty p e . Second, it may a ltern a te  splicing products, w h ich  could lead 

to different p ro d u cts  form ed in different g en o ty p es. It was evaluated th a t the gene 

responsible for low  temperature tolerance w as expressed as determined by RT-PCR.

The first and v ery  prelim inary linkage m a p  o f  the jute genom e w a s constructed 

w ith RAPD m ark ers  using two parents and th e ir  F2 populations. L in k ag e  analyses 

al a LOD score o f  3 .0  and a maximum d istan ce  50 cM revealed 18 lin k ag e  groups. 

Am ong the 18 lin k ag e  groups, 15 groups (g rou p  no. 1 to 15) contained single locus 

and the rem ain in g  three groups d esign ated  as Linkage group-16, 17  and 18 

contained 2, 11 and 12 loci respectively. T h e  unique chrom osom e num ber of 

Corchorus spp. is  sev en  (2n=14); so seven lin k ag e  groups should have b e e n  obtained 

to represent the gen om e. But for linkage grou p  analyses, the effort w as very  lim ited 

and the total n u m b e r o f loci (40) was also  low .
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APPENDIX

Appendix I: List of 40 decamer RAPD primers with their sequences

N am e Sequence G C  co n te n t
(% )

Name S e q u e n c e GC content 
(%)

O PA B -O l G T A G 70 OPH-03 AGA C G T  C C A  C 60

O P A B -0 3 TG G  CGC A C A  C 70 OPH-04 GG A A G T  C G C  C 70

O P A B -0 5 C C C  GAA GCG A 70 OPH-05 A G T C G T  C C C  C 70

O PA B-O 6 G TG  G C T T G G A 60 OPH-07 C TG  C A T  C G T  G 60

O PA B-O 8 G T T  ACG GAC C 60 OPH-IO C C T  A G G  T C A  G 60

O PA B -IO T T C  C CT CCC  A 60 OPH-12 A C G  C G C  A T G  T 60

O P A B -1 2 C C T  GTA C CG  A 60 OPH-13 G A C  G C C  A C A  C 70

O P A B -1 8 C TG  GCG TG T C 70 OPH-14 A C C  A G G  T T G  C 60

O P A B -20 C T T  CTC GGA C 60 OPH-15 A A T  G G C  G C A  G 60

O P G -03 G A G  CCC  TC C  A 70 OPQ-Ol G G G  A C G  G A T  G 70

O P G -05 A G T C G T C C C C 70 OPQ-05 C C G  C G T  C T T  G 70

O PG -O 6 G T G  C CT A A C  C 60 OPQ-O6 G A G  C G C  C T T  G 70

O P G -0 7 G A A  CCT G CG  G 60 O PQ-07 C C C  C G A  T G G  T 70

O PG -O 8 TC A  C CT CCA  C 60 OPQ-O8 C TC  C A G  C G G  A 60

O P G -09 C TG  ACG TC A  C 70 OPQ-16 A G T G C A  G C C  A 60

O P G -11 TG C  CCG TC G  T 70 OPQ-17 G A A  G C C  C T T  G 60

O P G -1 3 C T C  TC C  G CC A 60 OPQ-20 T C G  C C C  A G T  C 70

O P G -15 A C T  GGG A C T C 70 OPE-17 C TA  C T G  C C G  T 60

O P G -16 A G C  GTC C TC  C 60 OPN-02 A C C  A G G  G G C  A 70

O P H -0 2 T C G  GAC G TG  A 60 OPN-13 A G C  G T C  A C T  C 60
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Appendix II: List of 47 SSR primers (Forward & Reverse) w ith sequence

P rim er Forw ard an d  R ev erse  Sequence G C  content (%)

SS R -01
Forw ard C TT T C T  T G A  C C C  A A A  CAA TG C C A 43.5

Reverse GGA TG A  T G A  A A A  ACG AAG TG C  C T A 41.7

S S R -0 2
Forw ard GTT T A T  C C A  A C C  AAT ACC A A C  C A 39.1

Reverse TG C C TC  G T T  G C T  G G A  CA T TG C A 54.5

SS R -03
Forw ard GAA A T A  A T T  G T C  A C A  CTG C TC  C 45.5

Reverse A TT C C A  C G C  T C C  TTG  TCA  CC 55.0

S S R -0 4
Forw ard CA A  A A G  T A G  T G A  AGA ACA TG A  C C A 37.5

Reverse GGC A A A  T T C  T G A  T A T  ACG C CT G A 43.5

S S R -0 5
Forw ard A G T G A C  T T A  T A G  T C T  AAT TA G  TG A 29.2

R everse A C A  G A T A G G  A T G  TT A  ACG GGA 42.9

S S R -0 6
Forw ard CTA  T C T  C C C  A T T  G TA  CCT GCA 47.6

Reverse GGC A G A  T T G  T G T  G A G  A CT A TC A 45.5

S S R -0 7
Forw ard A A T G TA  T A T  G A A  C C A  TA G  TG G  T A C  A 32.0

R everse TTA  TC A  C A A  A G T  A G C  AGA C TA  A C A 33.3

S S R -0 8
Forw ard GTA  T A G  A T A  A A G  A A A  ATC CTA  A C A 29.2

R everse GCA G A A  A T T  G T G  TG A  GAT C A T C A 39.1

S S R -0 9
Forw ard TT A  C A T  T A T  A T A  A TG  TCC AGC C A 30.4

R everse A G T GG C T A C  T G G  T T C  CTA CA 50.0

S S R -1 0
Forw ard GAA C A T  C A A  G A C  TG A  GTA A G A  C C T  A 40.0

R everse TTG  AGG A T T  T T A  A TA  TG C A TG  C A 34.8

SSR -11
Forw ard TTA  C TG  C C C  T G T  TA A  TGT TC C  T C A 37.5

Reverse GG A TG G  A T T  A A C  T T T  TGA TTG  G C A 37.5

S S R -1 2
Forw ard CG C TC G  C C T  A A G  TG A  AGG CA 60.0

R everse A TA A A A  T A C  A A G  GGA CA C TT A  G C A 33.3

SS R -13
Forw ard TTA  G G A  G T C  A T T  T C T  AAC A A G  A C 34.8

R everse A A T  C C C  T C C  A G C  TTT CTC GA 50.0

SS R -14
Forw ard T T G  T I T  C C T  C A G  T G C  TG A  C TC  A 45.5

Reverse C TC  TG C  T A T  A T C  A TC  CGT AGC A 45.5
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SSR -15
Forward G A G  A G G  A A T  G A T GCT G A G  A T T  C A 43.5

Reverse G A C  A C C  C T C  CG C CA T T C T  C A 60.0

SSR -16
Forward T G G  A A C  C T G  A GC ATC T C T  C C A  G A 52.2

Reverse e r r  JY Y  C T r  G T T  CAG GG A C C T  G A 43.5

SS R -17
Forward A G A  G T T  T G C  A A C  AAG GTA  G C C  A 45.5

Reverse T G G  C T A  C T T  A A A  CTT A GT T G T  G T G  C A 38.5

SSR -18
Forward G C T  G T T  G T C  T C T  CTA TTG  G TG A 45.5

Reverse T T C  C A C  G C T  C CT TGT TG C C A 55.0

SSR -19
Forward T A T  G A A  G G T G A A  CTA  C TT G T C  A C A 37.5

Reverse A G C  T T C  C A T  TT C  GAA C A T T C C  A 40.9

SSR -20
Forward G T A  A A G  C A C  AGG ATT A G T C C C  A 45.5

Reverse G G A  A A G  TG A  A C C  TC T A G T A G A  T G A 41.7

SSR -21
Forward A A T  C A A  A T T  GAG AAT GG A C A T  G C A 33.3

Reverse G A A  A G G  C A A  A TG  CGC T T G  T T G  A 45.5

SS R -22
Forward C T G  I T T  G T C  A A T  A CT CTC T T T  T G A  G T C  A 36.0

Reverse G T C  C A A  A A C  A TC GTG C A G  T G T  G A 47.8

SSR -23
Forward G G C  C C T  T C T  A A T  TAA C CT C C A 47.6

Reverse A G T  T T T  G T T  T C C  AGA TA T T G C  T C A 33.3

SSR -24
Forward G T A  C A T  C T G  A TT A A T A TC C T C  T A 30.4

Reverse C T A  T G T  A A A  C T T  A CT TG A  A C G  A C A 33.3

SSR -25
Forward A A T  G G C  A A G  CA A  C TT C A T  C C C 47.6

Reverse A T C  G A G  T A T  A A A  CAG A G T A A T  G A C 33.3

SSR -26
Forward G A A  T A T  T T A  A C T CTA  TC C  A C C  A C A 33.8

Reverse G C T  C C T  G C C  TG T AAT TA C  A C A 47.6

SS R -27
Forward T T G  T G T  G C A  A A C  ACG A G T G C A 47.6

Reverse G G T  A G C  C A T  G TT TA C TTC C T G  A 45.5

SSR -28
Forward A G A  G A C  G A G  TA A  ACA T A A  A A G  T C C 37.5

Reverse C T G  G C G  A A G  C CT TA A  A A A  T G C  A 45.5

S5R -29
Forward C T G  A A T  G A A  AGA TTG  C TT T T A  A T C  C 32.0

Reverse C A T  G C A  T C A  T T T  GCA TTG  C A T  G C A 41.7
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SSR -30
F o rw a rd G A G  TGA TTA  G A G  G G C  A G C  CA 5 5 .0

R e v e rse TG C  AAC A A A  G TA  T C C  A A A  TCG AC 39.1

SSR-31
F o rw a rd G A T TTT TGG T A T  G C A  T G G  GGA 4 2 .9

R e v e rse C TG  T IT  AAG A A A  T A C  T C C  A A A  TGG 33 .3

SSR -32
F o rw a rd T T C  ACT TTG C A T  T A A  A G A  ACA CCA 33 .3

R e v e rs e  - G G G  ATA AGG A A G  C T T  C C A  TGC A 50 .0

SSR -33
F o rw a rd G TT GAT A TC T T T  A C G  G T G  T A T  AGA 3 3 .3

R e v e rse G TG  ATT TTG  G TT A C T  A T G  A C C  CA 39.1

SSR -34
F o rw a rd G TG  GAT CA T A T G  T A A  T T T  C TC  CAA 37.5

R e v e rs e A GC TGG TTG T T G  A T C  T T C  A TC  TG 43.5

SSR -35
F o rw a rd G TA  TTT CTG C TG  A G G  G G C  T T C  A 50 .0

R e v e rse C TA  TC G  TTG  G T G  A A T  G T A  TA T ACA 33.3

SSR -36
F o rw a rd A A A  AGA TA T C T T  A C T  G C T  CAA GTC 33 .3

R e v e rse T A T  TAA TTA  G A C  T T G  T C T  G TC TAT C 28.0

SSR -37
F o rw a rd A A T  GTG A A A  T C C  A A T  T A A  A GC ACA 29.2

R e v e rse C C A  AGA TTG  T A G  C A A  C A A  ACC A 45.5

SSR-38
F o rw a rd A C C  AAG TA T G A T  C T G  A C C  TC T 42 .9

R e v e rse ACC TAA AAA CAA CA C A A A  AAT ATC TTG C 28.6

SSR -39
F o rw a rd T T C  ATA GCC G T T  T G T  G C A  A TC  A 40.9

R e v e rs e A TC  AAA AGA G T G  G A G  A T A  T T G  AAC 3 3 .3

SSR -40
F o rw a rd A C G  ATA A TG  C C C  T C G  C T T  AG 5 0 .0

R e v e rse G A T GCA G A T TG G  T A G  A G A  GTC A 4 5 .5

SSR-41
F o rw a rd GG A AAA CAG C C T  A T T  G G G  GAC A 5 0 .0

R e v e rse C A T  TCC TCC A TT G T T  G A A  GGA 42.9

SSR -42
F o rw a rd G G A  A A T ACC C A C  A C T  G T T  CCA 47.6

R e v e rse G C A  ATC AAA G T G  T A T  T T G  G A T GAC A 36.0

SSR-43
F o rw a rd TT A  GCA GAA C A G  C A G  C A A  GCA 47.6

R e v e rse T A A  TTT CA G G TT T T G  A G T  A C T  CCA 33.3

SSR -44
F o rw a rd C A T  TTT GTT A A C  CTT  C C T  C A C 38.1

R e v e rs e G A A  TTC  TA A  T T G  T G T  G G T  TTC 33.3
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SS R -45
Forw ard AAA G A G  C T T  T G A  G A G  ATG GTC C 45.5

R everse CCT A G C  A T A  T T G  T T C  AAG TCC 42.9

SS R -46
Forw ard TCG T C C  C C C  A G G  A TA  CAA C 57.9

Reverse AGT C G T C C C  C T A  T A T  AAA GGG 47.6

S S R -4 7
Forw ard AGT C G T C C C  C A T  T G A  TAA TGG 47.6

Reverse AGT C G T C C C  C T C  A T C  ATT TA C G 50.0

Appendix III: List of 15 ISSR  primers with sequence

P rim e r S e q u e n c e

ISSR-01 T  A G A G A G A G A G A G A G A G

ISSR -02 C  T G T G T G T G T G T G T G T G

1SSR-03 A  G T C T C T C T C T C T C T C T C

ISSR -04 T C  C A A C A A C A A C A A C A A

ISSR -05 A G  C T T C T T  C T T C  TTCC TTC TT

ISSR -06 G  C C A C C A C C A C C A C C A C C A

ISSR -07 C T  A A G A A G A A G A A G A A G A A G

ISSR -08 C G G G G G G G G G G

ISSR -09 T A  A G A G A G A G A G A G A G A G

ISS R '10 T C  G G C G G C G G C G G C G G

I S S R 'l l A C A C A C A C A C A C A C A C  T

ISSR -12 G T G T G T G T G T G T G T G T A

ISSR -13 G A G A G A G A G A G A G A G A  T

ISSR -14 G A G A G A G A G A G A G A G A  A

ISSR-15 C G G C G G C G G C G G C G G T
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Appendix IV: Primers for the SSR or STM S PCR

Prim er Seq u en ce T m °C Product s iz e  (b p )

J0 0 3 F T I T  A T C  T C T  T T C  GGC A TC A T C  A 45 241

J003  R G C A  C A T  T G C  A C G  TCA  CTC AT 45

J0 0 4 F TG G  T T G  C A T  TG T TTG  C A T TT 45 201

J0 0 4 R TG C  A G A  A G A  C TC  CCA A TT C C 45

J0 0 8 F GGA C C A  A A A  CAG GTG C A T T T 45 200

J0 0 8 R A GG G T G  A T T  TTG  TTG GCA  C T 45

1042 F A A A  T G A  C C T  G TT GAT G CC A A T 45 161

J0 4 2 R TCA  T T C  C A C  TCA  ACC CAA CA 45

J0 4 7 F C A A  C A A  G A A  CA A  CAA C CT C A 45 182

J047 R C TA  G G C  C G C  A A G  TTT TC A  T T 45

J121F TG G  G A A  A T T  A G G  G IT  TGG AG 45 241

J121R CGA G A A  T G A  A A A  CCC CTC A A 45

Appendix V: List o f  A FLP primers (EcoRl and M sel) with sequence

E c o R l group S e q u e n c e  (5* to  3 ')

E-AA C T T  G T A  GAC TGC GTA  C C  A A TTC A A

E-TT C T T  G T A  GAC TGC GTA  C C  AATTC  T T

E-AG C T T  G T A  GA C TGC GTA C C  AATTC AG

E-AT C T T  G T A  GA C TGC GTA C C  AATTC AT

E-TC C T T  G T A  GA C TGC GTA  C C  AATTC TC

E-TG C T T  G T A  GAC TGC GTA C C  AATTC TG

E-TA C T T  G T A  GAC TGC GTA  C C  A A T T C  TA

E-AC C T T  G T A  GAC TGC GTA  C C  AATTC AC
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M sel group Sequence (5' to 3')

M-CAA GAC GAT GAG TCC TGA G TAA CAA

M-CAC GAC GAT GAG TCC TGA G TAA CAC

M-CAG GAC GAT GAG TCC TGA G TAA CAG

M-CTG GAC GAT GAG TCC TGA G TAA CTG

M-CTA GAC GAT GAG TCC TGA G TAA CTA

M-CTC GAC CAT GAG TCC TGA G TAA CTC

M-CTT GAC GAT GAG TCC TGA G TAA CTT

M-CAT GAC GAT GAG TCC TGA G TAA CAT

Appendix VI: Sequence (Forward and Reverse) of DNA fragm ent associated 

w ith low temperature tolerance

>FORW ARD SEQUENCE:

GTATATGCACCCCTATCCAATGGAAACAAAGCATGCATCTAAATTTGGTGGGAGGACAA
AGAGCTAAGGACCAAGCAAAAATCAAGAATCTGATCTGGTGGTGGTAAATGAAGAAAG
AAATCCCCCAGCTTGTACAGGTAAAATGTCACCAAATGTTGACATGGCAGCTGCTGATCT
ATCCTTGAATATGCCCACTTGCCCATCCGTTAGTATAGATCCCAACTTTAAAGTGCTCTCT
CCGAATTTACTTCCAACCTGGCCAGTCCAAAGGAAATCAATATCAAAACCTTGAATGTCT
TACAAACAGATAGCAAAACATCTAATCCACTTTACAATTGCAGTAAATATTCATAACTTG
CAAATTAGCTGCnTACATAAGGCTAATTCCCAAGGAAGGTTCAAACCTTCATACGATCT
CATTTCAAGATCAAAATTTTCTACTTTGTCCATTATAAGATCAAACATTTCCGACAACACT
G A A G GG G TA TnTA G C A TG C CnTCA TG CTCA nTG A G TCTC TTA A A TA TG TG A G A A A G TA
GATTTAGTGAAAAGCCAGACACAGCTCTACTTAAGGTTGACATGATTATCAGGACTTCCT
TGTTGATGAGTAAAACAATCCGACCTTCTTATGTAACAAGTCCAAATTCTTAGCTGGCTTC
CTCCAGTTTAGGATTGCCTTnTCCAACAAGGACCTCAGATGCTAGTCAGCATTAATGGG

AGTTGTGTA A A CCTA CCTTCTGTCTnTA TCTA TTA A CTA G CTA G TCTTTA CA A TnTCA G T
AAGATTATATATGGTTTTGTAATTCCTCTGATTCAAATTTGTTTCTCAGGGTAAATCATATT
AATACCCCTTGTGATnTCCGTTTCATGATTTTGT
CCAAAACAAGAAACACCCTTGGGGTTTAACCTT
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>REVERSE SEQUENCE

TTAGTCGTCCCCTATGATAATGGAGTAGAAGTATAAACCCCAAGGGTGnTCCTGTTTTGC
TCCAAAGGGCAAAAAGAAACATAGATCTACAAAATCATGAAAACGGAAAATCACAAGG
CGTATTAATATGATTTACCCTGAGAAAACAATTTTGAATTCAGAGAACTTACAAAACCAT
ATATAATCTTACTGAAAATTGTAAAGACTAGCTAGTTAATAGATAAAAGACAGAAGGTA
GGTTTACACAACTTTATTTCAGTGTAAAAAGTATGCAGTGAGGATTAACATGTTAAAGAA
ATTCGTTTTAGTGGG'TTTGGCCAAAAAAAGGGTTTTAGTGGTCCCATTAAGTTAAGGGGA
AGGGCAAACACAATTCCCATTAATGCTGACTAGCATCTGACGTCCTTGTTGGAAAAAGG
CAATCCTAAACTGGAGGAAGCCAGCTAAGAATTTGGACTTGTTACATAAGAAGGTCGGA
TTGmTACTCATCAACAAGGAAGTCCTGATAATCATGTCAACCTTAAGTAGAGCTGTGTC
TG G Cm TCA CTA A A TCTA CnTCTCA CA TA TTTA A G A G A CTCA A A TG A G CA TG A A A G G C
ATGCTAAAATACCCCTTCAGTGTTGTCGGAAATGTTTGATCTTATAATGGACAAAGTAGA
AAATTTTGATCTTGAAATGACATCGTATGAAGGTTTGAACCTTCCTTGGGAATTAGCCTTA
t g t a a a g c a g c t a a t t t g c a a g t t a t g a a t a t t t a c t g c a a t t c t a a a g t g g a t t a g a t g

TTTTGCTATCTGTTTGTAACACATTCAAGCTTTTGATATrGATTTCCTTrGGACTGGCCACG
TTCGAAGTAAATTCGGAGAGAGCACTTTAAACTTGGGATCTATACTAACGGATGGGCAA
GTCGGCATATTCAAGGATAGATCACCAGCTGCCATGTCAACATTrGGTGACATTTTACCT
GTACAAGCTGGGGGATTTCTTTCTTCATTTACCACCACCAAGATCAGATTCTTGATTTTTG
CTTGGTCCTTAGCTCnTGTCCCTCCACCAAATTTAGATGCATGCTTTG

S C A R  p r im e r : F o rw a rd  ^ T O T C C < ^ A T G A T A ^ ^  (21b)

R everse AGTCGTCCCCTCATCATTTACG (22b)

Note: Highlighted sequence indicates the cite of SCAR primer

Appendix VII: Acquaintance with Apparatus used in the Laboratory

Name Description Source

E p p e n d o r f  tu b e s  

M ic r o p ip e tte  tip s  

P C R  tu b e s S iz e  0 .5  m l

S iz e  1 .5  m l, c o lo r le s s  F is h e r  S c ie n tif ic , U S A .

L a b s y s te m s , F in la n d .

P e rk in  E lm e r  C e tu s , U SA .

G lo v e s D is p o s a b le V in y l m e d ic a l g lo v e s , U S A

G la s s  w a re s P y r e x  b ra n d U S A

M ic r o p ip e tte s 0.5-10, 0 .5-10yl 
5-20^1,10-100^1, 
50-1000^x1

L a b s y s te m s ,

F in la n d .
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Gel kit and pow er

Autoclave machine

Microcentrifuge
Machine

Vortex

Reciprocal shaking bath

Circulating w ater bath

PM meter

Tube rack

Balance
Switzerland

Magnetic stirrer

Incubator shaker

Centrifuge tube

Refrigerated super speed 
centrifuge

Freeze drier

Refrigerator

Microwave

Hiodoc System

Spectrophotometer

Model H5 H orizontal

Model HL-42A

Eppendorf centrifuge 
5810R

Model 1190-1 

Model 25 

Model260

Innova 4300

Model RC 5B

Model 12525 

-80°C

Kodak EDAS 290 

Analytikjena Specord  50

BRL, Life Technologies Inc. 
USA.

E Hirayama M fg 
Corp. Japan.

Germany

Labline Instruments, USA. 

Precision Scientific. 

Precision Scientific.

Orion Research, USA. 

SIGMA, USA.

Mettler AE 100,

Coming, UK.

New Brunswick 
Scientific Nalgene,

USA.

Sorvall

VirTis Comp.USA.

Barka Profiline 

Emerson, Korea.

Japan

Germany
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