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Front cover: The parrot pitcher plant Sarracenia prittacina Mich. growing along a roadside in Gulf County, Fla. (Sheridan and W

Underwood, field notes 12/29/95-1/1 1/96). Mutant plants that fail to produee red pigment coexist with wild-types in scattered locations
L throughout the range of the genus. Ses related article on p- 1042 of this issue, ,J
o
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Genetics of Anthocyanin Deficiency in

Sarracenia L.

Philip M. Sheridan® and Richard R. Mills
Deparinent aof Biology, Virginia Conmmonwealth University, Riclnoid, VA
23284-2001 2: Meadowview Bislogical Research Station, 8390 Fredericksbure

Turnpite, Woodford, VA 225580

Adelivierieand fndex worredy. pricher plants, carnivorous plants, lead color, flower color

Abstract. Sovracenia L, is a genns of insectivorous plants confined to wetlands of the United
States and Canada, Green muotants, lacking red pigmentation in the leaves, flowers, and
erowing point, have been found in most Sqreacenia species, Controlled crosses were made
using green mutants from S, rafes Walter ssp. golfensis Schinell, 5. parpurea Lo, S
peittacing Mich., and 5. levcopfella Rall Sell-pollination of mutant green individuals in
Four different species resulted in green of fspring, wherens reciprocal crosses with respee-
tive wild-types resulted in red offspring, Three of six sell-pollinated heteroaygous 5. redra
ssp. grelfersis viclded offspring exhibiting 1 3 red : 1 green ratio. Progeny from a testeross
and two self-pollinated heterozyzous plants of 5. preepeerea (i the expected ratios, whereas
otfspring from two S, paeperes crosses had significant deviations in ficld and laboratory
sowing experiments. OTspring from lesterosses with S, e Walter ssp. joresii (Wherry)
Wherry met expected ratios under field conditions, Interspeeilic crosses between green
individuals resulted in green olfspring. These results suggest that anthocyanin pigmenta-
tiom is controlled by two alleles at o single locos, with red dominant to green.

Sarvacenia isa genusof insectivorous plant
found in acid. moist savannas and seepage
bapos of the southesstern United States and
acid bogs and alkaline meadows of Coanada
and the northern United Staes. Leaves are
modifed into tobalae or funnel-shaped stroc-
tures that catch and digest insects by means of
a pitcher o pitlall trap. nsects are thaughn o
ke attracted by color, nectar, and scent w the
pitcher mouth where they lose their footing,
fall, arul dreosen inoa poal of water in the depths
of the pitcher, Bacterial and plant enzyvmes
digest the insect, and the products are wsed Tor
plant grovwth (Hepburn et al,, 1927 Plummer
and Jackson, 19630 Plummer and Kethley.
1964).

Eight species are recognized in the genus
cBell, 1 MeDaniel, 1906: McFarlane,
1908; Uphod, 19300 with flower color mnging
lrom red lo eream, Bston (1833, 1833) de-
scribed 5. feterapfella Eaton as “a remark-
ably distinet species, but very rare,” characier-

Recgived for publication 9 Jan, | 995, Acceped fog
publicinen 8 Moy [958, Submilled in partal (ul-
Tillment of the reguirements forthe degree of Masier
of Science ot Wirginia Commonwealth Univ, Spe-
ciil thamks 1o my thesis advisor Dr. Richard Mills,
Dr. Joseph Chinnici, the Faculy and s1adt at Virsinia
Commaonwealth Unive, and Dre. Robert Grieshach
for their support of this project. Drs. Peter and
Gienevieve Sheridin and Bill Scholl and his family
have lent invaluable assistance and ¢ WEOUrLEement
over the vears and 1 thank them as well. Thanks o
M. MeClure for permissios to colleet seed from the
TR0 I:-.‘:l.|a.‘:r:|||_'. |.:|'||,|:||'|g¢:¢-.|. ALY Sl ]1i|_:_'||!_'r
pliont and 1o Broce Bednar tor teld locations wd
Jahin Hummer foruse of plant material. The cost of
publishing this paper was defmved ot by the
payment of page charges, Under postal regulations,
this paper therefore most be herebhy marked adver-
siwenienr solely o indicie this fct,

"o whem reprnt regquests shoald be addressed at
second address.
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ized by an overall yellow lealand dower calor.
Wherry dliscussed the redesignation ol A5,
freseroplvil to o variety and finally 1o a form
af 8 perproeresap. prarpaerea Wherre (Wherey,
19330 Wherry (19330 also applicd the 1erm
“anthoeyanim-fres mutation” o his enticy and
Bell (19497 recognized this mutation as a
lorm, Schnell (1976) qualificd 5 prepenea
sap, peerpriieea U fese rapdioedla { Eaton Fernald
as completely leking red pisment inoany
tissues, This same phenotype his been found
in five ditferent Sarvacenia species al various
locutions aver the past 500 yvears (Korolas,
1977 Rohinson, 1981; Sheridan and Scholl,
19930 ). These mutants occursingly orasa few
inclividuals imtermixed with normal wild-Lype
plants in the southern United Staces (Sheridan
and Schall, 1995 h, [99G) o more abundantly
in morthern bogs (Bell, 1949 Case, 1956;
Civiesbach, 1977; Sheridan and Scholl, 1993a),
The anthoeyanin-lree phenotype has also been
obtained in 5 prrpures ssp. venosa Rafl,
through large-zcale commercial propagation
of wild seed. sugoesiing sponianecus muta-
tien in wild populations (Bob Hanraban, pers,
comm. ). Sheridan and Scholl (19496} proposed
the term “green™ for this mutation and “red™
for the wild-1vpe,

Sheridan (1994, 1996, 19497} also deter-
mined in preliminary studies (hat the green
phenotype was recessive 1o the red, bosed on
the phenotype of B seedlings. The objective of
this experiment wis 10 determine the inherit-
anee of the green phenotype and whether it
wis contrelled by the same gene in all species.

Materials and Methods

Follination, seed storge, seed siratilfica-
ton, and gernmnation closely Followed the
methods of Shevidan (1997 ). Pollisations were
peciormed i 1994 a0 Meadirw view Biclogical

Feesearch Station in Careline County, ¥, and
in Chesterfield County, YVa. during normal
Moweering perisds, ind inthe Virginia Comne-
monwealth Univ, (VCU) greenhouse, The
19B0U] crosses were performed i Chester-
ficld County using similar pollination meth-
ods,

In 1WET. seed was obtained in Sama Rosa
County, Fla,, from o naturally pollinated mu-
tant green S ewhoe ssp. pedfeasis, Seadlings
weere rinsedd o matary and wild-repes used s
presumed heteroey eotes for self-pollinations.
Servrecenie rebrer ssp. jonesi seed was also
collectedin Y87 from o peat bog in Henderson
County. NCoand germinated and raised in
Chesterlield County, Voo Wild-tvpe seedhngs
raised o masturily were then used as putative
heteroeygowes, Wild-type plants of Sarace-
i prrreymees from g natural population con-
ining the green mutation in Nova Sconia.
Conada, were also used as putative heteroey-
golos.

Pots and travs with seed were placed under
Muorescent Hghis in the VO greenhouse aller
T month af strailication and kept motst, Seed-
ling phenotype wias scorgd from lan. to July
403, Prageny from testerosses and selF-palli-
nated heterozygotes were repotted and rescored
alter an adjustment period. during whicl new
leaves developed, wensore sccurey of clas-
sification,

Aselection of 1H45 crosses | 1WIS-151L 1L
190515112, 1995-174A, (90951740, [995-
1750 were vsed Lo determine whether notural
selection under fleld conditions would alter
expected rutios for wesierosses snd sell-palli-
nated heteroeyzomes, Seeds were sown in lots
of 30 in a sunmy, seepage ecotone al Yole
Haven Research Tract, Caroline County. Vi,
on s Apr 199, Placemant of seed was deter-
rmned using a o nwmber tble, The sail
surfaee was prepaccd by mechanically remoy-
img aross, sedges. and debris o expose he
orgamc and mineral soil. BEvenig wempera-
twres during April occasionally approached
freczing and provided a stratification period ol
=1 month, Seedling phenotype was scored in
Mov, 18T o ensure complete germination
and color development aller two growing sea-
SO,

Keds in one species werg self-pollinated
twice and greens in Four species were sell-
pollinmed 11 imes, Greens were pallinaed
with reds three times and reds pollinated with
areens five imes. Green species were crossed
with green species five imes, an F, green
imerspecies cross was sell-pollinaed. amd
another Fyinterspecies cross was oulcriossedd
with another green species. Two lestorsses
cach were performed on two species and six
heterozyeotes i one species, and theee het-
eroey pines in another species were sell-polli-
nated.

Resulls

Farty-two crosses vielded 140671 seeds,
with germination averaging A0% (Tahle 1)
Mumber of seed per capsule ranged from | to
#28 while capsule percent germination ranged
from 3 o 84,

HorrScence, Voo, 3300). Doronee 1998




Tabrle [ Surveecenior crosses made, seeds obtained, percent germination, and phenetype of seedlings.

Tostal
041, Giermination Phenotyps:
Cross coile Parentage socds M. {5 el Green
Crrvenliogae yoneg
Rad selt-pollinated
[RUESYELIEY S prirniedie 1465 B ] L ]
13- 15004 S psinnedien 181 fal KR! ] 0
Gireen sell-pollinated
1954-122 Soveedveny sap, seelfiaic 21 2 10 K] d
[90k-123 A reilaen EESE _‘:;.'n:l"r'.l.'.vr'-: A5 112 azx ] 112
o124 8. wichariy sap, aeilfeasis 00 43 = 0 42
199]-11%,1 5. wicaeo ssp, geelfersic 322 125 3 K] 125
19911142 8. wieann ssp, gedlfeseic 231 51 ele] K] 3l
199111483 S wiclaeo ssp, geelfersic 360 18 161 i 3%
19021234 |5, el ssp. femesii (arcen) X
5. paidicrcing [areen)) 4 2 3 H 2
19021474 5. pEiflecing 77 11 4 H Il
J0L- 284 5. piliacineg 175 17 1id ] 17
|B04-152 S peorperve 1 lereragpdeelo 745 04 K 2 292
1904 | 56 5. parpevea [ hederaphvllio control 5 2 By n 2
|90 | i 5. pEittacing 15 3 200 ] 3
19041 a3 5 dencoplvila G 200y 20 ] 20
Rl € praen
1904 | 408 5. prisiacing X & pgittacing 307 1} 7 0 ]
190 584 N vinlare ssp, geilfenais ¥
S el ssp. pedfensis A 231 40 231 0
Johd. | 536 S riarn ssp. gedfensis X
A el ssp. pedfensis a03 3l 2 Al n
(RS R S tewcoplviio X 8 lepeopizeiia a4 G2 15 G2 ]
1504 | 5UB S tewcophviia X 5 lepeopinelia 2 34 il A 1]
Green x red
19 [ 486 N psinacing ¥ X paittacing 0T £y 13 w 1
1941574 5 ribara ssp
S rinfar ssp. A0S 234 77 234 0
lehd- | 3TE S ridarn ssp. gerdfensis X
N ssp. gedfensis 20| 212 73 212 Il
Green ¥ preen
1%9d-1n] 5 pEittocing X & lencoplvta ! 1 25 n |
1994 12 N.orvilharg ssp. jonesii X8 tesecaplivlia 17 i3 T 1 5%
1504- 1 a4 S.orvibrg ssp. peidfensis X8 lencopdvia 442 331 5 1] 331
19d-1hdB N.ormihrg ssp. gedfensis X8 lencopliola S0E 428 a4 I 42T
19td- 1 ha 15 prerperen U Reterapdieilo X
N.psiacing] ¥ 5 lewcaplivila 14 i 17 i 1
19t | Gy Sopeerpiarea o lereropdivilo X
S leweapliviia 174 5 A i ]
Sell-pullinated heterozyooles
1904- 1438 8wl ssp. salfmiais F ) IELS [ 1A 4 24
1 [ 430 S.ornbrag ssp. aedfmisis (F ) Fd40 200 H2 144 (6
19d- 14310 S.oruhra ssp. gudfmisis (F) 444 236 a7 178 T
- 143K S.orubra ssp. aedfmisis (F)) 2449 124 A0 su 35
1= 143F S.ornihra ssp. pedfisia (F)) 24 145 A3 (] 32
Titad- 1430 S.orvibra ssp. oedfensis (F)) 512 180 35 1249 51
Testoross
1904153 S pevpaved 1 lereropdnallo green 2
S.oparpiren (F)red Ll 4497 Al 248 244
T9hd-154 Sopmeorpares F pred 2 8 paeperen £
fererapiictla green 713 411 58 176 235
Pl sonen
Testoross
1995-15111 8. vieaven ssp. foweesin (F ) X
8. padvva ssp. fosresii (green) 223 iz 14 15 4
1905-1511.2 S_oweilarar ssp. fovresii (F 1 8
5. rulawed ssp. jostesil (green) 195 13 17 15 Is
Self-pollinated heternzyaotes
1905-1744 8 peirpareda (F)) 200 22 I 15 T
1995-1746 S perparen (F)) 436 4 I 33 21
14905-175 5. FR e l:l:_'l_l 428 31 b 2 7
Totsr — ~— ~— | . ¢ . S /A 7 S .y
HowrScwewes, Vo, 3306), Ooroner 1998 1043




| S—

| Breeoe, CuLTivars, Rootstocks, & GerweLasm REsourRces

Self-pollination af preen plants and green
interspecies crosses resulted in green of fspring
with the exception of crosses [994-132 and
T L4 B, where <156 of the progeny were
redl. Sell-pollination of red plants vesulied in
red offepring, and reciprocal crosses of red and
green plamts resulted in red offspring.

Sell-pollination of heterozy gotes and tost-
crosses resulled inred and green offspring. A
Chi-Square goodness of it est of the es-
crosses fita 120 vatio for red and green in 8,
prevepreren and S rpebea s5p. foresii under (eld
and laboratery conditions, with the exception
of cross 1995-1534 (Tuble 20, Progeny from
three ol the six self-pollinated heterozy ous 5,
rinr ssp. peffonesis (10904-143 series) fita 31
ratio and offspring rom two of the three self-
pollingted heterozyeous 5 pregaeeea O the
cxpected 301 ratio in the Deld experimem
(Table 2).

Discussion

Inheritance of the pizmemation previously
reported by Sherdan (1994, 1997 ) was con-
frmed in recipracsl cresses between red and
areen plants in Sereacertia lencopinla, 5,
paifiecing and 5 ridea sspe golfensis. Mo
aren or inlermediate-colored offspring were
ohserved in F) plants,

Sell-pollinated red and green plans weee
rue breaeding with the exception of the self-
pollinated Mova Scotin 5 porpereea 1
Dereropiietlo (19941521 where two red seed-
lings were ohtained, The interspecific cross
[999- 1648 betwean 5. rufar ssp. gnlfensis
tgrecn) ¥ & fepeopdylfa (green) also resulied
i a red seedling, The most Likely causes for
these aberrant red seedhings could have been
pollen or seed contamination or reversion of
the green allele (Shevidan, 1997 A relatively
high sponmnesus mutaion rate of 1 ot of
200000 secds has been ohserved (Boh
Hanrahan, pers. comm. ). suggesting that this
locus may be unstable, This possibility meris
further investization.

[mall of the species tested the green pheno-
tvpe was inherned as a single recessive gene.
When areen 5, fercoplinvtlo was crossed with
green individugls of the other species, all off-
spring were green, signifving that the lesion
wits in the swme gene.

Some self-pollinated heterrevpons 5 rbrg
sap padfensis progeny did not fit the expected
ratic of three reds o one green as peedicied, In
crosses 1904- 1436, 1994-143C, and 1994-
14350, the expected ratio was not observed
while in crosses 1904-143E, 1994-143F, and
1994 143G, the expacted ratio was observed,

Progeny [rom the wesieross of 5, pueperea
1994 | 34 also failed o fita ©red: | green miio
because of a second wave of germinations.
MNormally, we disposed of seed bearing sail
afler recording phenoty pe and repotting, but
tray 1994154 was retained because a fow
seedlings were in poor health and could not e
seored for color, Plants from a second wave of
germinations were largely sreens resulting in
rejection af a 1:1 color ratio,

Fortunately, fleld expariments were also
conducted over o 2-yvear period with A,

[0

Table 2, Testeross and self-pollinated heterozygole progeny serneaation in Sarvaecetis.

Phenotype Expected
Cross code Furentage [ Green ratic’ ¥
Grevidiomss sown
Sell-polhimied beterozyvanies
1503- 143 S.orwba ssp, melfensi (F)) 41 24 i ]
18- 1400 Aorvidvenn ssp, pelfvesiy (F) [ER] iy kH 5.4l
19021400 C & s ssp, melfensiv (8 178 78 31 4.1
1499-[42E S vaden s=p, gelfensis (1) & 33 3l o
18- [23F S vabva ssp, puelfesis (1)) 113 32 3 16
[Hed- 1230 Svnelen ssp, gaelfensis () 1209 3 3 EL [P
Testeross |
1usd-153 5 peerparea 1 iereropiivtia
(ereen) X 5 parperea (F)) 248 4u 1:1 (.0
e 54 5 prarpnred O ) x5 peeineea 1
hederopinvita (areen) 176 FEG] 1:1 i
Field soww
Tealeross
1945- 15111 5 rebra ssp. joniesii (F)) %
S et ssp fonesil (groen) I 14 1:1 ma-
1995-1511.2 L rwbwa ssp. jonesii (F)) x
5. valiva ssp. fomesid (groen) 15 15 1:1 ma
Self-pellinated helerogvaates
TGU5- 1T A 5 paepnerea (F)) 15 7 3l LY
19495-174R 5. peerperea (F) i3 21 £ | 55
15495-175 5. paerperrea {F)) Ha 7 31 m3

‘Expecied witio based on o single sence mndzl.
Monsignificant or significant ol < 005,

peerperes, which we think address any prob-
lems with delaved germination. Self-pallina-
tion of heterozyaous 8. prrpurea (1995-174
and 1995- 175 Hrom the same location as 1994-
134 vesulted in progeny from twa of the three
crosses Fitting expected ratios, Offspring from
5 peorprred cross 1994174 failed we L
expected ratios. Field experiments with test-
cross progeny ol 5 el ssp. foresdi Fir ex-
pected mtios,

Sheridan {1997 discussed the potential for
heterozy zons inchividuals occurring in the wild.
Arthe time of writing no heteroeygotes had
actually been found. although their existence
vas suspected, This presumption was con-
lirmed by red and green offspring from het-
CrOEYE0OUs parents in testorosses 1994-153,
19924- 154, andd in self-pellination of 1995-
[P, 1995-1 748, and 1993-173, The plants
imvolved in these crosses were obiained from
a large population of wild-types and green
mutants growing together in Nova Scotin,
Cirgen mutants and wild-1vpes originally were
crossed Lo test dominance of wild-type in the
F, generation. Observation of greens in the
progeny and a subsequent Chi-Square test led
to the comelusion that these wild-ty pe parents
were heterozyzons. Thies heleraaygous indi-
viduals were present inal least ane population.
which is not surprising considering the larpe
numiberof mutants fourd at this sile. The green
phenctype, however, is rarely seen in southern
pitcher plant populations. although it can he
guile abundant in the northern bogs of 5
e (Bell, 19490 Very fow areen &
lewcapdella plants have been found in twa
adjpining parcels in Ballwin County, Ala.
(Sheridan and Schall, 1996}, and several green
& pwivrgeing were found among abundant wild-
typess aver i 30-kim stretch of highway in Gulf
County, Fla. Green 5. sl ssp. jorresis for-
merly peeurred in the Morth Caraling Blue
Ridge, but was extivpated, possibly by collec-

tars (Ron Determan, pers. conun.). The pau-
city of greens in the southern range of the
aenus may indicate that greens are spenane-
ously vecurring and only recently esiahlished,
with no heterozyeetes present or o low green
allele frequency. Another possibility is a se-
lection pressure against the green phenolype
and/for some advantage possessed by heleroey-
Lows or homoesygows reds, The estirpation of
the green phenotype of 5. redra ssp. Jonesii
from its bog may offer the opportunity fo test
various hypotheses under field conditions m
that site.

Color, nectar, and scent are the presumed
means by which Sarrecenin altract prey for
capture Cluniperetal., 1989, The diseovery of
areen mutents lacking reddish-purple calor
and elucidation of the inheritance ol this trait
may now ablow the role of color m attmacting
pray 1o ba more rigorously investigated. IF
reddish-purple color significamly increases
the capture of prey, and captured preyv increase
fitness, then red phenotypes should have a
selective advantage over greens. The presence
of green muotants in wild-type populations
raises questions as o the role of color in the
fitness of Sareaceria, and indicates that other
Tactors may play a role In competition (i1 any)
between these two morphs,
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