
[ ] 

C Y T O L O G Y  O F  C O N I F E R S .  I 

B~" P. N. 1YIEI-IRA a~n T. N. X H O S H 0 0  

Bota,zy Department, Paq~jab University, Am~'itsa'& India 

(WRh Plate 5 and Tlrirty-seven Text~figures) 

(Received 20 Ju~y 1955) 

.80me important contributions have appeared on the cytology of Gymnosperms in recent 
11"2: :  . =y~ars. Sax & Sax (1938) published their investigations ma Mty-tfiree species belor~ging to 
:s~teen genera of the @o~iferales. In this paper was also included the sole survivor of the 
g~goales--Gin~yo biloba. This was followed a year later by an equally comprehensive 
i : !  eNvoy on all the genera of Cyeadales by  Sax & Beal (1934). In 1936 Flory worked out 
~6th the genera of _4_raueariaceae and a few species of Podoca~'pus~. Stebbins (1948) 
:~jlbIished the cytologicaI sRuation in Sequoia sempervirens and Meta~e~oia--the recen$1y 
:c!iSeovered genus of Taxodiaceae. In 1952 Tanaka, Takemasa ~& Sinoto published a 
i~n.ryotype analysis of Gi~z~9o bi~oba. This species has also been simnRaneously worked 
6nt by Newcomer (1954) and Lee (1954). In Gnetales the first serious co~at.ribnt.ion came 

0m Geitler (1929) on ~he genus EpM&a, followed by :Florin (1932) on some species of 
~lle same genus and also on the monotypic Wdw'i~schic~, In 1946 Mehra made a Cletailed 
~s~dy of karyotypes of seven species of EpT~e&'a with particular emphasis on the formation 
:ibfthe small peroer~tage O f diploid sex cells in nature. Hunziker (1953) and Fuehs (1954) 
~ v e  studied some more species of ~he genus. The only reliable report of the chromosome 
n~mber of Gne~u~n is by ~agerlind (194]), who counted 22 bivaten~s in G. ynemon. Nest  
of ~Ite other cytological work on Gymnosperms has been incidental to morphological a~d . .  :...  

i~mbryologieal studies and has not been referred here. 

~([AT~I~Ld.L AND ~ETHOD8 

R was origiual]y intended 1)o study the cytology of Indian conifers only, but, as the work 
progressed materia.] of some foreign species became available and these have also been 
i/~eluded.. In all, forty-one species belonging to fourteen genera have been included in this 
Nper. These belong to Abietaeeae, Taxodiaceae and @upressaceae. 

Species names h a w  been followed as given in Dallimore & Jackson (1948). For tlte 
d~g.ribution of the various species the reader is referred to the same book. The source of 
each species used in the presen~ investigation is give:~ in Table 1, column 5. 

Rood-tips of germinating seeds were re.early used, but  Jn some cases studies were carried 
oat ca female game~ophytes, young lea~ves and shoot apices. Seeds of the various species 
Were sow.u ia sawdust in wiggler moJaths. 

tt is well known th.a,t em~fers possess lol~g chromosomes which t?resent considerable 
~f~euRy in exact analysis when deM~ng wRh. somatic tissueS. Previous investigators like 
8~x & Sax (1933), Sax & Beal (1934) and Flory (1936) depended upon physical pressure 
ca the cells in ,naeerated preparations to scat, tot tlhe chronaosomes for obtai:aing clear 
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preparations. At that time the effect of the alkaloid eolchicine was not known. In the 
present inves~ig~tion th.e material was pretreated with eolchMne, cc-Bromo-naphthale~e I 
or 8-Oq., or simply a cold shock w~s given �9 squashing. This enabled t]~ e= 
chromosomes to shorten and to scatter, giving precise and clear pictures of thei~ 
morphology. 

The material was either fixed, in Craf arm staiz~ed in Schiff's reagent or was directly 
stained, in any o:f the stain :fixatives containing macerating ~gent. Nierosporang[~: 
were either smeared, fixed in Cr~ff and sbai~ed with iodine-crystal violet or squashed in 
iron ~cetoearmine. 

All diagrams were made go give ~n at?proximate :magnification of x 3000 which ha~.. 
been reduced to half i~ publication. Clrromosomes of a few species have been separaeed 
in drawing for clarity. 5..i 

No at tempt  has been made to compare the size of the chromosomes of' the varieu~ 
species, since no umform technique has been followed. Where the two arms of a chrom6; 
some are unequal and the shorter arm is haft or more than half the length of the longe~ 
one, the chromosome has been placed i n the median-submedian category. If  the shor~e~ 
ann  is distinctly smaller than one-half of the longer arm the chromosome has bee{~ 
designated ~s subterminM. In. critical cases actual measurements were undertaken.~0 
decide ~hs morphology of the chromosome. 

013 SEI~VATI O NS 

Pinu~ A b i e t a c e a e  

The following twelve species have been investigated from root-tips: Pinus car 
C. Smith (Texi-fig. 1), P. oa,'ibasc~ Morlet (Text-fig. 2), P. gs~'aediana Wallich (Text-figi.~ 
and 21. 5, fig. I) ,  P. M.~epan.s~s Nili~ (Text-fig. 4), P. khasyo, Royle (Text-fig. ~!! 
P. Z~mbe.rtit~nc~ Douglas (Tex[~fig. 6), P. 'n@'a Arnotd (P. faricio Poiret) (Texr 7![ 
P. 2inaste~" Mton (Text-fig. 8), P. ponderosa Douglas (Text-lg. 9), P. ~'cdiata D. Do~ 
(P. insiq~is Douglas) (Text-fig. 10), P. ~'ozbu~'ghii Sarg. (P. fongifdia Roxb.) (Text-fig. ]I) 
and P. ~oa~fid~iana Jack (P. excefscb WMtich) (Text-fig. 12). In P, me rl~u~ii Jungh & de 
Vriese (Text-fig. t3) 12 bivalents, were counted in pollen mother cells. 

Of the above species p~,evious records of chromosome n~mber are known for four o ~ i  
Sethi (1928) counted 12 bivalents in polle_~ moSher cells in P. ~'ozburghii. Sax & Sax (1933) 
reported the same number in P. nig'ra and P. 20onderosa. Bowden (19r found 24 chrom6. ~. .. 
seines in roo$-~ips of P. eana~'iensis. 

Twenty-four is the diploid chromosome mtmber in all the twelve species. The ctrom~ii:: 
seines have either a median or subm.e,~n eenSromere. The various species differ.it 
number and Iocation of second.dry constrictions (see Table 1). tgight ehromosomeS:"~! :..: ::.: 

P. 9era.rd~c~za (Text-fig..3 ~nd PI. 5, fig. 1) possess seconda~:y constrictions, six of ~hiehlqre" 
subterminM in position, while che remaining two are nearly median in one of the ~rmS.!:;:! 
Six secondarily constricted chromosomes are present in ~. lambe',itic~i~t (Text-fg. 6) .... a~::~I~ ~II:~ 
P..roxburyhii (T.ext=fig. 11). In both ~hesei;he oonsflrictions are snbterminM. P. v;al~id~i(x~{{ 
(Text-fig. 12) also possesses the same number, bug only four secondary oonstiction~)~:.i 
subterminal and t.he remaining t.wo are very near fihe primary consgric(~i.oas. Of the N~} 
subterminal constrictions two out a relatively shorter distM segment In  P /chri}~-~i: 
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-' and P.  ~'adiata {Text-fig. i0) there are fern' secondary constrictions. In the 
:e situated near the oentromere, while in the latter they cut a knob-like distal 
nly three chromosomes of P. canariensis (Texto~g. l) were observed wRh 
secondary constrictions. Since J.t is a diploid complement one would expect 
~romesomes, and it is possible that the fourth may have been overlooked. 
xomosomes have secondary constrictions in P. c~,ribaed (Tex~-s 2). These 
close to the centromere. In ~he remaimng four species no secondary con 

~re observed in our preparations. 

" NX& Sax (I933) worked out fourteen species of the genus. They have not reported 
i~',:~:::i~eoondary constrictions or satellites in any of the species of the genu% perhaps 
i~'~ise they did not work from this angle. The basic karvo~ype dese.ribed by them is, 
i0w~Ver, fhe same as described above. " " 

I~ Cod'us deodara Loudan ~he haploid oba'omosome mtmber as determil~ed from the 
[~ .o f the  female gametophyte is 12 (Text-fig. 14). One of these has s~subterminM, while 
=~gi~est have median or sttbmedian centromeres. In one of the latter ~hromosomes there 

:i~~=~":secondary constriction situated in the middIe of one of She ak'ms. 
...... the same zmmber and morphology of the chromosomes has been reported by Sax & 
!8ax in C. libc~,notica, except for any reference ~o the secondary constriction. 

:::: .? .> .  

�9 The female g~metophyte of z~ieee emithic~na (Wsllich) Boiss (P. morinda Link) revealed . : / .  

:t~:el~omosomes (Text-fig. 15). Three have a subterminaI~ .and the remaining nine h'ave 
~atediamsubmedian ee3.Rromere. One of ~he former and two of the Iab%r bear a sub 
�9 :~r~haM secondary oonstrictioJ~, each. 

Similar morphology of chromosomes is recorded[ by Sax & Sax in. P. abie~, and 
:Pi:}u',~gens. These authors did not mention the secondary constrictions. 

.:~:::~Ibies pindrow Spaoh possesses 12 chromosomes in ~;he female gametophyee ceils. Five 
�9 %f~he.:.. chromosomes possess a subterminal and seven l~ave a medianisubmed.ian centro- 
:.acre (Tcxt-~g. 16). Two of t i le lat ter chromosomes bear a subtermina] secondary con- 
~E~c~ion each.. 

�9 :2. c@h~onica and A. cow,odor have f)he same morphology (Sax & 8a:~% I933). No 
:~eeoadary constrictions have been reported in these. 
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Text~-flg. 1. P2~l.s ca~.ge,~sis, 2~ =24.  

Text,-flg. 2. P. ca~+ibaee, 2 ~ = 2 4 .  

O 

Te.",:g-fig. 3 . . P .  ge,"c~,:,'di~:m., 2;,~, = 2,4. 
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Text,-fig. 4. P. l~a~e2en~is, 2n=2"4. 

Tex~fi~..~ 5. P, khasya, 2n=24-. 
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Text.-~g. 7. P,  ni~y.~'~, 2.n=2-~. 

Text~fig. $ P. pinaster. 2n=24=. 

Text-fig. 9. _P. ponge~'o.s~a, 2-~ = 24. 
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Text,-~g; 11, 1 ~, roa'bur~ldi, 2 n ~  24. 

~ K  ~ ~ ~  ~ A,: 

Text-fig. 12. _P. walh:dda.na, 2n = 24. 

Text-fig. ;18. P. n~,erku:ii, ~ - 1 2 ,  diakinesis, 
nucleotus unshaded, 

'i.'ex~_fig. ],5. Pic,~:. smi/,Tdana, ~-12. 

TexGfig, "1.4. Co_.d,~u~s dee~dara, ~. ,,, 12. 
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Tex~-,~g, 16. AS':~s 2)in~'o'r .>~.= 12. 
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Cun,~i~zgh(~n,ic ~ Ta xoctigceae 

Cu~ni~zghamia lanceolata (Lamb) Hook. (C. sins~sis I~ichard) possesses 22 chrom~ r 
seines in root-tips (Text~fig. 17). All these have median-submediaa eentromel'es. Twa 
of the chromosomes bear secondary constrictions and ~wo others possess a ~a~deta 
satellite each. 

Eleven bivalents have been counted by Sugihara (I9~1} in pollen mother relic of th~s! 
species. 

Ufy2tome~'ia 
Ct~]2tomeric~ japonioc~ (Linn.) Don. (Text-fig. 18) has 22 chromosomes in the rood-tips 

which are median or sabmsdian. Two pairs have rather ineonspienous seconds@ 
constrictions. 

Sax & Sex have made similar observations on this species from endosperm tissue. 

.Taxodiu'm muc)'o~atum Tenors (T. di~gohum gichards var..muc~'o.~atu~a. Kenry}! 
possesses 22 chromosomes in the root-tips of which twenty are median or submedla~ 
(Text-fig. 19). One p~ir is s~btermirtaI and has a cengromere which is somewtia~ 
exaggerated. Two of She former chromosomes bear subterminal secondary const.rietionsi 

Twenty-two chromosomes have been counted by Sgx & Sex (1933) and Stebbin.s (194g) 
in .T, g , i sgd~ .  

Actinostrobus Cupressace~e 

Actinost~ob~s 2yfamida~is Micluel possesses 22 chromosomes in ~he root-tips (Fig. ~0} 
which are median or s~bmedian. Two of the ekromosomes possess a secondary eons~rietiqg 
in a subgerminal position. 

Ca~litris 
The following seven species have been worked oat from the roofi4ips Ca~tit~'is calc~*~ 

i%. Brown (Text-fig. 21 and PL 5, fig. 2), r cupressifo~'mis Vent (C. rho~nhoidec~ g. Brown) 

ft. p~'opi~tuc~ R. Brow~ (Tax* fig. 25), C, ~'obusta P~. Brown {Tex~s 26 ~ d  Pt. 5, fig. 3} 
and C. ~err~cosa 1~. Brown (Text-fig. 27). 

All have essezatial2y the same gyt?e of karyotype. There are 22 chromosomes with 5 
median or submedian esntromere. Only two have ~ secondary constriction s~ch. I~ some 
ig is exaggerated, perhaps due to the effect of 8~O q. The Iength of the dis~al segment oat 
by the secondary constriction is somewhat variable in different species, In C. cu2~'ess~ i 
formis, C. gla~e~t and O. p'ro24~z~uc~ there is evidence of some inconspiouons secon~is.rg 
constrictions. 

Widd.ring~onict 
Widd,,'ingtonic~ eup'ressoides End. possesses 22 ehromosmnes in the root-tips (Fig. 2.8~:i 

which are median or submedhan. A pair of the chromosomes has a rather ex~ggerafed 
eentromere. There are two chromosomes wish a subterminal secondary eollstricgio~ each; 
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:T~i~fig, 15. 6 '~nn in~ jhamia  lanceo~c~,  ~ n = 9 2 .  Text-flg,  18. 6~'y~tome~'ic~ j a y ~ i s a  , 2"~ ~ 22. 

d.. ~ 

Texl,~fig. 20. Acgi?~o~h'ob~s Nyrc~r~ida.~iG 2 n = 2 2 .  

Tcxbd~g. 21. Ccdli/.r@ ca,~sr~.:,'a/~. 2~s=22, 

go'}" 
:Pexuflg, 2;. G. 91a~ca, 2~z=2~, 

J 

Texbfig,  ,~'2. C, ~'upr~.~ifor~t~@ , 2~. =- 22. 

Text.~flg. 24. (5. ~or;'.i~on.d, 2~ ~ 22. 
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Text-fig, 25. C. propim]ua, ~n = 22. Text-fig. 2(3. C. robt~ta, 2 n = 2 2 .  

Text-fig. 27. U. "ve.r~'~cosa, 2n=22.  

Tetmel'inis 

J 

Text-fig. 28, l,Viddr~.~gtonic~ cu~)ressoid, e~: 

Tetfadinis a,rtic~stc~ _~Iasters (C~d~it~'is q~tad'rivagvis \rant) possesses 22 chromosomes as 
revealed by the squash o~ a young shoot. All the chromosomes are median or submeclian 
(Textd~g. 29). 

T}~ja orie~Acd~s Linn. has 1I chromosomes in endosperm cells (Fig. 30), and t]ie baS~ 
karyotype is almost the same as given by Sax & Sax, There is only one chromosome witS! 
subterminal co,from ere, aizd in the rest it is median or sut)median. In the present observa:- 
tions it is noticed that  one of the latter chromosomes bears a satel]ite and another:a 
secondary constriction which is almos~ median in one of the arms. 

T. oecide.n,t~d;~s Linn. var. com2~eota Cart. has 22 chromosomes in root~ips, All tli~ 
chromosomes (T6xt-ftg. 31) have either a median or submedian kinet.ochore. One p a r  
possesses a secondary constriction almost median in one of the arms. No secondar2 
congtrietioi~s have been reported by Sax & S~x in this species. 

T. p~ioata, has been investigated by Sax & Sax and has 22 okremosomes. 

Cupress~sf~zebris DoJ.a. (Tex~,-fig. 33) and C. to~'u~o~ Endlicher (Text-f~g. 32) both shb~ 
] ! chromosomes in endosperm cells. Only one of ~he chromosomes is subterminal, the rosy 
are median or subm.edian. One of the med~an-submediazl chromosomes bears a satellite 
which is some~vhat thielcer ~n C. fl~,~zebris. C. sempervi~'ens Lnm. (Text-fig. 34) poss6sse~ 
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g~i~tGmnosomes i~:~ roof-~ips. Two of the chromosomes have a snbgerminal cenbromere. 
{I~e"l~tger bear a secondary constriction in their long arms, Thus all ~he three species of 

N~:gen~s have ~he same basic karyo~ype. 
' i ~  o~her ~hree species, namely, C. ca~/~me.ria,za Boyle (Tex~l~g. 35), 6'. a,i~onica 
:~eene and C; l~si~anica Niller vat. be~zthami Cart. show 1I hiva]engs in pollen mother 
~.N!S:I. Neiosis is ]?erfee~ly z~ormal in all ~hese species. 

Text.-fig. 29. ~d,'r~'d:~:,~.~ ~..r~ic~.~a~, 2"~.~ = 22, Tex t - f ig .  30, ~h.~ja o~'ien~.~is, n=ll. 

Text, fig. 32. Cupress'~.s ~:or.~dos~r, 'n-- ii. 

m 

~.l?exi~-fig, 35. C.c.ashme, ricz.na, u = Iii, 

mel~pl~ ase I ,  
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Jun.i2e.ru, s proce',e~ Hochst. (Text-fig. 36) shows 22 chromosomes in root-tips. Two:of 
these have a subtermJna] and the rest a median or submedian ce~a~romere. 

g. rigidc~ and g. virgi'r~iana have been worked out by Sax & S,~xfrom endosperm. FAeve~, 
chromosomes arc present, bug no morphology is given, l~oss & Du~can (19~9) worked oU~ 
J. virgi~ianc~ and J. t~o~'~zo~alis; both have 2n = 22, bu~ only in the latter did they observe 
a heterobraehial chromosome pair. 

Tex&fig, 36../unlpez~s 1~.roco.ra, 2"~ =2~. Tex~-fig. 3% J- ,#hoerdce~, ~--11, nets-phase I. 

FAeven bivalenbs have been counted in microspore mother ceils of J. 2/zosnicea Linn: 
(Text-fig. 37), Y. be~'mr Linn., and d. vi.rgi~ia~a Linn. vat. scoI~u[om~r~ Jones-. 
Neiosis in all these species is normal 

J. chine~sis pfitzeriana (Sax & Sax, I933) aJad J. sq,uarnata meyeri (Jensen & Levan;: 
1941) are tetraploid. In  the former there are 22 bivalents and .in the latter ~here a~'e 
-'j'~ chromosomes in somatic tissues. 

[JoNcLUSIONS 

The total numbers of genera and species of Conifera.]es are 45 and 447 respectively. These. 
figures have ]Jccn compiled from DallJmore & Jackson (19~t8), 5~b with %he addition offihe 
monotypic 2Piet~se~uoi~, and treafling the two species of Sel~oi~ as two dis[inct generm 
Hybrids have been excluded. Under the so-called Pinares (Abietaceae, Taxodiaceae, 
Cupressaceae and Araucariaceae) there fall ~5 gene~:a and 335 species. O~t of t]~es~ 
27 genera and only- 1.02 species have been cytologically investigated so far. A r~sum~ of 
all this work, including ithis study, is given in. Table 2. Darlington & Janaki  Ammal's 
A~las (19r Wang (1948) and Chris3iansen (19~0) have also been consnlUed in the 
preparation of this table. 

After a careful perusal of Tables 1 and 2 some conclusions emerge. 
The chromosome numbers fo]Iow taxonomic grouping. In every family a base n~mber 

can easily be recognized: 12 for the Abietaceae, 11 for the Taxodiaceae and Cupressaceae~ 
and 13 for the A~aucariaoeae. The families are essenJ,ial]y homoploid. Pseudotsug~. an~ 
Pseudo~c~rix in the Abietaceae, and Sc~do~tys in the Taxodiaceae are ~he only gener~ 
which are not in line with the above statements. 

The chromosome number of every, germs (except the above mentioned ones) is therefore 
the base number of the family except in Se~oic~, where it. is its mui~,ipIe. I t  remains 
eonstan% within a genus, or in a few cases it may be a multiple (of. Larix and d~@ef~s);  
The various genera usually differ in having different karyotypes, i:Iowever, some gene~a, 
have the same karyotype. Such a situation is met with in t~icea-T~Wc~ (Abietaceae)i 
(2ryytome~ic~-O~miny/~.~mic~, f c~xoc~ium-,%~uoiadendron (Taxodiaceae), Act,inost~o~S~ 
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~ilit.f@- TetracZinis- Widdri~.gtonic~l'h~g'~z oecidentEis vat. con'@c~eta and Cupressus-gwni- 
~s , f /w ja ,  oriental@ (Oupressaceae). h• some cases these gener~ form corn]pact allim~ces 
~lfiia ~heir respective Nmilies. This is particularly trne of _P@er and TsWa in the 
Nbi~aoeae and A.cti'nost,robus, Cag~Q'rzs and J'Fiddri,ngtonic~ in the Cupressaceae. In feet, 
'~,[igdagger {hree genera a.re so close morphologically that Ssxf~on (I 910) segregated gbem 
ih Xsul~fantily Oa]litroideae. 

&s stated earlier the karyoWpe within s genus remains remarkably constant except 
~gh~ the genus Thujcr. f .  o,rientali~ and f .  ocEdenta.lia differ in their karyotypes (see 
~bles 1 and 2). in  this eonnexiou it is of interest to note that Buehholz (1929), on She 

Table ]. S~r F of oSse)'vation~ 
(8W5.  = Satle~]il, e, S.C.  = s e c o n d a r y  c o n s t r i c t i o n )  

N o .  o f  
snbo 

t e rmina l  No.  of median  
(Jhromoso t]]e c ] a r o m o -  Of submedir  

Namr of  species no. se ines  e, hrom.osomes 

i'~fgi~s sanarie~,sis 21~ = 24  - -  24  (3 S.c.} 
:g:.'cargaa.e~ 2n = 2,~ - -  24 (2 s.c.) 
!~. 9arargiana 2'/~ =24 -- 24 (S S.c,) 
'2;'ihalspensis 2r~ - 24 -- 24 
2!!Umsya 2n = 24 --- 24 (4 s.c.) 
:~flambartic~no. 2 n =  24 - -  2,g ((~ S-o-} 
.l~f nfgra 2w = 24 gr 
iR ! pfnasler 2n = ~ ~ 24[ 
~i.'iOondsrosa 2~, = 24  - -  '24[ 
P: radfe/a 2n = 2 4  - -  24 (& S,c.) 

P; ~,,,a.ll~l~.ian~ ">..n = ~ .  - -  2 4  {6 S.c.) 

K merkuah n = I 2 ~ 
@4r~a d~oda,ra ,,~ = 12 1 11 (1 S.c.) 
B;~#mithla.r~,a n = 1 2  3 ( l s . o , )  9 (2 8,0.) 

.4bie~ ~ng~'ov." ~, = 12 5 7 (2 s .c-)  

~"~aninfl~a~nic* aanceEato, 2n = 22. 25 (2 s.e, 
~nd g Sat,) 

~rYls162 japon@a 2n - 22 --- 22 

Act'4wsl.rob~ 2)y.ram~;d.~.K,~ 2~ = '2'2 - -  22 (2 S.c.) 
' 2'2 (2 s.o.) .r~al&~r,,s ca &~m-a.Iv. 2~ ~ '22. - -  

D ,: .; 4l~2)r,.,s#@/r~m:~, 2~ ~.= 22 - -  22 (2 #.c.} 
G flcf't~cc~ 2~t -- 22 - -  29, (2 s.c.) 
.0; aorr~a'o.u~ 2~--- ~ a 2'2 (2 S.c.} 
f) -5 DrolnnrZa.u 2'~ = "22 .... 22 (2 s,c.) 
g '  rob,a.&~ 2n, = 22 22 (P. s.c.) 
6"*. t ,er ruco.sa "2n, = 22 22 (2 ~.C.) 
F . . . . .  2'~. (S s .c . )  �9 [ ~@/,~*ng~om~. e,~.~l,~'e,~s~d, es 2n = 2'2 
~elra~g.in.is ~,rt-ic~dal.a ">..~, = 22 $2, 

s a d  t Saltl. ) 

2 n = 2 2  _ { ~ s . c , !  20 
b, tgrtdosa ~?,~ l I  ;t 10 (I, 8a.b.) 
ft. I~?izeHica, n -" II -- -- 

O .  Cr~ShTl~.eria~?q I ?~ = ] 7[ _ _  _ _  

6r" h*.siga~,ica vat .  be'M, ll.rv;?ti ,;~ = l 1. - -  ....... 
'I~Eper,/~ pro~:m'u, 2~a = 22 2. 20 
'~f." bcr'~l?.%c~,fc6~a '1l. = ] 1. " . . . . . .  

,L 7)leoenicea n = l{  �9 . . . . . .  
,7. ~b ifin.is.us var.  ,~'crU~ulorwrn u = } i - 

12 

Loca l i t y  and  collector 

~ .  N.  K h o s h o o  
P~. N. Khoshoo  
]Local groaers  
I~.. N- Khoshoo 
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basis of embryological evidence, Ul?held the view of some older ~axonon:ists ~l~a~;:: 
T. o~'~e~.ta~is shoatd be raised to generic rank and be named as Biote o~'ie~tcdis. 

Excellent exa.mples of constancy of the basic kaz'yotype within a genus are Pinus 
Ca,~Zit~'is and Cupr A similar situation exists in Cyeads (Sex & Deal, 1934) and i&:, 
the genus E?hed'r~ (Nehra, 1946), 

Table 2. Rds~md of eytdogica[, wo~'/~ on Abietacea.e, ff'axodiaceae, Cupressaceae 
and A~'camariaeecte 

No, of 
]l[aploid No. of No. of mediatl and 

~ o ,  o f  c h r o m o -  ~e rmina [  a u b t ~ r m i n a l  s u b m e d i a n  
T o t a l  no. speeie~ s o m e  c h r o m o -  c h r o m o ~  c h r o m o -  

N a m e  of  g e n u s  o f  spec ies  w o r k e d  o'u~ n u m b e r  s tones  s e i n e s  s e i n e s  

ABIET~kOI~&N : 

j24 12 - -  - -  12 
P'i'aus 73 31 [ 7* 12 -- -- -- 

12 3 9 P.~68g 29 6 
,,* 12 - -  - -  -- 

12 - -  5 7 42 6 
t 3* 12 ---  - -  -- 

K etelee.rl a 2 I * 12 --- -- -- 

Pseudota~ga 6 1 13 I 6 6 
I~ 12 - -  3 9 

Tsuga 11 3 . ~ .  t.2 - -  - -  - -  

Uegrus 4 2 12 -- 1 i i  

~ I 12  -- 6 6 

Laq'i~ I i  8 1 12 -- 6 6 
l - -  2"I -- 12 1'2 

12 -- -- -- 
Pseudolarix t l 22 - -  20j" - -  2 

T~ODIICEAV, : 

Sciado2i~ys I I * I 0 - -  - -  - -  
Cryptomeria i i II -- -- ii 

Uunn~ngha,rnia 2 i 11 -- -- I 1 

Ta~wania I i* ii -- - -  - -  

i 1 
Sequoia i 1" 33 - -  - -  - -  
Seffuoiadendron I I I 1. - -  1 i 0  
~}ietaseguoia l 1"  I I -- -- 

U n w o r k e d  g e n e r a :  Athvotazi~ s a d  Giyptost~'ob~*s 

fJ D2PNI?SN &O NA;N ; 

i I 11 -- 1 i0 

guniperus  49 9 6:" t i  . . . .  
2 :L: 22 - -  - -  -- 

CaZZitris 19 7 i t - -  11 
T~trac~inis 1 t 11 - -  i1 
Widdri~g~on~a 5 t I 1 -- -- 11 

A stines~eobus 2 1 11 - -  - -  11 

O:q~res:u8 1 ? 6 { ~, 11 -- I IO 
, 11- . . . .  

C7~amaec~j2~ari~ 6 1 * 11 -- -- 

1 i i -- I i O 
4 1 I I  -- I i  T h u j a  6 

2" i i -- -- -- 

U n w o r k e d  g e n e r a :  Ca~titropsi~. Disdma,  Fitzroya, Yol~@~ir Libocedrt~.s, a n d  Ti~jQ1~sis 

Affa.this 15 1 13 4 -- -  9 

A~'a,uva,ria I 0 3 ~ I 13 4 - -  9 
2* 13 -- -- -- 

* $pee ie~  in  w h i c h  eif lher ~he m e i o t i c  n m n b e r  is  k n o w n  o r  de~,afled m o r p h o l o g y  o f  ghe c h r o m o s o m e s  is no~ 

r e p o r g e d .  "~ Sam & Sam ( I 9 3 3 )  h a v e  nog  c lea r ly  m e n t i o n e d  to w h i c h  c a t e g o r y  ~he c h r o m o s o m e s  be16Dg+ 
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~[f#~pecifio differences are to be correlated with differences in det~i.], such as number 
~ '~ i l~r  of secondary constrictions and satellites. This is true of Pfnus and g~t)?es~'~s. 
~/~,~[8(:pther hand, the  present evidence shows eonsfia,ncy even in these characteristics 

~!~~s:[he genus O~t 'ds .  
~":.i~ iS correct that 12 is the hare numbe~ of the Coniferales, which, indeed, is also 

@~esented in sad; an ancient gro~tp as the Ginkgoales, ~hen {he basis of cytological 
~iii~iou has been loss or gain of g chromosome at the family level. This has been couple& 
~-~,~ s~tt~cturs,1 rearrangements and m.uta~ions, which factors seem to be responsible for 

~#6l~t{0,n at generic level. 
~O.ioss of a chromosome has been resl?onsible for the evolution of the Taxodiaceae 

.sfi~-0iLpIessgoeae. This involves ~ loss of a centromeie which follows ~ransloca~ion of all 
~{.i~ssential genes to {he rest of ~he chromosomes of the complement, This was suggested 
~ig~X & Sax (193a), and ~his mechanism has been experimen~Mly demonstrated; though 

~%n: Angiosperm--O~s2is--bY Tobgy (t 943). 
0ass s of gaiz~ of a chromosome are not many: -Pseudotswa (Abietaceae) and fhe family 

~ttcariaceae. This always involves duplication of a cengromere, and could be achieved 
~ system of tranaloeations as proposed by Darlington (1937). 

�9 :..;":./,!: 
,Tiigt straetural rearrangement has played an importan~ role in differentiation of 

:gqnera is clear from the karyo~y]?es of the genera of Abietaeeae. ' 
..... ~ the species level evolaion seems ~o be chiefly at a submicroscopic leveI i~volving 
;gene mutations. This is why there are increasingly numerous reports of both nataral and 
i;~rfificial hybrids in conifers. Perhaps the main checks to hybridization are physical 
Nl~bion and time of flowering of the rations species of a germs. 
P01yploidy has played an insignificant role in the evolution of conifer families, genera 

~i~&Spedes. The increase in the chromosome number in Pseugolaricc ctoes nov represent 
:g'.~tiiuhling either in quality or in quantRy. It is of interest to note that "0he ,present data 
m~date t.ha~ polyploidy is lacking in cycads, but in the genus Eg)he&r {here are many 
~!yploid species reported (FlorixL 19..32; l~esende, 1987 ; Metro, 1946; I~tutzikez, 1955; 

~UMNL~g'f 

The paper deals wRh a cytological study of forty-one conifer species belongimg to fourteen 
genera and distributed within the Abietaceae, Taxodiaeeae and Cupressaceae. Observa~ 
~ibns have been made from the squashes of female game{ophytes, stem apices, root. tips, 
~0~ng leaves and pollen mother cells. The cytological details of all ~hese species are 

'mmmarized in Table 1. 
i~amllies and genera, are essentially homoploid. A basic karyoVpe is characteristic of 

:~tmos~ every genus. Species within a gen~ts either differ in the number and. nature of 
Seco~adary constriction and satellites (Pi~us and Cw)rsssus) or resemble one another e~cen 
~these details (Oa~Zitris). Yarious genera differ in chromosome morphology, but in every 
f~mily some of the genera have essentially tl~e same karyotype. The mechanisms of 
evolution have been gain. or loss of a chron~osome, s~rueturM rearrangem.en~s, and gene 
mutations. Polyploidy has played brat, little role. 

The writers owe a special debt of gratRude to Mr R. N. Kboshoo, Deputy Co~mervator 
of 7Pores-re (Kashmir) :for havi~g sent a~s seeds and /~xed material of most of the Indian 

12-2 
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and foreign species used in this investigation1. They are Mso thankful to Mr IVI. B, t%Mzad~ 
(F.g.I.) and the ~uthorities of the Forestry Commies fen of New South Wales fo~ ha~iag 
sent us seeds of some species. To Mr 1%. 8. P~thania thanks are due for taking the mtcr6~ 

photographs ilMstra~ing this paper. 
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EXPLANATION 01~ PLATE 

:Fig. 1. P-~'~t~s gsr~r~li,~'~,a, 2n =24. x 1700. S~nae as Text-fig. 3. 
Fig. 2. 6'alli&is calcaratc~, 2n=22. x 1700. Sa.me as Text-fig. 21, 
Fig. 3. C~d~itrfs rob~sta, 2n=22. x 1700. Same as Text-fig, 96. 


