
UNIVERSITAT ROVIRA I

MOLECULAR

METHODS FOR

LANGUAGE

DOCTORAL DISSERTÁtMi

GEMMA BEL ENGÜM

TARRAGONA 2001
UNIVERSITAT ROVIRA I VIRGILI

BIBLIOTECA

1700231033

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



C M

UNIVERSITAT ROVIRA I VIRGILI
FACULTAT DE LLETRES

DEPARTAMENT DE FILOLOGIES ROMÀNIQUES

MOLECULAR COMPUTING
METHODS FOR NATURAL

LANGUAGE SYNTAX

DOCTORAL DISSERTATION

Presented by
Gemma Bel Enguix

Supervised by
Carlos Martin Vide

Tarragona, 2001

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



Aknowledgements

This thesis is the consequence of the cooperation, direct or indirectly, of many

people. I bear all of them in my mind and I want to express my gratitude.

Firstly I want to thank my supervisor, Dr. Carlos Martin Vide. Without

him this thesis would not have been carried out. Thanks for his contributions,

critiques and advices.

I do not forget Dr. Julio Collado Vides and his team of the laboratory of

Computational Biology in the CIFN (UNAM), in Cuernavaca (Mexico), who

welcomed me wonderfully and taught me the basic tools of Molecular Biology.

I am grateful for the scientific and personal support that professor Grzegorz

Rozenberg and the research team of LIACS dispensed me in Leiden University

(Leiden, Holland), where I began to shape the first ideas which have become

this thesis now.

My gratitude to the people of GRLMC for their generous contribution,

specially to Loli Jiménez López.

I also have to thank "Ministerio de Educación y Ciencia" which, granting

me the scholarship for a pre-doctoral investigation, has relied on the fact that

this project could be carried out.

Lastly, I would like to remember everybody that, during these years, have

had to endure me and have shown me their patience while I wrote and revised.

To everyone of them, THANKS.

Tarragona, November 2000

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



Contents

Proposal and structure of this thesis 1

I Genetic language, verbal language 7

1 Linguistics-Biology interactions 9

1.1 Epistemològic interactions 10

1.1.1 The genetic code as a language 10

1.1.1.1 Discovery of the gene as an informative unit . . 10

1.1.1.2 The genetic code is a language 11

1.1.2 Evolutionism 13

1.1.3 The origins of the language 15

1.1.4 Language acquisition and production 19

1.2 Methodological interactions 22

1.2.1 The meeting point among Linguistics, Molecular Biology

and Computer Science 22

1.2.1.1 Computer Science and Linguistics as models

for the Molecular Biology 23

1.2.1.2 Genetics as a framework for Computer Science

and Linguistics 24

2 Concepts of Molecular Biology useful to Linguistics 27

iii

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



IV CONTENTS

2.1 DNA 27

2.1.1 Structure of a chain 31

2.1.1.1 The nucleoside 31

2.1.1.2 The nucleotide 32

2.1.1.3 While completing a chain 33

A double chain 342.1.2

2.1.2.1 Two chains running in opposite direction . . . . 35

2.1.2.2 Complementarity 35

2.1.3 The double helix 40

2.2 RNA 41

2.3 The central dogma 43

2.3.1 Replication 44

2.3.2 Transcription 47

2.3.2.1 Splicing 47

2.3.3 Translation 49

2.4 Other genetic concepts 53

2.4.1 Operon 53

2.4.1.1 The operon is the unit of genetic transcription . 54

2.4.1.2 Parts of the operon: 1. Regulatory region . .

2.4.1.3 Parts of the operon: 2. Structural genes . . .

2.4.2 An example: the Lac operon

2.4.3 Regulon 58

2.4.4 Recombinant DNA 59

2.4.5 Mutations 61

2.4.5.1 Insertion and deletion: changes of phase . . . . 62

2.4.5.2 Point mutations 64

2.4.5.3 Transposition 65

55

56

56

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS v

3 Analogies between genetic and verbal language 71

3.1 Syntactic-structural analogies 71

3.1.1 They are combinatorial languages 71

3.1.2 Genetic and verbal combinatory units 73

3.1.2.1 Nucleotides - phonemes/letters 74

3.1.2.2 Codons - words 81

3.1.2.3 Operon - sentence 86

3.1.2.4 The gene 89

3.1.2.5 Units of speech and punctuation marks 90

3.2 Semantic analogies 92

3.2.1 Arbitrariness of the code 92

3.2.2 Synonymy 93

3.2.3 Polysemy 94

3.2.4 Ambiguity 95

3.2.4.1 Prom the gene to the protein and from the pro-

tein to the gene 95

3.2.4.2 From the genotype to the phenotype and from

the phenotype to the genotype 96

3.2.5 Analogy - Homology 98

3.3 Adjustment of the genetic model,from the structural point of viewlOO

4 Basic linguistic proposal of this thesis 103

4.1 Theoretical framework 104

4.1.1 Unsuitability of formal models 104

4.1.2 The genetic model . .105

4.1.3 Theoretical bases: minimalism and constructivism . . . . 106

4.1.3.1 Minimalism 106

4.1.3.2 Constructivism 109

4.2 Linguistic proposals Ill

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



VI CONTENTS

4.2.1 Units and basic tools , Ill

4.2.2 Objectives 113

II Preliminary concepts 117

5 Linguistic Units 121

5.1 Objectives 121

5.2 Patterns and linguistic typology 122

5.2.1 Suitability of the use of terminal symbols in syntactic

systems 122

5.2.2 The notion of pattern: searching the syntactic universals 124

5.2.3 Description of a linguistic pattern 125

5.2.4 Results 126

5.3 Strings . 127

5.3.1 Objectives 127

5.3.2 Definition 127

5.3.3 Relations among the foci of a string 128

5.3.3.1 Relations between sv 129

5.3.3.2 Relations between so 130

5.3.3.3 Relations between vo 130

5.3.4 Kinds of linguistic strings 132

5.3.4.1 Classification of strings according to the form

of their elements 132

5.3.4.2 Classification of strings according to their state

with respect to the application rules 135

5.3.5 Results 135

5.4 ULPS 136

5.4.1 Axiomatic ULPS in Catalan . . 137

5.4.1.1 ULPS of shortened S 137

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS vu

5.4.1.2 Partial ULPS 139

5.4.1.3 Partial shortened ULPS 139

5.4.2 Results 140

5.5 Conclusions 142

6 Bases of syntactic rules: cuts and links 145

6.1 Cuts and syntactic pieces 145

6.1.1 Objectives 145

6.1.2 Blunt cuts 146

6.1.3 Staggered cuts 149

6.1.3.1 Focal cuts . . 150

6.1.3.2 Variable cuts 152

6.1.3.3 Internal cuts 154

6.1.4 Syntactic pieces 156

6.1.5 Results 157

6.2 Links 158

6.2.1 Objectives 158

6.2.2 Link of blunt ends: splicing 159

6.2.3 Link of staggered ends: sticker link 160

6.2.4 Link of level 164

6.2.5 Results 170

7 Ghosts 175

7.1 Definition and objectives 175

7.2 Emergent ghosts, / ^ 176

7.2.1 Number of necessary strings 177

7.2.2 Kind of cut 177

7.2.3 Phenomenon that causes them . . . 177

7.2.4 Connector ghosts /• . . 179

7.2.5 Bounder ghosts /* 179

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



vm CONTENTS

7.3 Level assigner ghosts f l 180

7.3.1 Number of necessary strings 180

7.3.2 Kind of cut 180

7.3.3 Phenomenon that causes them 180

7.4 Relativizator ghosts / ~ 180

7.4.1 Necessary strings 181

7.4.2 Kind of cut 181

7.4.3 Phenomenon that causes them 181

7.5 Replicative ghosts /Y 182

7.5.1 Number of necessary strings 182

7.5.2 Kind of cut 182

7.5.3 Phenomenon that causes them 183

7.6 Results 184

III Molecular computing methods for syntax.
I. Recombination 187

8 Strict splicing 193

8.1 Existing formalizations in Computer Science 193

8.2 Application of splicing to basic stage strings 194

8.3 Formal analysis of the results 196

8.4 Formation criteria and testability of resultant strings z 198

8.4.1 Ghosts . 198

8.4.2 Precedence 199

8.4.3 Correctness 200

8.5 Systematization and analysis of results 202

8.5.1 Deletion rules 202

8.5.1.1 Deletion of s 203

8.5.1.2 Deletion of si; 204

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS ix

8.5.1.3 Deletion of svo 205

8.5.1.4 Deletion of v 205

8.5.1.5 Deletion of vo 206

8.5.1.6 Deletion of o 206

8.5.2 Addition rules 207

8.5.2.1 Add s + s' 207

8.5.2.2 Addition o + o' 218

8.5.2.3 Addition v + v' . . . 222

8.5.2.4 Addition sv + s'v' 225

8.5.2.5 Addition vo + v'o' 226

8.5.2.6 Addition svo + s'v'o' 226

8.5.3 Combining rules 227

8.5.4 Neuter rules 228

8.6 Summary and conclusions 229

8.6.1 Strings . . 229

8.6.2 About basic rules 230

8.6.3 String readjustment rules 231

8.6.3.1 s • s reduction rules . .231

8.6.3.2 Addition rules s + s in Catalan and in English . 231

8.6.3.3 Inversion rule 232

8.6.3.4 Osmosis 232

8.6.4 New structures introduced in this chapter 232

8.6.4.1 Multiple subject a 232

8.6.4.2 Multiple verb £ 233

8.6.4.3 Multiple object u, w 233

8.6.5 About ghosts 233

8.6.5.1 Restriction of the friction context (o) (o') . . . .233

8.6.5.2 Ghosts readjustment 233

8.6.6 Syntactic aspects 234

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS

8.6.6.1 Category of splicing sentences . . 234

8.6.6.2 Permutations in connection and binding . . . .235

9 Replication 237
9.1 Existing formalizations 237

9.2 Application of replication to basic stage strings 239

9.3 Formal analysis of results 242

9.4 Formation and correctness criteria of z strings 244

9.4.1 Ghosts . . 244

9.4.2 Correctness 245

9.5 Systematization and analysis of results 245

9.5.1 Rules which have a structurally identical or analogous

result to some operation of strict splicing 246

9.5.1.1 Addition s + s 246

9.5.1.2 Addition o + o 247

9.5.1.3 Addition v + v 249

9.5.1.4 Addition sv + sv 252

9.5.1.5 Addition v o + vo 255

9.5.1.6 Addition sv o + svo . . 256

9.5.2 Rules that have as a result ill-formed strings 257

9.5.2.1 Distant friction context (vo)(vo) 258

9.5.2.2 Distant friction context (o) (o) 258

9.5.2.3 Distant friction context (v] (v] 259

9.5.2.4 Distant friction context (s) (s) 260

9.5.3 Rules that have as a result strings with double ghosts . . 260

9.5.3.1 Friction contexts (s)(s) / (v)(v) 261

9.5.3.2 Friction contexts (s) (s) / (vo) (vo} . 263

9.5.3.3 Friction contexts (sv}(sv] / (o)(o) 264

9.5.3.4 Friction contexts (v)(v) / (o)(o) 266

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS xi

9.5.4 Rules that have as a result a string with a friction group

with filter 268

9.5.4.1 Friction context (sv}o(sv} 268

9.5.4.2 Friction context (v)o(v) 269

9.6 Conclusions 270

9.6.1 Final rules 270

9.6.2 Ghosts 272

9.6.3 Comparison of syntactic results obtained by means of

splicing and replication 272

10 Controlled Splicing 275

10.1 Theoretical bases: methods with meaning preservation 275

10.2 Formalization 277

10.3 Features of controlled splicing 278

10.3.1 Kinds of cut 278

10.3.1.1 Extension of the recognition 279

10.3.2 Ghosts 280

10.3.3 Kinds of link: shuffle + control 281

10.3.4 Consequences of the meaning preservation: non-ambiguity

and reversibility 282

10.3.5 Junk 283

10.4 Analysis of results depending on the focal agreement in two

basic stage strings 283

10.4.1 Iteration of object 284

10.4.2 Iteration of subject 285

10.4.3 Generation of multiple subject-object 286

10.5 Multiple operations . 288

10.5.1 Features 288

10.5.2 Behaviour of ghosts 289

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



Xll CONTENTS

10.5.3 Construction of a multiple operation 289

10.6 Conclusions 290

10.6.1 Generative power and linguistic referent 290

10.6.2 New concepts introduced in this chapter 291

10.6.2.1 Non-ambiguity and reversibility 291

10.6.2.2 Control c 291

10.6.2.3 Quantifying the junk . 291

10.6.3 Simplicity of frictions 291

11 Sticker Links 293

11.1 Theoretical basis 293

11.1.1 Meaning preservation 294

11.1.2 Complementarity 294

11.2 Formalization 295

11.3 Features 296

11.3.1 Kind of cut 296

11.3.2 Kind of link 296

11.3.3 Ghosts 296

11.3.4 Process of the operation 297

11.3.5 Non-ambiguity and reversibility 298

11.4 Analysis of results depending on the focal agreement within two

basic ULPS 299

11.4.1 Focal recognition sx = sy 299

11.4.2 Focal recognition ox = oy 301

11.4.3 Focal recognition sx = oy 303

11.4.4 Focal recognition ox = sy 305

11.5 Multiple sticker links . 306

11.5.1 Link of multiple sticker structures in which sx — STi...Tn 307

11.5.2 Link of multiple sticker structures in which ox = ori.,,rn 308

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS xiii

11.5.3 Link of multiple sticker structures in which sx = 0Ti...rn 309

11.5.4 Link of multiple sticker structures in which ox — «TI...rn 309

11.6 Semisystems 310

11.7 Conclusions 311

11.7.1 Generative power and linguistic referent 311

11.7.2 Ghosts 312

11.7.3 New concepts introduced in this chapter 312

12 Mixed links 313

12.1 Theoretical basis . 313

12.2 Formalization 314

12.3 Features of mixed links 315

12.3.1 Kind of cut 315

12.3.2 Ghosts 316

12.4 Application of the link of level to basic ULPS . . . . . . . . . . 317

12.4.1 Formulation of rules 317

12.5 Analysis of results 319

12.5.1 New syntactic structures 319

12.5.2 Simplicity / complexity 319

12.5.3 Structures with poles of triple stratum 319

12.5.4 Parameters PN and ~l in a ULPS 321

12.6 Systematization of results 322

12.7 Analysis of mixed links depending on the syntactic result of the

rules 324

12.7.1 Objectivization 324

12.7.1.1 Rules that cause ghosts 324

12.7.1.2 Rules that cause infinitive structures 326

12.7.2 Subjectivization 328

12.7.2.1 Rules that cause the appearance of ghosts . . .328

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



XIV CONTENTS

12.7.2.2 Rules that cause infinitive structures 329

12.8 Generative power of mixed systems 330

12.8.1 Recursive rules 330

12.8.1.1 Rules recursive on the right: multiple object

insertion 330

12.8.1.2 Recursive rules on the left: multiple subject

insertion 332

12.8.2 Rules with blockade 332

12.8.2.1 Blockade on the right: blockade of o b j e c t . . . . 332

12.8.2.2 Blockade on the left: blockade of subject . . . . 333

12.9 Conclusions . . 334

12.9.1 Linguistic referent and generative power 334

12.9.2 Final reformulation of the rules 336

12.9.3 New structures introduced in this chapter 336

13 Recombination systems 339

13.1 Formulations in computer sciences 340

13.2 Specific features of recombination systems for natural languages 341

13.2.1 Rules for stage strings x not necessarily basic 341

13.2.1.1 Splicing rules 342

13.2.1.2 Replication rules 343

13.2.2 Ghosts 346

13.2.2.1 Appearance rules 346

13.2.2.2 Rules of ghosts readjustment 346

13.2.3 Rules of string readjustment 347

13.3 Types of recombination systems 347

13.3.1 Depending on the rules: restricted systems / extended

systems 348

13.3.2 According to generative power 349

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS xv

13.4 Simple systems 350

13.5 Complex systems 352

13.6 Parallel systems 354

13.6.1 Features 354

13.6.2 Kinds of parallel systems ' 354

13.6.3 Dialogic parallel systems 355

13.6.4 Monologic parallel systems 358

13.7 Conclusions . . . 362

14 Conclusions 365

IV Molecular computing methods for syntax.
II. Mutations 373

15 Point mutations 377

15.1 Polar transition 379

15.2 Polar transversion 379

15.3 Focal transition 380

15.3.1 Parameters P, N, G, T 380

15.3.2 Internal structure of phrases: subclasses of focal transition381

15.4 Focal transversion 382

15.5 Formulation of substitution rules 383

15.6 Analysis of rules results 385

15.6.1 Polar transition and transversion 385

15.6.2 Focal transition and transversion 387

15.6.2.1 Pattern domain 387

15.6.2.2 Focal transition domain 387

15.6.3 Focal transversion domain . . . 388

15.6.4 Focal (transitions + transversions) domain 390

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



XVI CONTENTS

15.7 Conclusions 390

15.7.1 Linguistic aplication: syntagmatic caterories 390

15.7.2 Generative power 392

16 Transposition and duplication 395

16.1 Formal differences between transposition and duplication . . . . 396

16.1.1 Polarity - Focality 397

16.1.2 Ghosts 397

16.1.3 Elements of a ULPS with transpositive or duplicative

power 397

16.1.4 Linguistic referent 398

16.2 Simple and composite transposons 399

16.3 Transposition 400

16.3.1 Transposition rules 401

16.3.2 Analysis of the rules results: rhematization 403

16.3.3 Rhematization of the focal site s 404

16.3.3.1 Rhematization of s 404

16.3.3.2 Rhematization of a 405

16.3.3.3 Rhematization of s e a . . . . . ' 405

16.3.3.4 Rhematization of o . 406

16.3.3.5 Rhematization to 407

16.3.3.6 Rhematization of o e u 408

16.3.3.7 Rhematization o en w 408

16.4 Duplication 411

16.4.1 Definition of duplication and strict duplication 411

16.4.2 Replicative ghosts 412

16.4.3 Duplication rules 413

16.4.4 Analysis of the rules results: thematization 413

16.4.4.1 Duplication of the focal site s 414

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



CONTENTS xvii

16.4.4.2 Duplication of the focal site o 416

16.4.4.3 Duplication of the focal sites w, w 416

16.4.5 Conclusions 418

17 Conclusions 421

V Concluding remarks 425

18 Conclusions and future work 427

18.1 Conclusions 427

18.1.1 Suitability of molecular framework from grammatical in-

quiry 428

18.1.2 Definition of basic syntactic concepts from a molecular

point of view 428

18.1.3 Organization of the catalysts of complexity 429

18.1.4 Change in the perspective of linguistic complexity and

simple variability 429

18.2 Future work 431

Bibliography 433

Author index 443

Subject index 447

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



List of Figures

1 Structure of this thesis 5

1.1 Relations among Genetics, Computer Science and Linguistics . . 23

2.1 Deoxyribose and Phosphoric Acid 28

2.2 Purines 29

2.3 DNA pyrimidines 29

2.4 Three dimensions in DNA structure 30

2.5 Position of elements in pentose 31

2.6 Nucleoside made up of a pyrimidine base 31

2.7 Nucleotide constructed with a pyrimidine base 32

2.8 Schematic representation of a nucleotide 33

2.9 Link of two nucleotides . . 33

2.10 DNA chain running in the 5' - 3' direction 34

2.11 Positioning of nucleotides in the anticoding chain 35

2.12 Both,chains are antiparallel . 36

2.13 Complementarity of bases within a chain 37

2.14 Pairing and link of Thymine and Adenine 38

2.15 Pairing and link of Cytosine and Guanine 38

2.16 Two complementary chains linked by hydrogen bonds 39

2.17 DNA double helix 40

2.18 Ribose is the pentose of RNA and Uracil replaces Thymine . . . 41

xix

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



XX LIST OF FIGURES

2.19 RNA chain 42

2.20 RNA has very different forms 43

2.21 Hydrogen bonds are broken and chains separate 44

2.22 Each chain acts as a template for another complementary chain 45

2.23 Result of replication: two mixed chains identical to the original

chain 46

2.24 Transcription of a DNA strand 48

2.25 Splicing 48

2.26 Ribosome 49

2.27 Transfer RNA 50

2.28 Translation process 51

2.29 Genes , . 54

2.30 Sets of genes 54

2.31 Operon 55

2.32 Lac operon 57

2.33 Operon with overlapping 57

2.34 Regulon 58

2.35 Simple transposen 65

2.36 Each one of the IS elements is an overhang in a transposen Tn . 66

2.37 General scheme of transposition from the recipient chain . . . . 67

3.1 Communicative genetic substrata and strata 78

3.2 Partial derivation of a complex operon and a coordinate sentence 89

3.3 Relationship among structural units . 92

3.4 Ambiguity 98

4.1 Generative objectives 115

5.1 Correlation among syntactic levels 123

5.2 ULPS 136

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



LIST OF FIGURES xxi

5.3 Pole of a ULPS 137

5.4 ULPS of shortened S 139

5.5 Partial ULPS 139

5.6 Partial shortned ULPS 140

5.7 Basic ULPS 142

5.8 Analysis of the components of a ULPS 143

6.1 Syntactic pieces 156

6.2 Arbitrary link of pieces with blunt ends 159

6.3 Links of pieces with staggered cuts of 1 in depth 160

6.4 Links of pieces with staggered cuts of 2 in depth 164

6.5 Link of level 166

6.6 Basic syntactic pieces 171

8.1 Splicing graphic representation 194

9.1 Replication 238

10.1 controlled splicing 278

10.2 Complex cut by recognition of v within a ULPS 279

10.3 Cut by extension of recognition to s 280

10.4 Cut by extension of recognition to o 280

11.1 Relativization 295

11.2 Sticker links by recognition sx = sy 299

11.3 Sticker links by recognition ox = oy 301

11.4 Sticker links by recognition sx = oy 304

11.5 Sticker links by recognition ox = sy 305

12.1 Mixed link 315

12.2 Greatest expansion of objectivizations with o at Z\ 331

12.3 Greatest expansion of subjectivization with s at Z\ 332

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



XX11 LIST OF FIGURES

12.4 Greatest expansion of objectivizations without o at Z\ 333

12.5 Greatest expansion of objectivizations without s at Z\ 333

12.6 Greatest expansion of mixed systems 335

13.1 Dialogic parallel systems © 356

13.2 Monologic parallel systems 9 360

14.1 Relationship among methods and recombination structures . . . 370

14.2 Relationship among recombination systems 371

15.1 Primary categories and subcategories . 393

15.2 Secondary category and subcategories 393

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



List of Tables

2.1 Meaning of each of the RNA codons 52

6.1 Basic simple cuts 172

7.1 Typology of ghosts . 184

7.2 Classification of the recombination syntactic methods 190

8.1 8-8 209

8.2 s • s with reduction 211

8.3 s • s with reduction and inversion 213

8.4 Final outcomes of s + s 213

8.5 Outcomes of s • s for T = t . . . 215

8.6 Outcomes of s • s for T = tt 215

8.7 Addition s • s for the values PN of English 216

XXLll

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



Proposal and structure of this

thesis

This thesis proposes a new theorical approach to natural language syntax from

the point of view of Molecular Biology. The bases so as to construct this

linguistic model have been established by (a) the structural analogy between

both comunicational systems: genetic and verbal, and (b) the results achieved

by Computer Science when it generates formal languages based on molecular

operations that take place in DNA.

In order to develope the issue, this thesis consists of five parts, as follows.

Part I. Genetic language, verbal language

Part I is an introductory report of the necessary basic concepts in order to

understand the main aspects or methods that will be developed throughout

the thesis. Once those topics are explained the principal linguistic goals of the

thesis can be settled down.

In this part, we have four chief objectives:

« To justify the theorical framework in which this thesis is placed to ex-

plain, briefly, the interactions existing between molecular biology and

linguistics in the last century and to point out some problems shared in

both sciences (chapter 1).
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To explain some concepts of molecular biology in which main analogies

carried out in this thesis are based on (chapter 2).

To study the structural relations between genetic and verbal codes (chap-

ter 3).

To put forward the main objectives of the strictly linguistic research of

this thesis (chapter 4), considering everything explained in this part, and

specially to touch upon two methodological positions:

— minimalism,

— constructivism.

Part II. Preliminary concepts

Considering what has been settled above, we will establish the molecular lin-

guistic bases that will be used throughout the inquiry. Two main tools are

found:

The minimal unit used.

Computing methods arranged for syntactic work:

— recombination: cutting and pasting,

- evolutionary methods: cutting and pasting / copying and pasting.
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PROPOSAL AND STRUCTURE OF THIS THESIS 3

Part III. Molecular computing methods. I. Re-

combination

In this part recombination methods are applied to the minimal units that

have been established earlier, with those particularities carried out so as to

accomodate to the syntactic work. They are the following ones:

« Splicing:

- strict splicing (chapter 8),

— replication (chapter 9),

— controlled splicing (chapter 10).

« Cohesive links:

— sticker links (chapter 11),

— mixed links (chapter 12).

When all these operations have been applied, the concept of recombination

system -that intends to coordinate all the generative mechanisms in order to

achieve the most complex structures possible in a language- is introduced.

Part IV. Molecular computing methods. II.

Mutations

In this part other computing methods, evolutionary systems, are applied to

the same minimal units, established in II.

Evolutionary methods are gathered in two groups:

• Point mutations (chapter 15):
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— transitions,

— transversions.

• Sequential mutations (chapter 16):

— transposition,

- duplication.

Part V. Concluding remarks

On one hand, we conclude that the use of molecular computing methods is a

new challenge in the study of language, specially in syntax.

On the other hand, the implementation of linguistic systems with cooper-

ation of different mechanisms can help to the generation of language.

A graphic (fig. 1) can summarize the structure of the thesis.
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GENETIC/VERBAL LANGUAGE
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REPLICATION

CONT. SPLICING
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TRANSITION

TRANSVERSION

TRANSPOSITION

DUPLICATION
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Figure 1: Structure of this thesis
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Chapter 1

Linguistics-Biology interactions

The purpose of this thesis is the study of syntax, but theoretical focusing and

methodology relate it to the Molecular Biology.

Before starting to develop the goal proposed here, it is worthwhile to take

a glance and recall the long and complex relationship between Linguistics and

Biology throughout this century.

Two kinds of interactions between both sciences are confirmed: epistemo-

logical and methodological. The former refers to philosophic aspects and big

themes of scientific theory such as evolutionism or discussion about the mo-

ment in which mankind acceded to language. The latter refers to the exchange

of methods, without any philosophic or epistemològic interference, among Lin-

guistics and Biology.

This thesis, by adapting some ideas from Genetics for the study of syntax,

clearly belongs to the second trend. Nevertheless, there is no doubt that with-

out the interrelation baggage between both doctrines and, especially, without

the discovery of the genetic code as a language and the conviction that Genet-

ics proves to be a valid model in Linguistics, the application we propose here

would not have been possible.

In this chapter we will briefly point to some issues about the above men-
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10 CHAPTER 1

tioned relationship. Our purpose is to call some ideas or important events into

this framework, not in order to explain them, but just to recall the connection

between both sciences.

1.1 Epistemològic interactions

We want to emphasize, within epistemològic interactions, some ideas or fields

of research that are still being explored and which have caused Molecular

Biology and Linguistics to draw closer. These ideas are the following:

• discovery of the genetic code as a language,

• evolutionism,

• "biological" basis of language,

— origins of language,

— acquisition and production of language,

1.1.1 The genetic code as a language

1.1.1.1 Discovery of the gene as an informative unit

With the publication in 1859 of Darwin's work, The Origin of Species, evo-

lutionism was inaugurated, and along with it, modern Biology. However, the

English biologist discovered only natural selection. Although his theory was

a scientific and philosophic bombshell, it was incomplete because it did not

explain how hereditary traits were transmitted.

The answer to some of the questions that Darwin's theory could not answer,

began to be resolved thanks to the work of Gregor Mendel, who in 1865 pub-

lished the article Experiments in Plant Hybridization. According to Mendel,

there had to exist some principle that was called gene which transmitted trends
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LINGUISTICS - BIOLOGY INTERACTIONS 11

from parents to offspring. This article can be considered the origin of Genet-

ics, the science that could be capable of explaining the beginning of species'

changes witnessed by Darwin.

Therefore, the gene is understood as an informative unit and mutations are

viewed as changes or reading mistakes in the information. This fact caused the

first approach to the world of language that became evident from 1953 when

Watson and Crick discovered the structure of DNA.

1.1.1.2 The genetic code is a language

One of the first repercussions of the Watson and Crick discovery was the consid-

eration of DNA as a code. According to (Berwick, 1996, pp. 281) both DNA

and what people speak are commonly referred to as languages... Both DNA

and human languages encode and transmit information. Both, like beads on a

string, form concatenative symbol-systems. The two arguments above suggest

the consideration of genetic code as a veritable language in the follwing ways:

• it transmits information,

« its structural configuration is linguistic.

We will study these two aspects throughout the thesis. Prom a more

metaphoric and pedagogic point of view, Pollack presents the following com-

parison between the Encyclopaedia Britannica and the genetic code. This

comparison points out the parallelism between the elements of the two com-

municative systems:

The 1969 edition of the Encyclopaedia Britannica... has twenty-

three alphabetically ordered volumes of articles that altogether con-

tain about two hundred million letters. Most of our cells have pairs

of each chromosome; the twenty-three pairs contain about six bil-

lion base pairs, so a single human genome is a text about three

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



12 CHAPTER 1

billion letters long. In each volume of an encyclopedia the string

of letters is organized into thousands of separate articles about

discrete subjects. In the long string of DNA letters in a chromo-

some, there are thousands of stretches of letters - genes - that

each address a particular topic: how to make a particular protein

perhaps, or how to find another stretch of DNA. The index of the

Britannica has about two hundred thousand entries. Altogether,

the chromosomes of a person contain at least a hundred thousand

genes [...]

The topics in an encyclopedia are ordered by their spelling,

rather than their meaning, so that a reader can quickly find the

right place without knowing much about any given topic. Some-

times, especially when the topic words themselves have a common

origin, adjacent topics may be related by meaning. Similarly, the

genes in each chromosome are present in a precise order that seems

usually - but not always - to be arbitrary; when genes that do

similar things are next to each other, they are likely to be related

by common descent from a single gene. The orderliness of genes

in each chromosome shows up during the division of one cell into

two, when the DNA of each chromosome coils up on itself, giving

each one a characteristic set of crosswise bands. Each band marks

the presence of a few hundred genes; the pattern of bands on each

chromosome is very regular from person to person.

[...] The notion of DNA as a text is far more than a metaphor.

(Pollack, 1994, 20-21)

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008
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1.1.2 Evolutionism

The following approach to the definition of life is found in (Hunter, 1993, p.

2): "...another approach to defining 'life' is to recognize its fundamental inter-

relatedness. All living things are related to each other. Any pair of organisms,

no matter how different, have a common ancestor sometime in the distant

past. Organisms came to differ from each other, and to reach modern levels of

complexity through evolution. Evolution has three components:

1. inheritance, the passing of characteristics from parents to offspring;

2. variation, the processes that make offspring other than exact copies of

their parents; and

3. selection, the process that differentially favors the reproduction of some

organisms, and hence their characteristics, over others".

Hunter specially emphasizes evolutive and ancestry aspects that induce a

study of languages from this point of view by connecting the evolutive phe-

nomena -which are verified in the genetic code and the living organisms that

depend on them- with corollary facts that take place in natural languages.

Verbal language adapts to the previous description since all languages

change and produce a process of natural-cultural selection. Some languages

have descendants that retain many common characteristics from their ances-

tors. Changes in both organisms suggests that these movements have a com-

mon origin.

Changes in the genetic language are without any doubt the first originators

of species evolution and, probably, the human diversification is the originator

of the languages' evolution. Whatever it is, both evolutions in one or the other

language go together. (Darwin, 1859, XIV) already made a daring affirmation:

If we possessed a perfect pedigree of mankind, a genealogical

arrangement of the races of man would afford the best classification
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of the various languages now spoken throughout the world; and if

all extinct languages, and all intermediate and slowly changing

dialects, were to be included, such an arrangement would be the

only possible one. Yet it might be that some ancient languages had

altered very little and had given rise to few new languages, whilst

others had altered much owing to the spreading, isolation, and

state of civilisation of the several co-descended races, and had thus

given rise to many new dialects and languages. The various degrees

of difference between the languages of the same stock, would have

to be expressed by groups subordinate to groups; but the proper

or even the only possible arrangement would still be genealogical;

and this would be strictly natural, as it would connect together all

languages, extinct and recent, by the closest affinities, and would

give the filiation and origin of each tongue.

(Cavalli-Sforza, 1997), following the thread of Darwin thought, has made

a classification of human races based on the classification of Greenberg lan-

guages, which proves the adjustment of the Darwinian intuition. He explains

that two isolated people differ not only in the genetic aspect but also in the

linguistic one.

But if one compares diversity of languages with diversity of human races,

one may conclude that linguistic evolution is far faster than genetic evolution

due to the distance among languages being much deeper than the existing one

among races. It is to say, despite genetic factors, there are other reasons that

cause the fast advance of some modifications in the verbal language. Perhaps

culture, which mitigates the natural selection in the change of species, speeds

it up when referring to languages.
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1.1.3 The origins of the language

The study of language origins requires the use of evolutive Genetics, Linguistics

and Anthropology. Anthropology is essential in formulating a hypothesis about

the emergence of the faculty of speech, a crucial point in the humanization

process.

Many researchers suggest that language has been related to mankind from

his beginning. They even apply language's existence to the genre homo, be-

fore the appearance of the called sapiens; in other words, we are not the

first animals to talk. In this sense (Carbonell & Sala, 2000, p. 165) affirm

that "l'estudi de la base del crani de fòssils de les espècies "Homo habilis"

i "Homo ergaster" indica que la flexió d'aquest pla ja és molt superior a la

d'australopitècids i parantrops de finals del pliocè i inicis del plistocè inferior.

Es a dir que tenien totes les característiques anatòmiques i de capacitats cere-

brals necessàries per a l'articulació del llenguatge".

Deacon makes a major contribution towards focusing this theme when re-

ferring to the coevolution of the brain and language. He presents language

as the impetus in the drastic development of the brain in what he calls homo

simbolicus:

... The evolutionary miracle is the human brain. And what

makes this extraordinary is not just that a flesh and blood com-

puter is capable of producing a phenomenon as remarkable as a

human mind, but that the changes in this organ responsible for

this miracle were a direct consequence of the use of words. And I

don't mean this in a figurative sense. I mean that the major struc-

tural and functional innovations that make human brains capable

of unprecedented mental feats evolved in response to the use of

something as abstract and virtual as the power of words. Or, to

put this miracle in simple terms, I suggest that an idea changed
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the brain.

...The common sense notion of causality is that physical changes

require physical causes, but I assure you that it is not. I do not

suggest that a disembodied thought acted to change the physical

structure of our brains, as might a god in a mythical story, but I

do suggest that the first use of symbolic reference by some distant

ancestors changed how natural selection processes have affected

hominid brain evolution ever since. So in a very real sense I mean

that the physical changes that make us human are the incarnations,

so to speack, of the process of using words.

(Deacon, 1997, pp. 321-322)

Also in an explicit way, Monod upholds that:

Mais il est évident qu'une fois ce pas franchi, l'usage d'un lan-

gage, si primitif fût-il, ne pouvait manquer d'accroître dans des

proportions considérables la valeur de survie de l'intelligence, et

donc de créer en faveur du développement du cerveau une pression

de sélection puissante et orientée, telle qu'aucune espèce aphasique

ne pouvait jamais en connaître. Aussitôt qu'existait un système de

communication symbolique, les individus ou plutôt les groupes les

mieux doués pour son emploi acquéraient sur les autres en avantage

incomparablement plus grand que celui qu'autrait conféré une égale

supériorité d'intelligence à des individus d'une espèce dépourvue de

langage. On voit aussi que la pression de sélection due à l'usage

d'un langage devait favoriser spécialement l'évolution du système

nerveux central dans le sens d'une intelligence d'un certain type:

celui qui était le plus apte à exploiter cette performance partic-

ulière, spécifique, riche d'immenses pouvoirs.

(Monod, 1970, pp. 147-148)
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And in another place:

L'hypothèse qui me paraît la plus vraisemblable est que, ap-

parue très tôt dans notre lignée, la communication symbolique la

plus rudimentaire, par les possibilités radicalement neuves qu'elle

offrait, a constitué l'un de ces ' choix' initiaux qui engagent l'avenir

de l'espèce en créant une pression de sélection nouvelle; cette sélection

devait favoriser le développement de la performance linguistique

elle-même et par conséquent celle de l'organe qui la sert, le cerveau.

Il y a, je crois, en faveur de cette hypothèse, d'assez puissants ar-

guments.

(Monod, 1970, pp. 144-146)

If these theses are correct, not only evolution, a mechanism that starts

with variations within a code, has provided us for the language, but also the

adjustment to this power has been one of the precursors of biological change

and has fundamentally influenced the homo configuration.

However, Chomsky does not consider evolution, because the idea that lan-

guage has arisen as a result of natural selection does not convince him. He

prefers other explanations that almost relate the emergence of the capacity of

speech with chance or creation, even though he has never offered a specific

alternative:

Can the problem [the evolution of language] be addressed to-

day? In fact, little is known about these matters. Evolutionary

theory is informative about many things, but it has little to say,

as of now, about questions of this nature. The answers may well

lie not so much in theory of natural selection as in molecular bi-

ology, in the study of what kinds of physical systems can develop

under the conditions of life on earth and why, ultimately because
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of physical principles. It surely cannot be assumed that every trait

is specifically selected. In the case of such systems as language...

it is not easy even to imagine a course of selection that might have

given rise to them.

(Chomsky, 1988, p. 167)

(Deacon, 1997, pp. 35, 36, 37) has a quite clear opinion about Chomsky's

theory referring to the origins of language:

The single most influential "hopeful monster" theory of human

language evolution was offered by the linguist Noam Chomsky, and

has since been echoed by numerous linguists, philosophers, anthro-

pologists, and psychologists.

[...] Another appeal of the hopeful monster story is that it

promises a definite and dramatic transition from one stage to an-

other in the evolutionary sequence. It offers a single-step evolu-

tionary account that is much easier to comprehend and organize in

one's thinking than continuous changes involving multiple factors

interacting and overlapping in time in complex ways. It tantalizes

the imagination to hear that the story of human origins was written

in the course of a single dramatic and decisive prehistoric event. In

one step, some ancestor crossed the threshold into humanity.

[...]An accidental language organ requires no adaptative expla-

nation for the structure of language. If this hypothetical organ

was plugged into the brain in a single accident of prehistory, rather

than evolving bit by bit with respect to its functional consequences,

then no functional explanations would be necessary. If it was just

an accident, any utility would be entirely accidental as well, dis-

covered after the fact. This too might account for the many little
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idiosyncrasies of language and its discontinuities when compared

with other nonhuman forms of communication.

1.1.4 Language acquisition and production

The problem of language acquisition and production is very different from

its origins. It is not about a historical question that it must be undertaken

by Anthropology, but it is closer to other doctrines such as Neurology and

Psychology.

We will deal with two fundamental positions in the 20th century referring

to the acquisition and production of language:

« Skinner's behaviorism,

« Chomsky's innatism.

Behaviorism has been the most influential theory about language acquisi-

tion during the 20th century. Skinner and other conductists consider language

as an action similar to any other action carried out by human beings. And they

even go further interpreting that "any movement capable of affecting another

organism to be verbaV (Skinner, 1957, p. 13). His interest can be specified in

this text:

Our subject matter is verbal behavior, and we must accept this

in the crude from in which it is observed. In studying speech, we

have to account for a series of complex muscular activities which

produce noises. In studying writing or gesturing, we deal with

other sorts of muscular responses. It has long been recognized that

this is the stuff of which languages are made. (Skinner, 1957, p.

14)
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For behaviorists, any reference to mind or thought in the study of language

has no sense. The philosophic framework of the behaviorism doctrine is obvi-

ously empiricism, whose model is based on the known stimulus-answer idea as

a development setting for linguistic power.

Behaviorism hits head on with the theory that Chomsky introduced in the

middle of the fifties, innatism, which implies mentalism. The central idea of

this theory can be summarized in this text:

Abstracting away from unknown mechanisms, we assume that

the language faculty has an initial state, genetically determined,

common to the species apart from gross pathology, and apparently

unique to the human species. We know that his initial state can

mature to a number of different steady states - the various at-

tainable languages - as conditions of exposure vary. The process

of maturation from the inital state to the steady state of mature

knowledge is, to some extent, data-driven [...]

It is fairly clear that the process of maturation to the steady

state is deterministic. Language learning is not really something

that the child does; it is something that happens to the child placed

in an appropriate environment, much as the child's body grows and

matures in a predetermined way when provided with appropriate

nutrition and environmental stimulation. This is not to say that

the nature of the environment is irrelevant. The environment de-

termines how the options left unspecified by the initial state of

the language faculty are fixed, yielding different languages. In a

somewhat similar way, the early visual environment determines the

density of receptors for horizontal and vertical lines. Furthermore,

the environment may be substantial, in language acquisition as in

physical growth - or more accurately, as in other aspects of phys-

ical growth, the acquisition of language being simply one of these

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



LINGUISTICS - BIOLOGY INTERACTIONS 21

aspects. Capacities that are part of our common human endow-

ment can flourish, or can be restricted and suppressed, depending

on the conditions provided for their growth.

(Chomsky, 1987, p. 634)

In another section, Chomsky emphasizes:

... language acquisition is interpreted as the process of fixing

the parameters of the initial state in one of the permissible ways. A

specific choice of parameter settings determines a language in the

technical sense that concerns us here: an I-language [...] where I is

understood to suggest "internal", "individual", and "intensional".

(Chomsky, 1995, p. 6)

The initial state to which Chomsky refers to is the universal grammar,

necessary condition derived from innatism:

The theory of the initial state - of the language acquisition de-

vice - is sometimes called "universal grammar", adapting a tradi-

cional term to a somewhat different conceptual framework. It is

commonly assumed that universal grammar, so conceived, deter-

mines the class of attainable languages. [...]

...We may define a "natural language" as one that accords with

the principle of universal grammar. [...] The languages attainable

under normal conditions of access are those that fall in the inter-

section of two sets: (1) the set of natural languages made available

by the initial state of the language faculty as characterized by uni-

versal grammar, and (2) the set of learnable systems. If universal

grammar permits unlearnable languages, as it might, then they

simply will not be learned. Learnability, then is not a requirement

that must be met by the language faculty.
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(Chomsky, 1987, p. 636)

The theoretical constant referent of the position adopted by Chomsky

is narrowly linked to rationalism. In fact, the author mentions constantly

Descartes as inspirer and initiator of the idea: "Descartes's major scientific

contribution, perhaps, was his rejection of the neoscholastic idea that percep-

tion is a process in which the form of an object imprints itself somehow on the

brain... In place of this fallacious conception, Descartes proposed a represen-

tational theory of mind." (Chomsky, 1987, 629)

While some investigators have followed the conductist model or have chosen

to support the innatism, others have looked for new methods which try, in an

eclectic way, to reach an intermediate proposal. Anyway, the controversy is

still open in a very positive way because the discussion favors the integration

of Linguistics with Biology, Psychology, Philosophy ... adding up to adapt

what is known as Cognitive Science.

1.2 Methodological interactions

1.2.1 The meeting point among Linguistics, Molecular

Biology and Computer Science

When talking about the methodological relation between Linguistics and Molec-

ular Biology we cannot leave aside Computer Science, which is always a con-

nection and compulsory reference.

Nowadays Computer Science has a predominant role when carrying out

any study in every field of human knowledge, not because it can be useful

as a model, but from a far more useful point of view: the assistance that

computers can provide to the investigation. Leaving aside this variant, these

three sciences to which we refer complete a triangle of interactions (figure 1.1)

that we will try to explain.
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In this figure are only shown non-pragmatic influences, this is to say, in-

fluences where each of those three sciences can act as models for the study of

the other ones. The triangle of relations is almost closed except in the relation

of Linguistics with Computer Science. The limited existing formalisation for

natural languages has caused the appeal of computational sciences, in an al-

most exclusive way, to models based on languages of mathematical inspiration

instead of having the verbal reference as the pertinent one.

Molecular Biology

Computer Science Linguistics

Figure 1.1: Relations among Genetics, Computer Science and Linguistics

1.2.1.1 Computer Science and Linguistics as models for the Molec-
ular Biology

The first fundamental contribution of Linguistics to Genetics is the recognition

of its structure as a language.

We have just indicated that during the last years a great number of formal

languages have developed in the field of computational sciences, which have

been used as models for Molecular Biology in the same or to more extent than

the verbal ones.

In what refers to formal languages, the first application attempts were from
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(Brendel & Busse, 1984) and (Dong &; Searls, 1994). These attempts, which

have had some kind of settling down, intend to describe the structure of genes

by means of formal grammars.

In relation to the verbal language, the precursor in its use for the expla-

nation of genetic structures has been Julio Collado (see Collado 1989a, 1989b,

1991a, 1991b, 1992, 1993a, 1993b, 1993c, 1993d, 1996, 1998), who by means of

the generative grammar has achieved interesting results when explaining and

predicting the structure and function of the regulation within the opérons.

Collado is particularly inspired by the X theory, which is useful to carry out

maximum projections of the regulatory areas sometimes required of a great

complexity.

1.2.1.2 Genetics as a framework for Computer Science and Linguis-

tics

The first real attempt of computation inspired by methods that have been ex-

tracted from the genetic code was carried out by (Adleman, 1994) who, based

on DNA, tried to solve the Hamiltonian Path Problem. The contribution of

Adleman made some scientists reconsider an idea that had already been in-

troduced by (Head, 1987). Head started a computational model based on the

simulation of the recombination of DNA fragments in a laboratory. Head's

contribution gives rise to another discussion. Within the natural computa-

tional models and, concretely, the molecular ones, one can choose a direct

inspiration in the facts that take place in nature or in the reactions caused in

a laboratory. It is the controversy surrounding in vivo or in vitro models.

In relation to the repercussion that the Molecular Biology can have in

Linguistics, understood as the study of the structures of language, this work

aims to be a small contribution. The genetic code, as a natural language,

has its own syntactic structures which can be used for the analysis of natural

languages.
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Probably, it could be affirmed that the .first attempt to use a biological

framework for Linguistics was the historicism of the 20th century. However,

there is a big difference between both models, because the comparativist ap-

proach has a diacronist and evolutive aspect, whereas the application of molec-

ular computation methods for syntax has a structural and synchronie variant.

On the other hand, the way that extends from Genetics to Linguistics

compulsorily goes through computational sciences because it takes advantage

of their formalizations and many of their basic ideas. The approach we suggest

is placed, in fact, in the confluence point of these three sciences, because it

starts, on the one hand, from the condition of natural language shared with

the genome, and on the other hand, from the success that application of the

in vitro DNA recombination methods has reached in the generation of formal

languages. Therefore, the work is an interdisciplinary confluence point that

tries to take advantage of the new open ways in heading investigation processes

in order to offer a new space of the verbal language research.
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Chapter 2

Concepts of Molecular Biology

useful to Linguistics

In this chapter we want to review those concepts referred to Molecular Biol-

ogy which are essential or have a special interest in order to understand the

relation between Genetics and Linguistics. We will construct a simplified and

mechanized explanation, regardless of chemical and genetic phenomena which

are uninteresting for linguists.

2.1 DNA

The deoxyribonucleic acid is present in the nucleus of every cell of a human

being. Although it has been recognized since 1942 that genes were composed

by nucleic acid, it was not until 1953 when Watson and Crick specified their

structure, the famous double helix.

Let's start by introducing the elements that take part in the formation of

DNA. They are the following:

1. Sugar with five carbons named pentose. Pentose that composes DNA is

named deoxyribose

27
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2. A phosphate group

3. Nitrogenous bases which can be:

(a) Purines:

i. Adenine (A)

ii. Guanine (G)

(b) Pyrimidines:

i. Cytosine (C)

ii, Thymine (T)

CÎ OH OH
- I
o—p=o

Figure 2.1: Deoxyribose and Phosphoric Acid

Purines nitrogenous bases and pyrimidines nitrogenous bases have different

configurations as we see in figures 2.2 and 2.3. Purines are made up of nine

components, distributed in two rings, whereas pyrimidines have six compo-

nents in a single ring.
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H

Aden'ine

Figure 2.2: Purities

H

Thymine

Figure 2.3: DNA pyrimidines
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With these components we will try to construct a DNA molecule, a complex

structure with two chains that twist forming a double helix in terms of a spiral

staircase. Therefore, we will consider three dimensions in its configuration:

1. A simple chain.

2. A double chain.

3. A double helix.

Although the double chain is considered primary structure, and the double

helix secondary structure, we prefer to use these three dimensions that can

make it easier to understand the configuration of DNA for a linguist.

ID
JC
_CD
_Q
ID
O
Q

1. Simple
polynucleotide
chain

2. Double stranded
chain

Figure 2.4: Three dimensions in DNA structure
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2.1.1 Structure of a chain

2.1.1.1 The nucleoside

A nucleoside is the minimum structure in which a DNA chain can be decom-

posed. It consists of deoxyribose and nitrogenous bases that attach to sugar

position 1.

Positions within the pentose are numbered as we see in figure 2.5.

Figure 2.5: Position of elements in pentose

Therefore, a nucleoside can have this form:

O
CH.OH

OH

Figure 2.6: Nucleoside made up of a pyrimidine base

The base linked to deoxyribose can be any of the four bases we know, giving

rise to four different types of nucleosides:
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• Deoxyadenosine: deoxyribose + adenine.

• Deoxycytidine: deoxyribose + cytosine.

• Deoxyguanosine: deoxyribose + guanine.

« Deoxythymidine: deoxyribose + thymine.

2.1.1.2 The nucleotide

The nucleotide is a nucleoside linked to a phosphate group attached to de-

oxyribose position 5.

Figure 2.7: Nucleotide constructed with a pyrimidine base

Depending on the base, we distinguish four nucleotides:

• Deoxyadenylic acid : phosphate group + deoxyribose + adenine

• Deoxycytidylic acid: phosphate group + deoxyribose + cytosine

• Deoxyguanylic acid: phosphate group + deoxyribose + guanine

• Deoxytymidylic acid: phosphate group + deoxyribose + thymine

A nucleotide is the basic unit building a DNA chain. In a more schematic way,

we can represent it as follows:
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Figure 2.8: Schematic representation of a nucleotide

2.1.1.3 While completing a chain

Once we have nucleotides, we only need to attach them to build a DNA simple

chain. In order to do so, one oxygen of the phosphate group attaches to the 3'

position of another nucleotide, as shown in figure 2.9

Figure 2.9: Link of two nucleotides

We have achieved a chain running in the 5' - 3' direction, referring to

positions of deoxyribose.
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Figure 2.10: DNA chain running in the 5' - 3' direction

2.1.2 A double chain

We have already constructed a DNA chain. To obtain a double-stranded

molecule we need to bear in mind, essentially, two concepts:

« Both chains of a DNA molecule run in opposite direction.

« Bases of each one of the chains of a DNA molecule are complementary.
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2.1.2.1 Two chains running in opposite direction

The DNA has a structure built by two strands running in opposite directions.

One of them appears in the 5' - 3' direction, and is called coding chain; the

other one is found in the 3' - 5' direction, and is called anticoding chain. Due

to this type of construction, it is said that both chains are antiparallel. In

figure 2.11 we can see how nucleotides of the anticoding chain are attached.

Figure 2.11: Positioning of nucleotides in the anticoding chain

2.1.2.2 Complementarity

Let's remember that four bases exist in DNA: A, C, G, T. Their arrangement in

both strands is ruled by the complementarity principle, which always correlates

a purine with a pyrimidine: A-T, C-G. It causes a pairing of complementary

bases. Everytime there is an A in a coding chain, there will be a T in the

adjacent position of the anticoding chain and vice versa. The same thing
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CODING OR
SENSE

STRAND

TEMPLATE OR
ANTISENSE

STRAND

Figure 2.12: Both chains are antiparallel

happens to C a,d G. These commentary bases are bo.nd up with hydrogen

bonds causing, therefore, the Jink of both DNA strands.

Ir, the words of (Watson & Crick, 1953) "The novel feature of the structure

«
„ the runner in „** *» *»

of the bases are perpendicular to the fibre axis.

7*.

ft. eno, confiions» « í, A»«< *- «*
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Figure 2.13: Complementarity of bases within a chain

can bond together. These pairs are: adenine (purine) with thymine (pyrimi-

dine), and guanine (purine) with cytosine (pyrimidine). In other words, if an

adenine forms one member of a pair, on either chain, then on these assump-

tions the other member must be thymine; similarly for guanine and cytosine.

The sequence of bases on a single chain does not appear to be restricted any

way. However, if only specific pairs of bases can be formed, it follows that if

the sequence of bases on one chain is given, then the sequence on the other

chain is automatically determined."

Some quite interesting conclusions are extracted from base pairing:

« As Watson and Crick say, given a chain, the complementary can be

UNIVERSITAT ROVIRA I VIRGILI 
MOLECUAR COMPUTING METHODS FOR NATURAL LANGUAGE SYNTAX 
Gemma Bel Enguix 
ISBN:978-84-691-1896-2/D.L: T-352-2008



38 CHAPTER 2

Figure 2.14: Pairing and link of Thymine and Adenine

Figure 2.15: Pairing and link of Cytosine and Guanine

automatically inferred due to the fact that we know the orientation and

the bases, which is all we need.

Due to the fact that A and G are purines, and C and T are pyrim-

idines, it is easy to see that the relation is always established between a

purine and a pyrimidine. Owing to the fact that complementary bases

are linked, and purines have two rings whereas pyrimidines have one,

the link causes a well-balanced structure. Furthermore, we can check

by means of observing figures 2.2 and 2.3 that A is a structure without
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5'

C :::!

i r * C

3'

5'

Figure 2.16: Two complementary chains linked by hydrogen bonds

any oxygen whereas its complementary thymine has two oxygens. The

result, after the link, is two oxygens. On the other hand, guanine is a

purine that has one oxygen and cytosine is a pyrimidine that also has

one oxygen. After the link, we have two. Henceforth, two well-balanced

structures are turned out.

Another obvious conclusion of complementarity is the first parity rule of

Chargaff, which proves that in any double-stranded molecule of DNA %

A = % T and % C = % G.
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« There is another rule which is not so easy to understand and which does

not become detached directly from complementarity, but it helps to un-

derstand the balance in which all the construction of the DNA molecule

is held. We refer to the second parity rule of Chargaff, which states that

the previous law is also valid in a single DNA strand. Statistics proves

that, with minimum deviations, this norm can also be achieved (Bell &

Forsdyke, 1999).

2.1.3 The double helix

Figure 2.17: DNA double helix

Going back to (Watson & Crick, 1953): "We wish to put forward a radically

different structure form the salt of deoxyribose nucleic acid. This structure has

two helical chains each ringed round the same axis. We have made the usual

chemical assumptions, namely, that each chain consists of phosphate diester
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groups joining u-D-deoxyribofuranose residues with 3', 5' linkages. The two

chains (but not their bases) are related by a dyad perpendicular to the fibre axis.

Both chains follow right-handed helices, but owing to the dyad the sequences

of the atoms in the two chains run in opposite directions."

Therefore, the DNA has a double helical structure like a spiral staircase.

Bases are in the inside, in order to be protected, whereas sugar and phosphate

remain outside,

2.2 RNA

We will define RNA starting from DNA. Both nucleic acids are basically equal

in their structure, but they differ in three main points:

1. In RNA the pentose is ribose, whose structure has one more oxygen than

the oxyribose of the DNA in position 2. Ribonucleic is the name given

to this acid.

2. Uracil, inexistent in DNA, replaces thymine which conversely is not found

in the structure of RNA. It is complementary to adenine.

CH2OH O

VV

N) \

NH

Uracil

Figure 2.18: Ribose is the pentose of RNA and Uracil replaces Thymine
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3. RNA only has a strand, so, it cannot have the structure of the double

helix.

Therefore, the structure of RNA can be schematically represented as follows:

Figure 2.19: RNA chain

Although RNA does not have a double helix structure, it does not mean it is

a blunt chain, rather it twists to give many different forms as we see in figure

2.20.

There are three different types of RNA according to the carrying out roles:

1. Messenger RNA or mRNA: it is synthesized on a DNA template by

the process of transcription and it is translated via the genetic code into

proteins (see 2.3.2, 2.3.3).
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Figure 2.20: RNA has very different forms

2. Transfer RNA or tRNA: it acts in the translation process (see 2.3.3).

3. Ribosomic RNA or rRNA: it is a structural part of the ribosome,

where the translation is carried out.

2.3 The central dogma

The central dogma of Genetics establishes that genes are perpetuated as a

nucleic acid, but function by being expressed in the form of proteins. In order

to accomplish what we have just stated, two types of processes are required:

« Information is perpetuated: replication.

« DNA information is expressed: transcription and translation.

J
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By means of replication, whose objective is enduring the genetic informa-

tion, identical copies of a DNA molecule are obtained. In order to express such

information, protein synthesis must be carried out by means of two 'linguis-

tic' processes. The first one is transcription, which consists of reading DNA

and transcribing its sequence of nucleotides in a chain of RNA. Translation,

which takes place after transcription, obtains amino acids from RNA. Proteins

consist of chains of amino acids.

2.3.1 Replication

5' 3'

31

: G

5'

Figure 2.21: Hydrogen bonds are broken and chains separate

DNA multiplies itself obtaining identical copies of itself. The process is very

simple because of the complementarity of bases. It consists of the following
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steps:

1. Let's remember that DNA consists of two chains linked by hydrogen

bonds between pairs of bases. At any given moment, these bonds get

broken causing a separation in the strands (figure 2.21).

2. Production of new chains: each chain acts as a pattern in order to gen-

erate its complementary (figure 2.22).
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Figure 2.22: Each chain acts as a template for another complementary chain

3. Once the restoration work of nucleotides has finished, two new DNA

fragments, which are exactly equal to the previous one, are obtained.
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Each one of them consists of a chain arising from the initial DNA called

mother or parental, and another new chain called daughter. Therefore, we

have obtained two mixed chains (half original and half copy) absolutely

identical to the first one (figure 2.23).

5' 3'

Ü

G r

3'

1 I
5'

5 3'

-G

PARENTAL
DNA

REPLICATED
DMAs-

5' 3'

3' 51

Figure 2.23: Result of replication: two mixed chains identical to the original

chain
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2.3.2 Transcription

Before explaining how transcription works, we need to remember that DNA

consists of two chains. We call one of them coding and the other anticoding

(figure 2.12). The anticoding chain will be the one responsible for leading this

process, and the result will be analogous to the coding, with the only change

from T (inexistent in RNA) to U.

We have also emphasized the existence of three types of RNA (see 2.2).

Now mRNA will play an important role, because it is responsible for the tran-

scription of the DNA text.

In transcription, mRNA reads each one of the nucleotides of the anticoding

chain. When recognizing a letter, it writes the complementary: if mRNA reads

C, then it writes G; if it reads G, then it writes C; if it reads T, then it writes

A and if it reads A, then it writes U (let's remember that T is replaced by

U). The result is an RNA chain identical to the coding one except for the

nucleotide that we already know.

This reading and recognition process is named RNA synthesis.

2.3.2.1 Splicing

When carrying out RNA synthesis, another operation named splicing takes

place. There are long fragments in DNA which seem not to have any objective,

or in any case, they do not carry any valuable information to be codified. Dur-

ing transcription, spliceosome -a large particulate complex that comprises 50-

60S ribonucleoprotein particle- cuts these fragments named introns and joins

the remaining ones named exons. This process of separating DNA-informative

from DNA-garbage is named splicing. It is necessary to clarify that, .from now

on, every time we mention splicing we will not refer to this process, but a

technique used by genetic engineering to simulate in vitro recombination.
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Figure 2.24: Transcription of a DNA strand

NUCLEAR RNA

RNA SPLICING

MESSENGER RNA

Figure 2.25: Splicing
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2.3.3 Translation

In translation, tRNA reads mRNA and turns it into an araino acid chain. We

will not attend to the chemical agents that take part in this process because

we are only interested in the mechanism. In order to carry out this operation,

the presence of ribosome is necessary. Ribosome is a "compact rionudeoprotein

particle consisting of two subunits... They undertake the synthesis of different

proteins by associating with the different mRNAs that provide the actual coding

sequences." (Lewin, 1997, 159). According to this definition, it can be said

that the ribosome is like a factory, composed by proteins and RNA, where

translation occurs. The ribosome consists of two parts. One of them almost

doubles the other. There are two sites named A -aminoacyl-tRNA- and P -

peptidyl-tRNA- within the biggest part. Each one of them contains a transfer

RNA molecule that will decode the messenger RNA to turn it into amino acids.

Figure 2.26: Ribosome

Transfer RNA, found within the ribosome, has a very characteristic config-

uration in the shape of a cloverleaf (fig. 2.27) and three cuts where bases pair

in spite of being a single stranded molecule. At the end, we find the anticodon,
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which is complementary of every codon and is responsible for recognizing the

mRNA chain:

Anti Codon

Figure 2.27: Transfer RNA

Transfer RNA located in position A undertakes reading the messenger

RNA. It reads the code in triplets named codons. Each of the codons means a

different amino acid as it is shown in table 2.1.

mRNA codon determines which tRNA00 must be selected. tRNA in posi-

tion A immediately translates it into an amino acid. Later, it transmits the

result to the tRNA in P position which keeps the whole translated chain up

to the moment and continues recognizing triplets until it finds a sequence that

indicates the end of the reading.

Transcription and translation are two irreversible processes. Once they

have started, there is no way .back. Moreover, there is not any possibility of

deducing the original DNA fragment from a protein.
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IRNA Ribosome

Met
mRNA

KUGÍGUUCGCAUGCUAUAG

Met A

lAUdGlttGCAUGCUAUAG

Amino Acids

AUOGyOCGQAUGCUAUAG

Figure 2.28: Translation process
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SECOND BASE

F

I

R

S

T

B

A

S

E

U

C

A

G

U

UUU Phe

UUC Phe

UUA Leu

UUG Leu

CUU Leu

CUC Leu

CUA Leu

CUG Leu

AUU Ile

AUC Ile

AUA Ile

AUG Met

GUU Val

GUC Val

GUA Val

GUG Val

C

UCU Ser

UCC Ser

UCA Ser

UCG Ser

CCU Pro

CGC Pro

CCA Pro

CCG Pro

ACU Thr

ACC Thr

ACÁ Thr

ACG Thr

GCU Ala

GCC Ala

GCA Ala

GCG Ala

A

UAU Tyr

UAC Tyr

UAA TERM

UAG TERM

CAU His

CAC His

CAÁ Gin

GAG Gin

AAU Asn

AAC Asn

AAA Lys

AAG Lys

GAU Asp

GAG Asp

GAA Glu

GAG Glu

G

UGU Cys

UGC Cys

UGA TERM

UGG Trp

CGU Arg

CGC Arg

CGA Arg

CGG Arg

AGU Ser

AGC Ser

AGA Arg

AGG Arg

GGU Gly

GGC Gly

GGA Gly

GGG Gly

U

C

A

G

U

C

A

G

U

C

A

G

U

C

A

G

Table 2.1: Meaning of each of the RNA codons
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2.4 Other genetic concepts

In this section we will define some concepts of gathering and some opera-

tions which will appear frequently throughout this thesis. Some of them, like

DNA recombination or mutations, are very important for establishing the ba-

sic analogies of our proposal and, therefore, they are necessary to understand

many of the expressed ideas. Others, like operon, refer to a theoretical frame-

work that allows us to justify the model used in our syntactic proposal.

2.4.1 Operon

The notion of operon is so difficult to state clearly and many biologists pre-

fer not to ascribe to any of the known descriptions. However, its existence

cannot be questioned. The term operon was first proposed by (Jacob & al.,

1960), who also gave it its first definition "units of transcriptive activity...

coordinated by a genetic element or operator" (Jacob &; Monod, 1963) cited

by (Beckwith, 1996, p. 1439). This is to say, it can be considered as a "set

of structural genes commonly transcribed, and their associated regulatory el-

ements" (Collado & al., 1998). Whereas (Lewin, 1997, p. 339) affirms:"The

... system, including structural genes and the elements that control their ex-

pression, forms a common unit of regulation; this is called an operon, The

activity of the operon is controlled by regulator gene(s), whose protein products

interact with the cis-acting control elements".

All the definitions we have just mentioned agree with the following ideas:

1. The operon is the genetic transcription unit.

2. The operon consists of two parts -or regions- clearly different:

(a) the regulatory region (promoter),

(b) the structural genes region.
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Let us study these statements.

2.4.1.1 The operon is the unit of genetic transcription

If we think of the moment in which introns have already been separated from

the rest of the genome, we can imagine that the genetic code is something

similar to:

I gene 1 Iqene 2| gene 3 I gene 4 I gene 51 gene 6 I

Figure 2,29: Genes

However, this extremely simple idea is not certain. Genes are gathered in

reading units. This fact means that genes which produce proteins with a com-

plementary role are read together. Thus, the previous model may be modified

and replaced by one, more or less, like the following:

Group A Group C
1 I ^

AT 1 A2 | B1 1 B2 1 B3
1

Cl

Figure 2.30: Sets of genes

This last model of genetic gathering is not at all real either. Moreover, tran-

scription units consist of a regulatory region, the promoter, which controls the

initiation of transcription and whether it must be carried out. Therefore it has

the following structure:
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Operon A Operon B

I Promoter A I AI I A2 I Promoter B I B1 I B2 I B3 I

Figure 2.31: Operon

The model we have just shown, although very simplified, corresponds to what

we mean by operon: a regulatory region in addition to the structural genes re-

gion. The most important fact of this gathering is that it is a reading unit .This

is to say, the proteins synthesis starts when the order is given from the pro-

moter and it does not finish until it reads the whole operon. So, genes are

not independent, but they depend on those units with which they are grouped

within the operon.

2.4.1.2 Parts of the operon: 1. Regulatory region

Before introducing the regulatory region of the operon, let's consider that there

is an important difference between the functioning of regulation in prokaryotes

and eukaryotes, this is to say, between cells without nucleus -which essentially

correspond to bacteria- and cells with nucleus -which correspond to fungus,

plants and animals- (Alberts et al., 1984, p. 20). We will always refer to the

simplest and well-known mechanisms, the prokaryotes.

The regulatory region consists of a) DNA sequences recognized by the RNA

polymerase or some proteins and b) in many cases, of other genes dedicated

to regulation. According to (Collado, 1991a, p. 402), we can affirm that

"the transcription of DNA into RNA is initiated by the binding of the RNA

polymerase to a site known as the promoter, (Pic). This process of transcription

initiation can be either prevented by the binding of a repressor protein to a site

in the DNA called operator, (Op), or can be enhanced by the binding of an

activator protein to an activation or initiation domain".
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Now, our objective is not to explain how regulation works, which is some-

thing very complicated; moreover, the exposed mechanism is necessarily too

limited, however it is useful to establish three areas within the regulatory re-

gion: promoter, operator, activation site.

Many opérons also consist of genes with a regulatory objective. "A reg-
ulator gene describes a structural gene that codes for a protein involved in

regulating the expression of other genes" (Lewin, 1997, 336). Therefore, these

genes usually synthesize proteins with a regulatory function, this is to say, they

attach to specific places in order to activate or repress the transcription.

2.4.1.3 Parts of the operon: 2. Structural genes

A structural gene is a gene that "simply codes for a protein (or RNA) prod-

uct. Structural genes represent an enormous variety of protein structures and

functions, including structtural proteins, enzymes with catalytic activities, and

regulatory proteins". This is to say, structural genes are those that synthesize

proteins. The difference between a structural gene and a regulator is that the

latter only makes proteins that will be internally used to check the proteins

synthesis of other genes.

2.4.2 An example: the Lac operon

Now, we will see a specific example of an operon organization. It is the Lac

operon, which is found in the bacterium E. coli. In this operon, the regulatory

region (RR) consists of:

a) A repressor gene: Lac I

b) Activator binding site: I

c) Repressor binding site: Op
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d) Promoter: Pr

On the other hand, the structural region (SR) consists of:

a) Lac Z: 3510 (base pairs).

b) Lac Y: 780 bp.

c) Lac A: 825 bp.

Therefore, we could represent operon Lac as:

Regulation Region

I lacl I I I Pr I Op I lacZ I hrY I lacA I

Structural Genes

Figure 2.32: Lac operon

But, once more, this is not an exact representation, only a theoretical one.

Indeed, most of these regions overlap each other and share DNA sequences.

Obviously, this cannot happen among structural genes because the transcrip-

tion - translation would be wrong; however, it can happen between RR/RS and

within the RR region. Due to this fact, it would be more correct to represent

the Lac operon as follows:

| lacl
1 OD

—"-I Pr 1 1—
OC Z 1 Inr Y 1 Inr A 1

Structural Genes

Figure 2.33: Operon with overlapping
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2.4.3 Regulen
IÍA regulan is defined as a network of opérons with a common regulator, usually

a protein repressor or activator that recongizes a particular sequence common

to the controlling regions of these opérons" (Neidhardt, 1996, p. 1313).

Let's imagine a group of opérons, not necessarily consecutive, with their

own regulatory system. It could be represented as follows:

D
r

This group of opérons turns into a net of regulation or regulon when an

external factor exists. It is usually a protein capable of activating or repressing

the expression of all these genes at the same time.

Regulator

IKfef" s& '{-Rfii is t ec-'Fllërl

Figure 2.34: Regulon

Obviously, the behaviour of régulons is, by far, more complicated than

we have explained here. However, the essential concept is the net of opérons

controlled by the same regulator element.
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2.4.4 Recombinant DNA

We can say, in an intuitive and simplified way, that recombination is something

similar to cutting two DNA fragments and mixing them. This mechanism,

which is so simple that seems fiction, takes place in vivo in nature at the

beginning of meiosis with homologous DNA. Recombination systems in nature

are too complex to be developed in this thesis, although we can say that the

process that occurs in nature consists of breaking and joining DNA sequences.

As for the same theoretical base, the mixing of DNA fragments, the genetic

engineering has developed in vitro methods to construct new DNA molecules

by linking sequences of different origins. The result is named recombinant

DNA. These techniques are applied to cloning technology and consist of cutting

and joining. Their simplicity makes possible to validate them for their use as

a model of study in syntax.

In order to carry out this procedure, we need a restriction enzyme that cuts

DNA fragments. Each enzyme recognizes a specific sequence named target and

cuts it. The cut that every enzyme carries out, and which is always the same,

can produce staggered ends or blunt ends.

For example, there is an enzyme named EcoRI that recognizes the se-

quence:

5' G A A T T C 3'

3' C T T A A G 5'

and cuts it on the bias as follows:

5' G A A T T C 3'

3' C T T A A G 5'
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causing an overhang of four nucleotides in both fragments in 5' direction.

The enzyme named Hhal recognizes the sequence:

5' G C G C

3' C G C G

3'

5'

and cuts it on the bias as follows:

5' G C G C 3'

3' C G C G 5'

Causing an overhang of four nucleotides in 3' direction in both fragments.

The enzyme Alul recognizes the sequence:

5' A G C T 3'

3' T C G A 5'

and produces a blunt cut, not a staggered cut, as follows:

5' A G

3' T C

C T 3'

G A 5'

Without generating any overhang.

Once the DNA has been cut, it can be linked again. Fragments with a staggered

end with an overhang in 5' direction need a sequence with overhangs in the

same direction, the same number of nucleotides and the same complementary

bases. However, the fragments that have been cut by means of a blunt cut can
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be linked, without restrictions, to another with a blunt end. To link two ends

that have been cut, the action of an enzyme named ligase DNA is necessary.

For instance, two DNA fragments, taken at random, which have been cut

by means of Hhal enzyme, can be bound.

A fragment:

5 ' G G T A T G C G ^ C T C S '

3 ' C C A T A C t G C G A G 5 '

B fragment:

5' T T G C G 4-C G A A 3'

3' A A Cf G C G C -T T 5'

A$B fragment

5' G G T A T G C G C G A A 3'.

3' C C A T A C G C G C T T 5'

These are the two essential techniques in obtaining recombinant DNA, link

of staggered ends and link of blunt ends. The first link generates stronger links,

the second one is universal.

2.4.5 Mutations

Accuracy in transcription and translation of DNA is almost total. The pos-

sible mistakes, which are few, are solved with a high percentage by means of

synonymy in the codons, through leveling of opposite sign mutations or by the

action of re vert ants (substances that revert the effect of mutations).

For instance, a change in the third base of the codon does not normally

reveal any incidence. Let's imagine a codon UUA in which, due to a chemical

change, a mutation is produced in the third base and turns into C. In the
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original triplet, the generated amino acid would be the Leucine (see 2.1). After

the change, and by means of the synonymy among codons, the amino acid will

continue being the Leucine due to UUA = UUC.

In spite of everything, mutations exist. Therefore, it is necessary to know,

although schematically, how they work. Changes within a chain can be of

three different types:

a) Rearrangements: changes of phase.

— insertion,

— deletion.

b) Point mutations.

— transition,

— trans version.

c) Seqüencial mutations.

— nonreplicative transposition,

- replicative transposition.

2.4.5.1 Insertion and deletion: changes of phase

We already know that genetic code is read in triplets named 'codons'. Later,

every combination of three turns into a different amino acid, according to table

2.1. There is a specific number of codons in a gene, as well as a point that

marks the beginning of the reading. For instance:
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C

Beginning

AUG

Met

GCC

Ala

UUA

Leu

CGC

Arg

AAU

Asn

UCG

Ser

ACU

Thr

UCG

Ser

UAA

Term

Sometimes, due to an acridin action - a compound that binds to DNA and

distorts the structure of the double helix-, the incorporation of new nucleotides

(+) or the deletion of some that were present (-) takes place. For example, an

insertion produces a change of phase that modifies the whole reading:

C

Beginning

AUG

Met

GCA

Ala

Inserted nucleotide

cuu
Leu

ACG

Thr

CAA

Gin

UUC

Phe

GAG

Asp

UUC

Phe

GUA

Val

A

The same we can say about a deleted nucleotide (that we will mark with ~).

Sometimes, two mutations can occur in the same chain. When combinations

are (++) and (-) the sequences are still mutant. However, when (+-) or (-+)

occurs, mutations level each other. For instance:

C

Beginning

AUG

Met

GCA

Ala

Inserted nucleotide

CUU

Leu
ACG

Thr

CA~U

His

Deleted nucleotide

UCG

Ser

ACU

Thr

UCG

Ser

UAA

Term

This time, the double insertion mutation and deletion have caused the

change of only two proteins, whereas the remaining chain keeps returning to

the initial phase. Synonymy between CUU and UUA codon of the initial

sequence results in a mutation with less repercussion, because the amino acid

generated in the reading after the adenine insertion will be the same as found
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in the initial sequence.

2.4.5.2 Point mutations

A point mutation only affects a pair of bases. There are two types:

• Transition: substitutes a pyrimidine for another pyrimidine or a purine

for another purine.

C

G

G

C

T
A

A
T

C
G

A
A

C
C

T
A

G
C

G
C

A
T

T
A

A
T

T
A

T
A

T
A

C

G

A
T

C
G

C

G
G

C

T

A

Purine for purine Pyrimidine for pyrimidine

G

C

C

G

A

A
C

C

T

A

G

C

G

C

A

T

T

A

A

T

T

A

T

A

T

A

T

A

A

T

C

G

Transversion: substitutes a purine for a pyrimidine or vice versa.

C
G

G
C

T
A

A
T

C
G

A
T

C
G

T
A

G
C

G
C

A
T

T
A

A
T

T

A
T
A

G

C
C
G

A
T

C
G

Pyrimidina for purine

C

G

G

C

T

A

A
T

C
G

A
T

C

G

Purine for pyrimidine

G

C
G

C

G

C

A

T

T

A

A

T
T
A

T
A

C

G

C

G

A

T

C

G
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2.4.5.3 Transposition

This phenomenon is produced because chains move from one location to an-

other. These changes named transposons, can be: a) simple, b) composite

a) Simple transposons (IS) Simple transposons are chains delimited by

a palindromic sequence at the beginning and at the end. These inverted se-

quences allow their identification and their length to vary in each type of

transposen.

123456789

123456789

I 987654321

1987654321

Figure 2.35: Simple transposon

The movement of transposons is characterized by the existence of what we

target sequences that indicate their new position to the IS.name

IATGCA

ITACGT

When the moving element detects this site, it moves to the detected place.

The host DNA, this is to say, the one that receives the foreign fragment, is

broken on the bias by the target.

ATGCA

TACGT
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Later, the transposen is placed in the broken site:

HATGCA 123456789 L
U 123456789[

J 987654321

] 987654321 TACGTC

The last step of the process is the reconstruction of the target sequence whose

consequence is its duplication. The final result is the following:

J ATGCA 123456789 I ] 987654321 ATGCA

J TACGT 1234567891 J 987654321 TACGT

b) Composite transposons (Tn) Composite transposons, named Tn, are

characterized by having two simple transposen sequences in each of its ends

and, furthermore, other chains with diverse meaning in the central region.

Both transposons IS of the ends can be placed in the same direction or can

have opposite orientation. This is what we see in the composition scheme of

Tn in figure 2.36

L Module> , , , Central Region •„• ,, ,,-.. R Moduleu
M

L Modulele> Central Region Module

Figure 2.36: Each one of the IS elements is an overhang in a transposon Tn

Each one of the overhangs of a Tn is an IS, so these IS can be equal or

different. If they are equal, the most common occurance is that they act at

the same time and promote the combined movement of Tn. But, if they are
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