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Abstract; Fagaceae is one of the dominant tree species in warm temperate forest in the Northern Hemisphere, which has
important ecological function and economic development value. Previous studies have shown that there is a significant

difference in the process of embryo and fertilization between the genus of Fagaceae. At present, under the framework of
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the system, there is still a lack of knowledge and understanding of the evolution process of these important reproductive
traits. In order to clarify the chaotic anatomical term and analyze the evolution trend of the importance traits of female
flower under the framework of phylogenetic, on the basis of the relevant domestic and international literature, open-air
investigation and specimen identification. In this paper, the important traits of the female flower at different developmen-
tal stages were sorted out and analyzed, and the evolution trend of the above traits in the phylogenetic tree was
discussed. In this study, five characters from thirteen species belonging to six genera of Fagaceae were chosen, and Mes-
quite was used to encode and assign the trait according to the phylogenetic tree of the Oh & Manos based on the nuclear
gene CRC and ITS. Among these five characters, the trait of delay time of fertilization was analyzed based on quantitative
character. At the same time, the remaining traits were analyzed by qualitative character, and the ancestor traits of female
flower morphology and fertilization were reconstructed by maximum parsimony. The results showed that there were four
important traits in the female flower of the family, such as locule without trichomes, ovule with evident funicle, ratio of
locule and style was large and pollen dormancy in locule. These four traits were plesiomorphy, and another trait of delay
time of fertilization was parallel evolution characters. According to the use of anatomy terms situation in the past, aiming
at the existing problems of anatomy term confusion, suggestions are put forwarded that using the “postament” to repre-
sent the remaining tissue structure of nucellar tissue in embryo sac structure at mature stage in the future. This study re-

veals the trend of the evolution of female flower and embryological traits in Fagaceae, and also provides the information

37 %

for exploring the evolution of these traits.
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523} B ( Fagaceae) 145 7~ 11 &, 291 0004,
SEACEIR AR R RGN H A N, AR H
1A 25 Ty e FN 28 55 T & M 1B ( Govaerts & Frodin,
1998 ; B UL 55, 1998) o B FHEY) HAE R R B LA K
ZHG kB oF 5 AR Y0 E N A E AL DDA oG
(Baker, 1959 ; Barrett, 2002 ; Darwin, 1877 ; Stebbins,
1958 W15 H., 1982) . AF N BAT B R4 T KRS
ERREL, BT C X723 B BRI (Quercus) (S8
(Castanea) JKT W& ( Fagus) WAETIES K A B i
FEIFRE T3 298, 45K, 58 3L B & 1) Al
WNAETIIE S B AL By 2R B AT 24, A0 6] I 1Y)
MEAETEZS 7 P 2 B W0 IR Bk A6 8 1 52 KGR 45
FRIEAEAE R B 5 1) 22 5% (Sogo & Tobe ,2006a ; XB 5L,
2007 ; P E4%45,1988) , Oh & Manos (2008 ) 3 T-7¢
SRR GK B RIS AL B B 7 B AR o3 B R W 1
FC R AR SE S AR TR T e 2 JF H
FAESE R EA RS AR IR i 58 SR A%
R BRI DT 1 b XU A 78 g IR i I 528 D XL
AR, EIRBESE AR S e Sk R Y SR i M
W BLE 1 A

FERIA [F) R 1 A8 T8 A5 M 20K & o 7
AT E W SCERGE R, T W F 5 SC T R
AN ], BIF S 8 A8 B AR T AN AT, PR i e <)

FHER KB W AE TR B = R G0 LES 53 b, 25 1
FER ML S5 # AR IEAFEIRIE 8 e - BHE
[ 4E &6 K B Az JH FE AR 1Y L 8 ok — 1 M BE
( Borgardt & Nixon, 2003; Deng et al, 2008 ; XS
2007) . FrLh, HBTA R B = 76 R G FHE SR B A X
SO SR FEVERE AL A B A VGRAN T, ST,
AN 5¢ 2 BHAE TR A5 R 52 4G & B i F i0)  2E
PERIEAT R G R PE, LASE b H AR b A28,
BT R G0 E WAL O F00F 3 S R 1Y 1 Ak ek
Frobr , B AR 5¢ - BLMELE 1 R JIG 27 Rk 51 27 02
SHIARE  RHER AT RS S0, 2R3 E R PR AR TE
RGERKBEW L as, Aol i m stk
NN iR NEE A R BISE S AR /N R
PRALIEREGORE

1 #8575 &

1.1 EARELEERERZRETHENLE
AWGE T oE b B K se sk H R BEE & B 2R
PR R L o A R S Sk A 4 A e B A
WS SEARAT A5 BE LLB IR IR AR LR 1, 3¢
BT R B 25 M 01 2 TR R 24 1 R 1 2 25 X8
(2008 ) Fll Borgardt & Nixon (2003 ) [t 32, 245 A
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Table 1  Comparative female flower and fruit characters of Fagaceae
1 2 3 4 5
i | ‘ [ ,
Species ATRRBEE FHUEEAEE o rpiclt pkimfoe
Delayed time of With or without Funicul /@h | Ratio of 1 i Position of pollen
fertilization trichomes mewiar morphology ato of focute at dormancy
and style
HHEF X 2~254H(2) A1) ToWT RERE (3) FAE/N(0) TERE(2)
Quercus schottkyana 2-2.5 months(2) Has(1) No evident funicle(3)  Small ratio(0) In style tissue(2)
(Deng et al, 2008)
HE AR 2~251H(2) FH(1) RKH(?) FAE/N(0) 1EFE(2)
Q.franchetii 2-2.5 months(2) Has(1) Unknown( ?) Small ratio(0) In style tissue(2)
(Deng, 2007)
JRAR 14411 (4) A (1) ToWI R (3) FAE/N(0) TERE(2)
Q. acutissima 14 months(4) Has(1) No evident funicle(3)  Small ratio(0) In style tissue(2)
(Borgardt & Nixon, 2003 ;Deng,2007)
F I F R 1A 4) A(1) JCH W R4 (3) L1/ (0) 1EFE(2)
Q. alba 1 month(4) Has(1) No evident funicle(3)  Small ratio(0) In style tissue(2)
('Stairs, 1964 )
ESUIES 13AA(5) (1) BRI (3) A1) HEHE(2)
Q. velutina 13 months(5) Has(1) No evident funicle(3)  Large ratio( 1) In style tissue(2)
(Mogensen, 1975)
L% 121A(0) A(1) BRARAE (1) HEIER (1) 1EFE(2)
Castanopsis delavayi 12 months(0) Has(1) Slender funicle( 1) Large ratio( 1) In style tissue(2)
(X|#?T, 2009)
K 24 H(4) A1) BRI (1) FAER (1) AEHE(2)
C. fissa 2 months(4) Has(1) Slender funicle(1) Large ratio( 1) In style tissue(2)
(X277, 2009)
eiEy 1.5 1H(6) REI(?) BRARANC (1) FAER (1) 1EFE(2)
Castanea sativa 1.5 months(6) Unknown( ?) Slender funicle( 1) Large ratio( 1) In style tissue(2)
(Xu et al, 2004)
e 3% (1) REI(?) BRARAI (1) HAER (1) AEHE(2)
C. mollissima More than 3 weeks( 1) Unknown( ?) Slender funicle( 1) Large ratio( 1) In style tissue(2)
(FE% ) 1988, Deng, 2007)
HAHE 91MA(2) A1) BRI (1) FAER (1) RA(?)
Lithocarpus dealbatus 9 months(2) Has(1) Slender funicle( 1) Large ratio( 1) Unknown( ?)
(ARAS FET A IER )
=R REI(?) A1) BRI (1) FEAER (1) RF(7)
Formandendron doichangensis Unknown( ?) Has(1) Slender funicle( 1) Large ratio( 1) Unknown( ?)
(RB4,2007)
H AKX 2H (1) J5(0) BRI N (2) FEAER (1) TR BRBE(1)
Fagus japonica 2 months( 1) No(0) Evident funicle(2) Large ratio( 1) At funiculus and
(Sogo & Tobe,2006a) integuments (1)
FEIKFN 24 H(1) J5(0) BRI (2) FEfE AR (1) AN k(1)
F. Grandifolia 2 months( 1) No(0) Evident funicle(2) Large ratio( 1) At funiculus
(Langdon, 1939) and integuments( 1)
ARRRHEE 3MH(4) J(0) TCW B 2RA% (3) FEE AR (1) M T s R
Casuarina equisetifolia 3 months(4) No(0) No evident funicle(3) Large ratio( 1) M EROFEM(3)
(Sogo et al,2004) At style, ovarian locule,
funicular surface,
nucellar surface(3)
73 RKHI(?) o (0) JCH W R4 (3) EIER (1) RKE(7)
Corylus heterophylla Unknown( ?) No(0) No evident funicle(3) Large ratio( 1) Unknown( ?)
(Sogo & Tobe,2005;Liu et al,
2014,2013,2012)
g 2 JiZ£(6) J(0) TCHEAR 0 WA (1) FhE HROERR(0)
Myrica rubra More than 2 weeks(6) No(0) No funicle(0) Large ratio( 1) At ovarian locule,
(Sogo & Tobe,2006b) nucellar surface(0)
ik ARH(?) Je(0) JoRA ERARE (3) LIER (1) KA(?)
Juglans regia Unknown( ?) No(0) No evident funicle(3) Large ratio( 1) Unknown( ?)

(Lin et al,2016)
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Fig. 1

on phylogeny tree of Fagaceae

Character state comparing map of five variable female flower characters (Table 1) observed among select species
Phylogeny based on CRABS CLAW and ITS sequences (Oh & Manos, 2008) Gray circles

are parallelism characters; Character number is above the circle, character state is below.

ESHHE T (1982) (B FHEYIIRIG %) — 15, SClik
PR IR ANT AR J& (Sporne, 1969 ; Hjelmqvist, 1953 ;
1957 ; Stairs, 1964 ; Boavida et al, 1999; Boavida et al,
2001 ; Borgardt & Nixon,2003; Deng et al,2008)  JJ&
(Xu et al,2004; FZ %5, 1988) 458 ( Csatanopis )
(X FLAT,2009) ; =1 )& ( Trigonobalanus ) (¥4 & &2
N I, 2004 ; X 48, 2007 ) . 7K 7 X J& ( Langdon,
1939; Brett, 1964; Sogo & Tobe, 2006a ) ; # Bk #}
(Juglandaceae) (Lin et al,2016; Li et al,2005;Bai et
al ,2006) HMEAREL (Betulaceae ) (JIHF45, 1998 ; Sogo
& Tobe, 2005; Liu et al, 2014, 2013, 2012) 4% #ff B+
( Myricaceae) (Sogo & Tobe ,2006b ; I1. 2545, 2015) |
AR EFL( Casuarinaceae ) (Sogo et al,2004a, 2004b) .
1.2 A BRESRZIBREFENRLER ST
R G5B R AR BT AEEXRR S A

PEAR(ZR 1) #E47 00 M. JF e eoe 3k H BB BERL A
AR g RE  ARRR S B g SRR, AT AR
Oh & Manos (2008 )k TA%HEP CRC FI ITS #4#EHY
Fo R RGER BRI Li et al (2004) 52} H &
45 % B 545 5 M Mesquite version 3.04 k{4
( Mafddison & Maddison,2015) , 22| R X B W, ¥t
A F IR 5 B R] CRRAE 1) 42 IR B0 Motk it 1743
BT, TR AR R AT 2 5 R, O FH e K7 29
7% (Maximum Parsimony ) T 2l 78 T 25 M 2 45 R iR
AR SR

2 HREAMN

2.1 BRI BRI E BT EHR
52 RHERTE A 45 HO 6 e, B RE b 7 5
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®R, 85 P [ A BRJE (Lithocarpus ) W 228000, XUk
HUtE EAE 1-3-5 Ze R4 TS b, HEAE T F )
BT VR B 78 3 LR BRI 2 4
LRI AMEESE- 3T 5 AT /NeL i (Huang et al, 1999 ;5 ¥
JREE A, 1998) .

A Fe LR IR R A E 7 X oA TR
BRA B 7K X I8 46453 8 78 BRAW I 2k AL A7
PRUR , HAR B A 53 8 70 A8 AT 6 50 1) i BE 4 4L rp K
G, 28 KA T TE A I 30, 260 8 A BT
TR A TR [R) — 5 5 i oA [6] B IR B i Ak T
AR R B BB TR I, WIAE IR, T e 25
AURFL, 2 J5 I i 2 R LA TE i 40 B i | 3 i
AR R X — & & 7 AR R R FLE b
W 5% H% £ ( Borgardt & Nixon, 2003; Brown &
Mogensen , 1972 ; Hjelmqvist, 1953 ; Stairs, 1964 ) , 55¢
SLHH TR L E —F(Chen et al, 1990; Johri et
al, 1992; Langdon, 1939; Manning, 1940; Zhang &
Chen,1993; Zhang et al, 1994 ; JIBHF55E 1998) .

FEWSEEFE S RHAETS B IR G 2= MR B R R, 72 2
BHAFELE MR oE CAAAEIRWE (R 1), W KBk
(hypostase ) ” F1“ ZR.Lo4 ( postament ) ” P AR 15 41 FH
T8RO H LU AT BOBR AR ZL (X AT, 20095 17 2%
Fo45,1988) o A, 5e 3k RHERIE B N 2R B2 R
B0 25 A7 4+ ( Borgardt & Nixon,2003)

22 R ERSREZRBEBENELES S

FC R T8 By HOE G R AL T SR R & B Ry
fIEFEEE L 1, B Mesquite X 45 55 P 4R 59 43 #7145
KR, 4 ASFRE AR, + 55 = N T B9 (FRAE
2) B EA W R BN CRAE 3) 7 B S AR U fE
KFHIE 4) AEBTET B % NIRHR (FRAE 5) . 583k
P& 8 A F % U IS B R CRRAE 1) 2 P47 34k
FRAE

FE R ERKE M8 b & N EETC B, HAR
JE TP WEERIAT TR, BT EIR A B, wT LA
FIEF P BN BETC B AAE, T 5 B NEEA B
PORATIE 72 F B 45 8 IR 2k 0% BRAR T 25 42 1k
Fo KENEBA RN, AR | =B ERE %
NS e 1 BRAN S J )T SRR N A I B Bk
W e B R A A IS0, 6 S B Y 2R A B 2 AH
fE RN IE RS B R IE . 7o RHRE I+ 5 &
SRR L E /N (BR Quercus velutina ) , A3 J& ) F

FrESAEW AR, BRIE T = SR T
{EL/INREBRIE 14 FATAE , 08 BHAR IS (%) ME A6 52 893 199 1]
TEREREI, 7 B B AN

TR R ALK S AR A T IR TR, fR
BIEF R 2 J8 2] 15 > A B % 7831 R TR AR
BT R AR {3, Tl Re S AT AL R AE . e 3B}
T E R IRIR A B A5 R A E L, TEKENX R
o AR ORI AL B FE RN O BR AL AE AL B 1T e 3
HI BB h IO A RIR IR EE T 5 2 IR ( Sogo &
Tobe,2006b) . AT, 7K & X J& 1 4643 48 7 F 5 N
PR AT REAARAE . 7o BHEIE S8 i A6k 5 e 4k
FEFEFBARHR AT B A X — 32 RILAAE(E 1),

3 3tk

31 RARBERFEREEAEAR DR

el R IR & B i R, BT R IR B AR IR
. AR SCEE < BR DA (postament ) ™ i i IR 4%
JRCEAI BR O L SR B AT B A I ARG SR
“IKERE#L (hypostase) " iR 2544 ( Deng et al 2008 ;
XIF AT, 2009; VFEFE A5, 1988) . F MK 7R ER £ &
SCRAE FER DA Y A8 25 LK, & EI I & AE VT
ZAY T GE T RIR B A TE (Szujko-Lacza, 1977
Tilton, 1980) , {H i1 FXF Z A2 1) & ki S L 41 it i
AN TRER A M 728 A5 R B TR L AR
I, Tilton (1980) X B0 2 2 A A — F R Rk A A5 AT I
TR A PR, ARER S AR e Bk O A —
BN E %8 TAE7C 3B« 2RO AL flf AR
F, BRI B D (VP EX 3455 1988 ; Deng,
2008 ; X1l 75, 2009 ) o AR {5 ] A9 9 2215 0, i
PUGGE—R F B AL 48 71 72 2| B 98 i 2 2R
OHBURAR NS

BRJE sect. Quercus ¥ P E N R LI B
FIEPW, THEMNREZEAA2ZRE BT
TB I IR YRR & B 00 73 2R 1k, iz T 1R
W& 4% 4 A9 % 4> | ( Borgardt & Nixon, 2003) , i
Borgardt & Nixon(2003) A NTE sect. Quercus H PSR
BRI TCBSE T N 2R B S0 B g,y — T Dy ik
PERIPEAR . 75 XIS S MR 0 J H & S A rh 2R S 10
PR B BAT B A R R PE B R o I R R, A
5T IA A Borgardt & Nixon (2003) X} F 3R 7 &1
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TR UL A R, FRATTHE SE 5 b WL B BR R
sect. Quercus IJNRJE BAIEMRPEE, X Al GEZ H
THEE sect. Quercus ™1 P A Bz FIBD B2 A8 BL AR 3T, 52
A G % 2 FF . Borgardt & Nixon (2003) i Wil
RIS TT 1 SR e R e 254 . PRt WA
20 figp ) WL 5% N R B2 5 o e R P R O R A e
B, A REE LR B & B,
3.2 T BT R FHHE

7¢3F B i &R MEAE & B REAFAE — 8 25 5%,
FRN I 3 2% BEP IR, SRR EIE IR
R EBRALAZRE (VP X245 1988 ; Deng et al, 2008 ; X
F AT ,2009;Sogo & Tobe,2006b) , iR} H A4 Al
[ FAER B AR , BRFL 32K ( Kubitzki et al, 1993 ; Skene
et al,2000;Sogo & Tobe,2006b) , HEARRT =,
BE 1~ 2 DI, B4 IR BR, & A Z K
(Kubitzki et al,1993) . SABERL B AT B2k bl 5 A ik
BRORER 14, & A2 K5 (Lin et al, 20165 Li et al,
2005;Bai et al ,2006) , [REEREIILER—HIA
[FIRFZ (8] IR G % B M sz R b AR e 2 hh 22 57
WAMIFSE e BRK 55 X W A A JRR B8 RS AR 18 26 43
ERAESEE R, p 2D UV E KSR, XFhA:
K75 AR ALK 48 1 38 5 v i 3 5 ZEAE T (Sogo &
Tobe, 2005; Williams et al, 1999; Sogo & Tobe,
2006b) , FERZAELEFE | H b8 i A7 78, 1 6] 18 R
SR I R 15 ik — 2B
3.3 B RFEBEE L K/NREL

el BRI B9 F B 5 AR R A FUAE /N (BR Quercus
velutina) , Fe A3 J& B9 F 5 5 A6 A 19 HLAE K ( Deng et
al 2008 ; X3, 2007 ; X ik A7, 2009 ) , 52} BHARJE Y
MEAER Y WIAEAE S R E, TR KE , IR
RE W R Y IG A  3X — R GV 5 4R =
T A D)5 & (Deng et al,2008) , Al BE A HE
JB AATIE, BRIE BT b5 5 AEAERY FUAE /)N, TR
FI TR S8 W ol 6 BRI 114 35 iy FH 5T
3.4 "R HE RIRSEE L R EREE R

TEIRSEAF NG AE 7 3 B b Bl A7 e, 1 i 2R
G )AL R A R IR B MR IR iR 2 1 — A
SRS, HARE IR SZ A Y LG BRI F
{HREBZ ZG0WF5T . Sogo et al (2004a, b), Sogo &
Tobe (2006a, b) X Wi 5 AR ERE KT K45 1948
BRI BT T OE o, I i A X LA

FEMIAENS B PRBIR S 8] 5 007 B 2 AR AE 3R 58 72 31 B
TR IR TAESRHE TR S %

3.4.1 F4AG kR T2 RS R AR
P16 FIE SRR AR , 25 J& 1 PR B of [A) A7 A — 25
5, 2 Ji % 15 A H BFHER S (Deng et al, 2008 ; X1]
T AT,2009;Sogo & Tobe,2006a) . A£H5 4 B MK HIR i
AR A A, 3K — 4 AF AT i 2 45 i A7 T Ak 0 4
TE ARSZ T A BR800 PR B = | AT Ff itE — 25 #b
FEELHE NI E

3.4.2 EFFHEIRBALE  EHE IRIR A
BTSRRI RS, 523 FHEJE (Boavida et
al,2001; Deng et al ,2008) 5/ (X Ar,2009 ) FI5E
J& (VP ERFS 45 19885 Xu et al,2004) BAE MY & 1AL AT
SEFRORHR , 7K 75 X1 653 8 76 BRAW R 2R L T b 45
PRER—YR (Sogo & Tobe,2006a) , 3T R4k &M
RGBT Fe R ISR KT KR 1468 5 R HIR
7 B EBRAW A BR AL, Ay 8 A6 4 4 I R IR A 2 41
TEACAE LTS, A0k B AEAEAT TR ARER 5 75, ek T
BRI T B B R, AR B2k A BR O RN ER B B &
B AR A TEAEATE JE TP R AR ; 40 SR 42 45 B 200 A
YR LT I ETEAEA: FEERIRNR (Sogo & Tobe,
2005,2006b) , £ 45 FEAEAE SEFARIR , 1798 F B
WOMBRE R B G, M E HRIRE K, KEX
FER R KRS B BRAN A BRALAL , A TR T HAYR
AR SR AEAE FEFR AR AR, A8 PRI A B 1) i
AR RE5 B R ) 43 A B A DG . aX T O
AR ( Casuarinaceae equisetifolia ) W57 K fift BE
FLAE R P IR A7 — B AW BRI 100 200 i 7 455 4L
210 PR HIR 3 Ta] 79 A6 B 8 32 1L 75 3% (Sogo et al,
2004a) . 5o FRHER B URBR Y I R 75 i — 20 AR 5E
3.43 &4AEH EARRRE AN RHER
BIRIRIE R IR FE AR . Sogo & Tobe (2006a) Ak
FEIRZHE AT FI T I\ 2 55 A6 M 45 v B AL 07 2% oF — 2%
PEARREZHG . 5231 Bl FAFTE R IR 52K , HoAbAE
F (1% 3 T 2H 2P S 1% v RE 4 i T R EL A AR A
WS PER T AR, R, ] GE X A6 K 06 ) B A e
VEFH 3 45 AR 40 ol 1) 4% 58 000 2%, A6 83 R B AL ] mT
SRANTRIFR] B A6 R0 3 N AE T B 32 0KG B Bl iF
TN R T AS TR o (6] 52 K5 B4 A8 % (XB L 2007 ) , HIR
ARFTANTEB A SRR 3 — 250 0E, it
A TERER S R4 2 8 2k B v e M b i) B S AR 4k
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RIMZ WIS W) I 2 IR R A R BR B BR O IR
B, BA s BURRRRE, IR0 & AL
LY (HEIRER ,1998) o BRI RAER NG A R
S T B3 %) A Al X T B A ) HiE IR AZORG A A B A
RN EASEEM.
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