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AH T LR L E R AN AT iz BRI Fifl 7Bl (Fagaceae) 1E4: #k
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Abstract

Fine-scale spatial genetic structure and leaf shape variation of five
Fagaceae species in Wuyishan Nation Park
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Abstract

Fine-scale spatial genetic structure (FSGS) quantifies the genetic similarity among individuals and
its relationship with spatial distance, revealing microevolutionary processes in plant populations.
Phenotypic traits, particularly leaf shape, may also exhibit specific spatial variation patterns. Studies on
FSGS and leaf shape variation can provide valuable insights into how plants adapt to environmental
changes at fine spatial scales through the characteristics of genetics and phenotype, and play an important
role in species conservation.

In this study, we selected five widely distributed and coexisting species of the Fagaceae from
Wuyishan National Park: eight populations of 207 individuals of Quercus glauca Thunb. and three
populations of 119 individuals of Quercus multinervis J. Q. Li from the genus Quercus L., and seven
populations of 111 individuals of Castanopsis tibetana Hance, seven populations of 102 individuals of
Castanopsis faberi Hance, and four populations of 62 individuals of Castanopsis fargesii Franch. from
the genus Castanopsis Spach, analyzing their population genetics and leaf shape variation.

Genetic diversity analysis using 10 pairs of nuclear microsatellite (nSSR) showed that Quercus
species exhibited lower genetic diversity than Castanopsis species. Genetic structure analysis indicated
that, using the admixture coefficient Q threshold of 0.9/0.1, 79 individuals were identified as admixture.
Bayesian clustering and principal coordinate analyses (PCoA) demonstrated significant genetic
differentiation between Quercus and Castanopsis species, as well as between Q. glauca and Q. multinervis.
In contrast, the level of genetic differentiation among the three Castanopsis species was relatively low.
Analysis of molecular variance (AMOVA) indicated that majority of the genetic variation in the five
species occurred within populations, with a percentage of variation of 69.7%. Spatial autocorrelation
analysis indicated that the intensity of FSGS across the five species placed in the upper-medium level (S,
= 0.016-0.031), with significant FSGS was detected in all five species, and genetic relatedness among
individuals declining progressively with increasing distance. Compared to Castanopsis species, Quercus
species exhibit stronger FSGS, more limited gene flow, and lower genetic diversity.

Traditional morphometric methods revealed that the five Fagaceae species exhibited higher leaf
shape variation, with a mean coefficient of variation (CV) of 49%. Significant differences observed in
leaf length (LL), petiole length (PL), leaf width (LW), length of lamina from base to widest point (WP),
leaf mass (LM), leaf area (LA), and specific leaf area (SLA). Notably, LA and LM exhibited the highest
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CV values for five Fagaceae species, reaching 79% and 97%, respectively, suggesting that these two traits
may be more responsive to the species differentiation. Regression analysis showed that the scaling
exponents of all five species were below 1.0, indicating a “diminishing returns” phenomenon in all five
species, meaning that LA did not increase proportionally with LM. Notably, C. fargesii exhibited the
highest scaling exponents among the five species (o = 0.83), suggesting a relatively stronger response of
LA to the increase in LM. Geometric morphometric methods (GMMs) showed differences in the
symmetric components of leaf shape among the five species. However, partial overlap exists between
Quercus and Castanopsis species, with significant overlap observed between Q. glauca and Q. multinervis.
Quercus species exhibited a greater range of leaf shape variation, characterized by longer petiole length
compared to Castanopsis species. The possible reason for this difference is their differential adaptations
to water and light conditions.

In summary, the results of this study indicated that although the leaf shape overlaps partly blurred
species boundaries between Quercus and Castanopsis species, their genetic structure is remained clearly
distinct. Q. glauca and Q. multinervis exhibited higher intensity of FSGS, lower genetic diversity, and
weak diminishing returns. For these species, ex situ conservation in drought, sufficient light environments
are recommended. C. tibetana, C. faberi, and C. fargesii showed lower intensity of FSGS, higher genetic
diversity, and strong diminishing returns. /n situ conservation, combined with effort to maintain higher
humid and reduce light exposure, would be appropriate for these species. This study used population
genetics and phenotypic traits analysis to reveal the FSGS levels and leaf shape variation patterns of
Quercus and Castanopsis species in Fagaceae. It provides a theoretical basis for the population genetics
and leaf shape studies of Fagaceae species in national parks, and offering insights for species conservation
and ecological adaptation studies in biodiversity-rich regions.

Key Words: Quercus, Castanopsis, fine-scale spatial genetic structure, leaf shape variation,

species conservation
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A g 0, WEM S, BAERESWOM, HBEZHEEKEEESHEEL R
(PIRFEEA SR BG 0, AT SRS Fh i3t Ak 38 5 AR 5 4 PR S v i IE B e 1), J A%
ZHMESZBINERER (s RIS SHMERZER A fIs2m A2t
ST, st 4 ZREPER AR B0 5 N 2 T35 B B E0ME, 85 7 3 & B R 1 52
EH AR P S SRR BLGE T o = /K8 % 2 R AN GBS T+ AR RL G PR35
BB T RE T, 38 ] N IE R BE AR AL SR AL R, (2B H A I e 5 A S A iR e 17,
M, B4 2 REPE IR S IS5 RN AR AR RS 0, O I H S SEUFh K 4,
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HHTHE o RNFENTIE AL 2 BRI AERFAIL I L2 008 7 3o PR 25 2 1 e A AR 7 %8 52
AP i A B5 IR AT R SRR ) S0 25 A o IXANUR Bl TR A W Ao 2 3t A ) 2R A
FSONFRRAERAE W) 2 R fE LR A T B 2S04 .
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AR BT [, @ RERE R O EBEN 0.9/0.1M20RR 514654
5 REANE. AL, B RS (Fso) AR EREE RS AL 70 R BE R O 48
b, AT RO BRI 3 A AR BE DL R B DR A A 022 ERE DR R, AN AL 3% 7
S HE DRI AR R B e, AR Ry b i 8 B B m R KA K, TR =
FEFEF TP R M9 B8 V132 B, A4 SR H B B B s A% Ak . st AR S A T
B2 kM IR EE ISR, BAEFEED e ahds . FERIRAR DL B SR FE A5 ]
B, IR L A A AR B TR 8 AR S 5 PR R 7 BAE B, R
] B AR 15 5 AL AR S AL B e A o A R R A I ALER, Db 2 38 58 2 1)
Fh ORAr S w5 AR W AL BRAR AR R IR SE S 34 230,

113 /N R 22 [B] 35 45 14

AR AR S AE 73 1] 1) 5 A A% JR B R 9 7 (R i AL 4544 (Spatial genetic structure,

SGS), RFhHERAL LM FIAZOEZR 2 —. SGS HIFFTVE Rl % Ay [X Bl 5 R EE e
Bl o6 TR AN [ DX IR AN [ (] (1) 183 4% OC I 5 JE DRSS i, DA SRR b A £
B K2 [B) Y8 ] ) A AR A o OB FH 201, A s, X A RO B9 LUK A ]
[R3E A% o0 2R ST DRI B AT BRI 7T o REA S DRI 135 AR R IR M A L B Ak (HEkn 1
P ALz 2 [E R, AT AT B G AR A R, S BERGAMAE DA 2 I
JEREHL AT 280, Rk, XTHEA) SGS MR 2 RAET /N EVER], ZREET
SIS PR PN A BRORS Bf E Ar 5 BAE BR 20T, AR ST, /N ROBE S (Rl s AL S5 1
(Fine-scale Spatial Genetic Structure, FSGS) ¥R 7T H . FSGS ik 1 /& =)
FEIANTE- S wb i - R e Rl ST = W B W vt N TR - ey ER PR et i T R R s 0 5
A, AT DA HEWT AR Y ) SE PR BR LB LA FSGS 2 % FH 2k (R B 45 B BUHUH e
FFHF 5T . 412, Epperson 553U ] £ 457 B4 HLH 24 (Pinus contorta Douglas ex Loudon)
AT A B AR AT, B AR 21 5 25 1 2 18] JAH DA 2, A I R AT e S E AL
BRI G 7 TARICEORI AR, 4G PCR ¥ G 170 T HoR @ b
FEAE AT SRR 2 A5 {5 5. )40, Harata Z5PAR|FHZ 2 4 Fhrid (Nuclear
microsatellite, nSSR) X Z& B YA 10 Fh3LAE AN &Rl (Dipterocarpaceae) # sk
1T FSGS 731, SR R IE 7SRRI B2 7 FSGS. Mosca 2335 H sz
12 2 & PEFRE (Single nucleotide polymorphism, SNP) #isF FR45% K] 2 X 52 K H) 2R 35 on]
IR BT LU DR 4% FSGS B2, #9838 AE IR RO T8 H AR e R BRI B IX
FSGS /KFAEEH . FSGS WIS #EE~ FSGS MAFES 5 S HBRIE, FFNFEfE
B Rl AR SRR AIE 2 3 PR ] PRl L 25 . 23 [8) EAH G AT 9 5 FSGS A% 0
T332, I A3 AR 1] (138 A% AR AL 5 M B B B 2 []  e vh DR BR, Be A A 2 FSGS
fRF7AE 5 7504 F nSSR %F FSGS 1R HIWE 70, Xt S5 4 5% & % % (Pairwise kinship
coefficients, Fy) &N A ZWGETHSE1%0, % FSGS WA K E, I
CLSEI FSGS 5 B AR B4k, AT SEILAS [P F0 2 7] FSGS 5 B2 ) B4 LL R 8
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i, Kettle ZECEN T =MILAF il & RHEYIH) FSGS K HFZM KRN AL, AR
YFh 2 18] () FSGS 5 BEAFAE W 22 5, FLrh TEA A%k (0 Rs 57t 1k T e de X b 22 53 (14
HERERZ —, EIFAEME - JUE R R . HYIFHEE FSGS M Gl H 32 2 2 M) K AF
R AR, R IR . AR AR SRR
NFPEEEPS PN, FE/N RV A, B 52 IR 2 3R 5 FSGS TR £ 3R %, HZ IR
FEJE S FSGS 988 S IEAHIC O R o AR T 2B Ry 5 M T LR e,
FER L FR R B 2 25 K TR 9 B B, P73 BOUONATAE RS FSGS TR vk B
, IXAEERREE B RO A I AR R FSGS I BRIE AR A4, RIk, FSGS A
DU B 7S R 25 A (V) DR BEFE AR, T2 Al BT Rt A g 52 S LG HIL i R SC B A
RANJT & FSGS 7T, x4 B2 R gihe e ME A mENE, PR R L A &

P,

1.2 EESMESF

B2 (Morphology ) %4 2 A W) 22 G it i A% O FE Al o VR N TR A S I EE 2200 3,
AN E: (Morphometric) NAEMTEARI LLEF M 8 Tl AL HTHESE, (Rl
2R T2 R0 o A R 22 R IR TT VR AN 52 35 DGR BUE &2 B G T
FBRMHZRE, EENEXEIHR S HEZ A3 73— kR, e R
o, A& O 2 B T oy R M R e i sy, UHGRERIMAE S
YIRS AR, i RSE fE AT R N EEA RIS, Hod,
MR R BT, KA REREH TR B2 MRS 2 RN, iy
TEATTHARZHAIRRIL, Flanrt 2, Rk, K ARKSE, E R ED R AR
itz —, 252 UEFDRER R, RZ0 WA YRR 5E B B je /1147 IR T
- T2 e AR S RE U 48 s AR D AE AN R B 45 1 ) T T B & B SR, W RE % 9 )
FRRON B 43 R i B B T 5 P, ik, RS A IEE (Traditional
morphometric methods) 5 J LA JE A5 &7 ( Geometric morphometric methods, GMMs)
ez N T R RS AR R AT, AE SR N A] AR S DA SR R 0] B 8 2 A 1
T N S5 T T s H R R T
1.2.1 R IEA N &

FETE AR B A FU A, A% St IR A I Skl i o T A R AT BRI &= (G
MG SR DLAGTHEENR (N 4055, Jfi— Bt R (it
bty LTRSS, B2 mgiit ot FB, Rt iR 0 e A0 e TR 3T 2
B, IR R Fh R T 25 22 S a0, AR ge i S vkl W i S Bh Al & T
H, BRERMEREE, SSWRIHEE, &l T 2Mit Ry s, EESENS Ky
WEAR SRR 7T Z N . Kremer 28P2ET 14 Ak FHRIR, BHZ oAt 1
Bk (Quercus robur L.) FITCHEIEME (Quercus petraea (Matt.) LieBlume) M Fr 225



SR L R R 2 el 5 S R (0 /N RUSE 28 8] 8 A% 45 1) 5 TR S 28 ST 7

o3k, SERERHANFEN R SRHE AR EES . Wei Zl L 04T 15 ME
SR, WA TAAERTIMGE BT RYE (Quercus liaotungensis Koidz.) F15E i #k
(Quercus mongolica Fisch. ex Ledeb.) HIJE&AEFAHE, 45K RRM MM BRI
T, ABHITESREYI SR AR N MSZY) R . Stephan S5V 0 WAl S B
[-CRR R, I LLRCH i 5 R SR SRHER FEAT X 73, %08 T 28GR LB
A WAL, A B MERRAE SRR A BT AR AR R I — R PRI R &R, RBAE SR A
[ P PR 2 ] ) B Rk AL G R Y. AR AR B, W EE S AR 2 R E S
FZHGTH AN, XM R ERSCETE S J), FERE T R A AR AL )& B
P g 2055361 Tt ) A DG P AR A IR AT B 40, VR 2 TR B T E S A
Z A R AR AR HUIN T 1.0, R WY ot AR SOE b AR A 7 o 3 2
P, X —IRAIRAE Y aRid R PO RN RSTIZ A E G R, AMUA B TR
YAyl B RS I, JFRERE— 20 i W AR AN [ A B 264 N B PR S o ]
ERRGILSNEIL M ZERI TR AL 130, EHAMEE R IR £ RS 7T
o, ARG EEA T 1 RN, iy KRMEEZE I, S8 R T Rea%
BB g PO tb b, T G — RSP FRERIE 732, ARG 2k
DAVERA AL AR MR 1 B 2R T A8 162 61, FEIX 7 T, GMMs W JE 3t e B 2 A 35
1.2.2 JUAT A B ik
20 2 80 AR, T AR R VB G 70 LA L A& AR #0771 A TR A I 2 5
TERE T TR R FRBRARION00), 28 90 44X, BEAE THENLEOR PR R, JURTESEE
PRI K AR S S R i BT AW S B0, GMMs Bl 2 38 T 45 21032 B H
67, 1% Ty I i B AR bR & R U A8 R G, FR45 6 2 ugit 7 i T BUR T A&
VIR Z R EEBRN AT, GMMs BA bk . B VELF Sr] Stk s 55 s, A
IR B AN R R R RS 2 5, IEReRSHE BRI /b 45 R U8, [F), 1%
JIFAERR 7R T A2 5 ) 70 () A% SR 77 TH B AT W AL, Dy e i AR AL A TR A AT 5%
PO T HEEMEARLES, BHAl, GMMs B NI IA R e 5 TEZ o
KB B, H T 7 155 & A% (Landmark methods) 12 5772 (Outline methods )
PRSI, bR 6 SR B BN 2 T2 — TR 8 ALAERE AR R R e AR A
) —BEN . (BIARE RD . FEM RIS, An& mERE AR bR & s i 25 18] 7
ARG AR R, R nT SEEL R TR S KNI &gy U7 d i R TR )
TEARE ROFF I U &R, TR RS B8t kik, IRl P2 . et
AR, HEBRI R KN LB R OT IEAS T, A LA 2 I
TEARZE R, WTHEMR AR TR AR 2 68 51 B GMMs BIAN BT,  HAE
T T TR, R AL A 7 e I S 2L S A 7). Guamba S5U4@ i
FIFH GMMs X} @A (Polylepis racemosa Ruiz & Pav.) 1 Polylepis incana Kunth ]
M A AL AR AT Z T 5T, 85 BB e R AN RRAE AT A 280 T P4 ol
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X . Liu 2EP@ETEE 13 MG S X (Quercus dentata Thunb.) FIH R
(Quercus aliena Blume) JT M i IEARHER 7T, IS 7 M EA ZOR 7. I
4h, GMMs iEBERE R I Fr RO PR B 5 JAERERR 3 43 B8, AT AT Hh 52 a8t A% 52 0 () 2H.
gy CWRREE ) CARSZIR SRR (20 7y CHEXTRRECZ) Vol RAE M FIEA Al g2 3
R R, FmEARKDCR, RE. LEFRSEFERZMT, T SEHIE
KA, T FEME T3S St Fe 4 R, (B2 GMMs R Rt i 4y 9.
BEFRRGKE 0 TAPL,

1.3 A5 X IR B i 3R X &R

1.3.1 BJF 7E X 4Bt 0

AT XA TR L E K A, %2 bl 4 E E O L I E R A R Rz —,
oA AR RS, PSR I, BEATE 1280 km?o %X SR 4L 1
Pefr A E, BKFEE, HRRE, FPF8IRAME 14.2°C, 18K EZN 2
583 mmb" 71, ECHE 1L X AR A S A R R T R AR 2 A 4, A
B I Z2FENAEYRE, gttt ZIXEaAAEHEY) 2 700 R, %) 7 400 R, 4
A 800 ARFHUSL, [RIINF, 2 X ORAF 5 v B 2R B Wi B R S B ) R G R RAE S R
g, HAMERM Ll 7 Ry i X = 20, F 2588 (Fagaceae) . 1%
Bl (Lauraceae). K=Fl (Magnoliaceae). 114Fl (Theaceae) SFALf, FEALHFh
H: Kb (Castanopsis carlesii (Hemsl.) Hayata). i (Castanopsis eyrei (Champ. ex
Benth.) Tutcher). % (Dendropanax dentiger (Harms) Merr.)« 5 X (Quercus glauca
Thunb.). /DR (Engelhardtia fenzelii Merr.)« ¥ (Castanopsis fargesii Franch.) 5§
[78-801, SR, FERBREAFEE N, N BT (Phyllostachys edulis (Carriére) J.
Houz.) M1%% (Camellia sinensis (L.) Kuntze) FIAETESIAIFEM, %3 X P)Fh AL S
FEAERE A G U8 PR B S A Tl v, S OR3P dERF Y Rl s % 2 P S5 B AT OC
YERB, DRI, 0 [ 582 bl N OGSV MPOT e RGeS R0 7T, AN RERE il e Bl
A B ORI SRS AR AL BR SCHE, RS XKV 2 A R 4t B R R B
1.3.2 Fe=F RO

FoFRHE IR KRG RS RGN EEH KR, WIBEAFKTRRSR, %
BHEEE\ANE, 1000 RF, fERIRMEGAS /T HHECsEAL, ErhE, 5238
MY EE 7S @ 300 RF, BIEHJE (Lithocarpus Blume). #EJ& (Castanopsis Spach)
¥rE (Quercus L) KEMXJE (Fagus L)+ ZEJ& (Castanea Mill.) Fl =1 Fk)E
(Trigonobalanus Nixon & Crepet) . FHUER 73 A7 4 22 & S fr A 1L ik, 7R 28 G By 183-841,
TP TR AR X, A3 V0 ] B IR B A A 224K 3 800 m () =Ll
i 52 S RHE VI E BRI K L OR KR S B 22 R 47 55 07 T R H556 R BEE
HERE S5 E 5 E AR 2 w100, 52 bR sla b [X B 2 i
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FREPIERE, WA AE 30 RF, RN FE M5 REERETS, 2
TR, TR 2 A A F RTINS, WAk (Quercus rubra L.) SRR
(Quercus ellipsoidalis E.JHill) B, K4t (Castanopsis sieboldii (Yanagita) Yonek.)

59:¥8  (Castanopsis cuspidate (Thunb.) Schottky) BSZEh fFFE AT IR . Fli ] J4
A AT e I e i 2 DR B DA A eS8 AN A R 25 (8] 3 AR JRy, AT AT RE 2 ek B /N RS
7 [ AR G A P AR ), Ak, A AN R 2R (AR A, XU N TR
RIZ A, WAl REX IR A A U AR Ao . S RHEY, JUH 2R E A e
T, AR/ R 2 [AVE N 37, IX T R /N RUBE 23 ) 1 A% &5 4 S T 2578 S it 7
Rt T RIF B sk 5.
1.3.3 #RJE ML

PRIg 27 R At 2R R T E . RORIE, AERAEE 500 MR, Hoh
srAitis e . WO & 22 KREPOON, BT+ R/RAa KB A, ZEERa N
JNANH: BFRA. ZARAH . IR ARHEHRA . IEPRA. FXIFRA . L FHRANRR
FRAAPH, o ERAREEDN Z A ROz —, AR R 120 F, K
35 FEABONTIZ M ER AP EER BRI 2R FEE R 2 D
NGEE R RGKE T 5%, PRE Y C ROV SRR IE N AL 5 A2 25 0 B R A R A
FlE. AERRILHX, AAY 10 MEREHEY), SEEEHE X (Quercus chungii F. P.
Metcalf). FH X ZIKkE X (Quercus multinervis J. Q. Li) %5. #RJEWIFh 2 8] i 1715
AL BB IR, X — AR BN BT 983 e A 1) 22 S i B SR ) 6 B o Tovar-
Sanchez S 3F|H T 5 &2 F B Quercus crassifolia Benth. fl Quercus crassipes
Bonpl. Z [A] [} 28 E LR HEAT T 9030, IR AR 712000 M0 A il 43 & — B - Rellstab 55
WSIRI - JE SRR AE S 43 F I AR AR e 0 B AR TCHIFEARAI 2 BME (Quercus pubescens
Willd.) #ATHISE, 45 R WM GG 70 A 712 EU A R — 7 e i (2 35 4R imy M A iR
ANAERRTE . BN RRIB I S IR IR, Rl 2 R H 1B AL AR id 5 TS 70 i PR AR BIE 52
J71%, AUCE B T8 ARMER U TP gt A% S5 8 ShalS AR I B2 AL, 6ET- BR AR [R) 3870 A
Wl 2 [ R AE LR A AR 7S R g fa e YEt A 3ORERINE .
1.3.4 HEJE ML

e g 2 e R R R B AR =8, RERAAE 120 MM, R RGE R
SRiE RS Pl = AR AR S R h B B A SHAL, X 4R R S5 1 5 AR T
RERYEE CHAERPY. ZBHEMZ N KR, WEilE T 25-40m 2 7], HIEH
AT B BRI YE, FEEFT 2000 m BUNHLIX, 3 A7 7 AR SE
BRI 7 X3S, 78 A [ #y S WP #r X, 12 )8 2 AR AR B 1 B A, A7) 58
ANV, AEFR I, FAZ O 20 A1 T 18 B R IX I [ A g DX E A, 12 O MURE (1) 40 A7 X R PO
FERER LM IX, A 2-CAEE R Y, CAEFERE . $9%E (Castanopsis tibetana Hance)
P& UETHEEE R EERETIRE RS FASE N, ARREZE

6
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PR R X /AN RE XS, W Wu 2EPTHRF T #E (Castanopsis chinensis (Spreng.)
Hance ). Edb4E (Castanopsis giongbeiensis G. A. Fu) FYEH4E (Castanopsis glabrifolia
J. Q. Li & Li Chen) Wy #Eis L7 /KF, SR ERENTZ AEER BRI, %
H AL ALl . He S5 OSIUAE ORI X IR AN /N X, X HER FSGS 7K AT BT,
R RHE R 200 T R AERRT FSGS. R B Fi o T4k B Y T 7 OB
—E B, (HZ R AE RN N R AR e i B UK DL AGE ) 8] 2. 35 (R T A8 B 55
] /ST 3 6 ] 0] B8 ] DLIE I Rh R  T LAR A, B, R i e
(Castanopsis hainanensis Merr.) FX EHE (Castanopsis wenchangensis G. A. Fu & C.

C. Huang) JEAAHEL, AHRFHEEEAL 2200 A R B E A TR S A FhiE0,
1.3.5 Bt FEMIFPBEOL

AHFEIE I A T S RHEYIE I SO G, 2 il Rk B TR BT XS 2k X
PLACK B THEB W HE . B'VFHE (Castanopsis faberi Hance) 585, YN SGTA, M
MEFRR, 32 B AT bRk P 100 BT, AE XS 2K NI E A
U AR 2 A AR A AR E . DA R X FSGS KM IEEZ R
(1021031 LX) HAMFPAE FSGS TS 78 57 05 TH I FEATI AR B

T DX H ) I A o R PR R R BRI Bl 2 —, A T AR AN 2R B AR
60-2 600 m Ly, AR E RIA 20 m, AEHY 4-5 HUM, ot 2 2 B GRIR A
BB KM, MK 6-13 cm, 9% 2-5.5 cm, Mo 2R, & AE 5P
EEMBEIE S, Mk 9-13 X, M ZAKEM, K 1-3em!'®l BT, KTEHEX
IR L S 9T T AR TR T 1A% Z AR RS0 S R PESE 5 H . U0 Zhang
SOOI PUAN T X e B R A% A8 S AT AT, 285 SRR I DY AN P B )i A% 2 AR KT
SEARIE, NZETHOFEE R 8 A% 40 BA B9 BB B0 . Song S5O0 78 X
BN X B S5 5 1 S8 A sh AT TR, RIAERE 7T X NPT 23
NWAANEISERE, FE 0 L BB M s URRIE , A DR o T 0% 175 MM
TEAS 2 B 8 0] 32 B o T AR AR A S DR ARG D7 T, s g U OB e B X ()
PERBEAEARAE K S IR . B XURZENOh@E 43 475 X NI Dy Re vtk ) 22
S LAY, RIMARIIRIA 2 5 52, JCHAE il m PR T, & 1R 18] ) [
SRS TR B AR A 18 N S

ZHKEN, FESAA TR 1000 m Hidr, WERHE 12 m, EH% 5-6 AU,
Fem Fr 2 g KA B S RS 1, K 7.5-15.5 em, 58 2.5-5.5 cm,  HRFREIREL
BEHHR, HEE M B =02 — P E RN, MK 10-15 X, M85 2 Kk eka,
MR 1-2.7 em!'l HAT, T 20K MBI FT 3 EE T T At/ KA ) A5
Fy 13,

PR o ] VAT R AR R SR B A 2 —, B AT TR 1500 m AR il
AR AT, B EATIE 30m, eI 4-5 US4, Hob /2 R8P . KA B B35

7



SR L R R 2 el 5 S R (0 /N RUSE 28 8] 8 A% 45 1) 5 TR S 28 ST 7

GIRMEIEE, HHK 15-30 cm, 98 5-10 cm, MHARWTAR . FIRAREURIR, HHERAEFELT N
s BAR AR, UK 15-18 %, M2 iR T, MK 1.5-3em!'"™ HiT, XT
PHHERRRE B AL S I 9T A R TG Z ARV R S ST T, A A S IR
FH i 5. 5. &2 7 41 [A] bR ic. (Inter-simple sequence repeat, ISSR) 43HT T 4 22 44 B0 HE 1 35t
f& Z RV, RINZFAEM R KT R B i 206008, HIERASmR
A% . Zeng ZFM R H IH4%4& DNA (Chloroplast DNA, cpDNA) 5 nSSR iF5E T ¥
# (Castanopsis sclerophylla (Lindl.) Schottky) -5 44 < [8] ) 4% &AM v /E R4t Sr Fp A7
fto

BUPHE, FEEAT TR 2 000 m BURHIX, BEAE 20 m, fEHN 4-5 H
OS], et | 2 A IR B A T 82 KR, K 8-18 cm, % 2.5-5cm, MHAREKLR
B RAIR, M2 ARG a e R A JUaigEia, Mk 9-15 X, HEZEGER
PR AR, R 1-1.5eml") BT, T SVRHERAE A 1 B T REVR R
TIE SR g3 38 5% 73 AN A DR A 5 7 Tt 7119,

T8 e MV AT 5 3 ] P AR ) L R P 2 —, 200 A T4k 200-2 100 m L4581
Yo, BEEAIA 10-30m, BRI 4-5 U200, Ho 5 Z KRR S E, 80
YRIE, M 7-15cm, %E 2-5 cm, FRREIIREGATS, M2 G aAE TR AR IR
Vi, MUK 11-15 %5, i 2 78 5 0SSR o AR IS i 2, iR 122 eml'®). H
AT, J&THE PR I8 A% 2 O 9 2 AR v T 18 A Z ARV BB 4555 D7 T, o Li S5020
XTRE AP AL PR AR EAT T 907, 45 SRR P RN B o A RRFE v &5, 0L 24
AR, SRS IMANE . Sun S5V H nSSR 78 1 4% st L 4544, 87~ 7 AIF
T FEf ) FFY S0 P M A ey, M () 3 RIS A A0 SRR B R S AW & o TG TR I T
AN Z A T M E ST, a0 Lee SEUSNEE M R TR A TR ) %5 5E
TEFERLEN I 10 FREE L RHED)

L4 KXHAREAR, HRENREX

1.4.1 RN

ASHIEFC LA A iR [ 5 2 ] (8 o e S RHE YOI FE 5, TR 1 R i A%
S AR 34T o AERREE AL ST T, 25T 10 XF nSSR SIWIHAE 1B 1L 45,
HARIER S KA O BUERI 2L EMA SR G, 2RI 2EE AR BT AP
HAR R BEAT I HTRIRTT 2850 FSGS KM AR T IISENT, 73 Mt 1 AR K8 1% 2 A1
AL SR RUBE RS (A1 A% S5 F KT AR A IS5 i, B el & 1 - MEgie
SRR, I Ty 2 o0 M AR TR Ge it A R 7T 1 R e 2 R, IR 1 I
G R ] R e LR . AR T 11 MRS RUF M R LR S 70,
LAzt Fr AR SR e B DR /N RUBE 28 R 38 A% S5 A RS Ik DL R S A S
TR E S A B PRI B 3 73R



el

i

1.42 WL H W s X
AR T THRACHAR DR B IR0 7 B3 H KA R A28 8 1L
FhaeFRHE Y PN E AL FRAE UL S B R SRHIE, BAE:
CLD PPAS 7N RUBE Y B8] PR 79 b S ) AR =R S 4 i ) st A% 2 R D R /N ROBE = )
WL S5 5
(2) FRITRRIEAAHE B CLLANRD ) K% 88 1] g i P T 2578 57 B FLn BB 1) 3
(3) FWAEET 4 ThRC 5 SEHE R 5 2 5
(4) YA FSGS 5 Fr TEASRIE S 2R OR3P TAE A DL P R4 SR B
N WS I ES /NI e sl B SR K /R S vl b S B e s TV e =
18'F . LR H ISR AL 27K R TR A2 A B TR N B AR QT2 1Lyt [X 52 2 RHEY)
(IR A& iGN SRS, IF % IR 7 5 75 4538 R 7 SR R0 S



L 5 el R 7 SR 0 /N ]R3 [R5 AR 45 4 5 TR S AR 52 T

2 HR S A5k

2.1 H#mRE

IR R A ERE & B R E DT SR AR OSSOk, B T BN e SRR
PFh e B R R AL B R AT A i ol . T 2023 4F 4 A1 11 H, ERHRILE

FONFEX R B R ARR I X 2 MK XIFNHE R (. 2 PR HERRE (19 70 A AT
TS ES Y o ARG I R TR AR R EEAT S HER AR RE A, SRR G I 25 AN AL
PR Ll B A T 9 A A AV o DR S i 2 TR I SRR B S, ()
— WA S RN I BE B I RR KT 10 mo b S B4R DL R O 5 22 57
P T IREA, 0 TR, 75 A VR DA 32 B 5 G 1 R4 306 B
H e T A A, (RIS SREE — B i 58T A T DNA $2 I, R
RGBT, BT EE PR T TR, DL i 1
SRR IEATAR 5103, IR GPS 1054 (GRAMIN 621s¢) i H 28 45 FE K g4 -
R 601 BRAFEMAE R, HAE X\AFIEE 207 MK, ZHKkE X =R 119 4
AN, BHELASRIEE 111 MK, BURHELAREE 102 DM, B ISR 62 A
o RBEWLERARPTERE . S REEAN RPN E K B TEA WK 2.1, RFEEFRE
(226 B2 Sl %5 ARG B LR 2.1,

(b) 176°cL 117.7°E 117.8°E
L 1 Il

N
= %
% Al
278N ¢~ $
(a) 117.6°C 7.8 118°F A B 9
i pf 3
28°N-
27.7°N1 " ﬁl‘* &
27.8°N - 27.6°NHER (\ /?’> %
(©) n7.6°% 17.T°E 17.8°%
27.6°N+ ) X
%‘. % o£2 .
§
27.7°N
LI
e % e
A ER 2
A ZHEN
® 5 = %
o Tk /
® 27.6°N &8 (\
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K 2.1 sRINER AL Toph e} B R LR SR E A T I AMACRAE s A 5 e
o (@ HRILERAEBEERERE (b FREP RN (o) HER =M MEH R EE
frE . WEOMEO=MEonIEFBEINE XA ZIKE X, 0. EOMOE T AR HE
JERAHE . BRHEARE . RS EG RS TE K. ZHKE X M. DR

i
Figure 2.1 Range of Wuyishan National Park, individual sampling locations and leaf morphology for
five Fagaceae species in the Wuyishan National Park. (a) Schematic map of Wuyishan National Park.
(b) Sampling locations for each individual of the two genus Quercus species and (c) three genus
Castanopsis species. Blue and orange triangles represent the Quercus species Q. glauca and Q.
multinervis, while green, purple and red circles represent the Castanopsis species C. tibetana, C. faberi

and C. fargesii. Leaf morphology on the right represents the leaves of Q. glauca, Q. multinervis, C.

tibetana, C. faberi and C. fargesii.

R 2.1 AT B R A S

Table 2.1 The sample information of the five Fagaceae species

wpe PEES  aem paem ommpe) SEEN) BRM)

Species POPC l:)l(;l:ion Population N Longitude Latitude Altitude
H M MS JFR 5 19 117.73 27.75 922-1284
™ A 29 117.68 27.75 728-1268

QLDPB  HEKEM 26 117.77 27.67 309-480

HXZ TR 22 117.75 27.71 614-727

ZJ KX 26 117.73 27.74 835-1000

GWK wEST 41 117.69 27.71 533-878

DZL KATH 14 117.64 27.70 887-960

GD I 30 117.66 27.73 842-1051
Z ik M GD A 47 117.63 27.74 1224-1436
XKM g 8 117.68 27.69 1017-1268
HGS F W 64 117.76 27.84 1711-1881

PhAE MS JFR 5 11 117.73 27.74 926-1106
™ A 10 117.67 27.76 805-1048

HXZ TR YN 13 117.75 27.71 604-722

ZJ KX 31 117.72 27.74 718-1056

XKM PG 3T 20 117.68 27.69 799-1275

GWK EST 12 117.70 27.71 533-791

DZL KAT K, 14 117.64 27.70 859-962
B IFHE MS JFR S 19 117.73 27.75 1073-1403
™ A 18 117.67 27.76 686-1058

HXZ TEM 14 117.76 27.72 634-727

VAl kxR 11 117.72 27.73 834-1055

XKM [iiEzN 8 117.69 27.68 804-1225

GWK ST 17 117.71 27.71 646-839

11
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DZL KT, 15 117.64 27.70 863-960
¥ QLDPB  HHAKEAT 7 117.77 27.67 309-404
HXZ M 17 117.76 27.72 619-727
VAl TR 13 117.72 27.74 841-952
GWK i EST 25 117.71 27.71 533-841
St 601

2.2 MEIEEES
2.2.1 Z K20 DNA 25
AW 7K F TIANGEN ) S0 AN 52 HRH R AN R 1) DNA 347 32 IO i 2

W, BARSZIGD IR

(D KIBATIAZE 65°CIARFFER, ¥ GP1 (&) B T/KB A HE /N
B 5

(2) FIBAEY I KT, FREL0.015-0.02 g (I kS, 5 —MBi/NMNER—
FEN 2ml PEOEF, TR

(3) BB O E WA AR 10 7080, Bl 5 8B LL 50 1/s 1) 564 7850 0

¥

(4) TF B8 &5 R i S R 368 XU A 1) 25008 N TS 1 GPL 22 0.7 pl 1 B-i 2
O s

(5) PSRRI AR R /N, LR RERR 5 /b S AR S — IR

(6) TE XUHE A ) B0 BN 700 Wl &7, R IRBIRST 10 438k

(7) BEJE B T E0FLH 4°C 12 000 rpm 25184550 10 43%h;

(8) B e LiBEWE TH X 2 ml EO0%H, A 0.7 ul RNA B, #E 10
GaRcir

(9) 738 XU HH ] 85O0 FF RN 700 pl &4, TR R S) 10 40,

(10) TEES LA 4°C 12 000 rpm Z5 A FFCE 0 10 2%

(D ¥ Prfs BEWE T 2 ml BO08E Y, I 700 il GP2 (2D, 5%
5 43

(12) BHIRAWEENRIFFEF, 7EBOHLF 4°C 12 000 rpm Z5 14 250 30 #b;

(13) FEHE R, A 500 ul GD (ZD;

(14) B0 30 #;

(15) FEEEFRR, MA 600 il PW GEHED ;

(16D 4kZEE0 30 75

(17) EEH 15 3

(8) FEE LML FIFEFA R0 2 408, FEEPR, BRI EFE 10

12
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ok

C19) WM A BT3B At B 1.5 ml 2.0, N 80 ul Y TE (e 22 v
FE 4°CHETAE P 10 708

(20) EEOHLFRIFERE G 2 708, FE WA, K 3R DNA IR A7
FE-20°CIUKFE .

FEHLT) DNA 75 1%3 Ja b &R HH HYK, FFK 1 kb ) DNA Ladder /4 Marker i
ATHEEG o SR 5 R AR R AN Y6 FE T IR FE NG, N W% AR 5 T S E
DNA. B &k i AR AR L DNA: ddHL0 25T 1:2 FIELBIAG R 5 BB (E 96
LI R Al 5E X % (Polymerase chain reaction, PCR) #R N HEAT J5 £ 15256
2.2.2 A DA 51 Wik & PCR ¥4

BT nSSR BAME . RUai i Al Se i e % e 5 T i skt Bl G kT 1
ANFE SRR nSSR 511K JiiE 5 PCR 471 o £ il S 51 6 AR & A HE S8 A4 nSSR 5147
BESL, JEH 63 MTY 514, BAR(E R IR 2.2, SRJG BRI ) =N PE B iz
I SRAE p R 0 B BEATLIZE 35 A AN A AT T 1 Sy, A 2908 M st s a4 T ARG 0
&, T 10 Xy 3. R & 2S5, X559 WERIHZE (Castanea
sativa Mill.)« BKIMZKTE X (Fagus sylvatica L.) "%, Quercus mongolica var. crispula
(Blume) H.Ohashil'?, Bk, ToREAERRI20 o AR AL, B S {6 40K ROX, W
[*) FAM, B TAMRA FZg A1) HEX 2 6hric X 601 AT PCR 919 5056,
SONAR 23 15 pl: AME DNA 1 pl. Mix 7.5 pl. 514)-R 0.24 pl. 51#%-F 0.06 pl. HH
PEHRCHT M13 514 0.24 ul LA K ddH20 5.96 w27 1281, 32 /2y 1 5e k4T 94°C
8 B I TRAR Y, BEJEREAT 8 MEM, BAMEIMIELE 95°CA 1 30 7, 7E 56°C/54°C
B K 30 FPLASAE T2°CIEAH 30 FP, G LE T2°CHEAT 8 73 B IAEARTI2T 1281, 4188 52 B
Jei, RGN A 38 A5 I B R P s A A T HEAT D RO R I TR A B 40 B PR
RIG A TGN EAE S, FIH GeneMarker v2.2 %28 &) 46 I i) 45 S - AT 06 I AR L, 45
HPL Excel BG4 . A Excel B%% FlexiBinv2 #5457 03—k, #E% BB
K.‘L%%[Qﬂo

* 2.2 63 X R 4 TRl 51 FELIE B

Table 2.2 Detailed information for the 63 pairs of nuclear microsatellite (nSSR) primers

oy, FREE BA

o8 5I9¥ ) oy KO i, TH s
Locus Primer sequences (5'-3') - Allele size (°C) Reference
Motif n
range Ta
CTCTATCTCGCAAGCGTGTGA Shi et al.,
C543 CCCCATTTTGTGGTTCTAAGGT CT 92106 61 No 2011
ATTCATCTGGTGGGGTTT Shi et al.,
CSS61  GGAGTGGAGTTAGAAGACGAT CT 316-352 55 No 2011

13



SR L R R 2 el 5 S R (0 /N RUSE 28 8] 8 A% 45 1) 5 TR S 28 ST 7

CS620

CS627

CS687

CS721

Cch13

Cchi5

Ccu62F15

Ccul02F36

Ccu87F23

Ccu90T17

Ccu93H17

CsCAT3

CsCAT14

CsCAT15

CsCAT34

CsCAT41

Cmcsl

Cmcs2

AGGTGTAGAAGGAAAAAAGC
AGACTGACTCAAAACAATAAAG

CGCTACTGTAACTGGAATGG
CTCAATGTTTGTGTTGGTGT

GTGTAAAGTTTGACCCATTG
AGCAGCCACCATTTCAGTTC

AAGCAATGAGTAGAGATAATGA
TG
GAGAGATGTAGAGAATAGATGG
AA

CAAACGCACCCTAAGAGGAG
GTAGGTGGGCAGCGAAATAA

CCCATAACGTCTGACCCCTA
CCAAAAGGGCTTCATAACCA

TTGCATCCTCAGCTTTCTCA
GCCCTCTCCTAACACCAATAAT
AC

ATCCCTACAGGCCAACCAATAA
TACCGCATCAATTCTGACATCTG

CGGAACCTAACACCACTACC
CTCCCTCCCTATCATACTTTGA

TACTAACCACAGCCCTAAACTG
C
AACCCAACGCCTCTTATGC

GGCAACATCAAGGTATTTC
CTAAGCAATTTATATTGTCCAA
A

CACTATTTTATCATGGACGG
CGAATTGAGAGTTCATACTC

CGAGGTTGTTGTTCATCATTAC
GATCTCAAGTCAAAAGGTGTC

TTCTGCGACCTCGAAACCGA
GCTAGGGTTTTCATTTCTAG

TGAGCAAGGATGGATGATGAG
GGTGGTCATCATGACTGCATC

AAGTCAGCAACACCATATGC
CCCACTGTTCATGAGTTTCT

ATTCATTTCCTTTGCATTGA
TTTACTTGTTACTAATAGGGTCT
AGC

GAGCCATTCCCTTTTAGAAT
TTGAAAACCGGTATAGTTCG

CT

CT

CT

CT

TC

TC

TC

AG

CA

TC

GT

AG

AT

AT

14

118-154

190-232

129-151

119-139

297-363

229-243

132-137

342-386

261-307

134-144

171-205

224

164

136

187

224

109

151

62

62

59

52

66

60

50

64

64

64

58

50

58

50

50

50

55

55

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

Yes

Shi et al.,
2011

Shi et al.,
2011

Shi et al.,
2011

Shi et al.,
2011

Huang et al.,
2009

Huang et al.,
2009

Ueno et al.,
2003

Ueno et al.,
2003

Ueno et al.,
2003

Ueno et al.,
2003

Ueno et al.,
2003

Marinoni et
al., 2003

Marinoni et
al., 2003

Marinoni et
al., 2003

Marinoni et
al., 2003

Marinoni et
al., 2003

Sebastiani et
al., 2004

Sebastiani et
al., 2004
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AGAGTAAGGTTTTATTAGTATA .
Sebastiani et

Cmcs3  GA AT 189 52 No 004
CTCGATAGTATTTGTCGAT a-
ATTCATTCCCCTTCTATATC Sebastiani e

Cmesd  CCTAGTATCCCACCAATTA ¢ 1o 55 No al., 2004
GGATTGTAACAAATTTTTCAGG Sebastiani et

Cmesld GrGCAAGGAATGTCGAACTA AT 118 55 No al., 2004
TTCTTCAGTTAGCCACATCG Waikhamm of

CT110 CGCTAAGTCCATACATACAACA TGT 169-204 56 No aa[ 2‘5186
G &
TGACCCGAGCATGGTTTAT Waikham e

CTI82  GGACGTTAGGCCTGTACATT ~ AAG 126-174 56 No al., 2018
AACGATACTAGCGACCTTGA Waikham et

CTI6l  GAGAAAAACGCTCTCCAAC CAC 136-166 56 No al., 2018
GCCCAAAATTGTAATC Tong et al.,

CG35  AACCTCATGGAAACCT AG  122-136 52 No 2012
CAAATCTGTAGGAGGGAGC Tong et al.,

CcG37 CCATGAGGCATTAGAAGGT AG 153173 59 No 2012
GGTTGTTTACCATTACCCTTTC Tong et al.,

CGIO5  aacTCTATACACTGTTGCGTCe C©T  161-177 58 AL 2012
TTTCTCAGTCTCCGTCT Tong et al.,

CGI28  GATTTGTCCCAATGTCC AG 163171 55 AL 2012
GAGAAGCGATGAAAGACAG Tong et al.,

CGIN  AAAGATTAGGGTTCGTGAG GA 157179 55 No 2012
AAGTTTACAGTCGGGTGG Tong et al.,

CG252 A TGGGATGCTAAGTGTATTG TC 112158 55 No 2012
CCACCAAACCCATAG Tong et al.,

CG258  reTaeTCCTTACCE AG  135-137 56 No 2012
GAGTCACATCAACGAAT Tong et al.,

CG371  AGGGGACTAAAAGTACACTAC ¢ 172-214 56 No 2012
GCATGTTGACAAGCATAG Tong et al.,

CG384  ATTTACATCAAGCCCCTC GA 124130 53 No 2012

Isagi and

TGGGTTGACATTTCATTTCG
QM33GAL C AAACGAATCATAAGGAGAG  °A 103 48 No S“hf‘;gé’“o’
Isagi and

ATCACCTCAAAAACCTAAAC
QM5IGAL T AGTGGGTCAGTGTGGTTAG GA 229 48 No S““f‘;g;’“"’
Isagi and

ATTTGATATTTGATGTTGTTT
QM5SGA  TGATGTAACATTGCTTAGAGT °A 306 47 No S““f‘gg;’“"’

15
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QM63-2M3

QM57-3M

QMS8TGT

GOT021

FIR026

QmC00716

PORO17

FIRO15

QmCO00932

DN950446

WAGO068

PIE271

QmC02052

GOTO011

WAGO066

QrZAG30

TTATTGTATATGCTGGTTCT
GATTGAATAGGAAAAGAGTG

TGAGGAGGTTGGTGGAGAA
ATGTGGAGGGCTAAGATTT

GGTCAGTGTATTTTGTTGGT
AAATGTATTTTGCTTGCTCA

AGAAAGTTCCAGGGAAAGCA
CTTCGTCCCCAGTTGAATGT

CTTCATGCACCAATTCCTCA
GGCCATGTATGTGTGCAAAA

AAGAGAACCCATTCCATCCCTG
A
GTTTCCCGAACAGTGGTTTCTTG
A

CCCATATCCCTCTACGAAAGAA
CTGGAGATGACATAGTGTCTCA
AA

ACCCTAAAACCCCAATCACC
CGGATCTTCGGCTATTCTTG

AGGCTCAAAACAAAACCAAACC
G
GTTTCCCCTTTCCCATAATCAAA
CCCT

TCTCTTTCTCCGTCCATTATCGC
GTTTCTCCACAGACCCCATTTCC

TCTGCAACAAAACCAAAACAC
CGGAGGAGAGAGTCAGCAAC

CACACTCACCAACCCTACCC
GTGCGGTTGTAGACGGAGAT

CACACCCAGATCCACAAAACTC
C
GTTTGCCTCTACGGTCTCCCTCT
T

CCCCACCGTCTACTCTCAAA
GCGTTCACCACGTCCATAAT

AACCTGTTTGGCTTCGTGTG
AACAAAAGATTGGGAGGTGC

TGCTCCGTCATAATCTTGCTCTG
A
GCAATCCTATCATGCACATGCA
CAT

TG

TGG

AT

TC

TC

CT

AC

TC

AG

AG

TC

AG

TC

AG

GA

16

155

235

212

111-128

208-217

261-287

140-169

128-138

247-260

155-185

165-195

197-247

250-300

197-255

128-244

160-208

47

53

51

56

56

56

54

56

54

56

56

56

56

56

56

56

No

No

No

Yes

Yes

No

Yes

Yes

Yes

No

Yes

No

Yes

Yes

Yes

No

Isagi and
Suhandono,
1997

Isagi and
Suhandono,
1997

Isagi and
Suhandono,
1997

Durand et
al., 2010

Durand et
al., 2010

Ueno et al.,
2008

Durand et
al., 2010

Durand et
al., 2010

Ueno et al.,
2008

Ueno and
Tsumura,
2008

Durand et
al., 2010

Durand et
al., 2010

Ueno et al.,
2008

Durand et
al., 2010

Durand et
al., 2010

Kampfer et
al., 1998
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GCAATTACAGGCTAGGCTGG Steinkellner
QPZAGY G 1CTGGACCTAGCCCTCATG TG 220214 56 No etal., 1997
TTCTTGCTTTGGTGCGCG K amfer of
QrZAG112 GTGGTCAGAGACTCGGTAAGTA GA  98-116 56 No p
T1e al., 1998
TGATGATCCCAAACCACAAA Durand ef al.,
GOT012 A AGGCTGCAGGACTTTTCAA GT 204-254 56 No 2010
AAGGCACTCGTCGCTTTCTA Durand e al.,
GOT040 A CCGATTTGAAGCTCGAGAA TC  242-298 56 No 2010
GAGAGGCATGTGGAACCAAG Durand e al.,
PIEI63  AAGCATAGGTGGTGGAACC ~— 'C  230-264 56 No 2010
CACACAAACCCATATGATCTGA Dutand ef al
POR025 A AG 105-145 56 No ““‘2“018 a
TCTCTTTCGATCCCTTCTGC
CTTCACTGGCTTTTCCTCCT Steinkellner
QPZAGIE 15 AAGCCCTTGTCAACATGE TC 131-189 56 No et al., 1997
GGAGGCTTCCTTCAACCTACT Steinkellner
QPZAGLIO ; arcreTTGTGTGCTGTATTT — AC 193267 56 No etal., 1997
TCAGTGACCACACGTCACCTCTC GA/T Ueno et al.,
QMCO2241 1T TTGGCCATGTTTTGATGG ¢ 169211 56 AL 2008

T IS PRI 10 XTREhY 1S RIH =2 SRR G

2.2.3 BAELZFE B
AHEFFIH 10 % nSSR 514, KA GenAlEx v.6.5!0Ul 51 AN [ 45 A7 J H 44
(Number of different alleles, Na)+ A REFEAFHE K EL (Number of effective alleles, Ne)-
AR $5%0 (Shannon’s information index, DD« MlIZ%4&E (Observed heterozygosity,
Ho)~ ¥ 424 & (Expected heterozygosity, He) FITCiHEE 44 & (Unbiased expected
heterozygosity, uHe), VAVPEAS FAp 52 BRI AL Z 605K T &St &34
MR IEZS 7340 H o5 ZAS, Bl JE KA SPSS 26 H 1 ve & iR /R-IKFI k36 (Kruskal-
Wallis H tests) AT 1A% 22 FEPE 1) 2 325 A 50
2.2.4 WAL
o, FET IR, {FH STRUCTURE v.2 3RS HAN TR A BT A
PRI L M. 18 KAEM 1 2] 10, A K B HAT 20 Ik, ZFFFRP IS
(Markov Chain Monte Carlo, MCMC) # 4 200 000 /X, Burn-in > 100 000 {27128
B2, BIT45 WG, KM Structure Harvester!!313& T Delta K F1 LoP (K)&t it =L H &
BEC (KO B3, FH distruct! I ANF K {E F#J STRUCTURE 45 B3 T i fift. 2
T NE T ERI 2% & 5 aiA AR 7 (A 021, R EIRGE 0.9/0.1 ARG &REL O
BIE, ¥ A5 FRHEYRI 3 Al &AM B & ME . 9K O ER T8 T 0.9 B
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NTEET 0.1 I, BIHRAAEME, T4 MER QERT 0.1 H/ANT 0.9 I, T4
MAZRENE . JFE M NN B E FAT, —DNMEEIE 601 MK, — N
PRI E R JEF T 522 MG ME, DTG 2R 380 184G SRR 7040 FSGS K
TR 24538 7 VR AE 52 o

Hk, A H GenAlEx v.6.5 73 bk 3 10 4% 48 il 1¥ 25480 BT A4 (R 84 2R
BEHEBEAE AR KT 4T £ ALAR BT (Principal coordinate analysis, PCoA) AR H
AT R R B AL S5 R4 o 38 0T B R AE AR S Hoof I ARHAAE [ Bt AT HE 77 DA S IR 4
T8 H oS HR AR, AR ALE AN [R] A bRl E R SRR, DA SRR AS B AR Al 22
FfE, JEEULR IR (] R a8 SR 2ok 13 B,

B, A Arlequin v.3.50371 53 G50 8 T 53 4% S8 0 () 4l AN BTG AMEEAT 53
JZ5r 175 281 (Analysis of molecular variance, AMOVA) L= AL 41 Ff E] R4 FH A 11
WAL I Fsr=0 RT3, Fsr=1 K204, fEE#H Arlequinv.3.5
HE) 10 000 B Pl 18 AR 0 A R 380 S B
2.2.5 /R 2 [B) 38 A 45 K 73 B

{8 H SPAGeDi v. 1.5 T ANMAR KSR 22 (8] H ARG /34, 4 il %o 26t T 384 5031 1)
A G AMAEFI T A AN ARVl AN RUBE 7S (RIS AL G500« 15, AR S FhAS A i b P R 85 43
A, RN DIP RS RIEE R RN 10 DERES YL, DARA IR & 2E B N A BB
R AAE S5 I ORUE LUEL M40 2AE 30 DL RIS 1010 SR THE& IR ) Fy 1135
B, 2 REH TR AMA L AIAMAE § TRREE SR GO0 RAKF, VTl /N RUBE 23 a) gt
fRas i AR PR 2 — o SRR B Fy W YEH 10000 & B AG 50 14 2 95% B 15
[X [A] (Confidence interval, CD) #ATRIL:, FFAMREBEMGXER ETR. MEMH S, 4t
THER /N R 25 [R5 A 5 ) () 9 B2 30 AT B Ak, DASE REAS B0 M ] /)8 )ROBE 2 A g2 4%
SERHEAT LR, S, G A RITHE AN Sp=-b/(1 - F1), HH b AR R BB
AN B 2 1) R B AR B R REAR, Fy s — BR B R A AR ] B~ 2 ons e 4 0%
RAFI, w5, BIELHI R RERRARBSHIEEERCRE, BEUENREY
Ty /N RUFE 2% [R) 8 A% G5 PR

2.3 MRS SR

2.3.1 MR AEE IR

f§iH CanoScan 5600 F 3314 LA 600 dpi B3 #FZdi e M MARCR W B 2 %
T b, RS T B R85, R AME SIS EL S TR R0
FIPA AR e A T S50 o AR ST EVE T, B E A IRk
WSS AT SHFIE, @HMK (Leaf length, LL). 4K (Petiole length, PL). M
% (Leafwidth, LW). F-JEHF| M- %8 4 1)K E (Length of lamina from base to widest
point, WP). M-JiifE (Leafmass, LM). M-I (Leafarea, LA) FILLM-THIFR (Specific
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leafarea, SLA) (& 2.2). HrpmAC, MR, HBE ., P20 31 i e 505 A0 1R B2
TAIE AT Image J v. 1.5 % it BRI, Mg (FED RAB 7 RFRRE, W
P i AR e T AR 5 BT B LOAB T SR T U SN, HaRfESR S
ImageJv.1.5, &R 11 MRS (Landmarks) (B 2.2), Frib ik ESIR%
i SCHRUS 7Y, ARGV s o A ) =AM PR E AL (LMIT-LM3) BLRXSFR A0 T
P \AFR G R (LM4A-LM11), SRR G GIL R AT AR (R 2.3). R 1E
H Image J v.1.5 ¥ A A B 11 MaE SR ER #8110 -RRABFR (x,
) AERJUFTERIE L O &, TR 3 B EE DL axt IS ORAF

K 2.2 UAMEGEM FRSTEIR B 11 M s R E K
Figure 2.2 Schematic representation of the four traditional leaf morphological traits and of the 11
landmarks

R 2.3 DRTE BRI bR S A B IR

Table 2.3 Description of landmarks in leaves of the five Fagaceae species

&R 3%

Landmarks Description
LM1 RS AZAA £
LM2 I Py 55 P ) 4 A
LM3 - B T
LM4 I A A AT i 2 55— T
LM5 I Py e 0 AT e B — A1
LM6 I Py e 000 i K B FEE AL i
LM7 Iy e ) DAPHE A 2 58— 2 Tk i 1t
LMZ P 2 A AT i 2 55— T
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LM9 W 2 A AT 2 55— 1™
LM10 W 2 A 5 K 58 B AL PR i

LMI11 Py 0 M A2 265 — 2% Pt ik i

2.3.2 MR G S E M

B RIES I “car” F2 /7 GBI B it Fr (4% G A R E A 12 1 2
@R yikr S (Shapiro-Wilk) AT IEZS AL, 12 F3E S (Levene test) AT
LSRRG o B L A PRSI A SPSS 26 43 7l oh Jk T 15 A S i () 4l S AR A
Fir A A4 B -EAMME G &S IR T B K 25 77 %2 73 1T (One-way analysis of variance, one-
way ANOVA), UUtuie-EMESGTESHEREY A ESAEREEZR. MiE, fH
SPSS 26 73l 0 32 T 18 A% 48 | i 2l -5 ANART B MR TH S S A AL ST S R 1Y
FIME SR, T BRI RTEAS IR L R 23 (Coefficient of variation, CV),
RIAnitE 2 5P E A, DA EAY AR & HRIESEREE .. &5, EH
R 15 5 70 ml R 56 T 1A% S5 0 i 4 -G AN R e MR S0 Ap i T AR 5 2 2
(] 2 15 A AE S A 326 oI % o 0F i TRIAR AN P ot e EAT X0 B8R e Je s )R AT B Ak 3= il [ )5
Giitortr, Dbt &0 phet AR S o (A AR AL 32 Al Rt AR (R o A0 B,
I 95% B A5 X (/)56
2.3.3 M Fr U s 70 i

W ORAF R xR 2R ARAREHE N MorphoJU'*41, - 43 Ji 0k 8 182 4% % 01l )
AR MARAT 2RS0T TR BAR AT AR, T X
WK HT (Generalized procrustes analysis, GPA) U431, [ S BG4 b i 5o e HEL -4 d
(46T ER M) R AR B R /R A b, B /IMEAR RLbR & S B 5 BE B 2 A0, AT R Zb i B K/
XTI TR AS R o8 o R, JE I b 25 (i B P 3 AR/, ad i 5 R B AL
B B PR R M e ST I AR RO R R B B X FRARRALE
R R 7 3 R A FHAERTRR 2 55 AR5 B RS 5 R Rd R,
RNER IR AR ARG E, K iRd s R2oR R G 5540 E K- MER 1L, 1
JEXTFRA 53 2R SR 0G5 B AR T B A 1 22 S U147 1981 T8t A% S0 i Al 6 MR 5 B A A
PR R PE A0S B 4 ) LI 2.3 R 2.4, B AEFR R 11 A b 2 B BRI PR 0 Af o
RIG, N RGN Za T HRE, 200 1t AR R 7 Z5E R
J5i, BT ENRFES M1 (Thin-plate spline, TPS), 15 H x5 B AL B3 5l BI (B XCH B2 g R 4%
HEMERS N, DAIATRALIH: 5 AR A8,
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(b)

K23 BT () HIRAIR. (b) XTRRASA (o) FEXTHRA S Fofh T2 L B Fh s AL 26 & AR 1)
I 3 E 8 B 3 A R
Figure 2.3 Generalized procrustes analysis of the leaf shape for genetically purebred individuals of the
five Fagaceae species based on (a) Procrustes coordinates, (b) symmetric and (c¢) asymmetric

24 BT () KR (b) XA (o) EXTRRA 1 TN SEF R BT A AN A I et
Jr % R B B B Al
Figure 2.4 Generalized procrustes analysis of the leaf shape for all individuals of the five Fagaceae
species based on (a) Procrustes coordinates, (b) symmetric and (c¢) asymmetric

X T 2B AT, B ST KSR RR AR BR A 3 i AT 3 e
(Principal component analysis, PCA), VAERFTYIFH I AR Z R FE R o Hrid
it B A S S SRR A BT, TR IR R E NG R, Dl
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KIEFERHRH FESEE. BT 11 HAESESNEAEHE, WE 90%E(E X,
ARG TN 52 RHE Y S T8 S 0 B o G AR B TR AR e gt 2 2 1) 2 — 2k
4y (Principal component, PC) F1%E = 3= 73 FRIHICR ] BO0S B Bl AR 1R P s 1] 5 2 A
K, DAL A Rl TS 204 o Lok, A P 7P 50 0 BR 5 AR X BREE 40 34T I 55 /)
3Rk M1 (Two Blocks partial least squares, 2B-PLS), PAVEAS I A K /N SR 8] B
AP e AR A0 1900, S A SR AE 1 I TS B K /N A (R AT )l fe 7> —
Feik 3 HraENg L P-value {1 RV EHIIETE A5 /DR R, FET 10000 X
AR ARERE P B R 2 35 1 DLIR X A . AR5, T MR OK - EAT S R AR & Oy iy
(Canonical variate analysis, CVA), {{H 5 KFER (Mahalanobis distance) @47 E
K38 R Fh - T AR S A 08 127 151 g R AR & 73 by 32 B3 FH T 50 = 20 &% DA 28 [ gk
17008, HUa BE TS 90% B E 6 R SEILA TR X 73, FF HARYE R AR A 1 A% B 5
LA B L IAF BT SZ R &ha, TMEKFEAT #0170 (Discriminant
analysis, DAD, ff A G UEF#] 7 B8 24 (Discriminant scores) X E 3 & LL ALl A]
[ty 22 S U127 194 U3 1) 93 B IR BEORE T 2RI 008 R AT 237, L5 R ULSRR DR R I,
BRI, A8 DA A B e o 20705, FA ot 8 R A 2% .

22



3MRER

3.1 BRI FE TG R
3.1.1 L 2R

I GenAlIEx v.6.5 X 522 ANk Tt A% %) 4l -G MR THE 8% 2 FE 45 5 0
 3.1. HAWIFHIMIN A A B VU LR 0.54 2] 0.60, WA ERITERIZE 0.54
0.62, TIMIAEIAEFITERITE 0.54 ] 0.64, MM AN 0.58, T
JEH 057, FHLMABEREERN 058, Hd, H¥ERHESREELZEN (Ho =
0.59, He=0.62, uHe=0.64), 15 X L7~ AR gL 2% (Ho=0.59, He=0.54,
uHeg =0.54).

R 3.1 DR TE SRR T AL AL G M B R ZAEE BT AE IR

Table 3.1 Genetic diversity for genetically purebred individuals of the five Fagaceae species estimated

ol ARSI S AR EMERL FREH WNUREE RERGE TRPERGE

Species Na Ne | Ho He UHe
H M 6.80 2.90 1.11 0.59 0.54 0.54
ZkF M 7.10 3.38 1.16 0.60 0.54 0.54
ki 7.70 3.00 1.21 0.58 0.57 0.58
B 6.89 4.27 1.36 0.54 0.60 0.62
¥ 6.40 3.32 1.26 0.59 0.62 0.64
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ISE SOl 6.98 3.37 1.22 0.58 0.57 0.58

FTE MR AL Z RS IR AR 3.2, FANMIRI NI % & FE G E 0.55 31
0.60, HHEEZAFERVEETE 0.55 31 0.61, TMmIAEIREERTERETE 0.56 £ 0.63, 1
B A=A BN 0.58, FIMASEIRA N 0.59, FLMEERAE RN 059, Hi,
Fe B i s 28 (Ho=0.60, He=0.61, uHr=0.63), M7 K& H R
Bt Z#EE (Ho=0.58, He=10.55, uHg=10.56).

R 3.2 TURPSE BRI A R RIS AL S AR Al

Table 3.2 Genetic diversity for all individuals of the five Fagaceae species estimated

kb ARASFAEFE FREMERNY FREH RUREKE HEREGK TRAEREGE

Species Na Ne I Ho He uHe
=M 7.70 3.13 1.18 0.58 0.55 0.56
Z Wk M 8.40 3.62 1.23 0.60 0.56 0.56
gl 8.80 3.34 1.31 0.58 0.60 0.60
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DA 7.24 436 1.39 0.55 0.61 0.62
¥ 6.90 3.30 1.27 0.60 0.61 0.63
P <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
ISE SO 7.81 3.45 1.28 0.58 0.59 0.59

3.1.2 LS5
i#id STRUCTURE v.2.3 X A AMAREAT (1) DU 17 43 8715 21 [#) Delta K 5 K #J5K

REERW, £ K N3 S5 B R HIl—MNMEE (K 3.1 a). 4546 InP (K FHES K
EMRXZRE (B3.1b) KM, K=32&&HEEIHK. STRUCTURE /4R (K 3.2)
BRM¥K=21, HESHBESINEN . B K=3K, ¥HEKFTXMZIKE X%

BAN—. MK=41, HENDFHELE PSRN UK=58, HX. £k
X e, DURHERIME & H N —3L. R4 STRUCTURE XfEr A AMEHEAT 73 i
FIIRA RZE O ERITESE R K, SEME O N 0.9/0.1 I8, 79 MMERE N A EA
e HRIXZHKE X (13), HFRXBHE (12), FRXEFME (7)), FRXE (4),
2Rk X X EHE (8), Z Ik X X BURHE (3), Z KT X X B% (5), Hy'fE X B IFHE(13),
HEX RS (7, BURHEXHEE (7).

(2) (®)

—160004

6—
~17000— 4 b ]
54 b )
~18000— °
44 =]
o ~19000
v ] o
EER —;l ~20000-
3 E
—21000— ®
~22000
17
~23000—
0—F T T T T T T T T ~24000— \o T T T T T T T T 1
1 2 3 4 5 6 7 8 9 1 2 3 4 5 6 7 8 9 10
K K
K 3.1 FRhse R R BT N4 STRUCTURE 2 T e FIFPBE %%, (a) DeltaK 5 K. (b)
InP (K)5 K KR E

Figure 3.1 Population clusters identified for all individuals of the five Fagaceae species with
STRUCTURE analysis. Relationship between (a) Delta K and K, (b) LnP (K) and K
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HM ZIkE N WHE DI B

LT

0.9 l :‘\IH bR ‘
| o LML O A A il

S QNN &8 S &
CHEVETC OF ¢

3 (o8

3.2 TLRhE R ITA ANMAT) STRUCTURE 7347 45
Figure 3.2 Results of STRUCTURE analyses for all individuals of five Fagaceae species

FF AL LA A-S AR PCoA 7 HT4 5 STRUCTURE 3 brdh SR, 2 —
FE R bR (PCol =15%) FIEE — F oAb brfl (PCo2=10%) KHREIMNENX S £
Pk X RDAfE B I i . B SR X F (8 3.3),

< o

ot ﬁ. ’ I o IR

o [ ] ° _.- 80T 00Ty

Lo) & .‘.-" ®* o, :’... s
Q-< o® 2" ° ® ;l. " ..'... ﬁ

PCol (15%)
Kl 3.3 ToAh5e R FR L T AL 20 A AR A AR BT 2 2R
Figure 3.3 Results of principal coordinates analysis for genetically purebred individuals of the five
Fagaceae species
BT AR PCoA 7345 5 STRUCTURE 73 #r 45 AL, 36— oAb
Hh (PCol=14%) FIE —E R brkl (PCo2=10%) HHRJE T X5 2 Bk XAt
JEHIEHE . BUEHE S IX 0T (K 3.4).
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o ¥
ZhHEN
o it
o BiTif
° s ®o o %
- Rote, fo g B o | REAE
% t.&"‘. !‘ "‘ ﬁ.ﬁ" :.:.l e
: ‘ w .. . L X ] .:~
2 .‘:’ﬁ‘ . . - l.. c. .".
= A W
’, R 42
“)' :v . Ll
(1) "' L] ™
ek,
PCol (14%)

K 3.4 TR TE BRI AR R JEARKR 2 A 45 R
Figure 3.4 Results of principal coordinates analysis for all individuals of the five Fagaceae species
TR 2SN AR AMOVA 73 #r4i REB W] (3R 3.3), HAWIRIAEN R 84% 7
WRE KR (Fs1=0.30), AL RER > KAERMBEN (69.65%), DE KLY
18] (24.12%) . HAT WAL AT s (Fst=0.12), 8L KE 7 Kk A
FIREN (87.74%), DER7> RAEAERREZ 8] (12.26%) . T#E 3L ALK T I Ak (Fst
=0.01), BHALARFIRH I RATEMEEA (98.57%), H5r RALEREEZ 7] (1.43%).

R 3.3 B TE SRR T AR AL S M 0 R 0 T T E I 4
Table 3.3 Results of analysis of molecular variance for genetically purebred individuals of the five
Fagaceae species

wRRE amE meEam DR ERANCOD e
Source of variation df Sum of squares components variation Fst
HX

T [6) 7 138.99 0.37 12.26 0.12
FE 366 976.97 2.67 87.74

ZhkE X

T [6) 2 37.05 0.25 7.42 0.07
FhEEA 213 677.08 3.18 92.58

A4

A a] 6 35.06 0.14 5.29 0.05
FhEEA 167 411.65 2.46 94.71

B4

T [6] 6 27.16 0.09 3.69 0.04
FE N 165 387.71 2.35 96.31

¥

T [A] 3 9.96 0.04 1.43 0.01
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e 104 251.74 2.42 98.57

Fr& 7

Y7t e 4 856.85 1.00 24.12

YAt N A 1] 24 279.52 0.26 6.23 0.30
TR N 1015 2936.17 2.89 69.65

FITE AMAER AMOVA 73 M4 £ W (3% 3.4), TANWIRP a1 AE /A FEBE K (Fsr
=0.28), WALAL 7 Ko KAELEFEEN (71.76%), /D E85 R ALEY R 2 18] (22.32%)
Horp KIS AE K B s (Fsr=0.12), 8L AR 5 R 0 R A FEFR R N (88.33%),
ER S RAEAERREZ 8] (11.67%) 0 TR AR K FIRAK (Fsr=0.02), BiHfEAL R
KEB KALEFBEN (98.22%), DESF RKAELEFIEEZ ] (1.78%).

R 3.4 DRTEFRMIR A AR5 B 5 1 2 0 W

Table 3.4 Results of analysis of molecular variance for all individuals of the five Fagaceae species

BRAW HME TR AR RS O e R
Source of variation df Sum of squares components variation Fsr
HX

uiEdle 7 146.04 0.36 11.67 0.12
e 406 1092.43 2.69 88.33

ZHEN

T [6) 2 38.22 0.24 7.08 0.07
FhEEA 235 749.89 3.19 92.92

a3

A a] 6 39.88 0.13 5.00 0.05
FhEEA 215 545.90 2.54 95.00

B4

T 1] 6 27.98 0.08 3.08 0.03
FE 197 479.36 2.43 96.92

¥

T [6] 3 11.39 0.05 1.78 0.02
FE N 120 297.74 2.48 98.22

A%

Y7t ] 4 914.73 0.92 22.32

Yol 3 b ] 24 299.18 0.24 5.92 0.28
FhEEN 1173 3473.53 2.96 71.76

3.1.3 /IR AL A 51
HRAIG SPAGeDi v. 1.5 % 7 (138 A 4065 AN P HE A7 PR /N FRUBE 22 W38 4 14 43R 45 R 0
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N, fE34km W Fy KT FBHABEGXESL, RS S, ) 5%
B A AL S5, AL R REVIMAMARE A (& 3.5). £ 3.4 km F 3.6 km A A
5.8 km F| 7.6 km WEEE S XN, Akl 1) 525 1) 5 Al AL 458, AR [E] 2 BEALS>
fio TE 3.6km Z| 5.8km W1 7.6km 2 J5, Fij/MFZEHEEGEXEISN, A2 R
B [ AL 254, A TR S AEBENL 73 A1

0.1

0.08

0.06

=0.04

0.02 A

-0.02 A

-0.04 T T T T T T T
0 2 4 6 8 10 12 14
Distance (km)
3.5 5 PO AEAE A MBI AR 2 I A 25

Figure 3.5 Fine-scale spatial genetic structure (FSGS) for genetically purebred individuals of Q. glauca
T BARIR O SR R BEN 95% B A5 X (7]

2 WK WAL Al A MR N R 2 TRl AR 25 A 45 R oS, £ 0.8 km AT 2.4
km F| 16.4km W Fy K T%F BAEB(EXEAL, A28 250 B2 s a5 6, ZE S
WAMR TS AL G R B Y], EAIERED A (B3.6). ££ 0.8 km F] 2.4 km A 16.4
km £ 16.6 km P 7E B AR X 8] Y, A 21 2 2 1) 25 (38 AL 454, A TR] SEREHL > A1
£ 16.6 km ZJ5 Fy /N TFHAEBESXAISN, il 2] &2 1) 505 A8 AL 45 1), AR TE]
EIARBEHL AT o

28



0.08
0.06
0.04

I 0.02

-0.02

-0.04

-0.06 T T T T T L]
0 2 4 6 8 10 12 14 16 18 20
Distance (km)

Kl 3.6 22 ik X8 A% 4 B AMAC R /N RURE 22 ] 38 4 S5 14
Figure 3.6 Fine-scale spatial genetic structure (FSGS) for genetically purebred individuals of Q.
multinervis

T REERIR BN SR R BB 95% B A5 X H]

PHEB AR AL G AR/ R R B G S i S R B, 75 24km N Fy KT%
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B K RREY, AR REN A (K 3.7, f£2.4km £ 6 km WA 10.8 km 2 J5
FEBGXIE P, R E D E R 2 R 58, MK EEEHL A6 7E 6 km %] 10.8
km P Fj /N HAEBE G XA, A0 2] 52 1) 2 [ L 454, ANk (e 2 AEREAL 4>
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Figure 3.7 Fine-scale spatial genetic structure (FSGS) for genetically purebred individuals of C.
tibetana

T MELRTR O 255 R BUE N 95% B A X 1A]
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B IR AL A5 R 1) N RBE 7S [ S 45K 0 A a5 R BoR, #£ 3.2km N Fy KT
T HAEG XS, FEEE RN SR 5, eI ) 525 1 1A (Rl B A 454, 1B
AR B AR G RG], ENERE A (E3.8). £ 3.2km F] 5km NI 5.4km
B 7 km WAEBEAEXIEIN, ARSI E 1) ALK, MAEE 2N . £ 5
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Figure 3.8 Fine-scale spatial genetic structure (FSGS) for genetically purebred individuals of C. faberi
T BN SR R BEN 95% B A5 X (7]

P IBAL A S AN ) N R BRI AE S50 o i a5 RB7R, £E2.7km N Fy KT H.
TEBE XAl R 253 2 e 3, A2 2 1) 1F 25 [RlBAL 45 0, 1680 25
RIE AL R REEY], B2 RESM (B3.9. f£2.7km #|3.2km . 3.8 km %I
4.3 km WA 4.9 km ZJEAEBEAS XA, Al 380 2 25 10 7 [RGB AL 548, A [R] 52 B
BlorAi. 76 3.2 km £ 3.8 km A1 4.3 km # 49 km I Fij /N FEHAEESXAS, K&
1) 5 25 0 A7 2 R AR S, AR TA] 2 EBENL AT
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Figure 3.9 Fine-scale spatial genetic structure (FSGS) for genetically purebred individuals of C. fargesii
e MR BN SRS R BB 95% B AF X [H]

X LA 78 SR T8 A ) R Al G AR PR N RS 7 [ 38 A 485 ) 56 43 B v
Peai R, B XER T ERAIE RN T PPN R &R R R (F1=0.088),
HHE N W EA RN AR (S,=0.031) (83.5). MPFHEE
T ENE IR T BRI SR GO R R B (F1=0.039), [FN 2R A &
NN ROBE 28 () 35 5 K5 (Sp = 0.016) 6

3.5 AN RN R Tl AR Al AR R A RUZE 25 () 38 4% S5 AL Bt B2
Table 3.5 The intensity of fine-scale spatial genetic structure for genetically purebred individuals of the
five Fagaceae species

FEEFAMERIFT KGRk H 22 18] BE B

HRARAXRAN  aRuRgEEgE OO0 RN
Fi b P
7 M 0.088 -0.028 0.031
Z ik M 0.064 -0.019 0.021
iy 0.066 -0.018 0.019
B IFHE 0.039 -0.015 0.016
¥ 0.043 -0.017 0.017

fi5 SPAGeDi v.1.5 X1 M T A MEHEAT /AN R A (MR AR 25 F 7T 45 SR 2o, 48
3.5 km N Fy RTEHABGXASN, KRR BN LBRES, AR]85 E=
WAL, IZBRE A AL G R BCE Y], e EREM (KE3.10). £E 3.5 km
#3.7km A 5.8km F) 7.8 km WAEBAE XA, AR E] R 2 102 R L 454, A
PRI £ BN A . 76 3.7 km ] 5.8 km WA 7.8 km 2 J5, Fyj/hTZEALEBEXFISH,
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Figure 3.10 Fine-scale spatial genetic structure (FSGS) for all individuals of Q. glauca
e MR BN SRS R BB 95% B AF X [H]

2 KT XA A 1) /N RS 2 (Bl AE A5 r A 4 R 7R, 7E 0.9 km AT 3 km 2]
16.4km W Fiy KT F HAEBSIXIAS, A2 35 1 1825 (R AE 4540, %00 5 N M
[ KRB Y], EMEFREN M (K 3.11). #£ 0.9 km F| 3 km HAT 16.4 km F|
16.6 km WAEEAS XN, ARAGIE 2 12 ML 450, MER £EEHL A6 . 7£ 16.6
km ZJ5 Fj/NTEHAEBE X RSN, R IE] 22 0 57028 (B 254, MR 2 3EREHL
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Figure 3.11 Fine-scale spatial genetic structure (FSGS) for all individuals of Q. multinervis
: BERRIR BN SRS REME R 95% B 15 X1
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PEHE R AN )N RUBE 2 [RIEAE S50 i a5 R 7R, £ 1.6km N Fy KT F 5 H
TEBEE XAl R B3 S e 35, A2 . 3 1) 1F 25 (R AL 45 0, 1BE 25 8 A
R R R EY], B2 REN M (K 3.12). £ 1.6 km £ 3.1 km 1 4.1 km
F 6.2 km WTEBESIXIAIP, AR5 K2 RIS E 4, MR EZEENL . 16
3.1km #| 4.1km W 6.2km 2 J5 Fy/NTEHAEEEXIESE, K252 1 6 2 6]
it P N TR (B 1K i

0.08 -
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Figure 3.12 Fine-scale spatial genetic structure (FSGS) for all individuals of C. tibetana
e MR BN SRS RAE I 95% B A5 X [H]

B P AMA B) /N RUBE 23 [ A% 25 ) BT A5 SR B, (E 3.6km N Fy KT H
EBAGXA1Ah, BHEREGI6 I 2, AR IR 2 ML 4, ZIEE A A
R R REEY], EANIRREN M (B 3.13), £ 3.6km F| 5.1km . 5.5km %I
6.8 km W1 8.4km | 10.2 km WNAEEAFIXIAI A, A I E 2 10725 [BEAL 454, A
B S FEHL A . 7€ 5.1km #] 5.5km . 6.8km ¥ 8.4km A1 10.2km 2 J5 F;j /M FZEH.
TEBAG X [A1Ah, A 25 35 1 67 2 (s AL 45 4, AT 2 AEREHL A5 -

33



SR L R R 2 el 5 S R (0 /N RUSE 28 8] 8 A% 45 1) 5 TR S 28 ST 7

0.04 1

-0.02

Distance (km)

K 3.13 DEEHEITAT AR R /N RUE 25 B 8 A% 25 7
Figure 3.13 Fine-scale spatial genetic structure (FSGS) for all individuals of C. faberi
T MERRIR BN SR G R BUAE N 95% B A5 XA

B R AR /N R 25 (R BAE 450 T 45 R Bk, £ 2. 7km N Fy KTFEHAEE
BEIXTES, BEFE Bk ikl sy, faill 252 1) E AR 450, e L REE Y]
MR ERE SN (B 3.14). 7£2.7 km 3 3.2 km N, 3.8 km #| 4.2 km . 4.9 km
F] 6.6 km WA 8.7 km Z Jo7E EAG X [A] N, AAGIN 2 &35 12 (AL 45 1), AT &2
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Figure 3.14 Fine-scale spatial genetic structure (FSGS) for all individuals of C. fargesii
e MR BN SRS REE N 95% B A5 X [H]

St FLAN S BHE Y BT AN /N OB 2% 18] 3084 465 1) 5 B B st o0 i 45 RSB, 75 X
SRR — B N PR R SRR R R B (F1=0.09D), JHEXMES
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BN R FE A [ 25 MR T (S, =0.032) (£ 3.6). 1M B VA o /M —
FEES 2 NI IR SR 52 R A5 (F1=0.032), [6IN B 4 B A /MK /N R 45 6]
WAL R (S, =0.013).

K 3.6 TuRhTE SRR A AR /N RURE 22 8] 15 A% 45 4 58 L
Table 3.6 The intensity of fine-scale spatial genetic structure for all individuals of the five Fagaceae
species

FBEEBENMERKT RESRAN M E 2 H B

HEAFERRRE  ERAENERR FGS B
|

7 M 0.091 -0.029 0.032
2k 0.061 -0.017 0.018

P HE 0.065 -0.017 0.018
BT 0.032 -0.013 0.013

¥ 0.044 -0.016 0.017

3.2 M R FCASHFIE
3.2.1 M EGIEEZE R

X FANFE S RHE )5 T8 % S 0 Al -G /MR BT IR R 3R 7 Z i s R os (GR
3.7), FAHMITEREM 417.27 22 21591, P{EH/NT 0.01, RPF-LMEGRESMHEIRTE
ARMF A REEZR . L, HIAREDF RN ZEREK (F=221591).

3.7 LTSRN T AR AL S MR- B ML G B TS YRR K SR R R T 22 0 M 46 2R
Table 3.7 Results of one-way analysis of variance for seven traditional leaf morphological traits for
genetically purebred individuals of the five Fagaceae species

fERA ATEAIER ERE i W GHR E%H
raditional leaf )
. . Difference source df Mean square F P
morphological traits
Y] 4 9677.51 1941.18 <0.01
M Wi 2605 4.99
Mt 2609
Wy Fa] 4 212.76 1239.39 <0.01
URINES Wi 2605 0.17
Mt 2609
Wy Fa] 4 481.70 2138.94 <0.01
I 58 W Py 2605 0.23
Mt 2609
Wy 4 3156.59 1412.19 <0.01
IH 32 358 1) TH- e B A K P YFh N 2605 2.24
Mt 2609
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Yy 4 380.71 2041.78 <0.01
M WFh Py 2605 0.19
Mt 2609
W] 4 897866.32 221591 <0.01
TR Wi 2605 405.19
At 2609
W] 4 34505.95  417.27 <0.01
Ay IR Wi 2605 82.69
At 2609

o 5 S RHEA T A A AT R M 27 2 0 45 R (3 3.8), F ARG
AL 502.20 5] 2 695.20, P {EHI/NT 0.01, F#WtAMEGIEA AR AR RHOA 2 iH]
ARFEEST. K, HEAREDFRINZRRK (F=2695.20),

* 3.8 TR TERHR T MR- L AME Ger R SRR I B 305 Z 70 A
Table 3.8 Results of one-way analysis of variance for seven traditional leaf morphological traits for all
individuals of the five Fagaceae species

2 LA y .
feBeit A TEASIER ERE R WF SR R
morphological traits Difference source df Mean square F P
Yy Fh[a] 4 12533.68 233522 <0.01
& Wi 3000 5.37
Mt 3004
Y] 4 239.27 1366.68 <0.01
URIEES Wk Py 3000 0.18
Mt 3004
Y] 4 623.11 2663.45 <0.01
-5 Wk Py 3000 0.23
Mt 3004
Yy Fh[a] 4 4157.57 177750 <0.01
P S 38 P e B A PR B2 Wiy 3000 2.34
Mt 3004
Yy Fh[a] 4 503.19 2451.33 <0.01
Mo i Wi 3000 0.21
Mt 3004
Wy Fa] 4 118177257 269520 <0.01
NiEA Al 3000 438.47
Mt 3004
Wy 4 40697.73 502.20 <0.01
EE AR Pl A 3000 81.04
Mt 3004
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FAN T RHE Y 3 T 184 S0 4l AR I B A& G TR S YRR B 3 (A bs o 22
PALRAEEAMEIRIZ R RBUER (£ 3.9), EMERE R R 17.80% (SLA)
96.81% (LMD, MJii&E (96.81%) FINFTHIFR (78.89%) KR REN T FME. HF
BHE R A BRI (LL=22.16 cm) MK (PL=2.15cm). M58 (LW =4.41 cm).
H- L 5 3 i B B ALK (WP =11.43 cm). M & (LM =2.59 g). M (LA =
135.07 cm?) Fli /M EEHTHIAR (SLA=53.54 cm? g™« #% HA /MM K (LL=10.17
cm). MK (PL=0.78cm). M5 (LW=1.58 cm). MHFEE0 3| M- 55 ALK (WP
=4.68 cm)~ M i (LM =0.30 g) M (LA=22.33 cm?) A& KR LA (SLA
=75.28 cm?*-g1).

3.9 TP R IR T AR AL MR- B AME G RS TRAR RSB AR A 22 DL S B ER
732 57 22 KL
Table 3.9 Means and standard deviations of seven traditional leaf morphological traits for genetically
purebred individuals of the five Fagaceae species and coefficient of variation for each trait

RGM F S

R

Tradional WM SREM e BEe AN
leaf Q. glauca Q. multinervis C. tibetana C.faberi  C. fargesii cvV
morphological

traits

K (cm) 12.31+1.85 13.45+1.86 22.16+3.71 11.33+1.72 10.17 +1.58  32.24
AR K (cm) 214050 174040 215+043 0.78+0.28 0.78+0.20  41.62
I 5% (cm) 247045 2424039 441+077 193+030 158024  37.72
IR T ) - A

25 A K 6.10 +1.19 6.46+121 11.43+264 488+106 4.68+079  39.60
(cm)

I & (0) 0.68 +0.24 0.62+0.19 2594096 0.43+0.14 0.30+0.09  96.81
A (cm?)  41.00 +12.33 43.61 +11.63 135.07 +42.88 30.09 +8.44 22.33 +6.05  78.89

eI AL 61.61 +8.28 72.14 +10.45 53.54 +8.00 70.80 +9.36 75.28 +9.96 17.80
(cm? g) .61 +8. .14 +10. .54 +8. .80 +9. .28 +9. .
P <0.001 < 0.001 <0.001 <0.001 <0.001

FATE S RHE Y BTG A BB A G0 T8 25 R I 3 (8 A0 A v 22 DL R BN PR 1
TR RHTR (R3.10), BRI R RE 17.89% (SLA) # 98.45% (LMD,
M (98.45%) AIRFTHIAR (80.91%) AR R RECK T F3ME . H A e B A & KT
M (LL=22.38 cm). MK (PL=2.14cm). M5 (LW =4.46cm). MFEHp5|H
R E (WP=11.60cm). HJiiE (LM=2.65g). M (LA=137.72cm?)
A/ NFIEE A (SLA = 53.34 cm® g B EFR/NFIHK (LL =10.25 cm). I
MK (PL=0.80 cm). M5 (LW =1.60 cm). M-FE3E 5 M- 5 AL KK (WP =4.71
ecm). MEE (LM =0.31 g). HEH (LA=22.74 cm?) Flf KK LA (SLA =
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75.12 cm?- g,

310 TR BRI A NMA-EME GE R TR SRR B AR AE 22 DL MER I 3E 5 2
#

Table 3.10 Means and standard deviations of seven traditional leaf morphological traits for all
individuals of the five Fagaceae species and coefficient of variation for each trait

e it

Tradional WM SHEM e BEe g OTAN
leaf Q. glauca Q. multinervis C. tibetana C.faberi  C. fargesii cvV
morphological

traits

K (cm) 1226 £1.85 1321 +2.02 2238 +3.75 1145+1.76 10.25*159  33.61
A% K (cm) 213051 171040 214043 0.80%+0.30 0.80=0.20 41.56
%5 (cm) 247 +046 238+041 446076 194+0.31 1.60=+0.24 39.04
IH- A E - f

T A K 6.08+1.19 6.34+128 11.60+261 491+109 4.71=+0.78 41.18
(cm)

i & (g) 0.68+0.24 0.60+0.19 2.65+097 0.44+015 0.31+0.09  98.45

M (cm?)  40.85 £12.47 42.30 £12.27 137.72 +£42.74 30.59 +8.82 22.74+6.11  80.91
1

g’i?ﬁ; 61.50 +£8.37 72.02 +£10.33 53.34 +7.91 70.17 +9.25 75.12 +9.64  17.89

P <0.001 <0.001 <0.001 <0.001 <0.001

X AN T8 BHE ) I T8 4E 00 I Al A A B A AN 0 A (0] Pt T RRUORA P J5i B 3R AT
AT R TR, BAF R AR B EAE DG (0.79<R?<0.84), RidAKIH
I/ T 1.0 GR 31D EWF, BEREAE KBRS (0=0.83, 95% CI=0.78-
0.88), FFHENHEAKIEEIXRZ (0=0.81, 95%CI=0.77-0.85), X (95% CI
=0.78-0.82). ZMkFH X (95%CI=0.78-0.83) FIEJHE (95% CI1=0.76-0.83) ) FiHA4:
KIEHAH S H il (a=0.80),

301 TR FE SRR T AL A S AR - T AR R 5 B [ B e Ok AR AR A AL T2l e ] )
Gt BH
Table 3.11 Statistical parameters of standardized major axis regression for the log-log linear relationship
between leaf area and leaf mass for genetically purebred individuals of the five Fagaceae species

HM ZkENX i D ¥
Q. glauca Q. multinervis C. tibetana C. faberi C. fargesii
a 0.80 0.80 0.80 0.81 0.83
log B 1.75 1.80 1.80 1.77 1.78
95% ClI (0.78,0.82) (0.78, 0.83) (0.76, 0.83) (0.77,0.85) (0.78, 0.88)
R? 0.84 0.80 0.84 0.79 0.81
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P <0.001 <0.001 <0.001 <0.001 <0.001

e o ARG BT R AR, RIRSE A KAEHG B oy A S iR [ H 2 e CTONEEX
[a]; RZNHRE AL

XF TLAN 58 3 BHE P A AR I AR 100 R - TR AR R Pt o o AT [ U5 70 &85 SR
AN, BRI AR A B E AR DG (0.80 <R%<0.84), RIEAKIREIY/NT 1.0 (&
3.12), 1EPIFRH, FR R AE KR EUR S (a=0.84, 95%CI1=0.79-0.88), £k X
s AE KRBk 2 (a=0.81, 95% CI=0.78-0.84), i X (95% CI=0.77-0.82).
BHHE (95% C1=0.77-0.83) FIZVFHE (95% CI1=0.77-0.84) F 74 K4a B H i
it (a=0.80).

% 3,12 TASE R T A AR I R [ 2 1 5C BR AR AL S A ] G 28
Table 3.12 Statistical parameters of standardized major axis regression for the log-log linear relationship
between leaf area and leaf mass for all individuals of the five Fagaceae species

HM ZHKENX i B ¥
Q. glauca Q. multinervis C. tibetana C. faberi C. fargesii
a 0.80 0.81 0.80 0.80 0.84
log B 1.75 1.81 1.80 1.77 1.79
95% ClI (0.77,0.82) (0.78,0.84) (0.77,0.83) (0.77,0.84) (0.79, 0.88)
R? 0.84 0.80 0.83 0.81 0.82
P <0.001 <0.001 <0.001 <0.001 <0.001

e o ARG PR R A2 KR 2R, RIS R KSR R B o EAR S R RS i 2 CTOVER X
i); R2JYURE ZREL

3.2.2 M LB AR

X AAGE P RHEP) S T8 % S 0 Al &/ MARBHT I SCE IR 2348 7 11 B
A S BB, RN 2599 B R AT 2B G R b
PRI G5 RN, 88— F A FIEE — B SRR 72% IR S, b8 — E s
fRRE T 41%, 55 EWERE T 31%, A FRHEMIRe AT H 2 08 (B 3.15a).
Wk B FNZRAE o, T U B8 — o Bl A8 A g AR AR NG BE AR, i
FR A By SR . R R AR HRTEAR R ARAR iR,
M F f e AR R ARG B, MERRIARG K AR, I TR RIS .
FRRAT TR AR o 65 TR, 55— A FIEE 3 R4 LR 62% 1M TR 5,
HA S —FEWa R T 34%, £ EMD AR T 28%, IMMESHM, BEERK
/N 315 0D WA R FNERAE EIFE R Fr B AEXS PR B 23 A W82 2 R 1) 225 A8 4k
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Figure 3.15 Scatter plot of principal component analysis (PCA) at the leaf level for genetically purebred
individuals of the five Fagaceae species based on (a) symmetric and (b) asymmetric components

Ve RS B Q0% ELAS AR . T A L T A TR

XF A RHEA A AR AT SCE AT 288 1 10 7 B S5 25 P 3 1)
BSHEE, XN 2995 i AT 2 A BT 8T . R TR R B S5 R R
B — R A R SRR T3% AR e, P — R R T 41%, BB
FHERE T 32%, BAGEFRHEYIREIEATE /3 0 B8 (B 3.16 a). W% BRI AN AE ]
BN, MRS —E MRy AR B AR, i R R B
sk RIS R IRy HARTIR NETRAS N RS, iy 5 B Ak 1 r
BEAX TR, AR AR, R R 2 kB R IR
PR S R, BB — E R FEE 1 B AR 62% M AR S, oA 88— sy
FRRE T 34%, B RO T 28%, AMMEZR SN, WEERE/N (B13.16b).
R s P T I A P P R =R s 2 R A R 52 1 I T (1) S 3 A4
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Figure 3.16 Scatter plot of principal component analysis (PCA) at the leaf level for all individuals of the
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T WFRE B B 90% EAGAIR o T A HT BRs T 3E 2 BOAR S AR

BT B 7K RS RR 43 RN AR S R B 2 5o T AN 52 SR BB P 58 T s A S i Al
AMEREAT BN RE TS R ER (B 3.7, EXFRES o, R KNS
FFRAFAE B35 B il A K, RV RN 0.0930, P<0.0001. [Pk BRI ZEAE B 45
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Figure 3.17 Scatter plot of two-block partial least squares (2B-PLS) analysis at the leaf level for

genetically purebred individuals of the five Fagaceae species based on (a) symmetric and (b)

asymmetric components
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Figure 3.18 Scatter plot of two-block partial least squares (2B-PLS) analysis at the leaf level for all

individuals of the five Fagaceae species based on (a) symmetric and (b) asymmetric components
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Figure 3.21 Results of discriminant analysis (DA) at the individual level among pairwise comparisons
for genetically purebred individuals of the five Fagaceae species. (a)-(j) The DA results among pairwise
comparisons of Q. glauca, Q. multinervis, C. tibetana, C. faberi, and C. fargesii and orange represent
the Quercus species Q. glauca and Q. multinervis, while green, purple and red represent the Castanopsis
species C. tibetana, C. faberi and C. fargesii
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Figure 3.22 Results of discriminant analysis (DA) at the individual level among pairwise comparisons
for all individuals of the five Fagaceae species. (a)-(0) The DA results among pairwise comparisons of
0. glauca, Q. multinervis, C. tibetana, C. faberi, C. fargesii and admixtures. Blue and orange represent
the Quercus species Q. glauca and Q. multinervis, while green, purple and red represent the Castanopsis
species C. tibetana, C. faberi and C. fargesii, and grey represent admixtures
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