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Abstract; Chromosome number and genome ploidy are crucial basic information for systematic evolutionary biology and
genetics. Hemiboea, a genus of Gesneriaceae, with about 44 species, is mainly distributed in southern China, which
have important medicinal and ornamental values. It is difficult to obtain suitable root tips for the chromosome preparation
because of their small twining roots and small chromosomes. So far, only the chromosome numbers from three species of
Hemiboea have been reported, while the chromosome numbers and ploidy of most species are unknown. The relationship
between the pattern of chromosome number evolution and species evolution is also unclear. In this study, in order to
explore the optimal conditions for chromosome preparation and the relationship between chromosome numbers and species
evolution of Hemiboea, firstly, the root tips of six species ( including H. subcapitata, H. longgangensis, H.
longzhouensis, H. subacaulis var. jiangxiensis, H. follicularis and H. yongfuensis) , which were generated by the method
of hydroponic rooting for cutting leaves based on the characteristics of leaf cuttage propagation of plants in Hemboea
were used for the chromosome preparation experiments. Then, the effects of different experimental conditions on
chromosome preparation were assessed. Next, the conditions were optimized and the chromosome counting was
performed. Finally, the evolutionary history of chromosome numbers in Hemiboea and the related genera including Anna
and Loxostigma were traced based on the molecular phylogenetic relationships, and the evolutionary pattern of
chromosome numbers and relationships with species evolution were studied. The results were as follows: (1) The optimal
conditions for karyotype preparation of the plants in Hemiboea were sampling during 9:30-10.00, dissociating for 10
min, and dyeing for 15 min. (2) All the six species of Hemiboea were diploid and with 32 chromosome numbers (2n=
2x=32). (3) Except for a few species in the genus, the chromosome numbers of most species might be 2n=2x=32,
and the variation of chromosome numbers might be caused by aneuploidy, which had no obvious relationship with the
species evolution. This study sheds light on chromosome preparation of Hemiboea and other groups with similar leaf
regeneration characteristics, and provides implications for the classification and phylogeny of this group.

Key words: Gesneriaceae, Hemiboea, hydroponic rooting for cutting leaves, chromosome number, genome ploidy
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e R 2 A= W st A 5 B p Uk e A W 1Y )R
(] ] 2 o R A AS R R BE Y Ak, X R AR
T Ja [B) R 1] 7 1 O 2R DA B R I 1 728 S 4 SRy 4
it 7 SR AR BT 2 AR W 43 28 5 i AR 98
(HEFETT,1990) o Gu ik iy ¥ B RIS M 2 st 4% 2
FIRE PR 20 2= W 52 1Y) B B BL Al 5 2 (Soltis & Soltis,
1999) . HHI, T B w FHEY 40 = ik e 2
AR Z, BB E K A Oehlkers (1923) Xt
Monophyllaea horsfieldii F) 40 I 0F 5% ( 224 F A1
EPIEL,2005) , F 20 th4d 60 A4, v B B RHEY)
40 M 2 BF 52 A JT 6 RS I b T R R Sk
( Ratter, 1963; Ratter & Ppentice, 1964, 1967,
1970) o H B B Y 00 40 i 22 A 5 AP
M P EPEHAGEEENGEEHES
( Hemiboea bicornuta) FHF 5T ( Hsu, 1968) , FEIL Z
Jo o B P W 40 i 2 i g s T AR 2 ke (B
JUAAE, 2002 ; BN 055, 2003 5 F= K AE, 20085 AR
M5 ,2020) o Bl 40, I~ XA AE B H & ( Primulina
s. L) FHP A AN T 5T, 22 100 FhAd ) o 4t
TREH B 3E (X HiH,2013) o ZEA XI5 &
SN Sl S 7/ SRR N DR N AR TR A A )

( Msller & Kiiehn, 2004 ) HiZ R )9 7k % H 1Y
A S0 LA R (2R PR R0 T EDEL, 2005) , {HJE,
TRHB S 55 S 3 FH A 4 ) AR AR A SR A4 R (T BRI
AT A, 1999 5 o624 45, 2002 5 2 55 46, 2008)
DRCR FIAEZE (Hsu, 1968) o EFEARIR 4 BLI
ARBARLR 1) 77 30 24 Bl 70 & Fn gl 285 5% | T
T HRAEEA L, B, B 7 i ki 45 5 &
&, NET RO AT TS, (0 S
IR 2 k5, O 0 & 19 40 it 2 0 B0 e 12 Bt
Z(RRILEE,2010) s YA LG TR ERAE LI E
Fe X SCE A EE FERVERE I R t B, R,
TR T R A A% AR B 2 e} 1 5 6 T
T B R A ) A I 2E A
KW E B JB ( Hemiboea ) N 77 E & Fh
( Gesneriaceae ) fHY), 1% J& H Bl W 45 2 44 Fh 6 428
Fifr, L rfOR D Bh S LA A 245 A (B R0 B
Wi, ZJE) 1z 54 T E R &8, A EoRh 2 o A
F LR AR A H A B &6, v R e T A X
HAor A oA rpots (2R 4R 55 f E EPEL, 2005) . H
B, OG- 30 15  JE AE W 19 Al i 2= i 5 AR 20 AW
AW E S SN E S (H. cavaleriei) Tl
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PREEE (H. ovalifolia) 3 Fh H. 31X e fiff 53 AU PR T 4
R % B FAE M 4 3B (Hsu, 1968 ; & J0 2% 4%,
2002 ; H AHEAE,2003) , SR, Y A% H RS
EEROPL A W o NSRS LY BTl el IR SR )
KFR %8 A ) A% BT 5 R B A T 2 ] 1
E— T

Hsu(1968) FERF 5 5 75 2 3 15 &5 i ik FH 7 4
YIRAEZE TR VR Sy 52 00 4 e 35 AN A oAb 34
URE T 9 Ak — M A% H n=18; 8 L5
(2002) FEMF ST B 21 357 B B B FH T A R AR 2R
VERSZI M B, 0. 1% ARk KAl 28 2547 1 Ak B 2
hy 11891 mol + L RAIN 45% VKBS FR IR & T
TE 60 COKIRH N AT A% 25 30 s, 25 M EH| YL 4
AR i, A e e AR EAE A BRI B S , X
AR5 MBS B e o fR SRy /N R Y 0 {4 D) R S 55 3o
Rt Hp T A BB (R AN % A 0 ) o A O 5 I A
ZF (2003 ) TEAF T B8 15 45 ol o FH AR 40 5 A 1 RO AR
OMER S bR, T2 0 1 A9 1 mol - L '#h 12 AN
45% VK EE TR TR A WAE 60 °C 7K 1 5 P9 E 4T % 25 30
s, 25 5% ) Yo (0 (R 4 BUOBUCR AR 25, 4 (0 ORN i
MGy, X 0] B S5 MR B e o Rk Oy /N
e fR LSRR m A G, R TR E &S
TN G A A B e DL A3 HLOR 2 W8 (22 3R
FOR T EPEL, 2005 ) , i 25 Ao ] 0 S5 32 0 40 it BE
M LU, e 0 AR AR ME 23 B0 25 5 R A —
PRI I 381 15 T AR A 1 G iR i) R A2 5 1t
A, BATTE T B A K B R A B AR AR
T Hi/N HoAR B S8 AR ME 415 8 R4 B
SRR AR 3 o A PR L AR IR 22 b R
FEPEARECH W7 R R R e, PR IL 18 1 G
L RE B W98 A 17 3T 0 OB SR s Al R ik 1
k.

ZEPRTFOM BN (2005) MIWFSE R B, W E
FHEY AT DL EAT IO Ba, AR /N i 4 Ak vl
LB BT 1 AE R, T R AT 45 20 7 b SR
i H WL, 22800 B & RO W #6 wT DL i Ak
A3 A4 2 HoE e 38 AT LUK, HZ0R AR R A
KT B A AR R 2 SAE M AE (2020) 7RI
AU LU 78 A 402 F 5 v 48 A T 3 2ot
FroK R AR AR FRATT 38 o 5256 kB 1 R A
G 58 i M oK AR O RATTIF R s &
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1.2.1 ¥ E 8BS F ERH K LA

1.2.1.1 Bpr e Mkl & B ik K
R R 7EZ R T HE KRG 57 10~20 d,
2~3 d 4 1 UOK, R AR AR SR AR K R AR AR
23 47 BU M, AE 9. 30—10: 00, 10; 00—10: 30,
10:30—11:00 iX 3 M [] Be kA 7 HURE

1.2.1.2 WAL EE  HE ARSI A 0.002 mol - L ()
8-F2 HEME A VRt , LAV MRIR AR I 0 BE 76 % i
THIALEE 4~5 h,

1.2.1.3 [ ok AL PR S AR SR 44 ) 4l 7K o vk
2K, FEEA R E W[ V(K OEE) = VUKES
fR)=3:1]%, 7 4 CF[E%E 30 min,
1.2.1.4 fifr B8 Sl [ Ja iR 2e FH JCK ek 2
W, 4K e, ZJEH A 1 mol + L7 HCL H , 7E
60 °C fH il 4 J& i 5 43 i 25 8 110,12 min.
1.2.1.5 gt R fa AR R R 4lik Uk 2 Ik, Bk
5 min, 55 WARAE T3 7, T R T
UL 1 ) o AR XA AR DV BUS AT Ry 1 R, TR
Jn/b g R R fh LY, 43 5, 10,15 min,



836 0 Y 43 &
x1 MESRERELBEHE
Table 1  Sources of materials and chromosome numbers
j e R
75 U RAEH SEAEPRAR Chromosome
No. Species Locality Voucher number
(2n=2x)
N Y y b
1 CEHIES ILPHER /M2 XXG et al., 2020806 32
Hemiboea subcapitata Wuyuan, Jiangxi
= S = SN VA AH‘—'Z: ~
5 I AR NLEES B A XE A4S ZLG, YH, LYJ, 2021482 32
H. longgangensis Daxin, Guangxi
3 MY HE A SRS P N ZLG, YH, LYJ, 2021449 32
H. longzhouensis Daxin, Guangxi
4 MTERES _TPERL i1 /N4 XXG et al., 2020277 32
H. subacaulis var. jiangxiensis Jinggangshan, Jiangxi
Ak e 3 ey ) N -
5 pianddig PUBOH i e RN ZLG, YH, LYJ, 2021594 32
. follicularis Hezhou, Guangxi
AR 2 P PR A 7 .
6 H. yongfuensis Guangxi Institute of Botany i 2Q., 2021920 32
1.2.1.6 sl xbge g J5 m AT ek e AT 3 R A Hon=18, H T AF R gL OB H AT 2E, it Ab

F R B JH AR B Sk 0 Y 28 T D RA T, U RO
ShE P, XY ORI ROCR A
1.2.1.7 Gk L ge ki g A dil e Lr iy 3k v 78
Leica DM2500 Y filt B2 T 347 K 00, Pk 3 e (5 44 7>
BIRCR G A0 220 24P 1 0 2O 40, 78 100 A%
M AT A IR, e ORI BT IE S RS
A AR T B (1985 ) BRI AZ R 7 B b ofe
122 FAESBFEhLBMERSEE K
PRV B TR A G R B H AR D s A B
FUEME SR 28 f LIS mAOE & &
( Lysionotus) 13 M A KA E & J& (Anna ) 3 FHAEY R
WEHE, LLERIEE &R (Loxostigma ) 2 FIAE H) h S1
KRE LT T2 NCBI B EOBEAR 1TS F1 3 A~ 45
RS L5 rbel, matK A ornl-F (32 2), ff H
MAFFT v7. 407 ( Katoh & Standley, 2013) 43 53747
FEFEHES , A1 FASconCAT-G v1.04( Kiick & Longo,
2014) H4 B A 5L D 46 B 047 #R K, 8 i RAXML v,
8. 2. 12( Stamatakis, 2014 ) ¥ 2 H KUK ( maximum
likelihood , ML) B , B 5645 {1 0 GTRGAMMA, £
121 0007K bootstraps B =2 LML SRR

A 5T il 17 WebCyte %085 2 (hitp://elmer.
rbge. org. uk/webcyte/webcyteintro. php ) fl CCDB 4§
$& £ ( Chromosome Counts Database, http://ccdb.
tau.ac.il/browse/ ) %I 2 ¥ 5 & J@ M HLIT 4k ) i A
EHE KA E S &Y A e 605 B 8Bl 17
Wtk . Horp B A B (U G 0 iR i AR

PL 2n=36 1E G OREH BE1T 908 . X T iR
8 G £ (K B Y B A 7E PR G 4 I L Gk 2R Ab
L, RGBS S AR 6 MR E B R
Y g AR EE, 2T ERRE L FW,
RASP v. 4. 2(Yu et al., 2020) #{F, >k /] Bayesian
Binary MCMC ( BBM) 97735 147 Y (ot 50 H 19 #H
RS E A R H T RERY AL 7 52

2 HREAM

21 X FEESEEYRBMEH S KL

2.1.1 B kA 6 Rk E A E A an &l 1
Fiso HE 2 FE 3 Al EL LR EE TR
B MRS VLI B AR e A A
AR B 6 PP i oK S5 A AR 0 R4S
)T AERRE RIFAH, 8 5 77 615 2 AR e+
A= AR SR BE 5 Uk H Gt R 5 g R
2.1.2 BAfRT 44 fHER 3 FIE 4 AT1,9.30—
10: 00 HUbF , AR 4 4 Jfd 43 24 HE 3% H G 60,14 53 Bl
RRAF;10:00—10:30 BB, G AR 7 BRCR A an
9:30—10:00;10;30—11:00 HUAt, W< 5] i1 43 24
A Z H o3 RBORAES

2.1.3 M BT 1R 3 MR 4 AT TR AR B
BFIE] R 8 min B, ULZR 2] 19 Yo (LR A5 43 15, H 30
MG THEC PR YRR 5 76 i B IFHE] 2 10 min
Bf, L @R HOROR R4, T4k 76 A 25 fi)
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Table 2 Sampling table of Hemiboea in molecular phylogenetic analysis

oo JF3 B . - JF3 B

Yy il BH Sequence fragment Wy Ff PIaREN ¢l Sequence fragment
. . Chromosome
Species Chromosome Species
number

number ITS matK rbel. trnl—F ITS matK rbel, trnL—F
Wt R EE 34 KJ475421 0K322623 0K322596 FJ501543 || H. purpureotincta — KY288037 MN367422 MN367374 HQ632884
Anna mollifolia
SN =¥ — MK747107 0K322624 0K322597 MK746233 || £T#04 5 & — MN334646 MN367423 0K322606 HQ632890
A. ophiorrhizoides H. rubribracteata
KEEH 34 KM063146 MN367401 MN367399 FJ501542 || HREFBHEH — MN334647 MN367424 — —
A. submontana H. strigosa
AR — MN334629 MN367403 MN367386 — JTE SO i3 32 MN334658 MN367437 MN367380 —
Hemiboea albiflora H. subacaulis
BB EE 36 KY288050 — — FJ501534 || EIHEE 32 MN334657 MN367435 MN367397 KY607420
H. bicornuta H. subcapitata
BUMEEE 32 KJ475419 MN367405 MN367382 FJ501533 || ZZfH & — MN334659 MN367438 MN367377 —
H. cavaleriei H. suiyangensis
KRR — MN334632 MN367407 MN367388 — FIGEHEE — KY288046 — — KM232651
H. crystallina H. wangiana
LI SN E — MN334633 MN367408 MN367372 HQ632882 || H:H A E S — MW507480 OK322634 OK322608 MW523021
H. fangii Lystonotus aeschynanthoides
ERPEWEE — MN334634 MN367409 MN367381 JF697579 || 4 A& — FI501332 0K322635 O0K322609 FJ501498
H. flaccida L. chingii
SRR 32 KY288047 MN367410 — HQ632885 || KUl f1 B & — MW507484 KJ137896 — MW523017
H. follicularis L. fengshanensis
LR B — MN334635 MN367411 MN367375 FJ501536 || PG A AEE — AF349152 — — FJ501495
H. gracilis L. forrestii
JAREMEE — MF625025 MN367436 MN367398 — SFRAEE — MW507483 — — MW523022
H. guangdongensis L. heterophyllus
H. henryi — MT644723 — — KM232650 || KA HAEH — KY288028 0K322637 0K322612 MW523013

L. longipedunculatus
TEEE T H — MN334636 MN367413 — — N AR — MN334660 MN367439 MN367400 —
H. latisepala L. microphyllus
TR 32 MN334637 MN367414 O0K322601 HQ632889 | MAEE 30 KY288027 MN311830 MN204948 MK746232
H. longgangensis L. pauciflorus
YRR 32 KY288043 MN367415 MN367371 HQ632888| 41 mAE & — HQ632974 — — FJ501496
H. longzhouensis L. petelotii
KA & — MN334628 MN367402 0K322602 HQ632887| TA M AEE — — — — MW523015
H. magnibracteata L. pubescens
RSP — MN334639 MN367416 O0K322603 KJ948111 || R FAEE — KJ475422 — — —
H. malipoensis L. sangzhiensis
FEEHEE — MN334640 MN367417 MN367373 — AR 32 01537422 0K322638 OK322613 MW523018
H. mollifolia L. serratus
U JE 2 3 1 — KY288025 MN367418 0K322604 HQ632886 | JII T A& — MW507482 OK322640 OK322615 —
H. omeiensis L. wilsonii
HEEE 24 KY288040 O0K322630 KX527264 HQ632883 | MR
H. ovalifolia Outgroup
PREEHEE — KY288035 — — — PR — KU985104 — — FJ501507
H. pseudomagnibracteata Loxostigma fimbrisepalum
H. pterocaulis — MN334643 MN367420 MN367390 KY607416 || & E & 34 MN843194 0K322633 KX527352 FJ501508
L. griffithii

AW E — MN334644 MN367421 0K322605 —

H. purpurea

e T S

H

Note; — means unknown.
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Table 3  Effects of different treatments on

chromosome preparation

[ b b5 et il AR
reparation Tre Chromosome preparation effect
part reatment € prep: e
HukE 9:30—10:00  RARZ, R EKMHR LT
Sampling Many mitotic phases and well
dispersed chromosomes
10:00—10:30  ZPRZ , Qe o fhik iy R AL
Many mitotic phases and
chromosomes partial aggregation
10:30—11:00 SR, Qe @ifRE
Less mitotic phases and
chromosomes aggregation
i 8 min MR 5E A2 o i, e (LR SR AR

Dissociation Cells are not completely dispersed

and chromosomes aggregation

10 min RIS, e (AR I3 1 KL A
Cells scattered and well
dispersed chromosomes

12 min Bl i G R G N
[
Cells dispersed easily and
chromosomes broke down

Qe 10 min PRy SR ke
Dyeing Chromosomes are stained shallowly

15 min DRz S Uk ers

Chromosomes are stained deeply
Y 50 1 BUBORL ) T TE
Particle sedimentation occurs in
the staining solution

20 min

912 min B, A5 S gLt 0 IR 52 e A0 i
e
2.1.4 et B3R 3 FE 4 TTH TEG A
BFE 2R 10 min B, Qe iR 3 ARCR K25, A F] T
ZL, AR YL A ] K 15 min I, LB 146 %5 G ACR B
I RS AR 37 T 5 7F Y& (0B 18] SR 20 min B, 3e 4
EFHORR S 15 min B 22 518K H i 16 8] i
o, WER I & I YL W 28 T A7 JURL Y i IR 42, 5% TRl
T LB T AN Y (o AR R
22 A FHEEREYLBEEHE

&L S AT, % 6 Bl o B 8 Jm AR 4 1 G £ 1A
BH R 2n=2x=32,
22.1 ¥HEE  AMoMmTHhEME T LR
Kot AL X, AR K AE L3 38 3 A Ll AR B
4K 500~ 1 500 m,, A2 A P B G (6 fAR R H
2n=32( & 5:A,B),
222 FRFAEL  AMASMTI MM K
M B R RO KA A LB
B4k, 4R 130 ~ 400 m, {4 4H i B 4 65 (4 %5 H
H2n=32(Kl5.C,D),
223 RMFAE S AT T PRI A
T R A b AR T A A A L B A
Ib ¥R 170~ 800 m,, {4 40 A T g R 5 H o
2n=32( & 5.E,F),

A CEWES, B HREHES

; Co BB E R, DLV E R
A. Hemiboea subcapitata; B. H. longgangensis; C. H. longzhouensis; D. H. subacaulis var. jiangxiensis; E. H. follicularis; ¥. H. yongfuensis.

1 6MIPEEREY

Fig. 1 Six species of Hemiboea

s ECAERPEPIE S, FOKEEHIES,
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A CEIE R BOILWEHE S C FFRFHES .

A. Hemiboea subcapitata; B. H. subacaulis var. jiangxiensis; C. H. longgangensis.
B2 FHESZREWEIKETLERKHR
Fig. 2 Roots of Hemiboea grown by hydroponics

A, C. HIEE:3:, B, D. HAKE3E,
A, C. Soil culture; B, D. Hydroponic culture.

3 AREFEAXNERPRITEBES H R0

Fig. 3 Effects of roots grown by different cultivation methods on chromosome preparation
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A. 9:30—10:00 Hi#1; B. 10.00—10.30 HU#f; C. 10:30—11:00 HU#f; D. f# % 8 min; E. f# % 10 min; F. f# 12 min; G. Y0
10 min; H. %44 15 min; L 444 20 min, #7R =10 pm.

A. Take materials from 9:30—10.00; B. Take materials from 10:00-10:30; C. Take materials from 10;30-11.00; D. Dissociate for 8 min;
E. Dissociate for 10 min; F. Dissociate for 12 min; G. Dyeing for 10 min; H. Dyeing for 15 min; I. Dyeing for 20 min. Bar=10 pm.

B4 TELETHEEERSRBR

Fig. 4 Chromosome preparation effects of different treatments

224 BHFHAES ARG TIIVERZNE 225 &aFHEE AMOMH T RISV
BE R, B @ S, A K AR A P A RSN AR R A A R A L AR B A A i
I, 4K 750~900 m, RANMEH I EIREE N AEET I 240~1 500 m, RN G R R
2n=32(K&l5:G,H), HM2n=32(K 5:1,]),
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A, B EHESE,; C, D FFREHES; E, F. RIEHES, G, H. ILVEEHE S, I, J. EFEHE S, K, L. KAEEH 5

&, 2n=32, FrR =10 pum,

A, B. Hemiboea subcapitata; C, D. H. longgangensis; E, F. H. longzhouensis; G, H. H. subacaulis var. jiangxiensis; 1, J. H. follicularis; K,

L. H. yongfuensis. 2n=32, Bar=10 pm.

B 5 +HWELRE6THENHNREEEYE

Fig. 5 Chromosome numbers of six species of Hemiboea

22,6 KAGFHE G AFA T VU H:OK AR
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Fig. 6 Ancestral state reconstruction of chromosome numbers in Hemiboea and related genera

based on four gene association matrix (ITS, matK, rbcL, trnl-F)
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