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Reproductive characteristics and adaptive evolution of pin and thrum flowers in

endangered species, Primula merrilliana
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Abstract: The mechanism for maintenance and evolution of the distylous syndrome has attracted wide attention among
ecological and evolutionary researchers. The reproductive characteristics, such as the viability of pollens and of stigmas, the
ratio of pollen grains and ovules per flower, the fecundity of pistils and their ability of receiving pollens under natural
conditions, and self-compatibility levels, of pin and thrum flowers in Primula merrilliana Schltr. were comparatively
investigated by experiments in greenhouse and surveys in wild populations.

The studies of 13 wild populations indicated that the diameter of corolla and the width of corolla lobe were similar
between pin and thrum morphs ( P>0.05). The corolla tube length of thrum ( short-styled) flower (7.33 mm) was
significantly longer than that of pin (long-styled) flower (6.35 mm). In thrum morph, anther (7.30 mm high) was at the
mouth of the corolla tube, and the stigma (3.98mm high) was situated near the middle of the tubular corolla. In pin

morph, however, the stigma (6.50 mm high) was near the mouth of the corolla tube, and the anther (4.09mm high) was
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at the middle of the tube. The mean number of the pin pollen grains per flower was significantly higher than that of thrum,
but the diameter of the former was distinctly smaller than that of the latter. No significant difference was observed in the
number of ovule between the two morphs, so the ratio of pollen grains to ovule was obviously higher in pin morph than in
thrum morph. Under natural conditions, total pollen deposition at long-styled stigma was significantly higher than at short-
styled stigma, but the legitimate pollen grains number (from the opposite morph flower) and filled seeds per fruit were not
different significantly between the two morphs.

In the cultivated condition, the longevity of pin and thrum flower was similar ( about 20—21days ). The pollen
viability and stigma receptivity of pin flower were also similar to those of thrum. Pollen and stigma of two types flower kept
fairly high viability during both prophase and metaphase of flowering ( about 16 days) and only reduced distinctly at the end
of flowering. And this phenomenon was more obvious in the pollen viability of long-styled flower.

The results of artificial pollination indicated that self-compatibility in both morphs were similar, and that inter-morph,
intra-morph and self pollinated all could bring filled seeds, but the mean filled seeds per fruit of inter-morph pollinated was
higher than that of self- and intra-morph pollinated. The tubes of legitimate pollens (from the opposite morph flower) grew
faster than those of illegitimate pollens (from the same morph or self flower) in pin style, but similarly in thrum style. The
germination percentage of legitimate pollens was higher than that of illegitimate pollens at thrum stigma, but no such pattern
was found in plants with pin stigma.

Based on the results above, the breeding system and the mechanism of maintenance of the distylous syndrome in P.

merrilliana were discussed.

Key Words: Primula merrilliana Schltr. ; distyly; reproductive characteristics; floral syndrome; selective pressure
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£t 1583 FEHIRAERHE ( Primula farinosa L. ) FIHHH (P. auricula L.) W P RIS e
FNHAT M IE, BT 23 BLAIA "R AEAE! S b 5 ER} ( Rubiaceae) i AEFH ( Primulaceae ) R
Bl ( Linaceae) 2P} ( Boraginaceae ) RS % > 1 HE A1 =2 18] B4 B2 A9 Ak B A I 25 | 4R nT AR 2
SERA AT R RIAEREIR B H AR REAA A AE B AR R 2 R AL B S o R AR B A B Ak
oA IRy R AE B R A U 8], A A A R 152 20 T A A A Sk A AR A A R P2 45 KA AE A S A BB IE B 25k S 7
BEAb, IR AL TR B 5 P A AER R/ NI E Y Sk BB SRR KSR I 0 B R, K AEAE
RV FEAEAN R TS A H 22 55 32— X S A7 5 (S-locus ) 11 5 25 A7 3 DR B ) 10, A A6 J2: Btk 4l 5k TR
(s/s) Py, JEAEAE RIE P Z2 G/ (S/s) T, RIEAEARL(S/S) B RN Z4EkK I RIAEH: Y e +5
BN [ SR BEFR R ) — B AR A 2 R A B g ST i 2 — 1 7 B

GO AR E ( Primula merrilliana Schltr. ) f&—Fp ML g — R AEAEY) , K8 T HREFEALF ( Primulaceae ) i
BACE (Primula) o ZAEY R PIAELE/NELA [ 10—30 MOPMR S M7 2E b B35 el R IRt b B
R ST R BUNE R T I X, B KRR 50—1000 m (9% I Ak R Ak
GRS RE 1T AN, BRI R AR AR SN 2 AR A AR ELPRR A I R R AR A A LAY
103, XTI RE AR RS L AR A IR AL B A T R, T LRk, T A B
PR, B A PRI R B P A A N 2 ) S I A5 53 A, 48 KBRS AN 31 100 AR R A AR,
T EL/NFP R P AP AE R (AL 220 B EE B B ES 101, B 2= B0/ bk R B0 R AR Bl S DL A W BR85S R R
/A IR S TE AR DG /NP A AE B8 ) © B A2 52, HLR 22530 A T N2 s ZU 0 B 0 sSop i, B AR AR 1)
AAFBLRA AR ORI T 4R A B E B9 s SRR IEVE R UV 8 H U G 4 bk
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AETBLRE B RHE Y 5 [F) B FOE R AE R pIL]

1 #MRFFHE=*E
1.1 JEAFHE | AR T RMRCRZ g gt

2005 44 A iva) TR R RCHM R A X EE T 13 A HARFIRE (FR 1) , B PR R L PR PR IR i 4
FEAERVEAEAE A 15 2454 MK 1 AR AL B AR AL 98 AL MERS & I 38 5 S AE TR e B 4k
ik SRIG /IO AL e (A Sk 88t 7F e T G4k AR A AR AT AL AE MR 5 (A AR A8 B B d KT
KAEACAERY) o FFREPLIRICK RS 20 S /54 AR (5 A A A ) SRISCR 52, il 58T G+ R i it
T

E1 HHFENERATESREE
Fig. 1 Floral traits measured and artificial pollination treatments in this study

A HESER B AR C MRS s D AT R 98 B ABTE ELAR F e FLAERIH ; G- RIBLSRAERE M)  H . S RUAE M

1.2 B/ IREREL (P/O H) FIAER KNSt

4 H o] 78 1R 13 AR REAILBE R KA AL R A AR A4S 10 28224 2 T FAA Hoay [ 5256
BHITAEMIRR L . AETHEZE MR B T /NGO IBORAE R 2 AEZ5 BT 1.5 mL 2048 8505 281K €
ZHE 1 mL, RGBS wL BIF R B P o em e, R T8 10 W, M 80T
AN B AER R/ NI ESR AR IS wl BIFIRIR A1 B 10 Wl 78 8308 BEDLIN & 30 ki,
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RERTHEORTE AR 5 T A /N O Bk B e 3R I IRER AT I, BB PO L FIZAE AL B i
FrUARERE B 153,
1.3 AEMAGETT S ACH IS I3 R Sk w] 420 A I

2005 4 10—11 H , 70 NS (M) JNERFRRE (K) HraZ BGER 23 4 i 11, 1T E 4224 20 em, 280 10 em
BRI AE 2, T8 FH PP A el 8 B A S0 2 A T AR, B AR 3—10 BRSNS MBI wIE IR, LR
AT SRS 30 2%, MERIC SR IFAE sl A5 S fa]

16 FR AR B R R R B HLARC KA AE T AR AL 45 20—30 45, 700 TIFAE RS 1 K 55 8 K 4 16 K b3
BIG 1—3d Wbk, BB ZM3 NEE . FHEIASEFRERR E AR 1% T, 3G9 5E M 15% R, 1%
Billg ,0.002mol/L H,BO, 1 0. 006mol/L. Ca(NO,), 4,25 CIHIEFEEFF 24 h, 1E RGBT I E LK i &
F2 O RRANRE S BEDLIEE S LA _ERORLER AR SR 100 KDL ERAERS o AE R KB A4S T EK TAER
B EARRHE NI & A6 & Rk 0 R R = W R AR R B 6K B 100%

F1 BAEHERAEATEHE

Table 1 Traits of the investigated populations of P. merrilliana

P B (G ) Ab HH/m AREL
No. Location ( Latitude ; Longitude ) Habitat Altitude Population size
A IS (30°05. 791'N; 118°08.001'E) jiz:57) 500 9
B K ELZ R (30°07.385°N; 117°56. 741'E) %57 155 13
C #7111 87 J] 14 (30°05. 875'N; 118°08.015'E) VINIRE:S Y] 842 29
D #1137 J106 (30°05. 426'N; 118°08.222'E) BN 709 40
E PRFEFFZI(29°48. 898'N; 118°02.427'F) BEtih 200 58
F #1128 (30°06. 167'N; 118°10. 173'E) ML 673 95
G KFEERF (30°07.478'N; 117°56.831'E) Mgyl 170 107
H KT EFF = 11(29°48.909'N; 118°02.348'E) i3l 166 119
1 PR EF 210 (29°48. 601'N; 118°01.499'E) #ih 395 211
J #7 IR SR (30°06. 174'N; 118°09.989'E) ji%:5u) 741 256
K A ESHR(30°14.076'N; 117°32.511'F) Mgk 152 970
L | LR (30°14. 067'N; 117°32.468'E) bie 3 77 >1500
M KA BB (30°06. 167'N; 118°10. 106'E) BN 303 >3000

TE EIRASHERRE ARG KA AL AR AL 20—30 ), 73 TOFAERYER 1 K 55 8 K B 16 K 55 24 KT
A REZ A LLWITF IO A S B AE AR . B AL PEE ST 5 SRl LR GETH AR A I O , I A 2R ST 2R AT AL AR 39
R TR T GET AR RONR K B RORERAE B3k aT PR3 A 2 A Sk T e = SR (SR R R

AIRERELD) .
1.4 [ASEAER I E
1K Dafini' ™ 17 X0 2RO IR AR AR B AR HEAT R 3R N TR 9058 (1) X R AR B 5 (2) AAE#R

W HFAERER 2 R, N TR A AGAEN 5 (3) [RIBUAEEE N  FFAEEE 2 R, N TARE T S AL 400 5 (4) R BAER N . I
TE5E 2 RN T RS REIE ) . 76 (3) Al (4) SC8erh A A8 Y e J5 B2 0y, KA A3 R o0, DL B SEse iy 16
R LRI R FE AR 2 RIAESE , SR b B /A 10 AT, B e R, O 959 SR TF 24 i lie 48 , 1 %
TE R

J T AR AL AR TEMERE T A & AR RS2 RGO, o B AR A AL 5 T S AL | TR A S
FEFT FAC R S8 IFAE B IS 6,12 .24 36 h BYHUMERE FH FAA BE &, BB s 03 A~EE, 9Ok
Yoty s BARANR - B AR ME RS 280 /K Pk 3—5 WK, B 1—2 h, 1 mol/L ) NaOH JE 4Kk 1L 12 h, JHZ&
K WPk 10—12 h,0. 2% MIZKIETERBE YL 12 b, R 56 W iBE F ERAER B & AER A AR KR 32k
L, I AR K B R B TR A KA
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F SPSS(11.0) X LSBT 88 7+ .
2 H#ER

2.1 EFPIESFE | BRI T B RO FZs kAL

13 > HARFIBE AL TR ST AT R I, KA AL AL 7 B A2 (((15.910. 15) mm, Mean=SE) (24 H %
((4.86+0.08) mm) 5% AL B AL E A2 ((15.60+0. 14) mm) 24 H 58 ((4.76+0.08) mm) 2555 AN i %
(1, 3= 1.524, P=0.128 Fl1, ,;= 0.834, P=0.405) , KAHALMIER I ((6.35+0.06) mm) BH 550 F 40k
FERIAETRTR ((7.3340.07) mm) (1, 4= 33.897, P<0.001) . PIAERYAYME MESSI 008 (3R 2) A AL e
AR G RAAE A HESS E T B I (1,465 = 0.072, P=0.942) 101 A A6 1 B v 20 B iy T AT 48 1) HE A s
(ty 33= 8.243, P<0.001), 7EFHARFZM T, KAALITHESZ 09 S AN BCE W G i T A0 AT AL 0 S AE R 25, B BT 2
Z N S REAC BN A W 225 (R 2) . KA REIREFF R ((37. 841, 64) fi) 5L 1) T35
TEEHFEL((33.30£1.79) Fi) A B E2ZEF (1, 20= 0.428, P=0.669)

2.2 (B R/NFAER/ IRER L (P/O L)

K AL RIAER RN R (19.07£0.21) wm F1(30.07+0.42) pm, PIEHZEZ 1.5 %5, PR
B PO H R 316.95+10. 68, K AL AL 34 55 46 (1 LA ok W v T RAEAE 1Y (1, 55, =28.754, P <
0.001) , {H P HIIREREOS AT B35 22 5 (1, 1 = 0.354, P=0.723) , ik, KAL) P/O HoH 456.21+10. 15
T T AR 177.7024.91 (1, 5, =24.707, P < 0.001) , fEMEU(F), ,,,=1.891, P=0.037) JRZREL
(Fi, »;=19.782, P < 0.001) F1 P/O FL(F,, ,,,=1.835, P=0.044) {4 Pl p 22 53 0 3% Joh IRER S5 il
R/ IEAHE KR (KA r= 0.695, df=13, P<0.05; k4L r=0.638, df=13, P<0.05) , 'S5 55
HEIR/INTC 35 AR G HE

R2 KEESEERNEERFE

Table 2 The reproductive traits of pin and thrum flowers

W G bR KAERE FIMAE
Pin flower( Mean+SE ) Thrum flower( Mean+SE)

. . t
Measured or investigated parameters

AETEEAE Corolla diameter/mm 15.91+0.15(n = 181) 15.60+0. 14 (n=184) 1.524 n.s.
S A 58 Corolla lobe width/mm 4.86+0.08(n = 181) 4.76+0.08(n=184) 0.834 n.s.
AEF K Corolla tube length/mm 6.35+0.06(n=181) 7.33+0.07(n=184) 11,112
#E3k ¥ Stigma height/mm 6.50+0.06(n=181) 3.98+0.04(n=184) 33.897 ***
ALK 487 Anther height/mm 4.09+0.05(n=181) 7.30+0.07(n=184) 38.622 %%
£/ 4E Pollen grains per flower 22491.1+456.90(n =118) 8522.9+165.02(n=118) 28.754 ***
A} EAZ Pollen diameter/ wm 19.07+0.21(n=30) 30.07+0.42(n=30) 27.692 ***
JRZK Ovules 50.76+0.95(n=118) 50.27+1.01(n=118) 0.354 n.s.
SERIAEHEL Inter-morph pollen loads 27.51+2.41(n=181) 26.51+2.54(n=184) 0.286 n. s.
BAEHEL Total pollen deposition 106.97+5.15(n=181) 49.15+3.71(n=184) 9.132***
K/ 3R Seeds per fruit 37.84+1.64(n=104) 33.30+1.79(n=98) 1.873 n. s.

% % % P<0.001; n.s. : NBE

2.3 B AERYTE ) RIAE Sk TR

TERRITAP R KA T AEFR 22 I ] ( (20, 73+0.60) d) H5E A ((21.27£0.61) d) TR EE R
(t,55=0.627, P=0.037), WIFFIERF, &K JAAER LR TS JIARRL, 242 0.70 Z245 (¢, ,=0.344, P=0.734),
PIAERUAE R 6 F1 A AL S AR L, 7ERT 10 d PIIRELERR A R TG 01, FFAER I (2016 d J5 ) B TR (KA
. F, = 21.523, P<0.001; B AL F; ,=3.619, P=0.020), HKHAL AL RS TR (1, 5, =
4.660, P<0.001) (1#2), PIFRERIAHFE K% 01 RIABAR L, BIREERAS B ] P (29 16 d) EFEH =i 1, AL
TEFFAEA A W B T (KAEAE F, o= 42,715, P<0.001; kAL F,  =52.621, P<0.001) {A{ A4 —
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2.4 HEEME

The day after blooming

B2 ZREFAMRELMIE LR
Fig. 2 The pollen viability and stigma acceptability of P. merrilliana
a,b,c FIRAIN ] B 2 7 0 3 AR HU H] 26 5 LU, + = % P<0.001; n.s. : N3

LRCPIMARBALE HACEA R RL AR B8 S BAE R0 S50 N S RB A KT, (H S B AL B Y SR RO i o T
AR R R B AL BT S5 KPR (P L F, 4 =105.592, P<0.001; T %, F, . =149.375, P<0.001) (% 3),
o3 [F) Y AL 52 A0 Ak 3L b A B AR 25 AR B I8 e A AR A1 X R | 1 AR B2 000 0 e 6 45200 T o 1 7R ) &85 b 500
AR EZER(P>0.05) , TEICIEk R B 250 % 551 T L RCPMH T e D 45

®3 ZEPAHREATENIBNEFEST

Table 3 The mean number ( mean+SE) of filled seeds under different pollination treatments in the cultivated population of P. merrilliana

Vi oy EpiZi2) [HEEYIZ e S RUE (] 424 F
Pollen recipient Control Self-pollination Intra-morph pollination Inter-morph pollination
NEid 1.42+0.53 ¢ 21.30+5.74 b 19.44+5.56 b 45.44+2.29 a 105. 592 ***
Pin flower (n=88) (n=12) (n=10) (n=21) '
R 1.05+0.44 d 28.47+7.60 ¢ 41.50+4.64 b 50.40+1.60 a 149, 375+
Thrum flower (n=152) (n=11) (n=12) (n=10) ’
t 0.520 0.761 3.074 " 0. 146

# % P<0.0l; * % % P<0.001
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FEHR, S RUAEAENS B R ARAE (R AY 16 A HESKAERY B A AR GS ) A0 A AR B Bt b, 24 h EAE KB T
Pi,36 h SERSZ A , N0 1R 24 5 A6 AE R R A AEAER i A0 2% | [l L S AEAE R AR BRI 12 AR SR OISR 3] 5 A HE Sk
AR A, A AEAERT AL R 12 AR SR PR 3 A SKAT AERY i & (EAERY 17 K I ) A BB 1 S U B AE

T EER 36 h AETEZHG .
3 itig
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