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FHEE: DLz 48 I T 0] 5 44 R AE T B RS 28R 1% 7K I AR A A A ek, X AT T AR IE I Z R0 40 T &R
SRE o, AR ECHREN MR RE TG R, W IZBHED T ENREKERR. BIELIA
AR, X IR EE R AT T b B R IR S i . B TrbeL. pshAFIUPAJT Y, R -k, SR BERTE
FATEVE M BN R G E W& E— 3, TR R AR A S 3G A (LR E#EEH. jigongshanensis 56— MMAL A 3,
HAF B TR S B SCREER, MR 7 A b s, K L 5 e g A LR IG o d i A 5 mp AR AR 24K 3 24 L IR i
FEMTEASFAE LA, R IAE S8 TS 43 R CLFE S A i B RN AR, 7E AN [F) R S58 2% A0 T A2 WA 1), AN
HAE IR R R A A S e A o T A IR 8 B X — TR AS 5 A B 1 B (R 2R, 20U B 20 1 AR WD Ak
PR RAKE T FB HBATMHREEM ARG KE M. 7T RAKE s RRW, hEREA MG AL
MRAE#EH. jigongshanensisTE L R AHE, H 5 HAMAGEEH. japananensesE 4% RBE, FA /K IR AGEEFN R
TERL— ML SR, SR 2RI % 22 AR . AH o M o G 11 v 25 SRR I, 9% /KT G 8 1 A e AR IR
AL T ACSE YN, SR 5 12030 M) 2R N h b g X 3. 2 T SR INAN RO K 4 B, T2 s AR b 2R r A=, R e )=
R P A S 1 38 43 A R A, BT e LB T 22 IR IR AT ()RR 8K 1t A D3 SE A 9, TR B 94 K IR i v AR JE 22
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— .
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1R i 8 J& (Hildenbrandia Nardo) 3 J& £L# 1]
Rhodophyta, F 21 # 44 Florideophyceae, /I fi5# H
Hildenbrandiales, /I 5 %} Hildenbrandiaceae, ¥4
RE AL B S5 6, 3O TR, 8 2 P R ek, B
H R BT A R . %R KK
R R AR, T A RRIEAR AL, (HAETE 7 A
(7], AR T v v 3 S B 1) A 9 7 X9 DY 4 98 3 (Teet-
rasporangia), Y& 7K ZERE ) AR FE 7 XN SRR ) 7 240
T2 (Gemmae)™ o G 348 I 5V K T 0 1 1) 485 A
T A DX AV A A, T R K R R e A B
AR F R, WA+ AR, OF B 50K
FIRBE AR o 1% 8 M T A AL e A T
{HE R R AR LLEE R IR R AL e s )
R —

ks B HA: 2020-09-07; 1817 HHA: 2021-02-16

I i 5 Je8 (Hildenbrandia) 5 4] 41 /K % (Nardo)
TI83AEAE RORAN KB, M5 i SHRkiE 1 1%
JRLEILSE M WM RIRR I A3 B ATAL
gaebase VAR 3 BT IS0, RALE T 6/MK
IR, 43 93 J9in] A2 Bl AR Hildenbrandia rivularis
(Liebmann) J. Agardh. Hildenbrandia angolensis
Welwitsch ex West & G. S. West. Hildenbrandia
arracana Zeller. Hildenbrandia ramanaginae M.
Khan. Hildenbrandia jigongshanensis Nan & Xie#ll
Hildenbrandia japananensis F. Nan et al.” . T4
G 7 AR AE, VR IR TR 5 A 2K 1 4 R A 0 5 4
MR/ BEAR TSR B 2 I ELAR AN AR R, e rh
LR 7N AR A2 v BE e 24 2 LI 23 SERRAIE, 17 X 2
TEASFHEAEAN R R 218 T R W AR 1, 2305 A
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R EOR, PRI AR AL G2 (T3 53 KT VRN
VU KMA I 8 34T P2 0 e 2 s oy IR L
IR ETTIEAE IR KL B R G
TEAGBFT A B2 S, A IR TG S8 ) 23 A A U
BRI T BROR R 2 1 73 TUEdE . T rbel.
18S rDNAZE 7 144 (1) SRR, 85T T2 9iPhH. ji-
gongshanensisFH. japananensis[lz’ Bl TR
PR EERIbRAR, I FHrbc L1188 rDNAJF B 4347, K
WRIKFNH. rivularis 799 RIS, T H. angolensis{E
REGRH 22 2500, R K A NG L 5 i e
B2 RRR, MR K LR B Fm L m A G 2
YRR TR B ™ 15 ELHE T NI 53 1)1 A
PRAM I RG R E W, SRRk TR 2 IR
HEKRINARTE RO BT L, W K A
JEFEERREE ) 8 RUOR AN WA, 7525 20 1 i it
TN ST

TR KA A B PR b 2 A AT — 58 1 X SRR,
DRI 4338 FR R 7K v 2 L R rivularis[lo], L3I 4
K Fh R E—H. angolensis’™ . HHiH. ramana-
ginaiiﬁ'\jEUE%ﬁﬁF[m], MH. arracana R 18 T 40
""", 20034, Sherwood lISheath%: & T A5 1431
RYRK B W, XEREERN 48/ I AR 8 bR A AT
I T, MRIETEASRFAE A2, R K IR IR 8 A 2 73
241, ol B JER R AR ARG . R
SATHIREA . B 4NN K IR R AR H. jigong-
shanensis N T EEEE M, H. japananensis X 5345 T
bR A= > R R i K R
H2Fh, W AR, rivularis /3 AR A LTS . 4
2. A" x9N LIS EH. jigongshanen-
sis /AT WL AN R L A B TR
RN T 158 7K AR I 35 1) B A b B 43 A7 4% = A AH 5
Hiy 3 EC R

AT TR T M ] 25 B R R R AR R 21k
JEEEFRAS, X HREAT 1R AR A0 H b5 2 K
FIME, G5B SIS RAEA 73T AW AR Hi k) 3
AT TMREEMRG K G, FN4E S
Fix 38 P AR i 5 R A A 45 R, SR AT T Hh
HSRG R RMARG KM, F 8 1 IRER AR
TR ZREE, (RIS 2 IR TG 758 S AL v S U R AL Fi
At 7 BB R

1 #MR5ER&E
1.1 SEIGAR)

A S0 FH IR G 56 0K (Y 5 - YZYUNNAN)
F2019F4 H 16 H K H = 7 & L& T #1155 ik e ik
HiGE S KK (24.07N, 101.99E), ¥k 5

YZHENANT20194E8 H 28 H K H i i & FEE 12
RE =G IIAERB5.47N, 113.34E). I #
B 72 SR T AR R A ) R, T B AR
B 2 AT S, — S LR T T,
053 FH 4% 1) S I 03047 8 5 5 PR TE &S 22 W82
1.2 SWHE

BEFEWNE 15 ) B (BX-51, BEAKIL
% e R AT W8, JF F B A A AL (DP 72, B
FRUCHR, ZR g, H AT BUEAE B HR 4.

S DNARJEEEL | Saunders#2 H FIDNA
PRI 715 B o8 R RROGS SR S 1 R A 2 31T A DNA )
R,

VEEMNEREMNE &SR, #EPCR
& & 51, YZHENANE: ¥k rbe L3E R 51 ) N
HILF2firbcLr, UPAZL K 519 Hp23SrV-f1#1
p23SrV-rl; YZYUNNAN#RrbeL 5] ¥ HF650Frb-
cLr; psbA 5| ¥ HpsbAFfllpsbAR2™ ™ *, PCRIk %
920 puL: DNA#70.5 pL, dNTPs 2 mL, 1E[f]. Jx
51942 uL, Tag DNAEAHF0.2 uL, 10xBuffer
(Mg™") 2 uL, #M78ddH,0%520 pL. 19 ik FE G
FIPCR/=W) Ja, il ik 1 %3 g Bl ¢ i F vk (120 'V,
20min) AT . B3 Pk 2 A K TR o E g
AT R FH Sanger AU S 2% 1R LA T X m) (4
KEFAH], b50).

RGEABEMMWE  ENCBIFIEHblast T E
BB PSR FrbeLy pshARIUPAREN 741 5
GenBank T K 3R [ %7 51 EAT 15 48 LU 5 0 i
AT R ISR R A . R A BioEditht T ik 7 4]
BEAT EE o I U0 B A s R e e R Y, A
MAGA7.09 % R 8 KI5 & H FIF 53T 7 51 5E
HES 477, FI FHModeltest ver. 3. 7841154 F JF
AR AR AL 4 B4 FHMEGAT7. 0% A 44
AN, PHY ML # 2E f KAULSR A, MrBayes
ver. 3.1 28 M g U7 R g8k B 2 20 T
10007 5 57 115515 21 41 F2 46 R 8 K ALSR AR 2571 pd
ISCREER, U5 S 2R 25 T 1000 Hl A 3 5 7
HI25%TH 53k A5 . fEEEM 45 WS, 8 FH Figtree 1.4.2
HoF B A B S E AT B R YRR (http://tree.bio.
ed.ac.uk/software/figtree/).

b 38 2R 43 AT GenBank#( ¥ 2 1 & A 19
1P A V5 I 5 b B oy A bR A, R rbe LT 915 B
FLi7e /2, iR BUZE AT AE D B R G A b X
GenBank ' 3R 15 K rbcL 5 71 I br A5 43 A M 36 4T 48
T, AL B A-PER PR S E . B4 T 58
ML C-AH e D-BRI. E-db 3P AE- T
BEAT 2035, 454 DU R Gt 45 53, R FIRASPH#AF
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VAT Y A AL A e B 43 A 1,
2 &R

2.1 FEURLER

K H T FE AR 1T 0 B i AR A (Y ZHENAN) A
K H = B RIR T BRI A (YZYUNNAN)JE &
WL EE Ry R TR 2, BRARANE A R FEIR,
Pt SR AL, IR TEK I R A R T A K. S
T EEAR R R BRI, IR R AL, BRI 4 X
WG IRH AR R . FEEAMM R, B ML 2,
TE BB S BB 3R o A =1 B 43 0] 942—50 pm,
41 i B 42 43 531 N (5.0—8.0) umx(4.0—6.7) pm Al
(4.8—8.0) umx(4.8—6.4) pum, 20 LT VY J5 ., AR
B
22 RBEBEN

FHEHESH IR ERARTINF S E
A& ZE GenBankE#iE FE b o BT rbcLF BT H S
R, iR AFAYZHENAN. YZYUNNAN5H. ji-
gongshanensis HARARAS H 4% #R 29 790.001, 5 HoA:
KA i P 28 1) T8 4% BE 25 °80.005—0.127(5 H.
Jjapananensel) 3844 FE 25 °40.005, 5 H. rivularisi)ist
fEEEE°80.033, 5H. angolensis I8 4% B 55N
0.127); AHFFE AT — K H = 79 1 I8 5 545 A
(YZYUNNAN)psbAF 41, 2T psbAJF5ITHE SR,

: . Py
- b N
- —

single layer

K1 KB AR R R

FhRA 5 A —HKKRH. jigongshanensishr AN 8L BE
EN0.001, 5H. rivularis g% 15 25 °~0.086; FE T
AT FT P I AR R B TR 1) I I 95 6R A% (Y ZHEN-
ANYFJUPAJT I, T RARAYZHENAN S 5 4M AR H.
Jjigongshanensisks A 1AL 1 85 °50.023, 5H. an-
golensis B AL FE 2 °40.082, 5 H. rivularis 15 £ IH
25°50.080, %7314 it Modeltestf A4 #1153 21 (1)
IR SRR IR S H TR 1.
HEFrbcL. pshAMMUPARE R GiH LS
#r FeTrbeLEE R B 4, DARAE B 20K I s
B YZHENANAIYZYUNNAN, LA fGenBank | %
%) A R 5 P 2 86K I A JBE AR A it T R, BAAL
BRI JE Thorea NANREE, R0 HN%, SR ALIRVE
F ULk =R 7 A AR B R G R B W
SER— 2, R i RAAR RS B 1) RG WA Ay Jik
#HE, FE3Fh 7V BT A5 B 1) SCRF F AR AE T B IR 9 A,
PERAPNREREW . HETrocLERNT RS
KEWERE 3), A KR AYZHENAN,
YZYUNNAN5 H A SRS A 1L IR AE#EH. jigong-
shanensishR AT N — 3¢, SLRFH973.9/0.76/85, H
AHRARFEEH. japananenseSr T3S0 111 AR A 5 7 R
DI WIAEMARTEH. rivularisFT A FRA R AN —
AR Y3, SCRFRE0NT0.5/0.75/88 0 XS 1l IR i
H. jigongshanensis~ HANHNGEEH. japananensefil

FEFR A (YZHENAN)TE 25 B4R H
Fig. 1 Morphological structures of specimen collected from Jiaozuo City, Henan Province, China (YZHENAN)
a. Z JZANEEAE; b, BARBTUI, c. K2 2 AN EE T HEA; d. Ak 2 AR D) T

a. thallus of multiple cell layers; b. transection surface of thallus; c. cells of multiple layers arranged in order; d. cross section of cells in
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K2 RHEz=MERIREERA(YZYUNNAN) RS AR

Fig.2 Morphological structures of specimen collected from Yuxi City, Yunnan Province, China (YZYUNNAN)
a. BEARREDI; b-c. ZHANMEMFIHEA; d. g R E A 4

a. transection surface of thallus; b-c. multiserial cells arranged in vertical; d. a single chromoplast is parietal in cell

%1 Modeltest 3.7 #7135 5 rbcL. psbAFIUPAEFEERI K,
PS4

Tab. 1 Nucleotide substitution model parameter estimates of
rbcL, psbA and UPA gene for Modeltest 3.7 analyses

S BEBE BB S K

GTR+I+G-InL= _ _
rhel s fegA=03337  R(a) [A-C]=6.0291
K=10 freqC=0.1206  R(b) [A-G]=9.0963
(=0.4854  freqG=0.2081  R(c) [A-T]=4.0643
(G)=1.0444  freqT=03375  R(d) [C-G]=4.2700
R(e) [C-T]=49.7748
R(f) [G-T]=1.0000

GTR+I+G-InL= _ _
psbA 0 S0 freqA=0.2339  R(a) [A-C]=2.2366
K=10 freqC=0.1662  R(b) [A-G]=10.7395
(=05579  freqG=0.2176  R(c) [A-T]=13.9289
(G)=3.0916  freqT=0.3823  R(d) [C-G]=1.2210
R(e) [C-T]=39.8582
R() [G-T]=1.0000

TIM+G-InL= _ _
UPA ' fsssrog  freqA=02972  R(a) [A-CI1.0000
K=7 freqC=0.1730  R(b) [A-G]=6.4927
(=0 freqG=0.2750  R(c) [A-T]=1.6289
(G)=0.5960  freqT=0.2548  R(d) [C-G]=1.6289

R(e) [C-T]=10.1257
R(f) [G-T]=1.0000

WA EEH. rivularis BRI —A K>, (B FF
FIAIK, K H BHIA RN )24k 2 B AR IR SEH. an-
golensistr AN (AF107816F1AF107817) 7% B 4H 1k 57
BT 27 SCHEER, 453 T ARSI SCH72(98.9/0.97/100).
LR AR R H. angolensisTE Z W R I Z R 45
A, AEER A T I Ath 3 2% A AR I 98 1 25 5047 B, R K
JI G A B AR AR, B0 HEAA AR (0 A Ll IR I R H. ji-
gongshanensis« HANHIGEH. japananense. W4
MR AG#SEH. rivularis 122 - R IR G #EH. angolensis)TE
BN R 3, AR RAG 2] T DUk B 5 v I SRR R
N90%. HE/KHRARBEH. rubrafH. crouaniifii T %
NRGEWIETALE, A H. rubralb 24553

BT psbAZER ) R GUK B MANIE 45178, Gen-
Bank £ 4% Pe Hh O¢ T IR B 1% 7 S S B b, R
TRRIR KR AKX 284723) Al 1Bk HE /K bR A(DQ787633)
P HIE B AR FENTS — AR A YZYUNNANK)
psbAFEDR 741, Ho 52K H I FE XS 2> Ll XS 23 L Bl
BEH. jigongshanensishr A BT UHIA S, H15 31
TARE I SCREER, 3P R B SRR 8100%. 1]
HEMRNEEH. rivularis 53525 (LR RREEH. jigongsha-
nensis7y SRS, WAFR] T B 13 FFER(93.7/1.00/98).
WK AR HEH. rubra 5 IR AG#FELET 55 — A8 Apoph-
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laea¥ N—3, S FFF 490.2/1.00/65. T UPAK Bank 40 E o A5 38k 9% /K b5 A (EF426600. KM
R &G0k B anEl SArw, H TR A & 75 Gen- 676587 FIKX284723) Fl4kk it /K br 4 (HQ421668 .

Hildenbrandia jigongshanensis KU573962
Hildenbrandia jigongshanensis MN905126
Hildenbrandia jigongshanensis MN905125

74.1/0.80/82 | Hildenbrandia jigongshanensis KU573964
Hildenbrandia jigongshanensis KU573963

98.6/1.00/99_| ENemmepmp——
60.4/0.58/56 YZYUNNAN

Hildenbrandia japananense MN905124

98.2/1.00/98 ——| Hildenbrandia angolensis AF107817
Hildenbrandia angolensis AF107816
97.1/1.00/99 Hildenbrandia rivularis AF208805

86.1/0.96/82
99.0/0.98/98
86.8/0.96/82

88.5/0.99/90

Hildenbrandia rivularis AF208798
Hildenbrandia rivularis AF208811
Hildenbrandia rivularis AY028815
Hildenbrandia rivularis AF208804

I—
87109189 — | 08.6/0.92/. Hildenbrandia rivularis AF208797
-/0.52/- o Hildenbrandia rivularis AY028814
] 100/1.00/100 | Hildenbrandia angolensis AF534409
74.1/0.99/- Hildenbrandia angolensis AF207832
Hildenbrandia angolensis AF107828
80.9/0.98/74 Hildenbrandia crouanii AF534407
100/1.00/100 Hildenbrandia rubra AF249674
98.9/1.00/99 |: Hildenbrandia crouanii AF208809
99.9/1.00~ Hildenbrandia rubra AF208801
99.5/1.00/99 Hildenbrandia rubra AF208807
—— Hildenbrandia rubra AF208800
B 29/1.00100 Hildenbrandia rubra AF107814
7 _g/(I)W'_— Hildenbrandia rubra AF107826
99.9/1.00/100 Thorea hispida KC596169
—| 100/1.00/100 1 Nemalionopsis shawii KC596166

| Nemalionopsis shawii KC596167
—
3 EETrbcLIER 7B R GEH
Fig. 3 Phylogenetic tree based on rbcL gene sequence
T 5 ST MAREMLIE SR T 5 B 3 ANV SO 38, AR SRR AR T50%; T[]

Support values for all analyses are noted as: ML supporting values/Bayesian posterior probabilities/NJ distance bootstrap values, ‘-> denotes
supporting values lower than 50%. The same applies below
75.1/0.79/88 Kumanoa montagnei KM055275
100/1.00/100 _|——Kumanoa capensis MF940824
Kumanoa gudjewga MF940828
-/0.54/- 100/1.00/100 Apophlaea lyallii DQ167917
90.2/1.00/65 ﬂophlaea sinclairii KX284716

Hildenbrandia rubra DQ787633

-/0.85/58 |85.1/1.00/79 — Hildenbrandia rivularis KX284723

93.7/1.00/98 Hildenbrandia jigongshanensis KU573962

100/1.00/100 100/1. YZYUNNAN

Audouinella sp. KM389631

100/1.00/100 [Drouetia scutellata KU722688

| Drouetia viridescens KU722720
| 100/1.00/100 Porphyridium sordidum KX284720
I__Porphyridium purpureum culture MF401423

Bangiopsis subsimplex KX284718

0.04

Kl4 T psbAFE KT 51 B R G
Fig. 4 Phylogenetic tree based on psbA gene sequence
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HQ421389. HQ421105F1KX284724) 1 F 5= &,
AT AR A Y ZHENAN 538 2 1L I G ¥ H. ji-
gongshanensis T NMUL ST, 3R T 1L SCRER N
100%. XS 1L ARAREEH. jigongshanensis 5y 3 -5 2%k
R H AR H. angolensisFrASTE G GH IR S5 2R,
FEH NI ARG EEH. rivularis, JERTE R — /N &
I3 ARkMEKIRIREEH. rubraks A5 5 R G ¥ R
F—"NEApophlaea® 2. VLLL B )& Bangiopsis N
HPRTE, 3R R ER AT AT ) 70 B AL T R G w2k
B, HoAh IR RR BRI A KR N — DR,
193 T 3R 512 100% K SCHEER

BT HWENRGEKE RXRZME MR ARK AR
b PR O3 A A R, A5 300 I i Ve L A ) AL S B 4 A
K& 6). HHETATE X2 ILWAGEEH. jigongshanen-
SisFRAS I 73 A #b2 [, H. japananensef) 53 A
HAYAE H AR, WA RN AB B H. rivularisiF 4y A i 5 22
TERKIN, 225 AR BEH. angolensis ) /A Hi LU 5
Iz, AT R AR B [ BT SEPNANZR N
B L X AR SE I o 8 A S Hh 3 A X EE A
V5 7K R G T8 1A AEL S 38 2 A b 8 B 2 B SR PN (R A
59), HA3E1100%H 3R W 1L RE#EEH. jigongsha-
nensis AR AR I R, K 5 R 4K bR A
(KU573962. KU573963. KU573964F1YZHENAN)
A, TR H =M YZYUNNANS R (L7
FIMN905125 % 8 —1¢, >R A th 74 i 53 — Frdr A
MNO905 126 AL ) 73 B o

-/0.61/50

-/0.55/62

100/1.00/100

100/-- |

99.1/1.00/99

Bangiopsis subsimplex KY 709207

100/0.92/ 100‘{ Bangiopsis subsimplex KX284718
0.04
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Fig. 5 Phylogenetic tree based on UPA gene sequence
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Fig. 6 Reconstruction of ancestral geographical distribution of genus Hildenbrandia based on rbcL gene sequence
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Tab.2 Key taxonomic characters of freshwater Hildenbrandia
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MORPHOLOGY AND MOLECULAR PHYLOGENETIC ANALYSIS OF
FRESHWATER HILDENBRANDIA IN CHINA

NAN Fang-Ru, LI Juan, LIU Xu-Dong, FENG Jia, LIU Qi, LU Jun-Ping and XIE Shu-Lian
(School of Life Science, Shanxi University, Taiyuan 030006, China)

Abstract: This study explored morphological observation and molecular phylogenetic analysis of two freshwater
Hildenbrandia specimens from Yuxi, Yunnan Province (encoded as YZYUNNAN) and Jiaozuo, Henan Province (en-
coded as YZHENAN) in China. Morphological observation and molecular phylogenetic analysis were conducted on
these specimens. Phylogenetic relationship of genus Hildenbrandia was constructed based on the obtained gene se-
quence and related molecular data previously reported in China. Ancestral geographical origin of freshwater Hilden-
brandia was inferred based on reliable phylogenetic relationship and modern distribution pattern of each sample. The
results are consistent using Bayesian Inference, Maximum Likelihood and Neighbor-joining based on rbcL, psbA and
UPA sequences. The genetic distances of three molecular sequences between specimens collected and H. jigongshanen-
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sis were smaller compared with another freshwater species. The uncorrected p-distances of rbcL sequences between
specimens and H. jigongshanensis were within intraspecific divergence of freshwater Hildenbrandia species. Phyloge-
netic trees showed that specimens YZYUNNAN and YZHENAN formed an independent branch with H. jigongshanen-
sis, and obtained high supporting values. Specimens YZYUNNAN and YZHENAN shared close relationship with H. ji-
gongshanensis based on molecular phylogeny. The morphological measurements of collected specimens were in con-
sistent with another freshwater Hildenbrandia species H. rivularis. It has been acknowledged that the widely reported
freshwater species H. angolensis and H. rivularis are distinguished by morphometric measurements, with H. angolen-
sis characterized by smaller mean cell and filament dimensions (cells 4.0x4.4 um, filaments 46.5 pm) and H. rivularis
by larger parameters (cells 5.8x6.6 pm, filaments 55.3 um). H. jigongshanensis is separated from other freshwater
members by significantly larger cell dimensions (9.8—19.6)%(9.9—10.4) um and filament height (364—409 um). The
morphological measurements of H. japananense, the cell size (8.4%10.5 um) and filament height (308—491 um) were
overlapping with H. jigongshanensis whereas identified as a new species based on molecular sequences. with
(5.0—8.0)x(4.0—6.7) um and (4.8—8.0)%(4.8—6.4) um in cellular diameter and 42—50 pm in thallus height, respec-
tively. There exits contradiction in species identification based on traditional morphological taxonomy and modern mo-
lecular methods. By referring the criteria of species identification in other freshwater red algal taxa, the specimens
YZYUNNAN and YZHENAN were determined to be H. jigongshanensis based on molecular evidences. The molecu-
lar phylogenetic study indicated H. jigongshanensis was firstly described from specimens collected from Jigongshan
Mountain, Henan Province, China and follow reported in Niangziguan, Shanxi Province, China. It was found from
Jiaozuo, Henan Province and Yunnan Province for the first time. This study expands the geographical distribution and
genetic diversity of genus Hildenbrandia in China. Additionally, the traditional morphological characters including
thallus height and cellular diameter were found variable under different environments and thus not reliable taxonomic
criteria. Molecular-assisted species identification and phylogenetic analysis were necessary for genus Hildenbrandia
due to its simple morphological structures. There are 4 widely accepted freshwater Hildenbrandia species up to now
and H. rivularis proved monophyletic whereas H. angolensis was paraphyletic. Molecular phylogenetics in this study
showed the monophyly of H. jigongshanensis and its close relationship with another freshwater species H. japana-
nense. All freshwater Hildenbrandia species formed an independent clade from the marine species, suggesting that the
freshwater Hildenbrandia was derived from the marine populations. The 4 freshwater species of Hildenbrandia were
special in geographical distribution, with populations distributed in Europe were mainly H. rivularis, populations dis-
tributed in North America were mainly H. angolensis, and H. jigongshanensis and H. japananense were only reported
from China and Japan respectively. Ancestral geographical origin reconstruction showed the freshwater Hildenbrandia
was derived in North America and dispersed to Eastern Caribbean, Latin America and Eurasia. Sexual reproduction has
not been documented for freshwater forms of Hildenbrandia and they reproduced only by asexual modes including
fragmentation or gemmae, resulting in rare genetic exchange among species. It was speculated that the special species-
related geographical pattern of genus Hildenbrandia was formed after dispersal events and independent evolution in
each geographical area. The freshwater Hildenbrandia in North America derived ancestrally and had a long evolution-
ary history and rich genetic diversity, consistent with the paraphyly of the species H. angolensis distributed in this area.

Key words: Freshwater Hildenbrandia; Morphology; rbcL; psbA; UPA; Molecular phylogenetics; Ancestral
geographical origin



