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A study of the new characteristic charophyte and the classification status

CHEN Kong-Xiang , LAN Li-Qiong , LIU Ke-Huan ,
ZHANG Zhi-Xia s CAO Su-Juan s QING Ren-Wei
(College of Life Sciences, Sichuan University, Chengdu 610064, China)

Abstract: This study was focused on a special charophyte collected from Yaan, Sichuan. Morphological
observation showed that it had two-layer coronal, divided branchlets and no cortex. These were the fea-
tures of Nitelleae. However, there were papillary stipulodes at the base of node and beneath the
branchlets, which wasn’t characteristic of the Nitelleae. The experimental observation showed that the
papillary stipulodes could express stably no matter in the fresh collected samples , in the laboratory cul-
tured specimens or in the seedlings coming from the germinated oospores in the laboratory. Molecular
phylogenetic analyses, which combined the 18s rDNA gene with the rbcl. gene, demonstrated that new
feature charophyte clustered with other species of Nirella as a single clade. The results of morphological
observation and molecular analyses illustrated that the new feature charophyte was closely related to Ni-
telleae and could be classified into Nitella. Whereas the papillary stipulodes was no longer just a unique
characteristic of the Chareae, but the species of Nitelleae also had this characteristic.
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5 A I8 (Chara) KT HL 38 I8 (Lychnothamnus)
TN A% 3% J& (Lam prothamnium) FILTE ¥ J& (Nitellop-
sis)» T B A W B R (Nitella) F1 5y B3 )8
(Tolypella). Horp, 5 i iR 0 47 2 i 40 M — 2 4L 5
AR /INEEAS 53 SR ELAT BT 2548 OB e Bt
NGRR3R B TR )R O A )= A 10 A
B /I 43 S e A T A 2 R

FoEHA T W AR R IR P52 8A 54
J& 152 A AR 39 A AR RS UL BLAE 2000 4R
AR 2 50 28 A DU 1 HE 22 R B T — AR AR IR (10 48 S A )
HATZE 5 /NBUTE R JZ /By SRR 45 e 40 L 10
AN HAHERG 2 255 i o R AIE . (2, A R 25T b )
AR HE TR H AT T S BAT Y LIS ARFT I L T L AR
SRR B N T B R IE 2 —. TE T T A
SCAFFE PR e AT T8 2 HLAT FE O AR 2D T AR
PEA RS EE 2K R G, AT E RS
BB AR BAT B AR AR B A . [ 3 R
T TEME L O T E X SR AR AR S AR AR E L ZAE LUK,
FRAT 250 % — B AEAR L 1 b WL I o 5

W Moy T ARG IV FAR) 2 W)
(R BIF 5% PR {50 9 A A% L TR 18S rDNA Fil it 4
PRI rbel JEAT Z G E Ak 43 705 10 1L 2004 4R,
Sakayama 2 BT W & & 1 Tief fallenia . )&
(13 A R = 05 30, B arpBorbell, 5. 8S
rRNA-ITS, atpB-rbcl.-5. 85 rRNA-ITS 43 5| ¥ 2
S ER IS SR ¢ R L U N PR PSP g g
Fo A R LB R A B R R ST
20 LA R TR UGG 5 A 1) 5 SR T 4 3 T A AR R ) 3
K F.

AHIE Y LLAZ A B R AR 0 58 5 S BE IR 4
5 A1 SR B B B A R | IBCITT SI2 6 2  R A RE AR LA SR
BB A WA TR AT W A9 B Y AE R AT IR S A
WEE IEHE— AT T RGO E o Hr, LR H
ARG KA.

2 MEEFE
2.1 # #

2014 4F 1 A 19 HAE DI 45 HE 21 45 1 By
JKFE HI(30. 211N, 103, 225E) 5% 4 F) 35 445 AF 46 3%
b5 NF010,NMO002., SR AL A 22 A1) 350 A5 L R
FLA 52015 4F 3 J1 26 H Pk ] — b s R AR HEAR
FrAS NFO16 . NF022 , NM015.NMO017, R 4E A f#
e BRALFH.

2.2 /&

2.2.1 HARE CREFEAN, CRUEAHR A BAR
R S8 LA, () N SR B B0 2 I & A B T (2K
IO B 8 B R AR B A B G A R TR
H, T B 2B R i v ol A, 25 B R T ) A% B L) K 22
RGBEE MRS R R SEAR. FRE 5ok
R — g SRR e+, SRR i, 2R R K
WL A SRR 2 R W e e IF 4K LU K 2 4
TR0 E A N K TUTE J5 20 D00 RE B 65 0 e b L,
WEBEH R CERE R BHIRERAAES T
A8 15 E T BE i K R v, B A 2R B, i A GE
I RK IR WK AT S R SR

2.2.2 WAEFHENL HAEN R S FE
SMZ25; 78 5. H A RSN & 500 J7 15 3 B A AL
CCD & f 8% 15/ A & 48 (UCMOS14000KPA;
Toupcam, #t M, # E) i ) % B 8% (Olympus
BH; & 5. HAD.

2.2.3 DNA#RRA B 095 By ¥ LG EME
PR B 2B R 0 M) v i AR 2 B S T 1) 2% I e I 4
BHCHR 73 R RS PRI 4 DN $2 3075 125 2R At 70 $ iR
(Tiangen Biotech (Beijing) Co. , Ltd, Beijing, PA,
China). 18S rDNA $"145|#] ; Char 18Spl (5'-CACT-
GTGAAACTGCGAATGGCTC-3") #I Char 18Sp2
(5'-GACCATTCAATCGGTAGGAGCGA -3"). rbcl.
¥4 5] ¥ Char rbcl. pl (5'-CACTGTGAAACT-
GCGAATGGCTC-3") #i1 Char rbcl. p2 (5'-GACCAT-
TCAATCGGTAGGAGCGA-3"). PCR ( Bio-Rad,
Hercules, CA, USA) I 55442 BEOSCHk[13-15 ], 4%
H B kIR EE 18S rDNASL. 7°C /rbcl. 47. 9°C. PCR 7=
Ytk AT TA SERE . JFR: P M v Rk 28 A IR PR

2.2.4 FRARAFAME KRN E T
ContigExpress Bf 8 5 , 454 GenBank 53 £
MOCF ) (W2 D il MEGA v. 6. 07" iy
CLUSTALW # {4 k47 2 ¢ 50 % 1, OF N T30
A6 A AN 3 1 A R IE & K e 51 R 3 U0 5k ) 5L AR R
A P B PR R DF A — 2, O 0 B DR S L R A
S TR 2945 B AL A RGBTSR T DL
Hr#fE ¥ (Bayesian inference, BI) . fix K ] 4 &
(Maximum parsimony, MP) Fll £ K {2l 4% 1% ( Maxi-
mum likelihood, ML). BI I MP 43 #t, 43 5l iz F
MrBayes v3. 1. 207 # {4 #1 PAUP" version 4. 0
beta 10 FAF, Iy B B85 O 19]. ML 43 #7
v E AR A B F 2 /9 ATGC: PhyML
(http://www. atge-montpellier. fr) #f4E, % H
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3 HRSHMH

3.1 EEAES
A e S5 I €, R i 2 £, 5 A 1 /NS B
G ,6~8 BL—4& . /B — R 3 SRS 1~3 # (]
La). W BRI RS FE AR A FE 0T, B5E AR HES, 3
~4 FET/INECE AME R AL 52 2L R (& 1h Rk 5]
Lo HERR. FBOP A% HLE B 2~3 AN HFAE S AL )2 L |
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fiE T EA FE A8 B N I W) R A B (0 FFAE.
3.2 &F#HE
FRERLEESHRES TR L 7ELRE

A TR & 25 R 2 a,b. T &AM
JE AR AR AT RE L 2 ) 5 B 1 BT R AH 8] TR A 4
TEZE S Can &l 20, Hoh 6 i & 2c (HERR) . & 2d
CHERO FE 7 s SUZFE M Anan [ 2e, & 21 fF7R. 3 2
SR UL T IR B X — B R IR S BE B AR UE 1A% Y.
3.3 EEF YT

FHTF 18S tDNA +rbel. K 3 51 BIF 52 (1) )7 51 4t
P21 & (R D Hh S fsEE 3 M 5 &7
G IR 2 AR 1 SRT A ITACEE 1 AR L 2%
FEH, W @ 1 ARk 2 S50, i R 4 ATl 6
G HEE 2 AR 3 KT AL A 3 KN EBET
. Fp 5 B K BE S 2580bp, 415 525 AR S
R 267 A RTZYE B AR T AL SRR 2915 B
A7 B4 5 5 B S 20, 35 % F 10. 35 %. ANS[RIRE
PR & i 25 AN KB GL.CLA N T B3y &
EO RN 25.4%.19. 3% .26, 6 %0 i1 28. 7%, Hid G
+C 44, 7Y% T A+T B i (55, 3%).
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Fig. 1

a Whole of plant; b, ¢ Stipulodes; d Oogonia (arrow shows two layers of coronula)

The charophyte with new features

®1 BTREHMASTHREETNBZKSH GenBank 8

Tab. 1
phylogenetic analyses

List of the charales species or strains and related species and GenBank accession numbers used for the present

755
i £ 7352
18S rDNA rbcl.

Chara vulgaris X-152 P061 AF032747 0 A HFSY AF09716621 ) A B 5%

C. connivens F140 AF408223/22] AF097161(21]
H097 AW RIS

C. globularis X-751 AF09716521)
X-999 AF032735011

Lamp. macropogon X-695 U18508L8 U27534021)

Lychnorhamnus barbatus Unknown U27533010]
Unknown Ug127208]

Nitellopsis obtusa F131B AF408226022] U27530021)
Fo11 E NI AHESE

New charophyte NF010 KNI N
NMo002 E NI A5
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(8% 1)
ke
T4 7322
18S rDNA rbcl.

N. opaca F146 AF40822722) AF09717421]
N. flexilis Unknown U05261L8]

S010 AB07605602%
N. hyalina KGK0059b AY823711L22]

S012 AB076067L%%

H009 BN GE AW
Tolypella nidi fica F138 AY823712L22] U27531021]
T. prolifera F150 AF408228L22]

F150 AF097175L21

T052 ES TR AW
Zygnema peliosporum UTEX LB 45 AF408238[22) U38701L24]
Coleochaete nitellarum Unknown AF497794[25]

UTEX LB1261 AB01366226]
Cole. orbicularis UTEX LB 2651 M9561158

Unknown 1134770271

3.4 REREHW MP 12— A~ B 4 53 52 55 TH At T 35 8 Y 19

ML 4% BL#F1 MP B A a5 RBOHE R (B SURRAE—lE M T — DR B iE e % 5 N,
DA X BHET SRBRX—I3 3 b MP B flewilis M1 N. opaca I 8 SRR — 32, 78 ML
b5 B S A i — 3 7E ML R BLR B R BIREAL MP R B # S2RF 393 52 1009610 F
5 5 E A B R Y UM 1 — S X SR T 1002, HiX—32 5 N. hyalina ¥4 BSUIH SR AF. 33X 158 B
TER—BOry™ " 2 B R AR A e ML W BLA AL FTRRAE SR B N3 R T T R

B2 #HiesALE.
A k(2015 4E 12 A 2 B8 3 b B4R (2016 4¢3 A 31 B4R 5o, d FEF CHF K FT7R) s e 0 5000 #%
CHT K TR 9 2 e 200 D .
Fig. 2 The germination of the charophyte with new features.
a Protonema (On December 2, 2015). b Adult stage (On March 31, 2016). c,d Stipulodes. e,f
Oogonia (arrow shows two layers of coronula).
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B AE RS B B BAT 25 5 /RCTE B L ALY
LA 2 )= 10 ASSE TR AL . SR FLSOR
FEM X — & T A B R R, BT R B R RS
— R 58 BE R 23 Ay 8 v IR TN R A I )RR
S A — R AL 5 AN A N o XA B B
JE A EAT B A S5 R CR T B /N AR L T
JE B R a5 e A I PR 3 10 SR /A LT
B2 A A RAT  SE A  ARE Lad AR

WIF 5 0 6 9 N SH D T 98 IR o (EL LA TR 98 i R
WA 2ok T R 0 RRAE L H o3 S R AR

Wit 5 53 T B R0 2 A R A R R I S R
PRI B B0 (1 P 7P 50 988 53 21 I DA 104 4 I BOK
KAWL R A 18S rDNA F1 rbcl. B KB & # 2t
RGRB W45 R B s B R AR 58 B S T L
AR VIS FIEBE 545 R H B 2R 5 a7 563
R I BF 9 45 SR B AR — g e e,

AWFFAUCRES] T HA FFE R 48 3 W o
AR BB RGEMABHETT R SE P24t T EE MR}

80/0.96/81 Chara connivens - -
B7//81 _|: C.globularis
* C.connivens H097 iR/
* * C.vulgaris P061 TR
{ Covulgaris Fedin
: Lamprothamnium macropogon _|
98/%/99 —— Lychnothamnus barbatus —
{ Nitellopsis obtusa g*ﬂ%‘}&g/
-/0.66/x Nite. obtusa FO11 el B
* New charophyte NFO10($) — —
* _|: New charophyte NM002( 8)
60/0.82/73 { 11\1/0/1:;‘/115 1 4 e
* N.hyalina [EE Y8
{ N.hyalina HO09 4
98/%/99 Tolypella nidifica e
{ Lprolifera 9, 555 R
I prolifera T052 — —_—
* —— Zygnema peliosporum —_
{ Coleochaete nitellarum Outgroup
Coleochaete orbicula —

B 3 3 F 18S rDNA-+rbcl. A B A7) #) 2 69 Bayesian 3% 44,
Y3 R B SRR RS AL AR (ML, BLAI MP). B 5 (x ) FR LR 100 FEAR N 1o BT 5 (—)FER
FEHRNT 50 % BUF WA RAL T 0. 5. “x"%/R Bl 5 ML 1 MP 4347 22 1] #1 £ 25449 (A — 54

Fig. 3 Bayesian consensus tree of Characeae based on rbcl. data.

The bootstrap values and posterior probabilities above branches (ML, BI, and MP values respectively). An asterisk

( %) indicates a bootstrap proportion of 100% or a posterior probability of 1. 0. A dash (—) indicates a bootstrap pro-

“w_»

portion less than 50 % or a posterior probability less than 0. 5. An “x” indicates an incongruent topology between the

BI and the ML and the MP analyses and is shown in the inset with the BI posterior probability value.
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