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INTRODUCTION

Le genre Gossypien L. 2 une vasie répa.rtirian géographi-
que et manifests une grande diversitd 4 1a {ois morpholozi-
que et cytogendiigue puisqu'il est compass d'espeees diplol-
des, elles-mémes subdivisdes en 7 génomes 1A 2 Gier d esné-
ces allotétrapioldes génome 4D, Lélectvophoress protet-
que et enzymatigue otfre done un premier nidrdt sysiémati-
que et édvoluif, Deux types essentials de quest stiohs o el
abordés par ies Zquipes avant utillss jusqu'a p'e~ ST C2s
techniques sur le cotonnise ¢ ies fliations antre génomas an
nivean diploide 1CHBRRY of af., 1970, 1872 1 JOHNSON &
THEIN, 19705, la détermination des espéees ancestrales Jdes
aliotdtrapioides (Cumpry 2 &L, 1971 : JoHNSON, [97F ;
Hawcocr., 1982y, Ces erudes urilisent la plupart du temps

Peleciraphoréss de protéines totales ou d'enzyvmes non spe-
<ifiques 1o5rerases)y. Seuls des travaux ﬁ’u TECSnIs cmbltenr
fe polymorphisme d'une dizaine de sysiemes enzymaiigue
pour avaiuer ia diversite Inrraspéeifigue des espdoas dipia‘z‘~
des cuitivées G, frerbuoccuin ot G arborsum (SUITER et
Papis, 19340

Motre emnde se situe pius nrecisement dans i2 contexte des
T255UICes gEnd Il-}Jﬁb das 2 espaces cultivées alloratranioides
G, hursutum et G, Barbadense, ou Uanalvse du polymor-
phisme enzyvmarique vient s'ajouter aux diverses observa-
tions effectuees dans le cadee de 12 Bangue de Ganotypes da
FLR.C.T.
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MATERIEL ET METHODES

Les eoliections

Les prospections effeciuses sous Megide de ULB.P.G.R.
ou C.LER.P.G. (Conseil Internarional des Rassources Phyto-
génétiquest dans {a zone de dispersion des 2 allovdtraploides
G. hirsucunt et G barbadense, U Amérique Latine. ont réuni
plus de 1 000 aceessions differenies recouvrant 4 la tois des
formes sauvages et subsponiandes des 2 gspéces,

Les formes sauvages sont issues de popalations de ailles
ires variables, d'une dizaine & un millier de plantes, frs-
quemment adaptdes aux sols haiophytes des zones littorales.
Au point de vue des caracréristiques de leur fibre e de laur
crofssance, ces cotonnlers représentens des types « primii-
tifs =, Ceux de Uespéee G, Adrsuriean sont tronves essentielie-
ment autour de la mer des Caratbes (Mexigue, iles de MArc
Angillais, Vénezodélar, randis que les coronnders de Uespées

G, barbadense poussent an Nord du Perout irégion de Tum-
E'\ﬁa 2n Egquateur continantal et sur tes iles Galapagos of o3
leur confere selon tes atweurs le nom de variéié ou 4'espaee
darwinii (fig. 1),

A Pérar sx.bspaman:. les cotonniers subsistent souvent
isolément sur (25 bords de route 2t dans les jardins. Les plan-
tes appartenant a Uespece . barbadense sont préférentieile-
ment adaptées aux régions humides, mais les formes subs-
ponances des I espéces sont 2n sympalrie sur une large part
de leur aire de dissribution, la Colombie. le Vénsznéla &t
1" arc Antillals, On trouve dgalement Uaspéee G, barbadense
en Amazonie et au Pérou, Uespece G, Mirsutum au blexique.
Cliez cerre davniers, on distingue six races : marrillii, larifo-
Yam, Marie-Galante, punctansm, paimerl, richmondii, domt
senies Yes 4 derndéres ont dre suifisamment eoliectées tfig. D.
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Figura 1

Régtons wrospectées powr la collzcle dz cotonnizrs spuvages of Tegions prospected to collect wild cottons and tandrases of &, feér-
subspontands des aspbegs G Bipatirn ov & barbadonse (anmées steiiy and G Bacbadense (1923733 vearsh

1080231,
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Echantiisunage

25 accessions a Studisr onp eté choisies afin d'étre les
pius représentatives possible de Uaire de ténartition de
J espdoes. An ronal, 260 oN3 ons @2 analysdes
dlectrophorase (abl. 1i Elles s repartizsent ainst ¢

— 34 ontonniers savsages issus de 3 popaiations de
. bdf‘i)a&"ﬁ’?f-“—‘ ar § dz & hipsnrum
SUTIPOTIANSS Tegroupds par razien

ds enltivees de G. airsufion, provenant de
plusi&urs [\ai 3 productenrs ipays africains, U.S &, China,
U.R,3.5., Buigarie, Iran, sto 2t appartenant & diffsrants
fonds zenétigues ig dépar: Jdz sélection ramericains o
Acala, Oid Stﬁrn‘pra {... =t afrizains : Allen, Triuwph,
M Keurala, HOAR,, L0,

Sauf dans la cas 23 ou. Fivars quasiment tfixds ou nne
SR e graine a "’_e an l studa de "haqurz c»*uamil’

ganenquﬂ .ir.s
an; provimativemen
dances,

f"a]'qu = ,.E""

Méthodes délecirophorise

Les tecimiques smpioyées (BOURDON, 1934 sont raope-
lées ici brizvement.

Les extraits sont pripares A partiv de graines preimbibdss
fune graine par ana i gt breoydes Jdans an tampon
Tris Wi M (pH = 7.3% additionné de cystzine 20 mL
Trois systames de "ma“n.ti:)n sant uklises, T sur gel dlami-
don 2 1237 7 qPouLm, (2357 SHaw er PRasan, 19
Vaiitre sur gel d'asryiamide, avas un ramm:-_ T-is Borate
(00689 M EDTA 8027 Ay 4 pH =

Des essals préliminaires portans sur une treniaine d=
systemas anzymatigques ont condeit a en retenir & en caison
de la bonnz résolution de laurs zyvmogrammes, TLa mdtheds
de mlg:‘amon aptimale p-xw chacun de o 25 anzyeaes est
SHPO3E dan\, le tableau 2. Les solurions de rs vdarion nili-
Sée5 ONt S18 SMmTruniess 4o

— TROUSLOT ot SECOND (19801 1 aleool déshydragen
CADHDY, malate déshydrogénaze (VDH), isociirate deshs-
drogénase (1DH3, leacine aminopertidas: {LAPY, phaspho-

3¢

tis

Bouroon £, —

glucomutase (PG chemphoghicose isomerass (PGI,
ghisamars oxaloacsetats transaminase (GOTi :

— WROOOBURY of i, mrn : catalase (TATY

— CARDV o7 gf, (193 naspeptidass (Endoi,

Tnterprétation géudtigque des Zymogrammes

S lgs @ —.mrém =5 2nzymatigquas, 2 5ot monamerzhes
quellz gue o forigne des indisidus 2ondies (PGL CATH,
tandis cue les T oawires presentent des variations a la fols
inker 2t ir.t:as*réci:‘igues.

de conerdle génerique ont die nropasdas
polymorphes teveepté 1la PG 4 parttr
canfointz des zvmogrammes d'espéees
rapicidas <t de Uanalyse de quzlgues descen-

ces amsofaondees. Chez les allot Straploides, Cactivite
de chague ¢;-3:-:me rzymatique est gouvarnés par au
meins I laons 1 4 o suBet B que I'an suppose lreca-
IS"S chacun suyr Mun d-i Zénd *smeb y.Jnut taeits & et DL Ces
ypathasss 3o dtasdes par 'existanee 4 homologies alléli-
{.L-ib anire 225 locus et les 0‘u~ des especes diploides

“znendant, les alléles dz 2 locws homéologues
codant cut-memes Trequemment pour des molecules de
1 chc:mphorer'queu idengicuzs, il nlest pas ou-
lours possinle de distinguer D'expression individuelle des
2 dpeus, Clest e cas de Uenzyme IDH, pour lqueI ies
wariazions alletgees des 2 ocus detvent 2ir2 considerses
simultanemernt ¢ L. us [DH A A7y

Pour Jensemble des 6 enzymes (ADH. IDH, MDH,
LAP, GOT. Em‘lm on distingue 1+ locus pelymorphes
prazantant un ozl de 46 ”l-“% itahl, 21 Las tests dlinds-
pendance riabisss sur 22 coupnles conzernant £ jocus n'ont
dvidence aucune relation de frkage. Les anires cou-
ples 2lavant pu dre testds, la diversite des espéess alloss
wanioidss a. u?:pefidanl. 2t estimee 4 partiz des variations

aliclispuss das 14 locus supposés @ prior indépendants,

narentales, O

E

Méthodes statistiques

Peusieurs paramtres sont utilisés pour décrire le poly-
merphisms

— P, nombre ds eus polymorphas |

— X, nombre daildles ;

TABLEAU
Deseription deg aocossions seavagss, subspontanges et cultivées analysies pour 1'étude de la diversilé
gendtique des I espéces allotétraploides G, Bfswren ot G, bavbadense.

he wiid popatations, andrase

diversiry

Description of

s and nliivazed

WG, ot and G Barbadense.

variatiag analysed 1o study geaetic

Populations sausagss

Espace

Cotonmers subspontanss Varictes cultivess

lles Galapagos 14
Nord Pérou (Tumbes; 3
12 nopulationsy

G, bardadense

73, hirsutum Rep. Dominicaine 3
St Kiuts i
Cmadelonpe 4
Véndzuédia 4
blexique (Y ncatany 10

Are Antiliais {5 —
Guyane 3
Yéndméla !
Colombvie 7
Peroi 13

Marie Galante U.S.A, 37

Vandzuéla 18 Afrique 23
Colombia 12 Disers 1’
RS
14
righmoadii &
efezioquen
s g

tviesiquey
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TABLEAU 2
Métliodes de migration et hiypothises de déterminisme génctigne des enzymes,
Nomenclature des focus of deg sililes utilisés dans V'édtade de la variabilité génédtique des espiees
G. Rivsitum &t G. barbadense,
I‘\Iigrath.n mathods and hypothases of genetic control of enzymes.
List of the loci and alielss wsed 10 smdy genetic variability in G. disufem and G, barbadensz.

Systdme d=

Détarmisisme genstiqus

Enzyme migration optimal Locus Allgles
ADH Amidon : Shaw Prasad Adh A 14, 20
{197 Adh B 5140, 20, 30, 40, 50
IDH Amiden : Shaw Prasad ldh &0 A7 10, 20, 30, &0
{1875
EADH Amidon : Shaw Prasad Wldh A 3. 34, 40
13705 Wdh B 1, 2 L4356
kidh C 0, &
LAP Smidon @ Shaw Prasad Lap & 20, 40, 5050
{1970 Lap A &0, 70, ¢
Lap B 13, 40, O
Lap B’ 30, B, W
GOT Agorylamide : TBE Got A i, 2 30, 05, 0§
: Gat &' 40, 30, 60, 0
ENDG Acvyaamide : TBE Endo A 1, 30
Enda A7 30, 80, 70
PG Amidon : Shaw, Prasad Dérarminisma géndtique non intarprété
(1370
CAT Amidon : Poulik Monomorphe
(19571
TGT Amidon @ Poulik tvionomorphs
1957

* Lazs allélss Lap A% Gar A™ sont communs a 2 locus homéolaguss.

Aallales en {réquence inter-
vae pij frdquance de Ualls-

A dnt. (), DCLIT.‘:.uﬂtag
medlatry (0,15 < pij < 0.85)
lzian locus j;

— G, nombre da combingisons aliéliques ditfférentes sur
tes 124 locns 3
— Ho, hétérozygotie abssrves ;
— Hit, diversité zéndtigus de Mer (19733, telle qus :

Ht = (Zift — Zip,ir
aves r nombre de locus, égal & 13 (T exceptél.

Selon la formulation de WEI, ce paramétre peui &ire
estimé 50it au niveau intra-population (Hsl, soit an nivean

de Uespace (Ht), tel que ;
Ht = Hs moy. + Dst
Dst correspondant 2 iz ditférenciation entre populations.

Les calouls deg fréquences glléliques =t de Uhdtérozygatic
sont affectuds en tenant compts de la structyre biclogique
différente das cotonniers subspontands (1rés souvent isolés
et des cotouniers sauvages fen populations) :

— estimations & partir des génotypes maternels déduits
pour lzs cotonnizsrs subspontands dantogamie obligatoirs) ;

— estimations directes sur les descendants dans le cas
des cotonniers sauvages (existence d'un faux d'allogamie
non negligeablel,

RESULTATS

Polymerplisnie des cotonnizis sanvages

Toutes origines contondues. les cotonniers sauvages sont
polymorphes pour Pensemblz des 14 locus enzymatiques,
totalisant ainsi 44 allzles, soir 2.835 alldles par locus
{tabl. 3). L'espéce G. hirsurumr est sensiblemeant plus varia-
ble aves 11 locus polymorphas, 30 alleles ot une diversité
rotale Ht dgale & 0,200 conire [2s valeurs respectives de 7,
35 et 0,179 chez G barbadense,

L’espéce 5. Jorsutumn se caractérise égalsment ;

— par une diversité gﬁm,trquﬂ inira- pupulafmn Elzvéa
{Hs moy. = 0.161}, due 4 une forte proportion d'alléles en
fréquence int°rmcd1a1re :

— une héiérozygotie chservés importante (Ho moy, =
80,0607, notamment dans [z Yueatan (Ho = 3,135,

Wialare 1'effectif restraint des échantillons analysés, des
différances de variabilité., apparesmment fonction: de la
taille réelle des populations, a:xparaiss nt sans ambiguité.
Adndi, les 2 populations érendues du Yucatan et de Répu-
bliquz Dominicaine mentrent des niveaux de polymor-
phistne comparables (7 et § locus polymorphes, 22 et
26 alldlesy bien gue la seconde soit insuffisamment repré-
sentéz (n = 3), & Popposzé, la populztion de Guadeloupe.
sxirdmement véduitz, apparall istalement monomorphe.

Dans Uespéce 5. barbadense, l2s populations des 2 origi-

25 dtndidas (fles Galapagos ef région da Tumbes au Pérou)
mgnifestant des degrés de polymorphisme équivalents mais
nettement inférieurs 2 ceux des populations de G, fiirsutum
{tabl. 31:

— Hs moy, = 0,060 ;
— hétérozygotis ndividuelle quasimant nulle (Ho = §,020,
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TABLEAU 3
Polymiorphisme enzymatique des cotonniers sauvages chiez les cspeees G, firsutumn et G, barbadense.

Enzymatic polymorpism of wild oottens in &, Jiérswezsrs and G, barbadense,

Parametras

Espeéces ¢t origines a P
géographiques

Rép. Dominicaine 3 7
St Kifts 4 5
Guadatotpe 4 0
Vénézuela & 3
yexique 1 Yucarang )] 4
Total

G, Rirsuim A 11
lies Galapagas [ 3
Tumbes 13 5
Total

(. barbadense M °

LS A int. "o Hs Hr Ho

2z

19 7 043 0,167 .02

14

17 .23 0073 0.013

28 41.63 i3 242 0,133
s moy. He moy,

34 041 0,160 0,200 0068

13 12 0,170 3]

19 a1l 203 .03
H; moy. Ho moy,

23 RT L0650 4179 0,02

n: onmombre diadividus ; P onombre Jde locus poymosphes 1 A nombre tolal JdCalléles ¢

El

Aing,

< propottion d'alleles en frequence intermediatre t0.45 < p < G837 He (Hsi ; diversite

géndtioque caleulée rotale finrra-populations ©  Ho : hétsrozyvgotic observéz. )
Les paramétres A ing. ©°, Hi. Ho sonr estimes sur 13 locus (Idh A A7 exclu.

Une analyse Tactotiells des eorrespondances i AFCh (BEN-
ZECRI, 1973y, intdgrant les variations de fréquences inter et
intralocus de 17 alléles (0,10 < p < 0,507 appartenant aux
9 locus les plus polymorphies, représente la siructure gene-
tique des cotonniers sauvagss des 2 aspéces (fig. 22y, Elle
met en evidencs, de fagon représentative (54,4 7o de la
diversité totale sur le 127 plany, une structuration en
3 groupes : Uengamble de Vespece G, Rirsuniim, 125 coton-
niers du Pérou, les cotonniers de Uarchipel des Galapagos.
Drautre part, elle contorte les conclusions pirdoddentes.
G. hirsuttem apparait rés polymorphe avec 19 combinai-
sons alldliques diftérentes, randis gue les 3 origines de
G, barbadense sont pen variables (6 et 1 combinaisons alls-
ligues).

La séparation des 2 espéees sur lz plan correspond a ung
diftérenciation génétique importante monirée par des désé-
guilibres de fréquences alldliques a 7 locus {Adh A, Adh B,
Mdh A, Mdh B, Lap A, Lap B", Endo A" et Uexistence
de 16 alléles spécifiques & G, Airsurum et de 10 & G. barba-
dense.

A un niveau intraspécifique, aucune structires marquée
ne se dégage dans Uespéce G, fifrswrian. Les cotonniers dn
Vucatan apparaissent toutefols les plus dloignés de Uautre
espéce sur le 19 plan de VAFC ; ils accumulent, en effet,
Pensemble des allelss spécifigues a G. Firsunzon. En revan-
che, une forte différenciation génsrique, resnonsable de fa
diversité totale importanie de G, barbadense (Hy = 0,179},
exisie entre les cotonniers des Galapagos et ceux du
Pérou @ 4 locus (Adh B, Mdh 8, Lap A, Lap B'J présen-
teat un ou plusicurs alleles spécifiques a chacune de ces
origines,

Polyuioiphisme et origine dag cotonniers subspontands

Espece G. barbadense.

Comparés aux populations sauvages de &, barbadense,
lzs cotonniers subsponianés da ceite espece manifestent une
nette diminution de leur diversite géndtique, essentiellement
sensible sur leur taux de polymorphisme (P = 4j. La diver-
sité totale dgalamant faible (Hr = 0,032 a une valeur identi-
qua 4 la diversite intrapopulacion (Hs moy. = 0,051 Cela

rraduit une absence de difiérenciation entre régions géogra-
phigues (tabl, 43, D autre part, ces cotonniars appardissent
géndtiquemeni trés proches des populations sauvages du
Pérou, étant fixds ou quasiment fixsds i chague locus, pour e
méme allele itig. by,

Espéce 7. Airsutui.

De la méme fagon que dans Uespiéce G, barbadense. une
nette diminucion de la diversité géndtigue (Hs moy. = 0,084
er de Uhéterozygotie individuelle (Ho moy, = 0,0257 est
comstavde au seln des races subspontances de G, hirsurm

tabl, 45

La race Marie-Galante présenls toutefois un polymor-
phisme plus mmportant @ 31 alleles, 12 locus polymorphes,
Hi ¢gale 5 0,145, La valeur de ces paraméres doit sans
doure dire relativisde par Ueffeenif de 1"dchaatillon znalysé
(n = 43i qul a parmis 1a collacte de nombreux alleles rares
(1! en frigquence < 0,051, Mais le nombre de combinaisons
alléligies prisentes dans chacune des régions ol se frouve
la race Marie-Galanre (G = 11 4 15) confirme également
sa plus grande variabilite vis-a-vis des races du Mevigue ol
ne coexistent jamais plus de § combinaisons alléliques, De
plus, il apparalt que la Colombie er Iz Vénézuela sont les
regions les plus polymorphes avee 23 combinaisons alléli-
ques différentes pour 30 individus tandis qu'il eyiste une
combinaizon alldlique frés majoriraire (15 individus sur 38
dans 1" Arc Antilais,

Lensembie des cotonniers subspontanss de G, lirsuium
manifeste, ¢ontrairement a G, barbadense, une diversite
totals importante (Ht = 0,187y, Elle est due a la differea-
clation sxistant entre races geographiques, chacune Jd'elles
efant caractenisas par une combinaizon ailéhque majoritairs
sur § locus 1 ta natare des alleles observds opposs surtout
les races Mewle-Galanie et punctarum (1abl, 57,

Lme AFC réalisée sur 74 accessions subspontandes de
G, frsurw 2t prenant en compte les variations de
11 allzles aux 7 locus polymorphes (0,10 < p < 0,50 fllus-
fre partaltement ces résultats ifig. gy

— la natte différenciation sur Uaze 1441.3 7 %) entre les
¥ races mexicalnes st \a race Murie-Galante ;

— lz faible polymorphisme des races puncratum, rici-
mondii et pabneri ;
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Figure 2o

Oregarisation géndtignz des cotemniers sauvages des deny cspioas enetic organization of the wild coitons of G Zlrsurn @ and
G, Bircatn © ot G, barhadense 4. G, Bardadense .

Analvee fnctoriclle das corvespondances sur les varistions de Factor corraspondsuce analysis on the variations of 17 allalss at
17 alteles & & loeus ciwez 34 individus, & loct in 54 individuals.

TABLEAU 4
Polymorphisme enzywistigue des cotonnizes subspontands chez les ospices G, Afrsurem et G. barbadense.
Enzymarie polymorphism of landraces in & 2fsucean and G, Darbedense.

Paramétres
Races ou

e a b A& & int. %5 Hs Ht Ho G
originas
géograpitiques
Aaris-Galante 63 12 21 0,30 8.d5 0.070 31
{Colombie + Vénézmela + 12 + 18 (SRR §
Are Antillaisy + 3% + 15}
punctating [+ 3 z 0,10 0,030 0,130 5
rickmandii 53 3 i8 .37 1,080 il 3
paimeri i 2z 7 & 0,033 i} 2
Total s moy. Ho moy,
G. Birsutum a7 iz 33 .34 0.084 a,187 Q023 A0
Arc Antillais 13 1 15 0,14 3,633 0.010 3
Pérou 13 2 1 4,13 3,047 0,020 5
Colomble: Guyans 4 4 13 6,12 0,067 0,010 5
Véndzugla
Tatal Hs may. Heo moy.
G. barbadense 42 i 18 4,125 0031 3,032 4,313 7

G : nombre d2 combinalsons alléliquss sur les [4 Inays {autres paramétres identigques & ceux do ablean 35,
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‘ Figure 2&

‘ Origine néruviesne des cotonniers subspontanés de Pespéce
G. barbadense,

‘ Introgressions genétiques de 'esphee G, barbadense chez certains
! eotpaniers de fa race Warie-Galunre,

Projection en individes supplémentaires dos cotonniers enbsponta.
nes des espéees & darpadense L oot &, Bivsyrum. voess Mlarie-
Galante % ey mexicsines

2 1 diversit dos populations sauvages.

Beruvign ongin of G, barbadense landraces.
Genatic atrograssions of G, darbadenge specias
Treakanrs corbons.

Proiection as addidonai individuals of the landraces of G, barh-

in soms Afarie-

Jesase - and G hirewinan, Mgrie-Galgnre % and bievican races
ZF L diversity in wiid populations.

\ TABLEAL 3

Combinaisons

Prepandeiant I

alléligues majoritaires 4 § locus enzymatiques chiez les

races de 45, Afrsienm.

w0 all=lie com™iarions in L Persiram gaoes,

[dh A Rldh & far B Gai A Gk &7
Aaric-Galante 3330 606D a9 j':‘;!’ it) 0 20 60 64

G40
| puncta 20010 1030 10 10 30 30 50750
‘ paimert ) ) VR 3 0 520 30 30
‘ richmondil W M 14 1o 3530 RO 355G

~— au sein de la race Marie-Galante, 1a grande variabilitd
des cotonniers 4 origine colombienne ¢t vénézuélicnne vis-
| A-vizs de ceux de U'Arc Antillais.

La comparaison des cotonniers subspontands 1 sauvages
esr effectuse en projerant ces derniers on individus supplé-
mentaires sur V'AFC (fig, 32). Leur absence de strueture,

leur polymorphisme et {eur hétérozygotic aux 3 locus diffs-
rencianc les races géographiques se traduisent par leur posi-
ton centrale sur le plan. Les cotonniers sauvages cumu-
lent, en erfet. Mensemble des alleles présants chez les coton-
niers subspontands & oas § loeus & Uexception de lalléle
Lap B specitique de la race palmer.
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i.a prise en compte de la totalits des al'sles obsarvés chez
G. hirsutim (aux 14 losusy monirs cependant gue 10 alléles
sont absents des populations sauvages et rencontrés exclu-

sivement cliez I race darie-Galgnte, bian qu'sn faible fré-

quance pour ¢ denfrs eux (p < 0,085

Trofs de ces alléles (Tdh A 10, Mdh B 2, Bnde &7 30§
sont des alléles communs de Paspéce G. Barbadznse. Proje-
tés sur I'AFC représentant la structure génétque des
colonniers sauvages, 19 individus de la race Afarie-Galante,
porteurs d'an moins 1 de ces 3 aléles, se positionnent
ainsi de facon intermédiaire entre &S cotonuisrs sauvages

de Uaspéce G, fursutum et ceux de Vespece G. barbadense
(fig. 2Dy,

Polymorphisnte deg variétés culfivéss
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Avec 4 locus polymorphes pour 2 allsles chacun, les
87 varidtés cultivées {orment un ensemblz peu diversif

Colom bg"e

o,
13,

Cot. Fib. Trop.. 1936, vol. XLI, fasc. 3

En considérant les différentes combinaisons allélicues exis-
tantas, on dénombre 10 génotypes dont 2 largement majo-
ritaires présents chez 47 varidtds (annexve 3). La répartition
des cultivars selon ces génotypes montre, d'antre part, uns
hétérogénéité relativement plus grande du groupe africain
(8 génotypes) par rapport a Uensemble des varidtés améri-
caines (5 génotypes). On e peut cependant différencier les
divers pools d'ovigine des varidtés (Allen, Acala, Triumph,
K'Kourala, H. AR, ate.i.

La compasition alleligue des enltivars constitue un sous-
ensemible de celle das races mexicaines. Cettz proximité
génétique est bien illusirée par 1a projection des 10 génoty-

pes trouvés chez les variétés sur UAFC reprasentant la
diversité des cotonniers subsponianés (fig. 34y,
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G. Rirsurnn: @ — polymovphisme ot diffévenciation adnétigue des
races sebsponisndes (Afarfe-Calanre &, punctaiten
&, pakmert © and rickmondii @) :
— comparaison avee fe polymorphisse dos coron-
migrs sevages € .

Analyse factocielle dos corvespondances sur lez vaviations de

L1 alitles & 7 locus chez los races subspontandes (96 individusi.
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— polymotphism and genetic differenciation of lan-

draces (Aigrie-Galante ®, punctatus: O, palmeri
S, and richmondiii & ;

— comparison with the polvmorphism of wild cot-
1ons §.

Fagtor corresporidence analysiz on the variations of 11 allelss at

additional individuals.

7 lacl in landraces (96 individualsy, Projection of wild cotions € as
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Figure 30

Polymarphisme et origing des variéids caltivées de Vespeee G hir-
srtum,

Projeetion en individns suppiénientaires des 10 genotypes observés
chez les cultivars.

& aombre de varidiés eultivées représentées,
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Polymorphism and origin of G, hirsurnm cultivarad varieties.
Projection as addidonal individuals of 15 gehotypes observed in
e cultivars.

& number of cultivated varieties represented,

DISCUSSION

Le caraciére géndralement neutre des alléles enzymaii-
aues vis-a-vis de la sélection Stant maintenant presgue una-
nimement reeonnu (DE VIENNE, 19845, le polymorphisme
enzymatigque constitue un outil bien adapte i 2mde de
histoire dvolutive des populations {dérives at effers fonda-
teurs lids 4 des rédnorions de tallle, migrations...y,

Evolntion aniérieurz 2 ia dontestication : dispersion des
COtGuMIers Sanvages

Malgré des divergences selon les auteurs i{ENDRIZZI o7
al,, 1983y, il sembie pluaede admis que les espéces allotétra-
ploides auraient une oviging monophyléiinue et dérive-
raient de Vancdite de Uespece sauvage actuelle G, musieli-
rur decouverte au Nord-Est du Brésil (Ao er o/, 1932;,
L*électrophordse montre ici gue les phenoménes de specia-
tion ayant conduic a Papparition de G. hirsyrum ev G, bar-
badense, se sont accompagnes d'ane importante différen-
clation génétique.

La dissémination, concomitante ow uitérieure 4 cetre
spéciation. des populations sauvages de G. Airsuaon le
long des ¢dtes du Vénézudla, des Caraibes, et du Yuecatan
(Mexiqued serait dug auy courants marins qui longeni e Hi-
toral nord de UAmerique du Sud pour péndtrer dans la
mer des Antidles er le Goliz du Mexique (STEPHENS, 1967 ;
ANG et gi., 1982, Cette hypothése s"appuie, an cutrs, sur
Vexcellenre tolerance des graines 3 PMimmersion dans Uean
salée sans perte de pouvolr germinatil (FRyY<ELL, 19673,

Or, les six populations analysées par électrophorése sont
assez peu ditférencices er cing d'entre elles, notammient
aelles du Yucatan et Jde [a République Dominicaine, mani-
testent un polymorphisme important. Le taux d'hétérozy-
gotie des plantes indigue dgalement quil existe dans ces
populations une forte proportion d*allogamis, tout A fair

concordanie avec i@ longistyile frequente des eotonniers
sauvages. Ce polymorphisme est dailicurs bien reflets an
nivedu morphologigue @ il existe une grande diversitd phé-
notvplau: intrapopularion et des caractéves communs 2
Uensemble des nopulitions gqui ont conduit a s englober
sous la dénomination de race vueaigiense (fusz brun, ion-
gistyile, croissance lente, aspect buissonnant, ¢c., ANO et
. 1982 Cette diversité & la fols enzymatique £1 morpho-
logigue semble pen compatible avec un provessus de dis-
persion entrainant de forfes dénives zénétiques. La popula-
tion menomarphe de Guadeloupe est la seule qui parai-
tralr tiver son ariging d une dissemination par las couranis
wartis, 31 on peut imaginet que Uapport repete de grai-
nes par l2 mer dans une région ail dié suffisant pour ¥
introduire de facon durable des populations da cotonniers
sauvages, la naturs du polymorphisme que ['on a observé
au Yuearan et en Republiquz Dominicaine inciterait plurdt
a penser que oes populations reprdsentent Jdes reliques
drune distribution auiretols plus imporante de Uespece.
L analyse d'une population ancestrale de G Zirsnturm ou
de G mustedimem an Brésil faiv cependant défawt pour
relativiser ley niveaux de polymorphisme observes dans les
differentes populations.

Dans Uespéce &, Harbadense, Vimportante diftérencia- -
non gendtigue mise 2n evidence entre les populations du
Pércu ot celles des fles Galapagos. et la diverzité genstique
relapivement faible existant dans chacune de ces régions
ot autant darguments en faveur dune origine secon-
daire de ces populations, En revanche, ia taille, (a diversics
phenotypique et la position géographigue des populations
d"Equatenr permestent de supposer qu'elles seraient beau-
coup plus polymorphes et gqu'elles représenteraient le poof
ancestral d'o0 seratent issus les cotonniers des fles Galapa-
gos 2t du Nord du Péron. En effer, si [a localisation de ces
populations par rapport a celles de G, mustefinum rests
difticiloment explicable, ta dispersion ultérieure des coton-
niers vers les fles du Pacifique a trés bien pu se faire par
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Uintermédiaire du courant de Humboitd, comme 2'est fz
cas pour une grande partiz de ta flore dquatorienne. Quamn
aux cotonniers du Nord du Pérou, leur situation suy la
ione marginale de la distribution das zotonniers supligne-
rait U'importante dérive génstiqgue qu'ils ont suble, Dans
ees conditions, les populations ' Eguzisnr non studides icl
devraient se situer lozigquement sur VAR des eotonniers
aamag@s\ an pasition intermediaire entre les cotonnises du
Perou gt ceux des Galapagos itz 2ah

La domestication : ovigine des cotonniers subsponiands

gendtigque entrs
G. hirsutuin oL G. barbadense préevistall av niveau des
popuiations sauvagss, Uélecirophorise :-wnnrm, que Ia
domestication du cotonnler a en lieu dz facon md;p«*n:
dante dans chacune des 2 espiees comme Pindiguaisnt les

it

données archiologiques of historigues /STRRHENS, 19731

En momtrant gne la différensiatio on
i

Esnace G. Barbadense,

Deux hypothéses sont proposéss par STEPHENS (1073
pour expliquer 'origing das cotonniars cultivés de Despe
G barbadense @

— ung damcstiuatlm unique a partic des populations
sanvages iﬂquatﬂ et dn Béron o §s sz soraient
rﬁpandus et ‘o1 ils auralent diftusé vers 1= Bassin Amazo-
nien & travers la Cordillidre des Andes par la bréshs du
felarafon : :

— deux domestications indépendantes, une au Pérou,
Tautre en Amazoniz a partir de pepuiaﬂons sanvazes dont
on supposa Pedstence dans une végion siwée A Iz frontiars
de fa Bolivie &t du Paraguay,

Or, st la collection d2 cotouniers subspontanéds ds
Vespece . barbadensz wanifests une diversite phénotypi-
que impa"tam:e touchant essentighement aug caracrérss de
la graine dibre oy ﬁoudee) et d= la fibre (coloration blap-
che, kaki, brume. acajorl, 30n pﬁ!ymarmmmu Snzymati-
que 281, =n revanche, trés fajble et ne permet de dégss
aucuneg structure géndtiqus de Uansembls, Drantre part, l2s
cofpnniers sub;pantanes apparaissent Eénétiguement irds
semblables & cenx des populations sauwvages du Pérou,
étant quasimtent fixds pour Jes ailales des plus fréguents
dans catte région.

ECr’.’“

Ces résultats corrohorent :l:m~, whutdt da premifre liypo
thése avancee par STErPHENS, De plus, ils semblent mon-
trer, jusau'a plug ample mm-rmatian par Vanalyse des
ponulations dquatoriennes, qus lzs cotonniers subsponta-
nés dérivent wniguement da goo’ génstique daia restraint
du Nord du Péron.

< Confrasie franpam gul apnaralt ainsi entre variations
enzymatiques et variations morpliclogigues, ebﬂrae Zgale-
meni sur les races d’amaranthe an Inde (Ja08 or &l 1930
monire qus la sélzction humaine a pu réaliser one -v’andﬁ
diversification phénotypigus tandis qus le polymorphism
enzymatique a dvolué paralidlament 4 cetie sdlection. essen-
tiellement sous Uaction de la dérive génédqus.

Espace G. Nirsutum,

Plusteurs hypothéses sont Sgalzment formulass & pronos
de Vorigine des races subspontansss ds G, firsumim. Cer-
tains admettent idée d’un centre anigue de domestizaiion
de Despéoe au Mexigus, dans le golfe du Tehuanizpsc.
Diverses donndss archeénlogiques on historiques S:ablissent
cfairﬁmen* aue le cotonniar v a &8 domestiqué i 1 a envi-
ron 5 300 ans 5 tontses 1es races subspontansss seraient alors
issues des am.f:tres de Ia popuiation sauvage acivells dn
“ucatan. Selon d'autres. 1z rage Marie-Galgnre aursit &é
domestiqués de facon indéncndapie en Colombie en se
basan: sur la dénouverte 'anclens 4tablissements lumaing
datés de 3 000 ans avant J.C. er sur la grande variabiliré
phénotypigqus observée dans ce pays {STEPHENS. 19713,

Dun point de wuz enzymatigue, la différenciation gené-
tique des 4 races caractériséss chacune par une -amb-n&

Cot. Fils, Tron., 1956, vel, XLI, fas2. 3

son allsbique sur 5 WCus et mettant sssentiellemant en évi-
dencs un oli a eners la race .tft.zwee-u“:’an:e et les racas
mexicaines, pe oo patm, 20 UNe Drigine communeg
de Ie’ncno[ dag ¢a nnmr«, .,Lbspomanés. Cependant.
hypothise seion lague Ue te tace pupciziisn ost la velique
d'unz popuiation de tran Slt!on »’ntre Ia population sauvage
anw;tﬁie ey 125 augres races subs Spontances (AND ot
SCHWENDIMAN, 19821 reste acceptable 5l on ne considére
gue lgs races mevicaires, La nature pen polymorphe ds
punciati semble alors étoananie, mais on ne peut exclurs
gue l25 ontanniers observes actusllement solent les dsseen-
danrs d'un ensemble autrefols beaucoup plus wvariablz,
Quant 4 la race Marig-Galgnze, elie seralt issue J'un pro-
cessus de domestication gdographiguemen: indipendant.
mals dont la localisation reste impréciss dans Tarat acruel
des données.

Una tellz diffs vanct ation '?ér!d'tique enire ies races mexi-
caines et la vace Marje-Galonrg n'étaft pas pravisible 4 par-
tir des ob;erz—ar» ns phenotypioues du matériel subspon-
tane, En afler. les donnédss Jur praspections montrent qus
lz distincticn des rasss gg oglaphlquéa n'est pas svidents,
ﬂ"ceprron {aite de la vace pafmer? aux feuilles lasiniees.

La rase Mgrie-Galanse est la <eulz & manifester sur l2
plan génstique un polymorphistas tmperzant sous la forme
de nombraux alleles rares. Bien gu'on ne puisse négliger
I'inf[uence das biais d'échantillonnage, sz répariition beau-

oup plus vasie g7 son étar parfois quasi-spontand et para-
patnqu@ des populations sauvages pauvent ¢galamant expli-
quar sz diversite génétigua. Plusieurs arguments susgérent.
en effet, que la race Afariz-Galones a subl ou subit encore
des introgressions génethues ponatuslles en provenance

5 cotonniars sauvagss de 0, mr:,“:zezm N

— Vexistence des 7 alldles spicifiaues de Aarie-Galante,
mais que ['on peut supposer exister chizz [3s eotonniers san-
vagas 3ans gvoir otd dstectds en raison de leur f{aible iré-
quence

— la prése'zcw trqc ponctielie chez &

{3 individus]. dsz lldles trousds, au contraire, oo mmuné-
mans dans les pe:matmns SAUVaZES |

— au Vénfzudla, la position géographigus da 4 des
5 individus povteuars de ces alleles, solt ay voisinaze da
populations sauvages (région de Pirvicut, soit danms des
régions ou Vexistapee de i2ls coionniers est suspectds
{Péninsule de Paraguana, Ye de Margarital ;

~

— la détection plus récente de I alidles normaizment
‘arae.t-dnsfrqu des cotonniers sauwvages chez 11 %% des
cotonniers Merfe-Galante da la Répalligue Dominicaine et
d"Haitl o se trovve une population sauvags.

11 apparait sans ambiguiid qu'une part de la variabilitd de
la race higrie-Galanie vésultarail ausst A hybridations avee
Vagpice . barbodenge ; 3 alldles spécifignes de cette dar-
midre ont ée observés en fréguences pen élevéss chez
‘%tzrz‘e-GaSame. Plusieurs autsurs ont d'ailleurs 4454 discuté
de Vooenrrence de ges intrograssions géndtiaues. Certains

von: jUS WA pronossr une arigine hybrids des Latonmern
Mariz-Galante par croissments entre des \.ctaﬂmer; & bar
bodense subspontands e des formes sauvages de &, Rirse-
e du Véndzuéla (AND e ¢/, 19331 oa des Antilles (STE-
PHENS, 1967), Dautres s'en tienneng 2 des cralsements plus

nnf‘t,ueTs entre la race Morie-Golanre déja différenciés et
des plants d2 G. Wi&ua’ef g2 lars de cultures traditiennelles

ol les 2 espéees dtalant voisines.

Les résultats présencc concordent avec cctte derniére
vpothése d'inmrogressions secondaires, les aliles intro-

gressifs éant (oujours trouvés ea faible fréquence chez
Marie-Galanre.

Aotusllement, blen gue Uespice G, barbadense o g tacs
Marie-Galante soisnt toujours sympairiaues en Colombie,
au Véndzuela er dans I'Arc Antillais, il ne sewble pas aue

crofsements se produisent encore du fait de U'abandon
de leur culture au profit des varidids modernes ot de [eurs
exigances erologiquas propres rop ditférentes. Quoign'il
at soit, 'snsemble da ces observations nionirant e carac-
teve doublement introgressé de la. race Maris-Galante, tast
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en va.enr Pintdrds de e matériel pour 23 ressourcss génet-
ques du coronnier.,

Sélection récente ; polymorphisme dey variétés calivies

L'ensemile das varidids de
ment dans [e monde a e w‘lc
tions revuiwrP de iz rase L
Graerala vers fes Eras-Unis. Lamalic r:m.m Jotonnisre
efiactnz paf [ R.t 3 T, en Afvigque a sgalement atilise des
apports :iﬂ la ra w1 oramenge au KV sidcle nar
les Portugats, On distingus ainst 2 Afrigue 3 fonds géndu-
aues anclens, Allen. Tri -.m'-ph : R
recens, HLAR., créd a parvr & Sk £i-
ques entve d2s varidtds de & 7 71 et e Ioaspaces
diploides G. arborewm igenams Aj ot & rofmondi rgéina-
me Dt

Lhinflusnce J: la seleerion

VI siacte sur la diverste génetique du matr‘rie: varietal

ne pourrailf &ra correctamm: ent gealies a taide du polymor-
phiamé enzymaticus que 31 Uon pouvail studier celil de:
cotonniers ;ubspmranc; latifolivn dans leur lieu 3 origine

Boavroeoy O, — 201

shladiaie er Guatemalan On peut cependans admstirs gie
cetta race 3 ia wdme C‘“idi“lr‘ quz les autres taces mexidaines
el gug 30n apsariion 25t égalemeant accompagnge d'uns
dariva zénetique mp .!'T?,h.

Ta fainls dlversie das ’vxariér,.év; cultivézs miss en 4videnca
par f'lacalyse enoyvmatiqus 4 loous polvmorphesy rests
done cohdvenis avee cehe de Z‘Lfne des quelcongues races

:aine: etadiges favire 2 e 3 lecus poivmorshess, [
Iz alns gue ia mie-,ri. M récenie nait pas occasionnd
Sorte reduction dz O sriabilics torale, mais gqu'en
rez'é.n:;i-‘.e, I25 brasgsages 85 2 ious l2s orofsemenis realises
d_t"i".li‘ Toite sTuStuTe ininia i* sveninalie du matsaried
pcune  diffirenciat nest cbservés entre les
divers f: Zendtigezes (Allen, Trivmph., W' Rouralay Par
Allaurs, I =2 2as ez vossible 32 relier la diversitg un pew
plus i”‘q"&c*r*a'u-* -:'-:s cultivars aivicains anx Drogramimss
darions interspecifigues réalises e Cdvs-d Tvaire
En effer. aucun a"\pf:rr genetvauﬂ srécifique du maéri
H.ﬁg.[‘_. nlest detactd, lag varieses issuss d= cas ‘:mgra“nme:s
2 1 tingumr ")m des vanidies ds fonds générigues pure-
; . C=ite absence de caractérisation peut 20
HENS ;'f’”"”l]q'l&l’ par Ia compasition #1126 qus 1r&s voisine des
25peces -.up-'-l des G, ardorzum et G, raimondil avec celle
da espaes G Airsunis (BOURDON, 1584y,

356

-I‘rl I‘r

OHCLUSION

Tout en confirmant les caratreristigques génlrigques Ida
connuss des 2 especss e cotonnisss cultivds (smusare alia-
notyplotde, différenciaiion interspecitique, domestica
indépendante d2 chagque espece, ragime dz renroduction 2
autogamic prédominanie chez les formes cultivéss, has
genétiqus réduite das varistds modernast, | ::iect.,aplmr-
aprorte das donndes nouvelles sur lsur organisation getet-
que

— les popuiations sauiagss. netamment o2l

4. hivsufion, sont wes palymorphes et semblane pr
ui rany d° ahwam'.c nomn negiweah‘ DH mﬁ: u,n}
ciszs sur Phistoirs swal: i
raient la noursuize d'un certain rum:re 1 ans ¢'~353 :

* June part, sur les populadons A" Equateur de G, bar-
hadepse afin de verifier que las coronniers saueages de
cette région peuven: dire A Uornigine das pasulations iras
differencides da Parouw or deg L:ala’\a E33,

o A’auire parf, sur fouiss ies po fi‘rmm sauvages de
G, hirsutuyr dans la mer das O

)

ger de 1a
validiié des hypothesss e du;:cr:wrr pd Ecs SOUranis
waring.

— la diversité genetique des cotouniers subspontanes
monire que ceux de 'asnace G, barbadens: peu nolvimar-

phe" at o SITNCEUTEs ) 30N 13505 41U seul peaosssus de
domesticanion, andis que. onsl G hirsurnm, les Taces
mexicaines oo bl Galire ures ditfersnc
arigings diffementes |

— cattg organizatiae gdndnigus sde de lanalyses enzy-
matique contraste aves lag RIvALions mbrplwlogiquezs
matiant 2n evidznee Une grande diversification »heénotypi-
gque chez & darfudenge 2v una distivation parfois difticile
A2 racas géogranhiguas de G, Airsyrion

— la rars Mwie-Gali ardsentz un stamul oud a fait
sardenler, avee un palymarphisme pouvant $'gupliquer 26
partiz =ar des hybridations a4 la fois inter et intra-
3]3“31*1;14&‘5 sitgation g met en valswr Uinéedr de o2
watériel en termes de ressources ge:neu:iuz,,.

iy

Lrimpact &2 ozs vésuliars sur .P- onllectas, 2 conservasion
et utilizarion des ressourcas gf 1‘{11"“ seranit diseutes aita-
rigurzmen:, Des 4 presant. 1:1 [}u%a; itite de metire en évi-
dense an paiymocphisce de Uensemils du matdriel, une
divarsite sructurds de fagon différente ches les formas san-
YARas & suspaoniandes 2t de relier o33 donndes a des proces-
sus de domestication, souligne Uincérét J aziliser e polymor-
p‘_zj;m: sazymatigue pour I'ézablissement de straragies dans
l2 cadre de3 resiources géndtigques.
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ANNEXE 1

Eréguences aiidigues sox 14 locus enzywmatigues chiez les cotonniers sanvages des espiees G. hivsuinm et G, barbadense.
Allelic fraguencies a2 14 enzymatic losi in G. Hiesutaom and 4. barbaczese wild cottons.

G. barbadenss G. Eirsutm
Républigus Salm - Are Antillais .
Iles des Tumbes - Nl - Guadeloupe N . Yucatan
. PR Total  Dominizalns  Kitts N moyenns  Vénézuela i Total
Galapagos  {Péroul ity o {1: pondérée (Mexiqueai

o adh-Al g o g — — — 0 6,333 7,283 6,208
&0 1 1 1 P P 1 0,667 ¢.717 0,793
« 3dh-B° 0y ) f — — — 0 ¢ 0,217 £.072

« B° 0,329 o 0,433 — - g 0 0 o
. B 0,071 1 9,518 P P B 0,955 i 0,583 0,546
B 0 ) 9 B — — 0,045 o 0,200 0,082

sldh-41 ] 0,126 0,058 - — — a 0 ] 0
LR ¥ ) g — — - g 0 6.038 0,019
A% f 0,338 0,041 p P P 0,910 1 0,792 0,501
o A% i} O 0 P P — 0,000 ¢ 0156 5,080
Rdh-4%F 1 I ] P P — 0.373 0 6,667 6,313
. A% 9 # ) B P T 0,727 1 $.333 0,687

*}Mdh-B! y 5.756 0,283 P hod P 1 1 1 1

. B g 0,204 9,083 — - — i & ) ]

B‘: 0,143 0 0,075 — — — ] g v} i}

« B 0,300 h 0,259 — — — ] 0 0 ¢

B¢ 0,357 8 0,183 — — — 0 o 0 o
#dh-C!? 1 i ! ? P Iy 9,727 1 1 0,909
ct g 0 G P P — 0,273 0 ] 6,071
slap-&~ 1 0,07 0,536 — - ¢ 0 30.267 0,089
Y i 0,963 7,454 b4 1 5,730 9,183 3,644
. 4% 0 0 ) — — 4] 0,250 0,433 0,244
A0 0 0 o — — — o 0 0.067 0.023
Lap-A5 a a a — — — 0 0,083 o 0,628
a0 1 1 1 B P P 1 0.917 1 0,972
Lap-B*? 1 1 1 P P P 0.773 1 1 8,924
B 0 0 a P P — 0.227 , b 0,076
+Lap-B3? i 0 4,518 P P 0,727 ! 6,833 0,833
B'& 0 6.037 0,018 P B —_ 0,273 0 0,167 0,147

B0 O 0,543 0,464 — — — H ] 0 0
Got-A% 1 5,952 0,501 P P P 1 i 0,317 11939
&% 0 o 0 — — — 0 o 0,133 0,061

A% o 0.01% 0,009 —_ — — ] 0 0 o
Got-4& "4 ) d ] il — — 0,136 4] J 0,045
o At 0 ] a P — — 0,091 0 0,367 0,132
A i i 1 T P 0,773 i 0.633 0,303

Endo-4Y 0,143 g 0,674 — — — & 0 g g

&% 0.857 1 0,926 P P 1 i 1 1

eEndo-2"30 1 1 1 — — - o b ) )

ERL o 0 P P P 1 1 1 1

v Aleles pris comme variables dars 1'analyse fastorielle das correspondansss {AFC Ir

i1y Cas 3 populations sont caractériséss simplament par iziles présences alléliques en raison de leur effectif restreint (P = alléle présenti. Des

fréquances moyzanes pondirées ont <t calonlées pour Vensemble de V' Are Amiillals,
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ANNEXE 2

Fréquenees afléliques aux 14 lecus enzymatigues chez les entonniers subspontands des espéces G, Afrvitum
{eaces Marie-Galante, punctaium, palmeri et richmondity 1 G, barbadense.

Allelic frequencies at 14 enzvmatic 00 in lardraces of G Wrsyrum { Marte-Galaare, pancranin, paimeri and richimondi't and G, barbadense.

. barbadense G. Afrsurnen
Are Cglogabie Pé Toual Maria R . il Jii - Total
Amﬂlais b u¥ane crou Ha Gaiante PRI TICTHRORAN paimert oLal
Vénezuela
* Adh-A" 0 0 ¢ 0 0,324 i 3 0 0,506
A 1 ! i t H76 \ 1 i 5,994
Adh-8 ! 1 i ! 0,312 i 1 ! 0,953
g 9 8 o 0 0,012 ) 0 0] 9,003
. B 0 ] 0 g 0154 0 i o 0,041
g H 0 0 o D.oL: 4 8 0 0,003
; —
Tdh-410 O 0,036 0 0.012 | g0 i) ¢ 0 0004 |
o« AN 0 0 B 0 {0 0.3 0.3 0.3 0,375 | b
A 1 0,964 1 0.988 | 2.508 0.3 3.3 0.3 0,507 | ¢
s AY 0 0 0 0 [ D476 i 0 Y 0,119 §
Mdh-a20 1 1 i ! 0,938 1 1 1 0,997
AT 0 0 i o 0,013 0 0 g 0,063
s dh-B! 0.5 8.571 0,385 3,435 D636 9,929 1 ( 0,391
. B 0.5 0,429 0613 5,513 3,349 3078 y i 8,165
B 9 9 o 9 0,012 9 0 3 0,003
» Mdh-C! i 1 i ! ENED 0,929 3,833 0,113 csn9 | -
. ¢l 9 0 o g 2 1,350 407 3157 4,273 0,491 ¢
Lap-A% 0 0143 0,077 9,973 0 0 G g g
A7 1 0.857 0,933 9,927 1 1 { ! i
Lap-a' " 1 1 ! 1 4,976 1 i { 0,994
Lap-A~? O o 0 ) 0,024 0 0 o 0,006
*Lap-B¥ 1 1 | t M y513 : 1 0 0,638 1
+ W ) ) G 7 I aase i 0 0 a2z | ¥
B G 0 3 0 i A 8 0 0.2 |
Lap-B'% ) i 3 G U008 0,035 0,167 B 0052
B 0 o 0 0 0,992 0,964 0,833 1 0.547
B 1 1 t H 9 O} 0 0 s
Got-.1? 5 0.071 oozt b 4 0 5 9
5 1 5,929 ! 007 b o966 0357 1 { 9521 | "
o AT 3 o ) 5 b 6017 n.643 b 0 0165 | e
a¥ 0 n 9 B X1k 3 9 5 ".004 |
» Got-a W o o 0 0 T 0,355 ! L RIFH
A0 1 ' 1 ! b o996 0.071 0 o 9.267 | it
a9 0 0 0 0 | o004 5671 o 0 norg |
1
Bndg-a% t 1 ( 1 1 1 1 1 1
Endo-&'% 1 1 1 1 2.7 0 0 0 0019
A 9 0 o 0,923 1 a3 0,875 0,828
A 0 0 il B i 0 0,3 0,138 2,156

« Alléles pris comme wariables dans Manalyse factoriclle des correspondances sur les catonniers subsponizaes de G, Rirsutum (AFC .
(13 Locws monrtiant {a plas forie ditferenciarion enirs 125 races de G hirsuztm,
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ANNEXE 3

Clagsifization dag 67 vasiétds onltivies @' apras tears gdnoiypes sex 4 locus enzymaligoes polymorphes
{ : afiflog 50, 60 3 Mdh B : alities 1, 13 Got &7 1 alldles 50, 60 7 Ridh C : alidles 15, 00

1

Clazsification of the 37 maltivated varietizs according 1o their genotypas at 5 potymorphiz enzymais ool

Teéoiypas 20 0112 2070 106 g W A HR LR AR L3 2 I FEnc> Bk B4 B 1IN i ¢ I 0 et B SR £l
Varidtés
Atvicaines ¢+ DZA 7139 Allen compinn MNRowrafa-li-Ep 3BIA 502 — Pan 7, 3492 BAR &7 DPRiA A
(RO 3023 T Igir gl Raba W 208 SRR A E5-29
Randa 2 Reha 3 50 Boual.2 fenn B24.63
Adian ancizn Alizr i50
Samaru 13C Allen 3133.57
UK 54 HAR J24-2.83
' HLAR, - 268
Bou &
Varistts
Amisticalnes - Stonevilie 26 - _ Dafapine SL 4cala 1S17.BR - CAGMLDGHTERC
Deltaping vl saia ancien Acala 30
Acala Dl Corro Hesmicalr Colar 417
Caler C.Q. Daleot 277
Antrzs — Sahe!l 50 Reba P 279 China 77§ — Varamine 3 Alen 1 -
1582 iI"F
3 1622 Jendouba Y 37 Tarkmaériz
Tipo Copal 43
Ipeacs 5T, 7 1 Chirpar 433
Ya Vong kdian Chirpan 432
Jiang Su Lian Andahuis
Strumica

Oy

{2 alldfe prosznt A Udim hétérazy:

i -
4 7 alole absent
LZ : glidle prasant 1 UVetat Fomozygots
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INTROBUCTION

The genus Gossypium L. has 2 wide geographical distri-
bution and shows a3 large morphological and eytogsnstic
varisty since it {5 made up of Jdiplold spacies, subdivided
themselves into 7 genomes {4 to Gy and of allotetraploid
species {(genome ADiI, Protein and enzymatic alectrophore-
sis therefore offers a primary systematic and evolutionary
advantage, Two major types of qussiions were svamined
by the teams who have so far used these techniques on cot-
ton : the genetic velavionships betwesn zenomes at the
diptoid level {CHERRY of afl, 1970, 1972 JoHwsow and
THEW, 1970} and the defermination of the ancestral spe-
cizs of allotetraploids (CHERRY of of, (371 1 JOHNSOMN,

1973 1 Harcock, 1882 WMoast of the time, these studies
use the electrophoresis of toral protaing or non specific
cRI¥MISS {eSterasest. Only more recent works use the poly-
morphism of about tzn enzymaric systems to estimate the
intraspecific diversity of . lerbaceum and G. arboreum
(Surrer and Parks, 158471,

Our study is more pracissly related 1o the genetics vesour-
ces of G, Birsutuns and G, Darbadense, where the analysis of
snzymatic polymorphism s involved as complament to the
cbservations made within the framework of LR.C.T.
Genotype Bank,

MATERILLS AND METHODS

Coltections

The collecting missions carried oat under the aegis of
LEB.P.G.R, (Internationat Board for Plant Gensetic Rasour-
cesy in the distribution area of G, fisutun amd G, barba-
denge, i.e. latin Ameriza, colleciad mars than 1000 diffe-
rent gecessions covering both wild types and landrases of
these species,

The wild types derive from populations with highly
variable sizes. from about ten to one thousand plants, fra-
quently adapted to fhe halophyte soils of ihe coast areas.
As far as fiber propertiss and growih are concerned, these
cottong are « primitive » iypes. . Rirsufurm cottons are
mainly found around the Caribbean sea (bexico, West
Indies, Venszuelad while . Sarbadense cotions grow in
northern Perw (Tumbes arza), continental Ecuador and in
the Galapagos Archipslage where they are given, according
1o the suthors, the name of derwindi variery or species
{Fig. 1.

Landraces are oftan [ound isolated on road sides and in
cardens. . barbadense plants are preferably adapted to
humid areas but the landraces of both species are in
sympatry in most of their distribution range, Colombia,
Vanezuela and West indies, &, dorbadense 5 also found in
Amazonia and Peru and &, Efeourien in Mezico. There ate
siz diffevent races In & Jurswrom © morsif, fatifolum,
Marie-Galante, purctaturm, pafmeri, rickmondi, of which
only the last four were sufficiently coflected.

Sampling

The accsssions to study were chosen so 35 t9 be as repre-
sentative as possibie of the distriburion range of both spe-
cizs. A toial of 260 accessions were anglvsed by alectio-
phoresis (Table 13 They are distributed thes :

— 54 wild cottons derived from 3 and 3 populations of
G. Barbadenge and G, Hirsutum vespestively

— 139 landraces grouped tngether by gsograpiiical
region ;

— 67 cultivated varietiss of G. fdrsurynt originating
from variouws producing countriss CAfrica, U1.8.A., Chins,
ULR.5.8,, Bulgarta, Iran, 2tc.) and belonging o varioss
original genztic pools, elther American (acala, old Storm-
praof, et or African {Allen, Triwmph, W'Esurala,
H.AR., etel.

Apart from all the cultivars {(almost finedi whers only
one seed was analysed, three szeds of zach sample were

wamined to study the senetic comtrol of snzymatic mar-
kers and estimate approximasely the haterozyaosity leval of
progenias.

Fleetrophoresis methads

The techniques used (BOURDON, 1984) are brisfly review-
ed here. BExgracts are preépared wicth pre-impragnsted seeds

{one seed per analysisy crushed in a buffer Tris KCI 0.1 &
pH = 1.3 added with cystein 20 mbd. Three mizration
systems are used, twe on starch gel at 133 %% (POULIK,
1957 ; SHAaw and Prasap, 12705, one on acrvlamide gel,
with a buffer Tris Borate €0.0089 Ry EDTA (0.023 WY at
pH = 2.3

Preliminary tests on argund thirty enzymatic systems led
1o choose nine of them, becauss of the good resolution of
their banding paiterns. The epiimal migration methed for
zach enzyme is shown in Table 2. The staining solutions
used were borrowed from @

— TrousieT and SeconD (19881, alcohol dehvdroge-
nase {ADHI, malate dehydrogenass (MDH), isocitrate
dehydrogenase (IDHY, leucine aminopeptidase (LAPK
phosphoglucomutase (PG, phosphoghlicose isowerass
(PGh. zlutamate ozaloacetate transaminase (GOTh

— YWOODBURY &7 of {15971}, catalase (CATY ;

— CARDY er &/, (19801, endopeptidasze {Endol.

Genetic interpretation of banding patterns

Two of the 9 enzymatic systems are monomaorphic.
whatevar the origin of the individuals studied (PGI, CATY
whereas the other seven exhibdit inter and inrraspecific
varigtions.

Hypothases of genstic control were proposed for these
polymorphic enzymes {except PGRD on the basis of the
joint observation of rthe banding patterns of diplaid and
tetraplold species and the analysis of sevaral selted proge-
nies. Among allotetraploids. the activity of each enzymatic
sestem i3 governcd by at least 2 loci (A and A or B and
Ry that arz supposed to be each localized on ons of the
constituznt gznomes A and D, These hypotheses are sup-
ported by the existznce of allelic homologies berween thess
loct and thase of the parenial diploid species. However, as
the allsles of two homeoslogons loct themselves ofren code
for moleculas with identical glectrophorstic mobilities. it is
not abvars possible o distinguish the individual exprassion
of the 2 Tooi. This appliss to the enzyme TDH, for which
the alleliz variations of the 2 loci should be simuitansously
sonsidered (locus IDH A7 A0

For the ¢z enzymes (ADH, (DH, MDH, LAP, GOT,
Endol. 14 polymarphic logl are distinguished, showing a
total of 48 allzles {Table 21, The indapendence tests carried
out on 22 pairs showed no linkage relation. As the other
pairs could not be fested. the diversity in zllotetraploid
species was however estimated on the basis of the allzlic
variations of the 14 presumed independent loct.

Statistical methods

“arious parameters are used to study genetic diversiny :
— P, number of nolymorphiz lodi ;

— A, nuimnber of alleles ;

— A fnt. (%), wevcentage of alleles in intermediate fre-
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quency (315 < pif < .85 with pij frequency of the ith
allele at the jth locus ;

— G, number of difterent allelic combinations on the
14 tooi

— Hau, observed hererozyzosity &

— Hit. genetic diversity of NEI (19731, such as

Ht ={Sj{l - Sipinr.

with r number of loei, equal e 13 (IDH being sxcepied).

‘Apcording to NErs formulation, this parameter can be
estimated either at the intrapopulation level iHsy or a the
spectes level (Hty so that ¢

BoUrpon O, — 207

Ht = mean HS + Dst,
Dst corresponding 1o the diffzrentiation between popnla-
tions.

Allelic trequencies and heterozygosity are calculated by
taking into account the different biological structure of
landraces (very often isolatedi and wild cottors iin popula-
tiongy @

— estimartes with deduced female genotypes rfor landra-
<ay fcompnulsary aurogamyj ;

— diregi estimates on progenies for wild cottons iexdsi-
ence of & non-negligible allogamy rates.

RESULTE

Polymoerphism of wiid cotrons

All origins grouped rogether, wild cottons are polymor-
phic for all the 14 enzymatic loci, toralling thus 44 allelas,
i.e, 2.85 alleles per locus (Table 3. G. Afrsunan s more
variable with 11 polymarphic loci, 30 alleles and a 1otal
diversity Ht equal to 9,200 againsi the respective values of
7, 25 and 0.179 for &, harbadense.

G. lirsutuem s also characterized by :

— a high intra-population genatic diversity {mean
Hs = 0.161) due to 3 high proportion of alleles In interme-
diate frequency ;

— a high observed heterozygosity imean Ho = 0.0601,
especially in Yucaran {Ho = 0.133),

Despite the small number of samples analysed, differ-
ences in variability appear clearly, apparently depending
on the real size of the populations. So, the two widespread
populations in Yueatan and the Dominican Repubiic show
comparable levels of polymorphism (7 and 8 polymorphic
loci, 22 and 36 alleles). aithough the second 15 insuffi-
clencly represented fn = 3), On the opposite. the population
of Guadeloupe, extremely small, seems totally monomor-
phic.

In G. barbadense, the populations of the two arizing
sindiad (Galapagos Archipelago and Tumbes region in
Paruy show equivalent levels of polymorphism. thay ars
lower than those of G. hirstaum populations (Table 35 :

— mean Hs = 0,060 -

— praciically ndl individual heterozygosity tHo = 3,520,

A factor oorrespondence analysis (BBUZBCRI 1971 is
made on the basis of the between and within locus vada-
tions of frequencies of 17 alleles 010 < p < 0.90)
belonging to the nine most polymeorphic locl, showing the
genetic structure of the wild cottons of the wo species
{Fig. 2ay. It clearly points out (34,4 % of total diversity on
the first plane} the existence of 3-group structure : the
whole species G. hirsuniom, the cotions from Peru and
those of the Galapagos Archipelago. Also, it confirms the
previous conclusions, G, Dirsurusn appears Lo be very poly-
morphic with 19 different allelic combinations while the
two origins of &, barbadense are little variable (6 and 4
allelic combinationsy.

The separation of the iwo specigs on the plans corre-
sponds to a large genetic difterentiation shown by dis-
equilibriuris of allelic fraquencizs ar 7 loci (Adh A,
Adh B, Mdh A, Mdh B, Lap &, Lap B', Endo &'y and
by the existence of 16 and 10 specific alleies to &, hirsurum
and &, Darbadense tespectively,

At the intraspecific level, no marked structure appears in
G. hirsurum. The cottons from Yucalan seem howsver the
most distant from the othier species on the firsi nlans of
the fagtor correspondence analysis : all the alleles specific
to G. hirsunom are accumulated in this popularion. On the
other hand, a strong genetic ditferentiarion. responsible tor
the large toial diversity of G, barbadense (Ht = §.179).
exists between the cottons of the Galapagos and those of

Pzaru @ 4 loci (Adh B, Mdh B, Lap A. Lap B"1 possess one
ot several alleles specific 10 2ach of these origins.,

Polymorphism and origin of landraces

. harbadense

As compared with G, barbadense wild populations, land-
races show a sharp decrease in their generic diversity,
mainly naticeable on their polymorphism rate (P = 4.
Total diversity i3 low (Hr = 0.052y and equivalent o
within-population diversity (mean Hs = 0,035 Tt expres-
325 absent differentiarion between geographic  arsas
(Table 45, Also, these cotrons seem genetically very closs
to the wild populations of Peru, being fived or almost
fixed at each locus, for the same allele (Fig. 2by.

. frirentien

A5 in G, barbadense, a sharp decrease in genetic diver-
sity imean Hs = 0,084 and individual heterozygosity
imean Ho = 0.02%5 is observed in & Mirsutum landrazes
{Table 41,

However, Marie-Galanre shows a larger genetic diver-
sity 3 31 allzles. 12 pelymorpihic loci, Hy = 0,143, The
valuz of these paramsters shonld cerrainly ba considered in
view of the sample size (n = 68) which allowed many rare
alleles 3 be collected (11 in frequency < 0.03). But the
numi2r of allelic combinations present o each region
wrers Marie-Galenre is found (G = 11 1o 15) also con-
firm; i3 higher variability as compared with the raeces of
kexico where never more than 3 allelic combinations co-
euist, o addition, Celombia and Venezuela seem 1o be the
mast polymorphic regions with 23 different allelic combi-
pations for 33 individuals, while there 15 a2 prepondarans
allelic combination (13 individuals out of 33} in the West
Indies.

Conirary 10 6. purbadense all the landraces of &G, &irsu-
tum shaw a large rotal diversity (Hr = 00187, o 5 due 1o
the differsntiation =xisting between geographic races. being
eacly of them characterized by a preponderant 3 - locus
genolype | wmoreover, Murfe-Galante and prncrarum are
the most ditterent as they have no aliels wm common.

A factor corrsspondence analysis made on 74 accessions
of &, Hirsupem landraces and aking into accouni the
variations of 11 alleles ai the 7 polymorphic loci (.10 < p
< 31,901 i3 a pertect iltustration of these rasulis (Fig. 3ay ¢~

—- the clear-cut differenriation on axis 1 41,3 Ty bat-
ween the 3 Mexican races and Marie-Galante ;

— the low polymorphism of punctatum, richmondii and
palmerf tages

— the large variability within Marie-Galante of the cot-
ons irom Colombia and Veneznela as comparsd with
those from the West Indies,

Landraces and wild cottons are compared by projecting
the lateer as additional individuals on the factor correspon-
dence analysis (Fig, 327 Their absent structars, their poly-
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morphism and their heterozygosity at the 3 lozi differen-
tiating the geographic races are seprassed by their central
position on the plane. Wild cottons possess all the aileles
present in landrages at thase 5 oo sweept alisle Lap Ho spe.
cific to pafmeri race,

Taking inte account all the allstes ohserved in &, Arsie
frrre (at the 14 lpcll shows however thas [0 ailsles are
absent in wild populations and exslusively found in Aderie-
Galgnte, although ravely for § of them p < G935,

Thres of these alleles (Idh & 13, Mdha B2, Endo A7°3%
are common I G berbodense. Proiected on the faztor
correspondances analysis vepresenting the genetic siructure
of wild cortons, 12 individuals of Aurie-Galante, carviers
of at lzast one of these three alleles, are thus placed in
Imermediate position between G, Frsurues and 3. barba-
dense wild cottons (Fig, 20
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Polymorphism of cuttivated vacietics

With 4 polymorphic loct for 2 alleles each, the 67 var-
izties form an almost steady whole. By considering the dif-
ferert existing allelic combinations, 19 genotypes are coun-
ted, 2 of whish are prenonderant in 47 varieties {annex 3),
The distribution of the cultivars according 1o these genoty-
pes also shows the Africantgroup (% genotypes; is ralatively
mote heterogensous than the American varieties {5 genoty-
pesi. The varions original pools (Adlen, Acala, Trinmph,
W'Iourala. H.ALR., atc.} cannot be differentiared.

The allstic composition of the culiivars is 2 subset of
that of the MMexicar races, This genatic proximity is pro-
perly illastrated by the projection of the 10 genostypes
Tound in the varieties on the facior correspondence analy-
s5is representing diversisy in landraces (Fig. 354,

DISCUSSION

A3 the generally mantral behavicur of enzymatic alleles
towards selection is now almost ananimously adminsd (De
VIENME, 1934}, enzymatic polymorphism {5 a useful iool 10
study the evolutionary history of populatiors (Jrifts and
foundar effects due to size reductions. migrations...h

Pre-domestication evelution @ dispersion of wild cotfons

Despite disagreemeants ameng authors (ENDRIZZD & of.,
1983}, it seams admitted that allotstranlsid specics have a
monaphyletic origin and devive from tha ancestor of the
present wild specias G, smustelimuan discoversd in north-
eastern Brazil (Awo e af, 1983, Electropliorasis shows
here that the phenomena of speciation having lad to
the appearancs of &, firsuzum and G, barbadense were
accompanied by a large genetic Jdifferentiation.,

The disssmination, concomitant or subsequens to this
speciation, of G. firswraen wild populations alongz the
coasts of Venszuela, the Carribbean and Yueatan (hdevica)
would be due to the sza streams running alongside the nor-
thern soast of South America and crniering the West Tndies
Sza and the LMexico Gulf (STEPHERNS, 1957 ; ANO ar af.,
1982y, This hypothesis is also supportad by the excellent
seed tolerance to immersion in sal water without loss of
germination power (FRYNELL, 19673,

The six pepulations analysed by electrophoresis are rela-
tively undifferentiated and tive of them, especially those of
Yuecatan and the Dominican Repuilic, exhibit a large zene-
tic diversity, The heierozygosisy rate of the plants alse
indicates that there i3 in thasz populations a sirong ablo-
gamy vate,-which i3 consistent with the frequent. exerted
stigma of wild cottoms. This nolymorphism is properly
reflected at the morphological laval @ the large within-
population phenogypiszal diversity and ths characters com-
mon to all the posulations brown fuzz, exertzd stigma,
slow growth. Dushy aspect. etz.y led to group them under
ihe name of Prcatanense racs (AN of o, 19821 All these
characterisiics saem little compatibls with a dispersion pro-
csss involving stromg genetic drifiz. The monowmorphic
population of Guadeloupe is the only one which seems o
griginate in a dissemination by sea streams. While it can be
imagined that the repeated supply of sseds by the sea in
one region i3 sufficient to introducs populations of wild
cottons on a long term basis, the nature of the palymor-
phism chserved in Yucatan and in the Sominican Eepublis
would rather indicate that these populations are the relics
of a distribution of the species that used 1o be largsr in the
past. The analysis of an ancestral population of &, firsu-
g or G. mstelinm in Brazil s however lacking fo inter-
prat the levels of polymorphism obszrved in the different
populations.

In G, darbadense. the large zenetic differentiation found
Batwesn the nopulations of Pere and thase of the Galapa-
gos Archipelago and the relatively low genatic diversity
ezisting in cach of these ragions are so many argumenis for
a secongdary origin of thsse populations. On the cther
tand, the size, phenotypical diversity and geographical
position of the populations of Beuador ssem to indicaie
they would be much more polymorphiz and conld ba the
ancesiral poel the cotton plants of the Galapagos Archipe-
lago and northern Peru would derive from. While the loca-
lization of thesz pepulations as comparsd with those of
G,omusteliman vemains difficult to explain, the later dis-
persion of the coittons owards the Pacific islands could be
gohievad through the Humboltd stream. as it occurred for
most the Beuadorian {lora. As far as the cottons of nor-
thern Perw are concerned, their location on the marginal
oo distribution arzz would explain the considerable
genetic drift they experienced. Under thsse conditions, the
popuiations of Ecuader which were not studied here
should logically be nlaced on the factor correspondence
amalysts of wild eotions, ia an intermediate position bet-
ween the cortons of Pem and those of the Galepagos
Archipelago (Figure 2ai.

Diomestication : origin of iandraces

By showing that rhe genstic differentiation between
G, Birsutiems and G, barbadense pre-sxisted at the level of
witd populations. electrophorssis confirms that cotton
domastication occurred in an indspendent way in each of
the two spracies as indicated by the archeclogical and histo-
rical data (STEFHENS, 19731,

&, barbadense

Twa hypotheses are proposed by STEPHENS (19731 to
explain the origin of &, barbedense culiivated cottons :

— a ginzgle domestication from the wild populations of
Bcoador and Paru where they would have spread and from
where they would have disseminated ihrongh the Andes
Cordillera by the breach of Marafon ;

— twg indspendent domestications, one in Peru and
one In Amazoniz from wikd populations the existence of
which is supnesed in a region located om the bordar of
Bolivia and Paraguay.

Whereas the collestion of &, Sarbadense landraces exhi-
bits a considerable phanatypical diversity mainly aftecting
szad nroperties (free or joined) and fiber characteristics
{white, khaki, brown or mahegany colour), its enzymatic
polymarphism is very low and does not allow the genetic
structure of the whole to be drawn. Besides, the landraces
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seem to be genetically identical to thoss of the wild popu-
lations of Peru, being almost fixed for the most frequent
alleles in this region.

These results thersfore seem to support the first hypo-
thesis proposed by STEPHENS. They also seem to show
that, until further information is available by the analysis
of the Ecuadorian populations, landraces only derive from
the already limited zenetic pool of northern Peru.

The striking contrast appearing thus berween enzymatic
and morphological variarions. also observed on amaranth
races in India (JamN er @, 1980) shows that human bree-
ding could achieve a large phenorypical diversification
whereas enzymatic polymorphism evolved simultanecusly,
mainly under the action of genetic drift,

G. hirsutum

Various hypotheses are also proposed abour the origin of
G. Nirsutum landraces. Some admit the idea ot an only
domestication centre in Mexico, in the Gulf of Tehuante-
pee. Various historical or archaeological data Jlearly
establish that cotton was domesticated there about 3,000 years
ago ; all the landraces iherefore would derive from the
aneestors of the present wild population of Yucaran.

Others think that ‘arie-Galanre was indspendeatly
domesticated in Colombia, ont the basis of the discovery of
old human establishments dajed 3,000 vears B.C. and of
the large phenotypical variability observed in this country
(STEPHENS, 1571},

From the enzymatic standpoint. ilie genetic differsniia-
tion of the 4 races each characrerized by a 3-locus
genotype and mainly stressing a division berween Marie-
Galante and the Mexican races, is litile compatible with a
common origin of all the landraces, However, the
hypothesis according to which the race puncrarum is the
relic of a transitional population between the ancaseral wild
population and the other landraces (ANO and SCHWENDL-
&AM, 1932), remains aceeptable if only the Mexican races
are considered. The Hitle polymorphic nature of puncra-
tem seems then surprising but it cannot be excluded thar
the cottons observed today are the progenies of a whole
whicli used ro be much more variable in the past, As far as
Murie-Galante is concerned. it could be derived from a
geographically independent process of domestication, the
localization of which remains imprecise with the present
data available,

Such a genetic differentiation between rhe Mexican races
and Marie-Galanre was not predictable from the phenory-
pical observations on landraces. The data of the collecting
missions show that the distingrion between geographical
races is not obvious, except for palmeri race with laciniate
leaves,

From the genetic standpoint. Marie-Galante is the only
race to exhibii a large genetic diversity under the form of
many rare alleles. Although the effect of sampling biases
cannot be neglected, its wider distribution and somerimes
almost spontanecus and parapatric state of wild. popula-
tions can also eyplain its genetic diversity, Several argu-
ments seem 1o indicate that Marie-Galgnre has experiencad
or still experiences limited genetic introgressions from
G. hirsutum wild cottons :

— the esistence of 7 specific alleles of Muarie-Galante,
but which can be supposed in wild corttons without being
detected because of their low freguency ¢

— the rare oceurrence in Merie-Galane (3 individuals)
of 2 alleles thar are on the opposite frequently found in
wild populations ;

— in Venezuela, the geographical position of 4 of the
6 individuals carrying these alleles, either near wild popula-
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tions ivegion of Pirituj or in regions where the existence of
such cotions s suspected (Paraguana peninsula, Margarita
Islands ;

— the more regent detection of 2 alleles normally cha-
racteristic of wild cottons in 11 %o of the Marie-Galante
cottons in the Dominican Republic and Haiti where a wild
population is found,

It clearly appears that part of the variability of Aarie-
Galante would also result from hybridizations with . bar-
badense ; 3 alleles specific of the latter were observed in
relatively low frequencles in  Marie-Gafanre,  Several
authors have already discussed the ovcurence of these
zenetic introgregsions. Some even propose a hybrid origin
of Mariz-Galanie cottons by crosses betwesen G. barba-
dense landracas and wild forms of G. Airsurum from Vens-
uzla (Ao er al, 19831 or the West Indies (STEPHENS,
1967y, Others only propose more limited crosses between
the alrsady differentiated vace Marie-Galante and G. bar-
hadense plants when they were traditionally grown in close
plats.

The present results are in agreement with this latier
hypothesis being introgressive alleles always found in low
frequency in Marfe-Galante.

Today, although G. barbadense and Marie-Galante ars
still sympatric in Colombia, Veneznela and West Indies, it
does not seem that these crosses still oceur because these
varieties have been replaced by modern varieiies and
because their specitic ecological requirements are highly
ditferent, However, these results showing the doubly intro-
gressed nature of Marie-Galante ewphasize the advanfages
of this material for cotton genetic rescurees.

Recent selection : polymerphism of culiivated varieties

All the corton varietigs grown today in the world wers
selected from regular introductions of latifolium race
from Mexico and Guatemala o the United Siates. The cot-
ton improvement works carried out by LR.C.T, in Africa
also used supplies of punctarnm race brought back by the
Portuguese in the XVII th century. So, there are in Africa
three old generic pools, ie Alien. Triumph and N'Kou-
rala, and a more recent one, H.A.R.. resulting from inters-
pecific crosses between varieties of G, Airsutum  and
G. arboreum iGenome Ay and G, raimondii (Genome D).

The incidence of the breeding carried our since the
XVII th century on the genetic diversity of the variety
material could be properly estimated with enzymatic poly-
morphism only if that of Jorifolium landrace could be stu-
died in its place of origin {¥Mexico and Guatemalaj. It can
however be admitted that this race has the same origin as
the other Mexican races and thar its appearance was alse
accompanied with a sirong genetic dritt.

The low diversity of the cultivated varicties shown by the
enzymatic analysis (4 polymorphic loehy therefore is consis-
tent with one of any of the Mexican races studied (between
Y and F polymeorphic lociy. It seems thus thar recent bree-
ding did not cause any sharp reduciion in total variability
but that, in return, the mixings connected with all the cros-
ses carried out have desiroyed any possible inirial structure
ot the marerial since no differentiation is observed between
the various genetic pools {Allen, Trivmph and N'Kouralaj.
Besides. it was not possible to Hak the slightdy higher diver-
sity of the African cultivars and the programmess of inters-
pecitic hiybridizations carried out in the Ivory Coast. No
specific genetic supply of the H.A.R. material is detected,
as the arieties derived from these programmes do not dis-
tinguish themselves from the varleties of purely G. hirsu-
tum genetic pools. This absent characterization canin fact be
explained by the very close allelic composition of G. arbo-
rewm, G, raimosdii and G, Mrsutum (BourDoN, 1984).
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CONCLUSION

While confirming tha already known genetic characteris-
tics of the 2 species of cultivatzd cottons iallopalyploid
structure, interspecific differsntiation, independen: domas-
tication of each spesias, system of reproduction with pre-
dominant auregamy in culiivared forms, reduced genstic
basis of the modern varisties), slectronhoresis brings new
data on their genetic organization :

— wild populations, espacially thase of G, Adesurumn,
are very polymorphic and szem to have a non-negligible
allogamv rate, Precise conclusions on the svolutionary his-
toty of each spezizs would require a certain number of
analysss be carried out :

s first, on the BEcuadorian ponuiaticns of G. baebadans
as to ckack wherher the wild cortons of this region can be
the arigin of the very differsntiated populaiions of Paru
and the Galapagos Archipetago.

¢ szcond, on all the wild populations of . ffrsucem in

the Caribbean sea to estimate whether the hypotheses of

disszmination by sea streamns ares valid,

— the genetic diversity of landraces shows that thoss of
G. barbadense {low polymorphism rate and absen: strie-

turey are derived from a singls process of domastication
while in G Jirsuteems, the Wexican and Maris-Galants
raczs fvery differsntiatad) have different origins :

— this genetie organization drawn from the enzymatic
analysis contrasts with the morphological obsarvazisns sho-
wing a large phenotypical diversification in G, barbadense
and a sometimes difficulr distinction between G, lirsuium
gaograplical razss .

— fMarie-Galente has a very particular starus, since 1ts
enatic diversity can partly be explained by both inter and
intraspecitic h"Lﬂdl"a[lS‘l.‘:. Such a sitnation emphasizes
the a:lvantabx. of this material as far as zenetic resouress
are concermned,

3 h‘Q

Ths incidence of these results on the collecting, conser-
vaiion and atilizagion of genatic resources will be discussed
later, A3 from now. the possibility of showing polymeor-
phism in the whole material, a differenrly structured diver-
sity in wild forms and landraces, and of connzcting this
dars with processes of domestication, emphasizes the
advantage of using enzymatic polymorphism o establish
stratezies within the rramework of genetic resources.
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