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nFigure 1.2a Xerophyta viscosa Baker plant in a dehydrated state of about 5 % RWC. 

Figure 1.2b Typical Xerophyta viscosa Baker in its fully hydrated condition. 

1.3 Mechanisms of desiccation tolerance and other abiotic stresses 

1.3.1 Osmoprotectants 

Organisms and cellular systems with adaptation to stresses such as high temperature, desiccation 

and high urea environments often respond by accumulating particular organic solutes of lower 

molecular weight such as sugars polyhydric alcohols, free amino acids and their derivatives 
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2.4 Results 

A restriction digestion (EcoR 1 and Xho 1) was carried out on each plasmid to verifY the 

presence of cDNA insert (Figure 2.2). The cDNA library represented genes that were 

expressed inX viscosa leaves during dehydration (85%,37% and 5% RWC) (Fig. 2.1). 

DS was used to screen 192 randomly selected cDNA clones from the X viscosa cDNA 

library (Figs. 2.3, 2.4 and 2.5). 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 

Figu re 2.2 EtBr stained 1 % agarose gel electrophoresis of restriction digestion of the 

cDNA inserts of the randomly selected clones. 

Total RNA isolated from hydrated (100% RWC) and dehydrated (37% RWC) X viscosa 

leaves were reverse transcribed and each used to probe one replicate of the clones, 

respectively. Of the 192 cDNAs screened, 30 showed higher expression levels when the 

plant was dehydrated (Fig. 2.3 B, 2.4 Band 2.5 B), while 20 exhibited higher levels when 

the plant was hydrated. Three of the former group (clones marked in Fig. 2.3: 8A, IB and 

3B) were chosen for further study. 
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Hydrated 1 2 3 4 5 6 7 8 9 10 1112 

A 

A 
B 

c 

D 

Figu re 2.3 Slot blot showing differential screening of 192 cDNAs probed with 32p_ 

labeled cDNA isolated from A) hydrated and B) dehydrated X viscosa leaves. Arrows 

indicate the cDNAs that were up-regulated during dehydration. Thick-headed arrows 

indicate the cDNAs chosen for the study, while the thin-headed arrows indicate the rest 

of the 30 cDNAs. Numbers and alphabetical letters in a slot blot apparatus represents 

the location ofcDNAS from 1A to 12D. 
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1 2 3 4 5 6 7 8 9 10 11 12 
Hydrated A 

A B 
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Dehydrated 1 2 3 4 5 6 7 8 9 10 1112 

A 

B 
B 

c 

D 

Figure 2.4 Slot blot showing differential screening of 192 cDNAs (second duplicate) 

probed with 32P-labelled cDNA isolated from A) hydrated and B) dehydrated X viscosa 

leaves. Arrows indicate the differentially expressed cDNAs. Numbers and alphabetical 

letters in a slot blot apparatus represents the location of cDNAS from 1 A to 12D. 
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1 2 3 4 5 6 7 8 9 10 11 12 

Dehydrated 
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D 

Figure 2.5 Third duplicate of slot blot showing differential screening of 192 cDNAs 

probed with 32P-IabeUed eDNA isolated from A) hydrated and B) dehydrated X 

viscosa. Arrows indicate the differentially expressed cDNAs. Numbers and alphabetical 

letters in a slot blot apparatus represents the location of cDNAS from 1 A to 12D. 
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1 2 3 4 5 6 7 8 9101112 1314151617181920 

Figu re 3.3 EtBr stained 0.8 % gel electrophoresis of restriction digestion of X viscosa 

genomic DNA with different enzymes. Lanes: 1, 'APstI, 2, positive control (XVLEA), 

3,4,5, EcoRI, EcoRV and HindUI respectively for XVLEA; 6, blank; 7, 'APstI, 8, blank, 

9,10,11, EcoRl, EcoRV, HindUI respectively for XVDH; 12, positive controlXVDH; 13, 

blank; 14, 'APstl, 15, blank; 16,17,18, (EcoRI, EcoRV, HindlII, respectively); 19, positive 

control XVLEC; 20, blank. 

XVLEA XVDH XVI. He: 

A B c 
1 2 

1 2 

3.84kb .... 4. __ 

Figure 3.4 Southerrn blot analysis of the three cDNAs present in X viscosa genome. (a) 

XVLEA: Lane 1, EcoRl; lane 2, EcoRV, (b)XVDH: lane 1, EcoRl; lane 2, EcoRV and 

lastly (c) XVLEC with same enzymes in each lane. 
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expression levels remained the same for the following 24 hours. A significant increase in 

XVDH transcript levels was observed 42 hours after ethylene treatment, followed by a 

gradual decrease. A similar pattern of XVDH expression was observed at 60 and 66 hours 

where an increase and subsequent decrease in transcript levels was observed. The blots 

were probed with p-actin to verify equal loading of RNA samples [Figs. 4.4A(ii) and 

4.4B(ii)]. 

In the case of MeJa, XVDH transcripts had minimal expression until 12 hours after 

treatment. Thereafter an increase was observed until 78 hours [Fig. 4.5]. 

XVLEA XVDH 

2 1 2 
A B 

O.71k~ l.09kb ... 

Figure 4.1. Northern blot analysis of hydrated (100% RWC) (lane 1) and dehydrated 

(37% RWC) (lane 2) X viscosa leaves. 10 ).lg of total RNA was fractionated on a 1.2 % 

agarose gel and transferred to a nylon membrane. The blot was probed with 32P-Iabelled 

XVLEA (A) and XVDH (B) inserts. Equivalent amounts of RNA were loaded as 

determined from Northern analysis using a p-actin probe. 
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Figu re 4.2 Northern blot analysis of XVLEA XVDH of dehydration-rehydration 

treatment lane1, 4%; 2,32%; 3,37%; 4,92% RWC. a)XVLEA rehydration; b)XVDH 

rehydration. RNA was electrophoresed on 1 % agarose gel containing EtBr, and 

transferred onto a nylon membrane, transferred to a nylon membrane and probed with 

XVLEA and XVDH insert. 
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Figu re 4.3 Northern slot blot analysis of low temperature (A) and heat (B) stressed X 

viscosa plants. 4)lg oftotal RNA was slot blotted onto nylon membranes in a slot blot 

apparatus (Hoefer Scientific, San Francisco). The blot was probed with 32P-Iabelled 

XVDH insert. Equivalent amounts of RNA were loaded as determined from using a p­
actin probe (A(ii) and B(ii)). Lanel, day 0 prior to the treatment; lane 2, day l; lane 3, 

day 2; lane 4, day 3; lane 5, day 4; lane 6, day 5; lane 7, day 6; lane 8, day 7. 
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ABA Treatment 
A(i) 

A(ii) 

I3-Actin 

Ethylene Treatment 

B(i) 

8(ii) 

P-Actin 

1 2 3 4 5 6 7 8 9 10 11 12 
~1t. , . 

,,~. 

1 2 3 4 5 6 7 8 9 10 11 12 

Figure 4.4 Northern slot blot analysis of ABA (a) and ethylene (b) treated X viscosa 

plants. 4 /lg of total RNA was slot blotted onto nylon membranes in a slot blot apparatus 

(Hoefer Scientific, San Francisco). The blot was probed with 32P-Iabelled XVDH insert. 

Equivalent amounts of RNA were loaded as determined from using a p-actin probe 

(A(ii)and B(Fig. 4.3B(i) (ii)). Time (t) is at 6 hourly intervals. Lane 1, time 0 (to); lane 2, 

t6; lane 3, t12; lane 4, tl8 ; lane 5, t24; lane 6, t30; lane 7, t36; lane 8, t42; lane 9, t48; 

lane 10, t54; lane 11, t66; lane 12, t66. 
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MeJa Treatment 

1 2 3 4 5 6 7 8 9 10 11 12 

A 

B 

Figure 4.5 Northern slot blot analysis of MeJa treated X viscosa plants. 4 Ilg of total 

RNA was slot blotted onto nylon membrane in a slot blot apparatus (Hoefer Scientific, 

San Francisco). The blot was probed with 32P-labelled XVDH insert. Time (t) is at 6 

hourly intervals. Lane 1, time 0 (to); lane 2, t6; lane 3, t12; lane 4, t18; lane 5, t24; lane 6, 

t30; lane 7, t36; lane 8, t42; lane 9, t48; lane 10, t54; lane 11, t60; lane 12,66; lane 13 

(lB), t72. Samples were 13 in total and the slot blot accommodate 12 in a row such that 

the last t72 was loaded in the second row of the slot. 

4.5 Discussion 

It has been well documented that late embryogenesis abundant proteins and dehydrins 

accumulate in response to dehydration (Dure III 1993; Close 1996; Chermidae 1997; Han 

et al. 1997) and also cold and salt stress (Close 1996). Therefore, the effects of 

dehydration-rehydration on both cDNAs, and the effects of low temperature and heat 

stress, exogenous ABA and ethylene on XVDH expression in plant X viscosa were tested. 

The XVDH transcripts accumulated in response to each of the above treatments. There 

was particularly abundant accumulation of the transcripts when plant was dehydrated to 

37% RWC (Fig. 4.1B), suggesting that XVDH and XVLEA do indeed playa role in 

tolerance of water loss in this plant as has been reported for other desiccation tolerant 

organisms (Dure III 1993; Close 1996; Chermidae 1997; Han et al. 1997). The precise 

nature of that role is still unclear (Black et al. 1999) 

XVDH transcripts accumulated in response to ABA, heat, cold and ethylene treatments. 

There is good evidence that dehydrins play important roles in response to various stresses, 
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Figure 5.1 Electron micrographs showing ultrastructure of mesophyll cells of 

hydrated (A) and dehydrated (B) X viscosa leaves. AS, intercellular air space; C, 

chloroplast; CT, cytoplasm; CW, cell wall; N, nucleus; PM, plasma membrane; 

V, vacuole. Magnification: A, 48000X; B, 30000X. 
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Figure 5.2 Electron micrographs of hydrated (100% RWC) leaf sections of X viscosa 

labelled with PLA-l 00 antibody (A, B and C) and with pre-immune serum (D). AS, 

intercellular air space; C, chloroplast; CT, cytoplasm; CW, cell wall; M, 

mitochondria; N, nucleus; PM, plasma membrane; V, vacuole. Magnification: A, B, 

C, 28000X; 0, 23000X. 
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Figure 5.3 Electron micrographs of dehydrated (37% RWC) leaf sections of X 

viscosa labelled with PLA-l 00 antibody (A, B and C) and with pre-immune serum 

(D). AS, intercellular air space; C, chloroplast; CT, cytoplasm; CW, cell wall; N, 

nucleus; PM, plasma membrane; V, vacuole. Magnification: A, 64000X; B, 38000X; 

C, D, 32000X. 
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Figure 5.4 Electron micrographs of dehydrated (5% RWC) leaf sections of X viscosa 

labelled with PLA-l 00 antibody (A, B and C) and with pre-immune serum (D). AS, 

intercellular air space; C, chloroplast; CT, cytoplasm; CW, cell wall; N, nucleus; PM, 

plasma membrane; V, vacuole. Magnification: A, B, 43000X; C, 32000X; 0, 22000X. 
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ID 

SQ 

1 

61 

121 

181 

241 

301 

361 

421 

481 

541 

601 

661 

721 

XVLEA 

SEQUENCE 

PRELIMINARY; 

770 BP; 248 A; 

c 

DNA; 77 BP. 

143 C; 235 .G; 144 T; 

ATTCGGCACG AGGTTCACGG AACGACGGTG GATGAAACCA AAGAGAGGGT GAATGCTGCG 

ATTCCGACCA TGGATGAAAC CAAGGAGAAG GTGAGCCCCG CCATGCAGGC GGCGAAGGAG 

AAGAAAGAGG CTTGGTCTGA ATGGGTGGAA GATAAGCTAG AAGGATTGGG GCTTAAGATG 

GAGAATAAAA TGGCGGCCGC AGACGACACC ACGGACAAAG CTGCAGAGGT TGCCATGAAG 

GCCAAGGACT CTGCTTCAGG AGCTGCTGAA ACCTCATCTG AGAAGGCAGG AGAGAGCAAG 

AACACCGTGA AAGACAAGGC GGCGAAGTCC GCGGACTGCA TGTCCGGCAA GGCCGAGGAT 

GTGAAGGGGA AAACCACCGA AACCGCCGGG AAAGCATCAG AGGACGCCGG CGGGTCTACG 

AGAGCGCCAA GCAGAAGATG GAAGAAGCCT ACGCTGCTGC CAGGGACAAG CTGGCTGAGA 

ATTCTAAGGC AAGCTATGAA ACTGCGAAGG ATAAGATGTC CCAGGCGACT GGTGCCAAGG 

CGGGCGAAGG GGAAGTCCGA GGAGCTGTAT ACAATCTCTC AGGCTATGTT TTTGAAATCA 

TACGGAAACT ATATACGGAG GAGGGATCGG ATTTCGTCGA TTAATAATAT TTTCCTACTC 

TGTAATATAT TATGTTATAT TTTCCTTTAT AAATTGTGTT GTGTTGTGTA TTGTGTGAGT 

CGCGAAAGGA AATGAACATT CTAGTTCTTA AAAAAAAAAA AAAAAAAAA 
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Translation of XVLEA(1-769 
Universal code 
Total amino acid number: 54, MW=28501 
Max ORF: 1-732, 244 ,MW=27225 

1 ATTCGGCACGAGGTTCACGGAACGACGGTGGATGAAACCAAAGAGAGGGTGAATGCTGCG 
1 I H E H G T T D E T K E R V N A A 

61 ATTCCGACCATGGATGAAACCAAGGAGAAGGTGAGCCCCGCCATGCAGGCGGCGAAGGAG 
21 I P T M D E T K E K V SPA M Q A A K E 

121 AAGAAAGAGGCTTGGTCTGAATGGGTGGAAGATAAGCTAGAAGGATTGGGGCTTAAGATG 
41 K K E A W SEW E D K LEG L G L K M 

181 GAGAATAAAATGGCGGCCGCAGACGACACCACGGACAAAGCTGCAGAGGTTGCCATGAAG 
61 E N K M A ADD T T D K A A E V A M K 

241 GCCAAGGACTCTGCTTCAGGAGCTGCTGAAACCTCATCTGAGAAGGCAGGAGAGAGCAAG 
81 A K D S A S G A E T S E K AGE S K 

301 AACACCGTGAAAGACAAGGCGGCGAAGTCCGCGGACTGCATGTCCGGCAAGGCCGAGGAT 
101 N T V K D K A A K SAD C M S G K A E D 

361 GTGAAGGGGAAAACCACCGAAACCGCCGGGAAAGCATCAGAGGACGCCGGCGGGTCTACG 
12 V K G K T T ETA G K A SED A G G S T 

421 AGAGCGCCAAGCAGAAGATGGAAGAAGCCTACGCTGCTGCCAGGGACAAGCTGGCTGAGA 
141 RAP R R K K P T LPG T S W L 

81 ATTCTAAGGCAAGCTATGAAACTGCGAAGGATAAGATGTCCCAGGCGACTGGTGCCAAGG 
161 I L R Q A M K L R R I R CPR R L V P R 

CGGGCGAAGGGGAAGTCCGAGGAGCTGTATACAATCTCTCAGGCTATGTTTTTGAAATCA 
181 R A K G K SEE L Y TIS Q A M F L K S 

601 TACGGAAACTATATACGGAGGAGGGATCGGATTTCGTCGATTAATAATATTTTCCTACTC 
201 Y G N Y I R R R D R ISS INN I F L L 

661 TGTAATATATTATGTTATATTTTCCTTTATAAATTGTGTTGTGTTGTGTATTGTGTGAGT 
221 C NIL C Y I FLY K L C C V V Y C V S 

721 CGCGAAAGGAAATGAACATTCTAGTTCTT~ 

241 R E R K * T F * F L KKK KKK 
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ID XVDH PRELIMINARY; DNA; 1255 BP. 
SQ SEQUENCE 1255 BP; 379 A; 313 C; 334 G; 224 5 OTHER; 

1 TTCGGCACGA GACAACAATA CCAATCCAAC GATCTCAGCA AAAGGCAATT GAGAGTCTTT 
61 CTTTGGTTTG TTGTAAAATC TAAGATGGAA GGTTTCGGGA ACCAAGACCA ACTCCGCCGC 
121 AACGACCGCA CCAGCGAGCA CACCGCGCCT GGCCAGGGCA TGCACCCTAC CCAGCAGGGA 
181 ACTGGCAAAG GCACCAACGA GTTCGCCCCT ACCGGCCAGG GTGTCTTCGG CGGCCAGCAA 

CACCACCAGA ATAAACAGAA GGGAATGGGC ACTGGTGCCG GCATTACCGA CAAGCTCCAC 
301 CGCTCCAACA GCTCCAGCTC TAGTTCTGAG AGTGATGGAG AAGGAGGGAG GAGGAAGAAG 
361 GGAATTAAGG AGAAGATCAA GGAGAAAATC CCAGGCCAGC ACAACCAAGG AGCCACCGGC 
421 CACCAGGGCT TCACTCAGAA CAAGCAAGGC TATGGAGCCA CTGGGCAGCA CGGGCAGCAG 
481 GAAGGAATGA TGGACAAGTT CAAAGACAAC CTTCCTGGGA ATCACTTAAC CTGTCATCTA 
541 TCACTAGGGT TGTATGAATA TATATGTATG CTTTCAACCA GGGTGCTGGC TGCTGTGTGT 
601 ACCGTGGTGT TTTTCTTTTT TCTTGTTTAT TTTGTGTGTG TGTGTGTGTG TGTGAATAAA 
661 TCATGTGTGT GTGTCCGTGA ATGCACATTA AGGCTGTCTA TGCCCTGTAA CATTATGCCT 
721 GCTATATATA TATGAATGCA CTGTAATTCA CGTAAAAAAA AAAAAAAAAA 

Translation of XVDH(1-770) 
Universal code 
Total amino acid number 244, MW=28345 
Max 369-554, 62 AA, MW=6938 

1 TTCGGCACGAGACAACAATACCAATCCAACGATCTCAGCAAAAGGCAATTGAGAGTCTTT 
1 R H E TIP I Q R S Q Q K A I E S L 

61 CTTTGGTTTGTTGTAAAATCTAAGATGGAAGGTTTCGGGAACCAAGACCAACTCCGCCGC 
20 S L V C C K I * D G R F REP R P T P P 

121 AACGACCGCACCAGCGAGCACACCGCGCCTGGCCAGGGCATGCACCCTACCCAGCAGGGA 
40 Q R P H R A H RAW P G HAP Y P A G 

181 ACTGGCAAAGGCACCAACGAGTTCGCCCCTACCGGCCAGGGTGTCTTCGGCGGCCAGCAA 
60 N W Q R H Q V R P Y R P G C L R R P A 

241 CACCACCAGAATAAACAGAAGGGAATGGGCACTGGTGCCGGCATTACCGACAAGCTCCAC 
80 T P P E * T EGG H W R H Y RAP 

301 CGCTCCAACAGCTCCAGCTCTAGTTCTGAGAGTGATGGAGAAGGAGGGAGGAGGAAGAAG 
100 P L Q Q L Q L * F E * W R R R E E E E 

61 GGAATTAAGGAGAAGATCAAGGAGAAAATCCCAGGCCAGCACAACCAAGGAGCCACCGGC 
12 G N * G E D Q G E N P P A Q P R S H R 

421 CACCAGGGCTTCACTCAGAACAAGCAAGGCTATGGAGCCACTGGGCAGCACGGGCAGCAG 
140 P P G L SEQ A R L W H A A R A A 

481 GAAGGAATGATGGACAAGTTCAAAGACAACCTTCCTGGGAATCACTTAACCTGTCATCTA 
160 G R N D G Q V Q R Q P S W E S L N L S S 

541 TCACTAGGGTTGTATGAATATATATGTATGCTTTCAACCAGGGTGCTGGCTGCTGTGTGT 
180 I T R V V * I Y M Y A F N Q GAG C V 

601 ACCGTGGTGTTTTTCTTTTTTCTTGTTTATTTTGTGTGTGTGTGTGTGTGTGTGAATAAA 
200 Y R G V F L F S C F C V C C V C E * 

TCATGTGTGTGTGTCCGTGAATGCACATTAAGGCTGTCTATGCCCTGTAACATTATGCCT 
220 I M V C P * M H I K A V Y A L * H Y A 

721 GCTATATATATATGAATGCACTGTAATTCACGTAAAAAAAAAAAAAAA 
240 C Y I M N A L F T * KKK K K 
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1 ACGAGGTTCC ATGTTGTAGC TTACCTTCAG CAGATTTGGT GGTTCGAGGT TAGTGGAGAG 
61 GTAGACTTCC CATTCCCTCA GGGCACATAT AGCCTCTTCT TCAGGCTTCA TCTGGGTCGT 
121 CCATCAAAGA GGCTGGGGAG AAGGACCTAC AACCCTGACC ACATCCACGG GTGGGATATT 
181 AAACCAGTGA GGTTCCAGCT CTCTACATCC GATGATCAGC AGGCTCTATC GAAATGTTAT 
241 TTGGATGATC CTGGCAGTTG GATGTATTAT CGAGTAGGCG ATTTTGTTGT TGGGAACTCG 
301 TATGCATCTA CAAAGCTGAA GTTTTCCATG ACGCAGATCG ATTGCACTCA TACAAAAGGG 
361 GGTCTCTGTG TGGATTCTGT GGTAATATAC CCCAAGGGAA GTAAGCAGGA GAAGGCACTT 

TCCGCATATG CGTAGCATTG TAGTTAGCTT AGGTGAAGTG AATATAATCA AGTACAACGG 
481 GATAGTTTTG GTTTCTCCGT 
541 ATCATAGGAA AATTTTGTAT 
601 AAATACAACC ACCCGTAGAG 

Translation of XVLEC(1~649) 
Universal code 

AGGCTACTTG CATTGAAGAT ATCTTGTACA 
GTACATTTTA TGCTGTATTC TCTCATAACT 
GCTTGGATTG TAAAA:AAA.AA AAAA:AAA.AA 

Total amino acid number: 209, MW=24283 
Max ORF: 1-432, 144 AA, MW=16547 

GATCAGTTGC 
CTTCAGAATG 

1 ACGAGGTTCCATGTTGTAGCTTACCTTCAGCAGATTTGGTGGTTCGAGGTTAGTGGAGAG 
1 T R F V V A Y L Q Q I W W F E V S G E 

61 GTAGACTTCCCATTCCCTCAGGGCACATATAGCCTCTTCTTCAGGCTTCATCTGGGTCGT 
21 V D F P F P Q G T Y S L F F R L H L G R 

121 CCATCAAAGAGGCTGGGGAGAAGGACCTACAACCCTGACCACATCCACGGGTGGGATATT 
41 P S K R L G R R T N P D H I H G W D I 

181 AAACCAGTGAGGTTCCAGCTCTCTACATCCGATGATCAGCAGGCTCTATCGAAATGTTAT 
61 K P V R F Q L S T S D D Q Q A L S K C Y 

241 TTGGATGATCCTGGCAGTTGGATGTATTATCGAGTAGGCGATTTTGTTGTTGGGAACTCG 
81 L D P G S M Y Y R V G D F V V G N 

301 TATGCATC TACAAAGCTGAAGTTTTCCATGACGCAGATCGATTGCAC TCATACAAAAGGG 
101 Y A S T K L K F S M T Q I D C T H T K G 

361 GGTCTCTGTGTGGATTCTGTGGTAATATACCCCAAGGGAAGTAAGCAGGAGAAGGCACTT 
121 G L C V D S V V I Y P K G S K Q E K A L 

1 TCCGCATATGCGTAGCATTGTAGTTAGCTTAGGTGAAGTGAATATAATCAAGTACAACGG 
141 SAY A * H C S * L R * S E Y N Q Q R 

481 GATAGTTTTGGTTTCTCCGTAGGCTACTTGCATTGAAGATATCTTGTACAGATCAGTTGC 
161 D S F G F S V G Y L H * R Y L V Q I C 

541 ATCATAGGAAAATTTTGTATGTACATTTTATGCTGTATTCTCTCATAACTCTTCAGAATG 
181 I I G K F C M Y I L C C I L S * L F R 

601 AAATACAACCACCCGTAGAGGCTTGGATTGTAAAAAAAAAAAAAAA 
201 K Y N H P R L G L KKK K K 
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