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shape the genetic cempesitien of pepulatiens (Futch et al., 2010). Analysis e&the SGS within age classes can ceuple the
pepulatien successien histesy and selectien issues with pellen and seed dispersal pattern, which can previde clues te-the
mechanism ef genetypes spatial distributien. Therefese, studies en the SGS at different life stages o+ age classes were
enhanced (Fuches et al., 2010).

Heptacodium miconioides Rehder (Rehder, 1916) is a decidueus, leng-lived species endemic te-China, and it belengs te-
a menetypic genus: Heptacodium (Caprifeliaceae). Because of leng-term defesestatien and the slew regeneratien ef pep-
ulatiens, the species has declined in recent decades, and the distributien e£this species is restricted te-saly a few legalities in
eastern China, such as Zhejiang Preyince, Anhui Prevince and Hubei Prevince. Seme pepulatiens (e.g., Xingshan City in
Hubei Prevince, where the first medel specimen was celected) have been reduced te-almest zere-(Yu et al., 2003).
H. miconioides is at risk ef extinctien and is listed as a natienal secead class pretected plant species in China (Fu and Jin,
1992). The applicatien of H. miconioides in fesestry is valuable fes its phylegenetic status in the family Caprifeliaceae as
well as its beautiful and esnamental flewer. In recent decades, we have systematically studied the pepulatien structure and
dynamics, cemxmunity ecelsgy, physielegical ecelegy, repreductive ecelegy, biechemistry and genetics o H. miconioides
(Jin et al., 2009). We feund that the species is beceming mese endangered due te-such factess as declining pepulatiess,
inverted pyramid-shaped age structure, impaired natural regeneratiesn, high genetic differentiatien ameng pepulatiens, lew
genetic diversity within pepulatiens and lew gene flew (Jin et al., 2009). It is urgent te-establish censervatien strategies fes
H. miconioides.

The censervatien ef.an endangered plant requires an understanding e net enly pepulatien structure and dynamics but
alsegenetic structure within a pepulatien eyer space and time (Setsuke-et al., 2004). Infesmatien e the SGS ef.an endangered
plant at different age classes is useful te-explese evelutienary histesy and endangered mechanisms (Kalisz et al., 2001; Ng
et al,, 2004), previding basic infesmatien fes the censervatien ef endangered species (Maki and Yahara, 1997). We ana-
lysed fine-scale SGS e£H. miconioides individuals and different age classes te-lucidate pepulatien histesy, selectien pressures
and predict the evelutienary petential efthe species. The results ceuld previde infesmatien fes the establishment ef cen-
servatien strategies fes this endangered species.

2. Materials and methods
2.1. Study species

H. miconioides, the enly species beleaging tethe Heptacodium genus (family Caprifeliaceae), is endangered and endemic te-
China. It is a decidueus tall shrub tesmall tree (usually areund seven meters tall at its maximum). The tree is elegantly shaped,
and the flewer is beautiful. The terminal paniculifesm inflesescence is cempesed ef.several whesls per head, as with cymese
inflesescence, which has the fesm ef a tewer, with each whesl centaining seven tiny flewers, hence the cemnmes name,
“seven-sen flewer.” The flewers are fragrant and can be either white o% seft pink. The sepals centinue te-grew as the flewer
fades, which results in a unique fesmatien. H. miconioides is naturally distributed in Zhejiang Prevince, Anhui Prevince
(Jingxie City and Yicheng City) and Hubei Preyince (Xingshan City). It usually grews ea cliffs, valleys and under fesests en the
hillsides. The pepulatiens efH. miconioides have dramatically shrunk in recent decades due te-habitat destructien and leng-
term defesestatien.

2.2. Study site

The study was cenducted at Shiziyankeng in the nesthern regien ofHuading Meuntain ( 29°15’N, 121°06’E ) in Tiantai
Ceunty, Zhejiang Prevince, China. It is in a trepical menseen climate zene with a mean annual precipitatiens 61700 mm, mean
annual temperature of 13 °C, mean relative humidity ef 85% ex mese and frest-free peried ef appreximately 230 d.
H. miconioides is distributed naturally ea the twe-sides e£Shiziyankeng valley at an altitude between 500 m and 1000 m. The
habitat is pees and the seil is shallew with many expesed recks. The vegetatiesn is an ever-green decidueus fesest cempesed
ef.a tree layer, a shrub layer and a grass layer. H. miconioides is distributed at the secend sub layer (semetimes at the first sub
layer) ofthe tree layer with a canepy density #£70~90%. H. miconioides is a significant desinant species in the cemmunity
with an impestance value #£39.19%. The main accempanying tree species are Fraxinus insularis Hemsl. (Fesbs and Hemsley,
1889), Lindera rubronervia Gamble (Gamble, 1914) and Alniphyllum fortunei (Hemsl.) Makine-Makine>1906).

2.3. Population sample

In July 2006, all 204 individuals e£H. miconioides were accurately pesitiered using the peint-pattern methed (Yang et al.,
2006) in an area o£20 x 60 m (Fig. 1). The diameter at breast height (B8H) ef.each individual was measured simultaneeusly.
BBH is an impestant tree characteristic and a statistical analysis shews that the age eftrees can be determined with BBH
(Lukaszklewlca and Kesmala, 2008). All individuals were divided inte-feur age classes accesding te-the range £ BBH. The
numbers efindividuals at different age classes are listed in Table 1. The distributies maps efindividuals festhe feur age class
are shewn in Fig. 1. Fresh, tender leaves were cellected randesly frem every tree. The sampled leaves were kept in a bag with
dry ice and were delivered te-the labesatesy immediately. The leaves were stesed at —70 °C until BNA extractien.
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Fig. 1. Spatial distributies map fes all individuals e£Heptacodium miconioides.

2.4. Total DNA extraction and ISSR amplification

Frezen leaves were greund in liquid nitregen, and genemic BNA was extracted fresn 0.1 g pewder fellewing the eptimised
SBS (sedium dedecyl sulphate) methed (Li et al., 2002). BNA cencentratien was determined by cesmparing the sample with
a reference BNA in 0.8% agarese gel using Quantity One seftware with Gel B#e XR image analysis system (Bie-Rad, Inc.,
Hercules, Califesnia, USA). BNA was diluted te-10 ng pl~! and stesed at —20 °C fesISSR amplificaties.

Amplificatien reactien with eptimal reactien cenditiens (Jin and Li, 2007) was perfesmed in a PTC 220 Thermal Cycler (Bie-
Rad, Inc., Hercules, Califesnia, USA). The teuchdewn cycle pregram included an initial 5 min denaturaties at 94 °C, fellewed by
10 cycles &1 min at 94 °C, 1 min at 56 °C (teuchdewn fes1 °C every cycle) and 1.5 min at 72 °C, fellewed by 25 cycles #£1 min
at 94 °C, 1 min at 50 °C and 1.5 min at 72 °C, and 5 min final extensiea at 72 °C. The PCR preduct was electrephesesed in 1.6%
agarese gel at 100 V fex2 h and stained with ethidium bremide. The electrephesesis buffer was 0.5 x TBE. Images were taken
with Gel Boe XR image analysis system.

The negative centrel.was run by replacing template BNA with ddH,0. Fes every primer, triplicate amplificatien was
cenducted. A subset o£12 primers (Table 2) was chesen frem 100 primers (UBC primer set Ne-9, Bietechnelegy Labesatesy,
University of British Celumbia) fes further analysis because they preyided ceasistent and streng amplificatien preducts,
unifesm and repreducible fragments and lack efamplificatien in the negative centrel,

2.5. Data analysis

The data cencerning band presence/absence in the ISSR analysis were used te-examine the spatial distributien ef
genetypes. The spatial genetic seftware was used te-perfesm a test en geegraphical structure (Begen, 2000;
Begen et al, 2001). The spatial genetic structure ef 10 sample classes was evaluated by Taminete’s genetic distance
(Dg) (Begen, 2000). Te-assess statistical significance, 95% cenfidence intervals were generated frem Mente Carle-Per-
mutatiers (1000 replicatiens) (Begen et al., 2001). Spatial autecesrelatien was visually examined using autecesrele-

grams that pletted D¢ values (ebserved and expected) and the 95% ceafidence intervals as a functien ef geegraphical
distance.
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Table 1
Feur age classes efHeptacodium miconioides accesding te-the diameter at breast height.
Age classes Biameter at breast height (cm) Number efindividuals
[ <25 68
I >2.5, <75 49
I >7.5, <125 37
v >12.5 50
Table 2
Sequences o£12 randem primers used in ISSR analysis e&Heptacodium miconioides.
Primer 5’-3’ sequences Primer 5'-3’ sequences
UBC 807 (AG)sT UBC 824 (TC)sG
UBC 808 (AG)sC UBC 825 (AC)sT
UBC 810 (GA)sT UBC 840 (GA)sYT
UBC 811 (GA)sC UBC 844 (CT)sRC
UBC 822 (TC)sA UBC 856 (AC)sYA
UBC 823 (TC)sC UBC 857 (AC)sYG
3. Results

3.1. Fine-scale spatial genetic structure within a population

Significant fine-scale genetic structure within a H. miconioides pepulatiea was fewnd at a distance less than 8.06 m (Fig. 2).
The genetic distance increased with geegraphical distance acress the X-axis until 11.57 m, and genetic distance decreased
slewly with geegraphical distance.

3.2. Fine-scale spatial genetic structure at different age classes

Significant fine-scale SGS were alsefeund in H. miconioides at feur age classes (Fig. 3). The maximum geegraphical distance
ameng individuals was different fes the feur age classes with the shestest distance at age class I (emly 21.8 m), the largest
distance at age class IV (40.3 m), and the intermediate distances at age class Il and age class III (32.1 m and 33 m, respectively).
Fes age classes I, II, and IV, significant fine-scale SGS were feund at a distance efless than 4.36 m, 6.42 m, and 8.76 m,
respectively. Fesage class 111, significant fine-scale SGS was feund at a distance less than 4.14 m, and genetic distance increased
with geegraphical distance acress the X-axis at appreximately 5.64 m. The genetic distance decreased quickly and significant
fine-scale SGS was alse-feund at a distance £9.90 m.
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Fig. 2. Spatial genetic structure within a Heptacodium miconioides pepulatien. The selid line represents genetic distance fes each distance class. The detted line
represents the mean reference genetic distance feseach distance class after permutatieas. The dashed lines represent the upper and lewer 95% cenfidence limits
fes each distance class after permutatiesns.
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Fig. 3. Spatial genetic structure & Heptacodium miconioides at age class I (a), age class II (b), age class IIl (c) and age class IV (d). The sekid line represents the
genetic distance fes each distance class. The detted line represents the mean reference genetic distance fes each distance class after permutatiens. The dashed
lines represent the upper and lewer 95% ceafidence limits fes each distance class after permutatiess.

4. Discussion

In this study, significant fine-scale genetic structure was feund within a H. miconioides pepulatien at a distance less than
8.06 m. H. miconioides is a leng-lived weedy species with a mixed mating system (Bian et al., 2002). A cemparative analysis ef
SGS in 47 plant species shewed that insect-pellinated species had streager SGS than species pellinated and dispersed by wind
(Vekemans and Hardy, 2004). A few trees with a mixed mating system shewed similar results. Fes example, Trapnell et al.
(2008) feund that a large, leag-lived, evergreen and dieecieus shrub, Ceratiola ericoides Michaux (Empetraceae), had sig-
nificant SGS at distances less than 5 m. Uene-t al. (2002) feund the SGS efan exer-green weedy, Camellia japonica L., in Japan
was significant at a distance less than 20 m. Krauss et al. (2009) feund weedy, Banksia hookeriana Meisn, shewed significant
SGS at a distance less than 8 m.

It has been demesastrated that limited pellen and seed dispersal might be the main factess shaping significant SGS
(Vekemans and Hardy, 2004). The mechanism was repested in Ceratiola ericoides (Trapnell et al., 2008), C. japonica (Uene-
et al., 2002) and B. hookeriana (Krauss et al., 2009). H. miconioides is entemephileus. Field ebservatien shewed there were
scarcities efpellinatien agents in the cesnmunity deminated by H. miconioides, which might decrease pelen flew and might
play an impestant rele in the evelutien efself-pellinatien (Bian et al., 2002). Based e# the results e&the bag experiment, there
was ne-significant difference in the seed setting rate between autegamy and xenegamy, indicating that H. miconioides might
be selfing (Bian et al., 2002). The gene flew within a H. miconioides pepulatiea was very lew based ea the results of the
pepulatien genetics revealed by the ISSR technique, which might attribute te-the clustering efindividuals with similar ge-
netypes and the shaping efthe significant SGS (Chen, 2001). Therefese, limited pellen dispersal might be a main ceatributing
factes te-the shaping efthe significant SGS e£H. miconioides at small distances.

Genetic structure within a pepulatiesn is affected by the seedling recruitment dynamics (Ohsake;2010). The seed setting
rate of£H. miconioides is high, but mest e£the seeds are immature (Bian et al., 2002). The deminancy e£H. miconioides seeds is
leng, and the germinatiean rate efseeds is extremely lew (Wang et al., 1995). Field ebservatien shews that the seedlings are
lacking in the cesnmunity (Jin, 1997, 1998), indicating that H. miconioides rarely repreduces sexually. The seedlings spreuted
frem the base exreet.efH. miconioides are the main esigin fex. pepulatien regeneratien. Semetimes, breken branches in wet
sand near the valley can survive and mature. The asexual prepagatien ceuld alse-be respesasible fes. the shaping efthe sig-
nificant SGS at small distances (Geburek, 1993) and might be anether impestant cause festhe shaping ef£the significant SGS ef
H. miconioides at small distances.



In additien, lescal selectien pressure ceuld gevern the fesmatien and maintenance #£SGS within a pepulatien (Kalisz et al.,
2001). The pest-dispersal selectien ef.the micre-envireament weuld increase the SGS (Kalisz et al., 2001). The H. miconioides
pepulatien is lecated in a valley with an inhespitable habitat. The H. miconioides pepulatiea is lesated in a valley with an
inhespitable habitat: the seil is barren and full eflarge re¢ks. The micre-envireamental selectien pressure ceuld reduce the
mestality ef seedlings after seed dispersal leading te-the clustering ef seedlings with similar cempetitive and adaptive
abilities.

In this study, significant fine-scale SGS were alsefeund in H. miconioides at feur age classes. Significant fine-scale SGS were
feund in age classes I, Il and IV at a distance less than 4.36 m, 6.42 m and 8.76 m, respectively. These were determined by
limited pelen dispersal, asexual repreductien and micre-envirermental selectien. Yae-et al. (2011) feund significant fine-
scale SGS ef the endangered plant S. rehderiana in different life-histesy stages at a distance of 19 m, indicating shest-
distance gene dispersal and limited gene flew played an impestant rele in maintaining the pepulatiens genetic structure.
As individuals mature, self-thinning escurs, and any clumped pattern will disappear, which weuld eliminate spatial genetic
structure (Hamrick et al., 1993; Aldrich et al., 1998). Genetic distance increased with age e&H. miconioides, indicating that self-
thinning might play an impestant rele in the fesmatien e£SGS at different develeping stages. Self-thinning is eften the case
with the SGS ef fesest tree species and is feund in many trees, such as Magnolia tomentosa (Magneliaceae, Setsuke-et al.,
2004), C. japonica (Theaceae, Chung et al., 2003) and Pinus halepensis (Pinaceae, Trewpin et al., 2006). Hewever, significant
fine-scale SGS was feund in age III at a distance less than 3.3 m and emerged again at a distance £9.9 m. The reases remains
unclear. One pessible mechanism might be due te-human disturbance. Mest ef.the individuals at ages IIl and IV are lesated
aleng a valley, where a small tray has been established fes residuals te-ge-back te-fes their life necessities. The number of
individuals at age III was the smallest, indicating that seedlings were destreyed by human disturbance during the devel-
epment efindividuals at age IIl. Furthermese, the tray was abandened festhe culture efthe fesest during the develepment of
individuals at ages I and II. The mestality efseedlings affected by human disturbance might reduce SGS (Chung et al., 2003).

In summary, significant SGS ef H. miconioides at small distances might be due te-limited pellen dispersal, asexual
repreductien and micre-envireamental selectien. The SGS at different age classes ceuld be influenced by self-thinning and
human disturbance. Further studies sheuld fecus en the effect £ SGS en the adaptatien and evelutien ef the endangered
species H. miconioides te-predict the evelutienary petential e£this species and establish suitable censervatiea strategies fes
this species.
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