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ABSTRACT

Keywords: Isoetes, small heat shock protein, molecular marker,

conservation

Kinmen National Park located off the southeastern coast of Fujian
Province in Xiamen Bay at the outlet to the Jiulong River. Due to the
close proximity of Kinmen to mainland China, Kinmen's flora is closely
related to mainland China's. There are 8 genus vascular plants and 35
species of plants have not found in Taiwan. Among these distinctive
plants, the quillwort in Kinmen is more special. This quillwort is grown
on Tai-Wu Mountain. The growing condition compared with Taiwan’s is
not well owing to the huge dynamic variation of weather and it’s nature
vegetation. The habitat of the quillwort in Kinmen is Narrow and small.
In summer, the water level of the growth region is unstable leading to the
death of quillwort. Therefore, based on the concern for wildlife
conservation and the natural environment, We need to investigate and
compare the physiological mechanism and the hereditary property of the
quillwort in Kinmen with other species.

The aim of the study is to establish the specific molecular sequence
and analyzing the sequence of small heat shock protein. In this way we
can compare the hereditary variations and reconstruct phylogeny of
Isoetes. Furthermore, optimal spore germination will be studied.

By amplifying the SHSP21 partial conserved sequence of |I.
taiwanensis and the quillwort in Kinmen with Polymerase Chain
Reaction, we found sequence variation among these two quillworts.

Besides, this primer could amplify a unique sequence in the quillwort in
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Kinmen which is not found in I. taiwanensis. The RAPD analysis also
showed only 31.42% similarity between them. In addition, the spore
germination as well as temperature response varies between these two
samples. All of the data of this research indicated that a new species
called Isoetes kinmenensis might be the right name for Kinmen

quillworts.
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kab (lsoetes sp.) A=kt k 2 s B for e & H 2 (Pigg,
1992) » H &~ 8+ = 5 g s e ™ ( Pteridophyta ) - % # %
(Lycopsida) > -k 2t p (Isoetales) - -kt 4§ (Isoetaceae) > -k 2t
% (lsoetes)  ( George, 1955) - f& % B Eﬁ? %8 > Pteropsida iz %
(Clapham et al., 1987) - A= dp % & 7 8 > k&t p fude 2 2 L 4p %
ﬁﬁ,aﬁ&éﬁﬁﬂv%&ﬁ%%i@ﬁﬁ’i§iﬁﬁ$£ﬁi
k2t B (Meng, 1999) -

dao kRt B Re AR R RE PR R LB R
BoATHRE ¥ S RA Gk 3 F 8Os 2EFEPED
ks X FHae BB aa B % (Taylor and Hickey, 19925 Hoot and
Taylor, 2001) - p % & feen &1 5 704 > K& Biedy 2 » 8 &

B P e fE hor ey NF SR H A R R
ZRRSEMAET R HESLLIRE A R E Y R ER
2. B % (Taylor and Hickey, 1992) o o %4 F ##kp 2 w%e § + 2 %
;}g}&m Fo ok g Jfg;ﬂ7%3{rﬁg.«,m (R LL£W§§7’1EL\;}'§F,{9{{\

WLt s RIFHREEG o DT DB FY DNA i @ 4B
FIFHM S L ARFAME - FAEN T2 AL hil2 2 €8 M-

Aokt BEF A FILAHFE TG O AT AT 2 PE S EY DNA
internal spacers of nuclear ribosomal (ITS) -~ &4 LEAFY 2. %
B intron * ¥ % ¥ DNA rbcL - atpB-rbcL & » M iz fd * & 2 F = &
Btz kMGG A8BF A 5= x4 BE Ffese W st kp

SRUINECTUNE SO rRL AR S IR G S AR TR R
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Pl %k p 2 (Hootetal., 2001 ; Hoot et al., 2004 ; Hoot et al., 2006 ) -

Poan Ir e e B A n % % k2 (Il hypsophila) ~ Z
¥ -k 2 (I yunguiensis )~ ¥ -k (I. sinensis var. sinensis~ |. sinensis
var. coreana) ~ & I -k & (. asiatica) ~ & #-k 2 (I japonica)

I. michinokuana ~ B % ¥ -k 2t (l. pseudojaponica) ~ 5 # -k (I
taiwanensis) ~ & * -k (I orientalis) & -4 > 2% SF &P

TATHE R - B AR LS o

oAk AR LEERRAEN 19T EF R EBP L FROGEH
RERImTAL o8P A el b5 okt (Isoctes
taiwanensis DeVol) » ¢ 5 5 /8 p wheli— 4 b 22 ok 2 ;1981 # = & »
AR EPFRENAL AP RA S SR AEE L d
Sk B PR OAR XSGR RRRETALT LA
FHd FHRAEREIAT CESFET  EANF T R %
Ad RED E32 (4 1-1) » FREELEPF IR R Lok
- fh T LR RA kG L8 (5, 20025 3%, 2003
5, 2003) iR H A S b 2 B R g H ka2 MM RRF

DNA & 71 & 47 & fie o

o

2 ITS % % 448 LEAFY homolog 2. % = % intron iz B & + i @
Lo Ratrde Tk Rkt Bt Bz %M G FIRITS » K ¥
MR L E RORA BTN AEZRELE DR TSR 2
+ i B4 % LEAFY homolog 2
£ FRIT R Rk R D AE - h s L
LT R2eBrR2 R HErPAFiiHEZH2AZA L A &
PPy Fe2ok b SR AR I33BdkAF AR P FHKEN

MRy &2 B A s

(%é,

i# intron 7 & 7 & I
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o] & F # ik so 3-9 (small heat shock protein, sHSP) 5 - & 2
P2y app2yry ga2adke » BV A T8 Yewe Fy- 3
(cytosolic class IsHSP) ~ fm® % % = 4] (cytosolic class Il sHSP) ~
¥ % 8 7 ( chloroplast-localized sHSP ) ~ s % 48 7|
( mitochondrial-localized sHSP) £ p & % 3] (ER-localized sHSP) -
B gend BBy T sHSP ¥ £ MY ¥4 ¢ BT pg BT
MR E A2 RY R RO d R R T R
BRI LR REE L RERE o) A R Rd F A AT
7%  (gene family) ‘e = > Waters (1995) B 7 B IR 7* F 4 1)
BRIy AR RARAEAF TR DLB M 23R A
FFROER b C 3 B 2R i 4p g > F10 Waters (2003) 35 C =
PR EfEr AR ERBETNAZ DR EBY R DR A £
PR D N FZEIREES OF T ESF RS DM G Lee ¥4
(2000) 7§ % % sHSPs f i & (e ® & 203 244 5 8 %44
v 2T E AT 0 @ . sHSPs At o Bz Fov &7 RE

misdEd BUv Ak AARAEMNBEY Nvr R E RF 2 HN
wiEd o g P FEMA sHSP 7 R EF S £ BT 25w o ¥
£ chaperone # i > ¥ FH mr L X PR EM F L > KA G T

( Heckathorn et al., 2002; Wang and Luthe, 2003 ) > @ fa @ f %
sHSP21 2 7= 7 ¥ :}Fj he A kR T s E %4 sHSP 2 16 B & iR
AT FR R ORGSR > AB KRG BER AP ARG 4 o

EPRRLFF e FE?P M2 hweEE > 2 G 25T R
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P EE Aader s 22T REFERES S BEF I
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AR 4R EFERYR

ik EF ¥ Rk v &k
¥ HE 1143 cm %3S
EE RS 3or2 ¥ 3
Erfgad 0-1 0
RERR 4-10 mm 8-15 mm
LI L) 250-300 um * 270-310um 300-360pum * 310-360pum
LGN T I
R A R T E R Blm R
o3I A 23-25 um*27-33um*32-34pm  15-16pm*23-26pum*15-18um
J¥IFRER f] &

(%,2002; 37,2003 ; 5,2003)
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Iy Bk o ABFY G FEEIRRE P FE AT

(- )kt BiERE S &
I GF ¥ Rkt p FELFAEPRATROFIPHELEF A k&
(ER A R Rl 2 X
2. 5ok 2 (1 taiwanensis) oo < FE KM REF (%R F
)
3. % -k (I japonica) : M
Ml her BB I BEITREIEE -

o

(Z) P ka2 33 i ¥k

JeB AP R SR Ie T 0 F 0P B 1003 %32 F
5~6000 #f [ 32 + B E G A F k2B R P I E RS BEAY
B 23 5°C~15°C ~25°C 35 ~45°C » 4 u|* & 88 A #

BETEAES5ETNI0X 1528 B 25CH A M2 78 % -
B2 EiEEL P8R 60% %5k 25001x ~ £ & 10h/d > 3 %
P R T s R A B T g

(= )% & DNA 3 B~ & &7 3_

ek

Pt S5go 4o r 3 33K 100 pL # % 65C#%E | hro
4o~ CTAB ¥ @ ;% 10 mL » *> 65C ¥ & 30 min > 2 {4 ™2 16000
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gH e 10min> ~F kg » T4 > 5 % 4mL> 3= TR & 30 sec>
£ 212000 g Bt~ 10 min > F B F KR > 4o » - B4 A 2 CTAB
KA 0 BN 2R F B 60 min 0 >t 14500 g v 10 min 0 £ 2
KR o xde» 1.2 M NaCligig 3.5 mL * Ap e 84 & 7 > 4%
FRE 30secy £ 12000 g 3w 10 min > B~ & % 4 » 0.6 5 18
AP T#HFE 30 min 7Tk DNA > £ ¥ * 15000 g &< 30
min > 3 F g o 4 G (70% 0 v/iv) 500 pL e 0 £ 2 15000
g4 10min> 5 + &% > k2 DNA 4 383 ki3 j2 o B 1 uL
e DNA sample > i3 >t 99 uL ehd 33 -k 8 > 3 0 ks g 27 | 2
260 zZ vk @mis o EEAR (ng /ul) & > @K DNA kA 3
100ng/uL o

(z)4piT 4 f& sHSP & 5z v 2751 3 443k 3+

d AT R oF 2 SHSP Aa bl 2 B 7| > %4 2 AR A

F)CH 1-1-1~ W 1-1-2~ @ 1-1-3 ~ B 1-1-4) & $5 5 a5 5 ie

7 alignment 2z & > RHH F = T8 2 B X3 FH (4

I-l-D~ & 1-1-2) o it 7 RO FR44i 7 e fs 0 f & 78k 2t SHSP
Bl E k- f2 513 fmt

()2 sHSP21 = % &% 51 3 4
A NCBI FALE ¥ & p M 4+ 482 /] A 3 # th % 39 sHSP21
P B 5 0 % 5 £ 4% (Arabidopsis thalianas) - i i<

( Nelumbo nucifera) ~ 4% #= ( Lycopersicon esculentum) -~ & &

‘ﬂ\-

( Pisum sativum) % % % 2 ( Petunia hybrida) 2z -] » 3 # ik %
- v sHSP21 Jf”‘ ﬁ’x ;l P ;E'_ (LA S B 2% —é.l. 3 3 }'i—
sHSP21-F1/sHSP21-R1 ( % 2-2) -
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i# 5 sSHSP21-F1/sHSP21-R1 -k 2t & 4 # 3 &) DNA ¥ B &
7 0 ok e S 2 sHSP21 51 3 sHSP21-F2/sHSP21-R2
(% 2-2) o

(C) kR BREFPHBRARFTEFLEREFRYF L - 2
sHSP21 3! & %
% ¥ sHSP21-F/sHSP21-R #-k & ey 33 & -] * B/ 7]
Kkt By & B2 T R EpFEHF & sHSP2L 513
RT-sHSP21-F/RT-sHSP21-R ( % 2-2) -

(M) R & pr4a4f & & (Polymerase Chain Reaction, PCR) 2 i& {7
1. 193 sHSPs %= B8 ®X 3231 F A2 DNAEFR & fF
e F o 3 Dk A~ 2 sHSP family 2 B 7> & #-#7 {8 PCR
A 4 i 7 TA cloning {6 ® A » & & A 18 & % T @3 4 2
A S
(DF kg ] A3 KLY BT RS R FE
94 C34248:;94CO0# >40C 1 »48>72°C 2~ 45> 40
BUHET72°C 10 ~ 4 -
(2) SHSP21 i = F 4% 4 # 1% 2 :
95C3 424 :;95°C30% >56C 304 »72°C 304 > 35
B R 72°C 10 » 48 -
2. 1 Operon 2 RAPD # #3513+ (% 2-3)i&F PCR a3 &>
HE RIEE 4o ¢
94 C3~24:94C 1424 °40C 1 »48°72°C 2 » 4>
35 BHEHET2CT A& -
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221 PR AFIHREKLTY RARBREINFT BB TEK

21 2] 3
? 15]‘*

sHSP 2 4 513 %

5’-ATGGCTTRCAMRACTCTTACATGTT-3’

Chloroplast sHSP
3’-CACGAVRWDYAVWGNYAVGGNTTCT-5"

5’-ATCTCWMTVATYCCAAGYWTYTTYG-3’
cytosolic classl sHSP
3’-CTCTTRCCNCAMRTVTGNCAVYRVC-5°

5’-ATGAKKVWSHWHHBHVWAHDMRYVT-3’
ER sHSP
3>-TTYCCTCCWAYYHAMCAVWBRTAAC-5’

5’-ATGGCDTCMWBNSTNGYDNYSAAGM3®
3>-TACTTYTTRCCRCACRASTYYCANY-5’

mitochondrion sHSP
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Ormza (221) LN TWPFETE -— - -¥VEREVIDVO¥0 - - ———-—————————
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Arabidepsis (1) MSLIPSFFGNNRRINNNIFDEPFSLDWWD PFEEROFPSSS - ——————— =

Fisum (1) MSLIPSFFSGRE- - -SN¥FDEFSL DFLED FPFSNSSPS-ASFPREEN
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Arabidopsis#2 (1) MSLIPSIFGGRE- - -SN¥FDPFS0DLWDPFEGFFTP SSALANAS

Brassica (1) ——— — — e ——— — DFF LTP-————--— 3 SAR

Brassica#2 (1) MELIPSFFGGRE- - -TNVFDEFSL DFFEGFLTPSG--MTHA

Codonopsis (1) MALIPSIFGGRE- - - SHNYFDEFSHDIWD PR SSALAN-- - -ARDOE
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Lyeopersicon (42) HAFANTRIDWHETPE PHVFEVDLE G LEKEEVEVE VE ¥LOISGERNY

Arabidopsis#z
Hrassica
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Micotiana EXNDETHSMERSSE —— - - - EFLEEFRLFENIFMEETEATFMENGVLT
Arabidopsis#3 (55) EEKEKENLVIHVAEREMF5GGG5EFLRR IEL PENVEND O WEA TRENGVLT
Cuscuta (99) EEEEKND THHRVERSSG - — — — — EFLLSFRLPENA Q¥ELRMENGVLT
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Section 1

(-1:,1 =0 £ a0
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Euphortia (39) HAVEE DRRIDGPLYGHl----——-- GGDELSDMVNEEUPSTNLS
Glycine (35 NAMRE HSTLIDEHSERSFPSTARRDDIFLRCYGS IFSDSEFEP
Pisum (35 HAMED RNVLVYEHSFP--- -RTRRDDLLLSDMFDPFSPPRE - -
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Tea 4% GAPLERYEGAESEDDEVRE¥D GRHGGRDTAVPSLFESDIFRDELSAPHSIG
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Arabidopsiz (532 QMLN ] EIFPL ALHLR’DHPGLS!
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Glhesine (1235 EDWVEL ONTLEIEGE- GAKEGE LE
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Oryza (142) EH‘F.FK‘F.TDIAEI] LW IEGEGEEE AGE PARYSGRIELAPEW
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B 2-4 7 k£ 4 2. mitochondrion SHSP %=zl gk & 51 -
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% 2-2 11 SHSP21 %= % K33+ H

primer name 5l + ¥ A P = ] (bp)
sHSP21-F 5’- GGT ATC TGC ACC TTG CTC -3’ 110
sHSP21-R 3’- CCTTGG TTG TTT CCT CCT -5°

sHSP21-F1 5’- GAT CCT TTG TCA CCA ATG -3° 410

sHSP21-R1 3’- CTG TTC TAG TTT CGA CTC -5°

sHSP21-F2 5’- CTA GGA AAC AGT GGT TAC-3° 410
sHSP21-R2 3’- CTG TTC TAG TTT CGA CTC -5°
RT-sHSP21-F 5’- GAT CCT TTG TCA CCA ATG -3’ 110

RT-sHSP21-R  3’- CTG TTC TAG TTT CGA CTC -5°
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% 2-3 ~ & 10-mer 2. RAPD £ {33 31 &

primer name

i3 (5 —3)

OPA
OPY19
OPY18
OPY17
OPY10
OPA17
OPY20
OPY 14

GGG TAA CGC C
TGA GGG TCC C
GTG GAG TCA G
GAC GTG GTG A
GTG ATC GCA G
GACCGCTTGT
AGC CGT GGA A
GGT CGATCT G

Parkash et al.
Parkash et al.
Parkash et al.
Parkash et al.
Parkash et al.
Parkash et al.
Parkash et al.
Parkash et al.
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(1 )TA cloning
BB EFFRY F BTE DNA PERAfF TS > D &2

TA cloning % = i& {7 cloning > & {5 # » * % & % T w7

( Escherichia coli competent cell) ¢ » I #-fFig 3 &3 7 X-gal

o IPTG i F AP R EH R H - R p P ¢ 7/ &
SHSP 3l 3+ & 7R EAva 4 F o> Aoz » 2 B9 50 14

B T R PR A LA A 0

(+) # & RNA 2 B~ 2

* @ % 1 RNeasy plant total RNA mini kit (Qiagen, CA,USA)
TR RNAF P o 7 A5 0.1 gefe it A0S ¢ 0 4e »
R MR AEESE AR AT RET AT SRR
REMEH P o FREF ALF > L iE 4~ 450 pl 2 Buffer
RLT # B F 33 » > 56°C T F B 1~3 ndd 33242582
QIAshredder spin column * > 12 2> i 12,000 rpm 3. 2 &~ 45 {5 >
P T 2GR 0 e 0.5 B2 96~100 % fE 0 I PesE

PR SER 3 HEE ~ 2 MYt 2 § 1 2 RNeasy spin
column ¢ > 14 10,000 rpm &< 15§ > L P o N2 Z R 4
»> 700 pl 2 Buffer RW1 > £ 2 10,000 rpm &< 15 516 > F 3 4
w2 8 o E 18 4o ~ 500 pl 2 Buffer RPE » 12 10,000 rpm &t

hets > TR A I 2 %4 > T 3% RNeasy spin column % v
o g ¢ 0 1 12,000 rpm At 1 A 4818 0 # RNeasy spin column
SRTEOMCE s g ¢ 0 4~ 30~50 pl 7 RNase-free water
column %+ > £ 2 10,000 rpm 3g-s 1 & 48 > fc 2 s g ¢ 97
o2 A TGtk A2 3% RNA -
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(T-)F #E &R & 2448 F & (Reverse transcription PCR,
RT-PCR)

r2 SuperScript III first-strand synthesis system for RT-PCR
kit (Invitrogen) i& 7 K #4FF Ji o $f (730 L B2 % 2 RNAK 5
w4 o B3 pl2 B RNA -~ 1 pl2 oligo (dT),0 primerZ 1 pl
2 10 mM dNTP mix > % » REFF @4 7 R & " 2 e dt e ¥
* > f "DEPCRIZE 2 K be T A4 5 10 pl > 22 65°CT &
BeSrm&is kg2t 1 a8 VEATOHE o g o 4o r 2l
2. 10X RT buffer~4 pulz. 25 mM MgCl, ~2 pulz 0.1 M DTT~ 1 pl
2. RNaseOUT (40U/ul)%2 1 plz Superscript III RT » I #- )t fe 45
ZpRe AA e FRB2 A RR L E N S50°CT F i 50 A4
L2 B5°CH# S b B F o T RIFDIC A B
> 1 ulz RNase H» »* 37°CT F i 20 » 48 > " #cDNAA ¥ -

(L) TR T EREFEY SR

T EREFRAE F REH 0.5 uM primer (each) >
4mM MgCl, > ¢cDNA template 2 pl (3 & % P2 fFrfRkR) >
LightCycler-DNA Master SYBER Green I 1X - 34884 % 20 ul -
LightCycler PCRF J& if i 4= 1 95°C 30 4 ; 97°C 0 ) » 51°C

04 »72°C 10 % » 40 B % 2 DNAR A F Ji » ¥ 3 5 = F Ji

o

B

ik

ZPE(T 72°C 10 F5)% Bpl e F ez ¥ LB £ o @2

L”T“‘*}fﬁ‘ﬁ KRBz 2 At A28 o

(“ =) @A
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TRk A5 d fok FE 7 HL e 7 alignment s o ] *
PHYLIP  program 4~ 4 i @& 2 % # & B
(http://bioweb.pasteur.fr/ seqanal/phylogeny/phylip-uk.html) o £
A& B 7 i& g5 chalgorithms 3 UPGMA o
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Fo8 EPERORLREBRRE:RAES

EPerg 2 kB L - A ALF s 2 kE o 1 GPS i
R B @i E 2 SR L N24°27°28.65677 ~ E118°23°41.2368”
(B 3-1) » #4941 2 ¢ o

AP EHEHAENT v 2 v A4 0t > Tia$ 5 200mmo A
A EAES > TG AR ALESOmm (B 3-2) - 3SR 23 E
BROKAAET S ERER 2007 £ L EpF o R B RS R 0 Gk bt

wrvE M (B 3-3) 0 2 2007 # 4 FAATFIRBEREICE G S ERE S
(B 3-4) »Ig& 37 KEBHAH > e E ] (B 3-5) 2008
BT FRR K E o ok - 23 (F3-6) o AR
Friosr s M kaEyr - X P2 RERL 2007 # 12 0 E R FF
7~21°C » 2008 # 3 * % 13~32°C » 2008 & 7 * R] 5 28~44°C » & 7+

- PR FaERMA

Wi
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(A)

(B)

B13-3 &P % A2 ka3 2007 & 7% 2w > kB
Fae-] (A) s etk #(B) -
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5%

F-% I RGBT

=\

AAMzZ Rabde Bow 33 > B o~ 250um 45 % o] 20 & > Ok
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