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Chromosome numbers and ploidy of four species
(including one variety) in Petrocodon Hance

QIN Xinmei', PAN Bo', LU Yongbin',

SHEN Lina’,

ZHANG Qiang', LIANG Yanni®*

( 1. Guangxi Key Laboratory of Plant Conservation and Restoration Ecology in Karst Terrain, Guangxi Institute of Botany, Guangxi Zhuang

Autonomous Region and Chinese Academy of Sciences, Guilin 541006, Guangxi, China; 2. Wuzhou University, Wuzhou 543000, Guangxi,

S, R E T

China; 3. Key Laboratory of Karst Dynamics, MNR, Key Laboratory of Karst Ecosystem and Treatment of Rocky Desertification,
MNR, Institute of Karst Geology, Chinese Academy of Geological Sciences, Guilin 541004, Guangxi, China )

Abstract: Petrocodon Hance ( Gesneriaceae) consists of 41 species and is mainly distributed in the limestone region of
South China. So far, the chromosome numbers of only four species have been reported, with the rest species in the genus
remained uninvestigated yet. Furthermore, the evolutionary history of the chromosome number and ploidy in Petrocodon
as well as in its sister genus Primulina remain unexplored, and particularly whether it affected their diversifications into
extant species diversity remain unknown. In this study, the root tip cells of four species (including one variety) of
Petrocodon (i.e. Petrocodon dealbatus var. dealbatus, Petrocodon dealbatus var. denticulatus, Petrocodon longangensis
and Petrocodon sp.) which were generated by hydroponic culture method for the cutting leaves, were used for the
chromosome experiments. First, the effects of various experimental treating conditions on the quality of chromosome
squashing were explored and the chromosome numbers were counted. Then, the evolutionary history of chromosome
numbers in Petrocodon and Primulina were traced based on the molecular phylogenetic tree, and whether the
diversifications of the species diversity for the two genera were impacted by changes of the chromosome number or
especially the ploidy or not was discussed. The results were as follows: (1) The root tip of 1=1.5 cm length,
pretreatment for 5 h with 0.002 mol + L' 8-hydroxyquinoline solution and dissociation for 4 min was a suitable
chromosome preparation condition. (2) All the four species (including one variety) investigated were diploid and the
chromosome numbers were the same (2n=2x=36). (3) Although the reconstruction of the ancestral state of the
chromosome number of Petrocodon and Primulina failed to give any resolution for the most recent common ancestors of
the two genera ( generic stem node) and each of the genera ( generic crown nodes), the chromosome number of
Petrocodon and Primulina was highly conserved with most taxa possessing 2n = 2x = 36, except for the ploidy or
chromosome number changes in few species, suggesting the disproportional diversification of species diversity between
Petrocodon and Primulina was not correlated to the change of the chromosome number or ploidy. This study provides a
reference for the chromosome preparation of Petrocodon and its allies, and also provides basic data and implications for

further research on the classification, systematic evolution and speciation of Petrocodon.

Key words: Petrocodon, chromosome numbers, genome ploidy, species diversification

£ 11 E & J& ( Petrocodon Hance) T 1883 4F 4

B B Bl ( Gesneriaceae ) K ¥ & & ik J& ( Calcareoboea Wu ex Li) .

BT i A 1L E & & ( Petrocodon Hance) R EH
T E SR

(Trib. Didymocarpeae Endl.) . %@ P 1 Fh
11 AR Fh s EI]EUJE%“( Petrocodon dealbatus) A 2
£ 11 & & ( Petrocodon dealbatus var. denticulatus )
(Wang et al., 1998 ; 2= 9% 5= Fll F BT, 2005 ; 55 NI
45,2010) . AR, E T REKFI, 4G
#E— 2 BIESHIE HB, X A I E & B3k T 1 2

( Paralagarosolen Wei) {45 5 & J& ( Tengia Chun) |
KAEE &8 (Dolicholoma Fang & Wang) I & 15 &
J& ( Lagarosolen Wang ) 1) it 5 #f, LA K 35 5 & &

( Didymocarpus Wallich) [ £ B K ¥ & & (D.
mollifolius) 4% ERK W 15 & (D. niveolanosus ) Fl 75 F§
K E & (D. hancei) ], SCRE & J& ( Wentsaiboea
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Fang & Qin) [ K& R E & (W. tiandengensis) | Fl
WEE &8 (Primulina Hance) [J PR HFEE &
( Primulina guangxiensis) | FITBATFIZEEBIF AT X
AT & R (Weber et al.,2011;Xu et al.,2014) ,
X3 ABTT N B 5 328 — L85 W i 1) AN W
%% (Chen et al.,2014;Hong et al.,2014;Xu et al.,2014;
Yu et al.,2015; Li & Wang, 2015; Middleton et al.,
2015;Guo et al.,2016;Lu et al.,2017;Cen et al.,2017;
Zhang et al.,2018; /% J1%5,2019; Zhang et al.,2019;Li
et al.,2019; /5 229855,2019) , (EFF B4 A INE
JEBEIN, 2 41 Fp (5 1 ZEFP) (http .//www.IPNLorg) .

JTAIEE R EIEAT 24 oAb 1 o
AR AR Tl HOE S HAE R S E AR 2 hE,
A REE IH I A BB RHEY R IE S W AR 2
(1))@ 2 — ( Weber et al.,2011) . 5 KMW 2 (2017)
XA I R RS AL R, 25
FRIE SRR U LATE J& (19 5328 L e FR Ak 75 3 Ak
o AR A B H R R T R A M Ak
( homoplastic evolution) , & FEEHZIL AT EAH
SRICHEH R . BRI ER A ILE &R IED T
RGM LN R ERE (B W — LY S 7E
A B 5 IR I 5 B R 0 — L2 M i A
2L (4N Petrocodon tiandenensis 5 Primulina renifolia ;
Petrocodon guangxiensis 5 Primulina tabacum) , H
Bl ERBEFR B A 1L B & B 5 IR E i F
JE 45 A ) LA AE ( synapomorphy ) GEWS FH T 66 % Hb
XArUe Wi . 5340, )" A INEH R 2 41 Fi
ERE M IHIRE IR FE & JE A 29 233 F (hitp.//
www.IPNLorg) , 5 20 4H 1k J& (8] 4) i 2 A 2 1A
XS FR A0 J PR IR R Z 53X 2 [ RUAY [] 2% ) AN AR
B X XA E B BEWIES RS
REIFRE 7z HHRA MBS, i H 5 2 H:
b )2 T B AR BE T REAITSE

Qe fAo it 155 B R BUR, i g g @R 80 H |
FEVEFIRZRLSEHR bR, W] 20 A7 348 7 G (IR 45 4 22 5
Lt ZHEE , A Y 3 2R F0 2R Gt i A e ik
Wt HATEHMIE 7RG E SR AR (4 &4 B Fh
W=rz Z) W g AR5 a1l E S R A
RN QE R R C DR RS 8 v I

Petrocodon hancei ( 2n = 20 ) | Petrocodon jingxiensis |

Petrocodon hechiensis F1 Petrocodon niveolanosus ( 2n =
36) PUFPA L Y G O R E H A BT il (o A
84,2003 ; X 5 dm 45, 2014) . HUILAT UL, A ILE HE
AL R 22 1) G A8 B RSP AT
1T H AL @ A% H AT REAFTEAR K220, AT X B 2 11
L R A R Gt o R K AT IE ST 5 Al
ZEE BRI L, AL EE S NG R,
e K8 A ), 5 R AN TR Y S 6 J 1% g 6 14
iR AR 1 52 8 (Moller & Kiehn, 20045 X1 i 3,
2013) . B, A SETE 22 B A ] /Y S50 25 41 %
DU (3 — 2R A 1B R A AT g R
FIILER  RZ A L R G A ] i3 B 2R RO
Xof Je R, E A g o (AR H AR R TR R S H
IR JE A R b R Iy SR DA AR R R
S JEYIRh Z R AR G, B A I
JE A B G T ) e o A il 25 3R 2,
DA SEIZERE R 2328 | R G AL A R IR
JRCAE AL A0 2 75 T IR S 7R

1 MR 57 %

1.1 ##4

DU (& —AM) AILEERAEY (F 1), #K
B v A e DX R B T PG AR A0 5T
ol ot T L A

F1 SSBMESKR

Table 1  Sources of plant materials
W KA
Species Location
A L TR LT
Petrocodon dealbatus var. dealbatus Guilin, Guangxi
WEAIES e 5
Petrocodon dealbatus var. denticulatus Qianyang, Hunan
FER A IIE S LY R
Petrocodon longangensis Longzhou, Guangxi
AWEERESLF RS

Petrocodon sp. Pingle, Guangxi

1.2 LW A *

1.2.1 ZBLWEBEEERD H FHEA

12,110 O O (& — A2 ) £ 1l R A
Prr g B, =T HZE K5 20 d A4,
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2~3 d YK AR . XA R AP
H Y HAR 7 8:30—9:00,20:00—20: 30 W~
B, 23 54 0.5.1~1.5.2~4 em YRR T
IRt
1.2.1.2 FiAb B8 e = Fh B B 5 %: D 0.05%
BOKAN R B, TALFE 4 h; @ 0 CUkKIRAY,
0T 24 hy; 3 0.002 mol - L7 8- W Wk 45 ik , T
AbFE5 b,
1.2.1.3 [ElE ¥4k B S A AR I FH 2 18 /K8 Uk
3~5 U BRI R (LM KRR =3 ¢ 1)
WL TE 4 C e R,
1.2.1.4 fifFeg Rl E 4 BRI 2R IRK I U 3~ 5
U B B (1 mol - L HCL = 45% UK IR =
22 1), 7E 60 °C T AAE IR A g b ok Bl e 2
4 6 min,
1.2.1.5 e S5k R R B R IARAR I Z8 18 7K 58
SREVEIG BT I R b T R OO o L A
FR 3 A2 DX T /b R R S AL G O, G
1~2 min JFHFTH TR
1.2.1.6 B L it g Bl o iy v 7 ifE
TUBE Lecia2500 AN, Pkt B AT A 2253 24 b i1 53
ZURH G0 1 53 BOFD P 8 R 4F 19 40 ML T 100 A% il
B R AT LSS AT IR, e R TTH RO 2 AR
AR5 B (1985) B P AZ R o0 b ife
122 BLWELBARAES B R ERIRA A
RS TR E A B SOk A Y AR H A
¥l Chromosome Counts Database ( CCDB) (http://
cedb.tau.ac.il/about/ #IPCN online) , X A4 I E &8
R B & 8 Y RS T 0B 09800 i 17 1 gk
FEEPE 45 G AW E i (& — 2R A
L & A A AR B 4 G R H 1T G
W ERZBER ITS RS A F W L, H Mesquite 2
( Maddison & Maddison,2018) H1 [} MP faj 24 ¥ , il
i Trace Character History 3£ 0 %f 7 111 15 & J& A4k
BEHAEBY R AT e k8 H e RS EE, A
173 ) 4% G AR5 I s Al g o

BRI 1TS RS B MM . T 4 NCBI £X
P e e E R AR R E R TR A ITS 751,
K H B KSR ( maximum likelihood , ML) |, B 3 ¢
WA 1% 52 5 GTRGAMMA ( General time reversible

model of nucleotide subistution with the gamma model
of rate heterogeneity ) , FH i AL A 5 Sy &2 G 49, 6 [
A FFE 1 000 KI5 ZF5 % (bootstrap support) .
BARIZFT B R BN raxmlHPC-f a-x 123-p 334-#
1000-s a.phy-m GTRGAMMA-n b,

2 HR 54

21 ALEERRBEREAREHENMRL
2.1.1 BAfar A fed R K E 69 A ILE
5 JE ALY MR A A [) BRURE i ) | BORE < B8 4R 15 1) op
W AR ME, A A L E B R AR RN o
W g R 2, MR 2 "I %1,8:30—9.00 2R
LN 53 24 BE 2% 1 B[] e o 44 B AR RAT
20:00—20 30 RN A3 B 2R #5025 . WL 1 AT L
BHHORREK N 1~1.5 em B}, 40 245 0E %, Ye ok
T AT UL HLAL T o AR R A R e 2, R S
ORI AR K N 0.5 em B, 4 2438 A i 1E 5%
MRZE 2 14 240 i O /0 HIE 25 AN 08 4, R0 — 5 AR 2R
KK 2~4 em B 4t 2 FEUFBEHER 2,
2.1.2 ey AL SR =R 07 AT pAL
Bt =2 IR 2 2550358 ,0.05 % BOKI R
WAL PR 4 h J5 MR YL AR A Mk 45 LB
BHIT L ;0 CUOKHALHE 24 b )5, e ikl
ROR IR 53, 3 0 Fh (SRR A I E &) A
W, AR, B AUR —50.002 mol - L
8-FR FLME I K IR IR AL T 5 h I, 1) SR AH X A
I R R HCRE R EH T AILE SR
FE ) AR IR TR AL B
2.1.3 fg B at ey AL AN [ R i B[R] R e
R B RRUR, £ 2 MK 3 S5 REH, M2
min B B (B B0 4, % €0 1A A X R4 S5 Oy
R, A3 B A S — M R S 4 min BF Y 5 (R A X 4
BT B AOR B B 6 min BF B A] R K, e (@
AN 2 min F 4 min B A 0 AHMORE R, G AR
22 ALEERLBEEBEMEES

HRAE A 1L B i e o AR b A o 25 ek A Ak
R IR T AR (AR A E S EAEY N
Je R (& 4) , IWE 4 TRLE I BT Ak
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Table 2 Effects of different treatments on chromosome separation

S| b3 RN =R e
Item Treatment Chromosome separation effect
Bkt i 1] 8:30—9.00 K 4F Good
Sampling time 20:00—20:30 — B Intermediate
WARK 0.5 cm — B Intermediate
Root tip length I1~1.5 cm K 4F Good
2~4 cm 2 Poor
oAb L 0.05% BRI ZE TR 4 h 2% Poor
Pretreatment 0.05% colchicine solution for 4 h — & Intermediate
0 CIKKIRAEH 24 h B4 Good
0 °C ice water mixture for 24 h
0.002 mol « L 8-JZJLMEIAIE WL 5 h
0.002 mol + L™ 8-hydroxyquinoline solution for 5 h
fir B B[] 2 min — % Intermediate
Dissociation time 4 min K14 Good
6 min 2% Poor

BOH—2, B A5 2n=2x=36(% 3)
23 ALEERNMREESRLAGAHENES
HRAE A 1L AR 5 s e e R % B Y
MRS AR (K 5) , B RRERE A IS &
JRALSE A BB AR ST R JE 1Y el A R AH
YR8, EAIDE R NSRS, B — kg
EARBH B 2n=36 #| 2n=20 WL, 7EIRBFE
FE B, R AH SR S E R R L e v
—EFRIMBEEET NN 2n=72 5HAAH
2n=36 Z[H] i I Ak 7 1), (E AR 91 5 JHLA) I, 10
SRR G 4 T R R AU TE A

34w

3 ALEERLBERAR EEENRL

PN RN LY SN R R NI PR CR N
AE YIRS 2 J J G AR 5 o 3 H 3 LA
LENTE MY e ATE A, BRI X L IBORE: s ] AR
PP AL BRIy vk R g R AT T AR T

ekl A B ARAT B 2 1 4y A, W R IR
A 20 JfL A T B % 1 A 22 53 2400 PR G T 22 4R 3
AR I BORE B[] 7, ) s 4 il A AR AR K B AT A
R R, KRZHHYAE 8:00—11:00 P HA
B[] B P IBOBA , T i oy AR B 2 | Gt il R i )

RES &, WA B ( Taraxacum kok-saghyz) (#% F XL
4 2017) 1 H 4E ( Sophora davidii) (75 3C 345
2017) . # £ JF ¥ [ yellow-flower Chinese kale
( Brassica alboglabra) | ( 3% ,2016) %, A5
WA R R Y B R 8.30—9: 00 B,
T A R 2 | 3X 5 R 2 B0 W R EURE I (]
—E, AN RR KX 2 AH W 2 i B R
sem i AAFSE R, LSS ( Bupleurum chinense)
FIRRARKEE R 0.5~1 em B, 4> A B £ (fi]
fay W 55, 2018 ) ; T A€ 3% ( Brassica oleracea var.
italica) BRI FE R 1.3~ 1.5 cm B, P4 2440
% (SRLI M, 2009) ; NG5 BR 52 (B. campestris
ssp. chinensis) PRI E N 1~2 em B, Hh 532
MBBE B L (B4 WA ,2011) . AWFFEa5 SRR,
ANEEBRRKE RN 1~1.5 cm B, P15 2440
LEN

A PR G o fA ) o AR G HEER T, T
T H B A TE Y 22 53, 78 52 30 0 72 v 94 2 K
A B I [R] L AF 7R 22 00 (XA, 2015) , AF
FEXS HEAN [R] AL PR A ) e B8ORS A DUl (3
— B ) AT E R A YR AT 0.002 mol - L7 8-
LA UV VR AR g TAL BRI R BOR e, X 52
2RISR PRV (1996) 2 1 1Y 22 Fh /N e (0 (A A6 9
KRG ( Glycine max) . JKFE ( Oryza sativa) 55 H H
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A WK 0.5 cm; B HIARKEF 1~1.5 em; C. AR K 2~4 cm,
A. Root tip length 0.5 cm; B. Root tip length 1-1.5 cm; C. Root tip length 2-4 cm.

BT ASTRIAR ISR R G A A 28OR

Fig. 1 Effects of chromosome squashing with different root tip lengths

A, 0.05% BRI ZIBFWTALFE 4 h; B. 0 CUOKIBEWTALFE 24 h; C. 0.002 mol « L' 8-FR LM AR FAALEE 5 h,
A. Pretreatment with 0.05% colchicine solution for 4 h; B. Pretreatment with 0 °C ice water mixture for 24 h; C. Pretreatment with 0.002 mol -
L 8-hydroxyquinoline solution for 5 h.

K2 OR[EITAb B A G AR TEAS UL

Fig. 2 Comparison of chromosome morphology from different pretreatments

A. f# 5 2 min; B. f# 4 min; C. f# 2 6 min,

A. Dissociation for 2 min; B. Dissociation for 4 min; C. Dissociation for 6 min.

K3 [N i ) T i R S

Fig. 3 Cell division phase morphology under different dissociation time treatments
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AB. AEEFEZM; C,D. WEAIEE; E,F. SFXALEE,; G, H. AIlLESEREAF,
A ,B. Peirocodon dealbatus var. dealbatus; C,D. Petrocodon dealbatus var. denticulatus; E,F. Petrocodon longangensis; G,H. Petrocodon sp.

K4 AIIES

JE VU (&5 ) A R R (L AR

Fig. 4 Chromosome numbers of the four species (including one variety) of Petrocodon

x3 ALEEERNM(&—ZM)EMHOLEEENE

Table 3 Chromosome ploidy of the four speices

(including one variety) of Petrocodon

Y4 RN iR
Species Chromosome ploidy
A7 I SRR 2n=2x=36
Petrocodon dealbatus var. dealbatus

WEAIER 2n=2x=36
Petrocodon dealbatus var. denticulatus

TR A IE R 2n=2x=36
Petrocodon longangensis

AIE S ARE ST 2n=2x=36

Petrocodon sp.

0.002 mol - L™ 8- J s mb 75 Vi A7F 191 Ak B 2 — 3L
. BHZANEE (2018) A ST Ge AR5 /N 3 7 L A%
Bk ( Carya illinoinensis ) BFIA R, FH 0.01% )Rk KAl
RS WA T AL PR AF T 0.002 mol - L
8 - i M WA VAR SR A 2% 5 (B AR B 5 b, 110.05%
AR K Il 28 38 AR Sy T Ak B S R A 25, i
0.002 mol + L 8-FRJEMEMRIE AR AT . X ] fig

S T RIOKAN 2R MR BE A e (IR A () A6 e 5 3
B FIUAL B ANTR] . AR 5E L0 °C VKoK AE Ry 4k
BT R A Wy Ab & P, AAR I GE B = A e A
JEAE Y B AR H R T 0 °C vkoK AR S Fii4b 3t
WX B i 55 ,2014) o (B A SE h 5% A L
HAHXE T H ALY A, R R 0 C vKok 3k 17
OgLIN

PR fife ik R v IR (RD Ao 6, 400 B RE M LA B A IR
e 0 RS T 4 B ) 3 K | 25 5 i ol e o 1 i 24
ok PRI, 7E S0 50 o AR o o A b 4 o 47 45
FbA R 0 i 225 1sF R AS B 5E H, DO AR (5 — AR A
A7 LU T AR A A R S B R 4 min, 35 D
A EE B A L E &8 Y 60k iR % aE 3
min 33 (Liu et al.,2012; XIEGHG 45 2014)

SR, AN [ 4 Bl 22 BB R O A A 22
S, T I 22 RS I O 4 A A AR A B R A AR
BRRAEMRAEE TR, AR ALES
JE A AR AR G AR B R AT T W P R
F,AUh A B R B L 2 AR Y G A
PR HEE
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Fig. 5 Tracing the evolution of chromosome numbers in Petrocodon and Primulina based on the ITS maximum likelihood tree

32 ALEERABAKYEBEMBEES T

AR SCE YO Z IR (F—2F) A 1 EE R
P g A% B TF T ST, T Fh (& — 2 F) ALY
P RBH —2, 3 A5 K (2n=2x=36) 254
C A IE 1Y Petrocodon hancei AR H 2n=20( &
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