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Abstract: Impatiens L. (Balsaminaceae) is a genus that contains ca. 1 000 species mainly distributed in tropical and
subtropical regions of Asia and Africa. Several studies have been carried out within this genus, however, there is still
paucity in the karyotype research. In order to explore the genetic relationship of cytological and micromorphological
characters among related species of Impatiens, the chromosome and leaf epidermal characteristics of the genus were

studied. Here, we report the chromosome analysis and leaf epidermal characteristics of three related Imaptiens species,
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L. liboensis, I. chishuiensis and I. tubulosa, using conventional squash method together with light microscopy
observations. The results were as follows: (1) The karyotypes of all these three species were 2B. I liboensis, the
chromosome number was 2n =16, and the karyotype formula was 2n=2x = 16 = 6m +4sm+ 2st +4T, whereas, for
I. chishuiensis, the chromosome number was 2n = 14, and the karyotype formula was 2n = 2x = 14 = 12m + 2sm.
Additionally, in I. tubulosa, the chromosome number was 2n=14 or 2n=18, and the karyotype formula was 2n=2x=
14=4m+4sm+6T or 2n=2x=18=4m+2sm+12T. (2) In terms of leaf epidermal characteristics, the shape of epidermal
cells for these species was irregular, with anticlinal walls sinuolate or sinuous; Stomata were only observed from the
abaxial side; The stomatal index and stomatal density of the three species of Impatiens were quite different, and can be
used for the taxonomy of these three Imaptiens species. The chromosome number, karyotype and leaf epidermal
characteristics of I. liboensis and I. chishuiensis were reported for the first time. Therefore, the high species diversity in
Impatiens is reflected in the hypervariable chromosome number and leaf epidermis, chromosome karyotype and leaf
epidermal characteristics hence could be used to study the relationship and geographical distribution of the genus
Impatiens and as important features for its taxonomy.

Key words: Impatiens liboensis, Impatiens chishuiensis, Impatiens tubulosa, cytotaxonomic, micromorphology, genetic

relationship, taxonomy

KAl 6 B ( Balsaminaceae ) £ & 7K 1 J&@
( Hydrocera BL.) F1XUINAEE (Impatiens L.) , FHr X
e @ P 2t A 1000 A3 Fh, 20045 T W
FE W A FHT A 24 Hb X ( Grey-wilson et al.,
1980; Yu et al., 2016) ., FE R 270 4 Ff, Hrh
240 APy b [E RE A B, 32240 A T IR [ V4 R M
DX, 2 DX AR 5 A A 1Lt 2 S RUAL AE
TR ZHEAE 0 Z — (BRZ AR, 20015 F BEFE,
2012) , ARk, BE A FE W) 2 & AT 8 20 R AT
A XU X B2 AT F R & B ( Kuang et al., 2014;
Ding et al., 2017; Peng et al., 2020; Zou et al.,
2020;Peng et al., 2021 ;Liao et al., 2021) ,

FAT, B A Ah 2 5008 AU A T8 DX 3 BF 58 8Ok
RN B8 AR TAE X S . A
38 R AL T8 1) 9 A% AU 9 2 AR TR AR AR
PPN 23 L X (BB R -5 R X)) A
(Smith, 1934; Khoshoo, 1955, 1957, 1966; Jones &
Smith, 1966;Rao, 1975;Gill & Chinnapps, 1977;Zinov’
eva-Stahevitch & Grant, 1984; Takashi et al., 1994,
1997;Song et al., 2003 ;Tatyana et al., 2017; Chandan et
al., 2019) , W58 K i @ A AR gL AR B H 7E n=
3 & n=33 2, KU T ZEMEDNREaREE AR
ARKAY AT AP X — R e A 1R % B Z 8] 77 7
MR IE AR R, TR EDENE -5 Y
PIAEIL—4F, 23 Jones & Smith (1966) I\ K & 5
FLAE L Bk A8 2 KAl AE T8 1 A2 P8 b o0y ; Takashi 55
(1994) HH 12K A 2 B P4 g #8910 FhRUALLAE /Y

et A H Az AL, IF A X B Rl 5 5 E RURE Y
RANAEA R B R4 O &, SR, 3 1 RUIL
TN el A ER PN ER N i S B U E PO
R Z X S R A R R T S X el
5555 TR XA RUAL AR AT 5500 1Y S8 2% 06 R v R
HER,

Bt X RUAIL AL S8 A 4 0% 98 A RIS BiF 5 A
K FEEA B YA R 27 2 (8] 1Y ¢ &, 7RI 5
wlee fB A ARG BT REBESE, M
KT WAL & 3% B T80 285 ¢ ik 19 BF 90 4 18 52
Ao PN SCHEASE (2007) 4GB T 6 [ RUALAE & 4
Wit 2 Bz WO A5 R AIE 5 v 7 45 (2011) 4R3E T 6
b A R S L DCRUAL A8 i 36 B TOE 28 R AIE 5 27
FEIRAE (2020) BFSE 1 35 5 RUIAE B9 OE 25 R AL
RIZTD R Je 450 A AR I 450, R 1
A R, X SR AT 2R B R4 J& A 4 it
S 1L LY 5 R AR TE Tl N RS E , TR [W] 26 B
I AFTE 22 5, v] g Js N o3 284 it — e ki, A )
JELVE I8 1 R S8 A A AR

A8 7 B KA AE ( Impatiens liboensis) | 7
K AL AE (1 chishuiensis ) 1 & 25 X Il 4€
(I tbulosa) 3 Ff RANIAE J& A W) 76 B & 2% b ik
i, BRSO ERA M, 45 SR AR TSE AR S
XT3 i 2 A R A T A 7 40 B A 28 28 R 3R
B WO A8 7 R AE #EAT B9, 80 3 ol 3l 2 M [ 5%
GRR PR RURRAE LA K A0 A FR 2 B AD TG
A8 T 40 1 2 0 20 B b B 2 25 7 98k, DA Sl XL
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T, MASEIRAMRI I FAA B2 AL, %5
FRRAL G HEATIOE WG . 16 AR RL RS A% FboAf T
T8 R U R = i Bl DA i 82 1) % € A S 56
I3 TP

F1 IHRAUEEEYHNELRER
Table 1

Basic information of three Impatiens species

4 FEUEARA Rl
Species Voucher specimen Locality
# B RAIIAE W= BEGE T B 5 B
L liboensis R. P. Kuang, X. Libo,
L. Liang 33898 Guizhou
AR RUANFE W BEBE S B ARk
L chishuiensis R. P. Kuang, X. L. Chishui,
Liang 33892 Guizhou
RN X e, e TN W v B
1. tubulosa K. M. Liu, X. Hengyang,
L. Liang 33900 Hunan
1.2 773k

1.2.1 e RMAH &R AR AHFR RKILE
JE A AR I T A 1 T £ 2 BRI K 2 4 (2006 ) 1Y
ik R R ik, (1) Uk 5 Ak 2 . ROkt
AR 9. 00—11: 00, F A BR HCZY 10 MR, K
0.5~1 cm, HZEIRK B, FH 0.1% Rk KAl 2 = i
BT 4 CEMETREANTE 4 b 6% 50 20 0 25 4 1A 4 7
B, AR 22 2, (2) e SR A7
ARTALEE AR 2RI AR DR (3 L L), R
G E W E 24 h i AR R K A TR 3R
RIEREREMN G AR, (3) M5 W R i b
W, A Ve A 1 mol » L'E R T 60 C /KB4
#2510~ 12 min, ] A1 52 RBOK, TR E ., (4)
a5 5 I VRO, IO R R I 21 G
WA 4 CORFER AT 4 h DL B, (5) A
S8R VIBURA , K2 1 mm, F 45% ~50% fIK

i TR 5 VR X AR R E AT 43 0, 8 R R, O AT B
o AR, (6) IS B BE B T A 4
A3 4 I I 20 i R AT AR BEHL 30 AN YL fo A 43 K
BT AT v ) A M AT Y R SR T A, SR8
HRE 2 K, A BT R F 2 A8 2F R BR B PH
(1985) . Levan ( 1964 ) ) 77 ¥, #% 1 7r 25 & 1R
Stebbins (1971) BIFRE , #24% R b f < e B AR K B
Sy K B 1Y el S KT 2 ik
JIT o5 BB a0 A e S A% TR 4 2S5 S W A X R R
i Arano ( 1963) E/‘Jﬁizk, &EQKXG‘%%%ZMS .
k% )= KB B/ 2 H AR S K AT FR &R
BOBRFZIT 50% , #% 70 1 0k A bk o5 | 0 7
JEdn, W g o R K B934 R Tmage Tool K114
AEFRERAE V2.0.1, 7 U RUAN AL B I 30 % v 4y %
AR SHOE LR 2,

1.2.2 vF R R B A SEI M ORE Y Ol Y A1 R
ERET ] FAA [&5E 08 it e, Bk B 10 4y
TR SR T HUE M K N FAA [ E )
e R KR BE 3 IR, B 35% 1 NaClO ¥
W 3~6 h, HEFHII A BN R, 6l
Il B 26 B, s AR N EAT USRI,
FRBEHLI 30 SHLEF T 40 f5 44 T WEEIFi0 4
ASPLEF B SFLECH I K R S e i, X et
KRB ERE L ZFLIE (S AL % E
(SD) R ALER KB &) 7 KA X R S R
Dilcher(1974) AR 5T, (1) "fLas KTk =
AR/ AL I8 (2) LB E(S1) = <
BH/ (KA H+ R R MIEEH) x100% (1
mm® N ) 5 (3) AL E (SD) = WL i BN L A%
A/ MEETEFL(L mm® ) o

2 HER 54

2.1 3l R TE 5 4 % i8] S B R 1% B 4 4

2.1.1 F ok RAL 6 6 A R o AT AR 5T 7 9K
AL B Y o R K B AR BUARAE 0 1 RIS . 75 0%
RANAE B G AR B B N 2n =16, BRI AN 2n=
2x=16=6m+4sm+2st+4T, Ho . F 3 X5 2
PRAS R NP Bl St I S22 YA R R NP WD B R
FEea TR SR NP B e B4 RIS R N LR SR I 1
S EE AR AL JE M 3.98% ~9.45% , Yt (A 4K K B L
3.01>2 : 1 HEFE>2 By R B H o 4, BT R
2B (B 1:A=C) o 7% W RUANAE A A% BUAS X FR 3R
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Table 2 Parameters of chromosome of

three Impatiens species

Jefafk  HX =22 TN RN
i s K B LG SIS
Species Lhromf)some Relative Arm Cet?lromere Chromo-
serial length ratio index some
number (%) (%) type
7 B RAINAE 1 9.45 1.33 42.85 m
[ Liboensis 2 7.53 1.36 42.74 m
3 6.44 2.00 33.33 sm
4 6.01 2.04 32.94 sm
5 5.48 1.62 40.85 m
6 4.91 3.36 22.46 st
7 6.04 — — T
8 3.98 — —
Ak KAl 16 1 10.50 1.52 39.78
[ chishuiensis 9.74 1.31 43.42
3 9.41 1.22 45.21
4 6.95 2.20 31.37 sm
5 6.69 1.53 39.71
6 4.07 1.33 43.30
7 3.27 1.21 45.64 m
HZERU a 1 10.84 2.62 27.70 sm
[ tubulosa a——, 10.30 1.60  38.44
3 8.34 1.36 42.65
4 6.20 — — T
5 6.19 2.42 29.26 sm
6 5.32 — — T
7 4.81 — — T
R b 1 8.94 2.00 33.48 sm
[ wbulosa b, 7.35 136 42.46 m
3 7.16 — — T
4 5.64 1.12 47.29 m
5 5.35 — — T
6 4.29 — — T
7 4.13 — — T
8 4.07 — — T
9 3.37 — — T

TE . —fRFRIZ X G 0k Shy s 0 2 22 (44, LR A X
B 0% .

Note; — represents that the chromosome type is terminal
centromere chromosome, and the relative length of the short arm

is 0%.

BN 69.90% , s T — 8 BY A XERR P, 1308 75 0
AL TE SE AL A FE R A H AR TR Y b Ao

2.1.2 G A A R RALFE 69 A% R 547 ARWFSE P
ARARANFE 19 G o R 50 B R B R AE R 1 A

B, ARKRANAE R G AR5 H ol 2n =14, BN
A 2n=2x=14= 12m+23m,,ﬁ\:¢';ﬁ 6 X E
24 RSN TN WD OB AR P 4 A R R 1 N A R N
S EE AR AL VG B K 3.27% ~ 10.50% , Y2 (0 44 K
F2.97>2 1 HAE b >2 Mg @ik EcEH B 2,
Ay 2B (K 1:D-F) . 25K KUAIIAE #98% BLA X
FREECHN 57.51% , B T 55w i % Fde , 15 B ok
IR RN AE A A 3 A v A H e D s 1) M A

2.1.3 LA E ERAGE AL R 54 B ZERUIN
Y AEH N 2n=14 Fl 2n=18 , I AR K
2n=2x=14=4m+4sm+6T Al 2n=2x= 18 = 4m+
2sm+12T, Y fo fA A B AR L Y L R 3.37% ~
10.84% Y AR B 43 00 3.19 R 3.17>2 ¢ 1
HE>2 ik B oh 2, i LUHAZ AN 2B
(B 1.6-L) , & ZERANIE A% BIASKTFR 22 5053 51
H75.21% 1 83.12% , B T B AN X AR P, Ut
A 25 Al A6 76 F A o B P T L B i A Y

AL,
2.2 %l KAWL 12 5 i % Fh 2 (8] 4% B X AR B 3R
SR

) 1) A% U 1 Ak B2 il X B 1) AN % BR
J'& , Z G Ak b Ab T8 2 Bl b i 2R B AT X
FREGIZAY ) Ak T4 Ak BURR 10 1Y S 1 B A A %
M 4% B (Stebbins, 1971 ; 2503 A 4 N, 2014 5 8
FIEAE, 20185 25K 45, 20205 PRk B2 46, 2021)
PR, ARV AL 8 A 4 1 S Y508 L R A b, e R
PRA B LA A ARAE IR (BT 2) AT, 3 A XU A6 T
T A b i B T B AT AN X B R4 R R
DA R AR B A bR f B S S AL AR Al A2 R O %
P (R R BN X R P AR, A Ak 3l R v B D 4y 5 A
F, AREET A T, R RUOR S R e , AL R
MR IZ PR AL, X 3 B XU AL JE A A%
RIE R 2B RS T ARk RUINAE B 25 RUAIAE 5 7 D%
AL R 2% 56 R (K 2) o 2R K RUAlLAE Fil 77
P KA 2138 8 PR B AR DL, P R 4 X R
5 A ZERUANAE L Z I8 JRUAN A6 30 38 5t st 1Y) B 25 4%
E L WH RGO RTE AL, 7% U KU AE (Y 4% AL X
FRAREN 69.90% , 25 K XU AL 1) 1% BU S X FR 22 %K
HF57.51% , 55 25 WAl A6 B #% B X FR R 5l
75.21%F1 83.12% , PEULFRIA, =B XAl A6 AH P 7%
AL SRR RUAINAE R T i, 7 5 R A8 TR
Z, B ZERANAE N A kAL
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Table 3  Leaf epidermal micromorphological characters of three Impatiens species
. 1= S ) N R 3 g
o ALY AL gkt G gy CULER TULE K
) . ype o ) tomatal Stomatal
. Upper/ Shape of Pattern of Stomatal .
Species . . S stomatal . density aspect
Lower epidermis cell anticlinal wall index (%) N 2 .
apparatus (> + mm™) ratio
7 W R ANAE i3 AHLE LEN — — — —
1. liboensis Upper epidermis Irregular Sinuous
TR AHLTE LEIN JC R 18.18 192 1.38
Lower epidermis Irregular Sinuous Anomocytic
AR RUAlAE bERR AHLE EIN — — — —
I. chishuiensis Upper epidermis Irregular Sinuous
TERE AHLIE PR TR R 21.35 304 1.34
Lower epidermis Irregular Sinuous Anomocytic
R s AR e U o B — — — —
1. tubulosa Upper epidermis Irregular Sinuolate or sinuous
4 AHLNIE [EEIN Py WA 21.62 256 1.16
Lower epidermis Irregular Sinuous Anomocytic
T —URIZWF L RE LI,
Note: — represents the absence of stomatal apparatus on the upper epidermis of this species.

2.3 %l R 1L 53 e (8] 3R B2 U A4S AE 0 4
3 ARV AE a8 A5 4 W 3R K SO 25 R AE 1 Ot o
R AE A LR 3 3R R OB A RHIE L3R 3,
2.3.1 R R ety A AR XA 3 FRUIEE
A 1) Pt 2 2 40 JEL TR bR 357 A AS B 000 I | o ] B =X
FEA AR R ol | AN [R] o 24 22 ) it 3% 1z 4 i
o JE] BE (Y 25l AR RS [ A 25 KUANAE Y B R
e JR RE SURE S 8 DR = I AR i 7 B JRUAIL B N AR
TR IRANAE Y |- 3% e 3 Ji] e SR 34 otk . 3 XL
i@y bR E ARSI LGS, TREHEA
AL (BN [ b 28 22 (] 9 AL % L3S 5K
ZhH e (& 3) .,
2.3.2 AFLEHFAE 3 BRI AL JE A P AL AR 41
MTE T R, S ALAR A Ry o R L AR S
[ Bl 4 A0 [0 1 6l 40 787 25 KU AE 1 S FL AR
PR B 588 [BIE |, 5 B XUALLAE Fn gk 7K RUALN#E
AR A KMERIE . SALASTE TR By
BH R/NTEA R R0 A AR AW S 25 5 0 2 R
AR AL A8 K/ANIE 2 11.71 pmx8.65 pm ~
15.49 pmx12.05 pm, 7R K KUINAE S FLAR /N
& 11.92 pmx8.57 wm~18.34 umx14.50 pm, &%
KU AE AL 2% R /NS Bl & 9.80 pmx8.69 pm ~
14.21 pmx12.61 wm, M H R £ AL B
IR ZE RANAE , AR K RAINAE IR 22, B A A A 755 U
KAl €, <AL 38 8o 5l b 210 62% , 21.35% |
18.18% (£ 3),

3 W54

3.1 FE R EZ B T R R4k R iR
Khoshoo (1957 ) 7£ 1957 4R H x=7,10 2 &
TR YL AL B Rao (1975) A K x=8 ] B
FERAR I e R LB, B8 x=7,9,10 J& I
x=8 MEALEN R R AL TH B SR, Ho At Y (o A 3
EAUE | R o o | A B A R B B
BRI ECH B S8 . Song (2003 ) X PH
T HB DX (1) 45 FlRXUALAE JB A 0 2547 T A B 58, A
hy e H UL e R SE AR B 5 XU A R AR P )
AT A — @ AR P AR 8 x=7,8,9, 10
Gy AT D A b, AR AT RE S XU AL R R R Y
ot R LR e R, Yu 45 (2016) 5 T ITS,
atpB-rbeL. Fl trnL-F JF %] M RGE K BN, 7
Clade T ZEFEE—AHIXT A RAIEHE, b T REGEK
B EIIEHS , A5 K KU AE T 25 RAAE A T Clade
LM o S A e, oy 4 MG, U B 4k
FRLE 3 B AL SERE . N IA Y WL N0 5 4 A 2
Yo g R DU 3 R S A R A6 6 4% R 4R i A1
ek S NS5 RA W A B e, 75
P RANAE | 7% K R AE RS 25 XUALAE 3 F 3 2% il
J&FJELR B Y AR SL B A T BB IR T B S
Mok 5 5 Db A b XB XUl A A5G Y 3R %
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7
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Chromosome relative length (%)

2
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Chromosome relative length (%)

: ‘ i I i I I I I l LTI

7 8 9
Yet 4K )75 Chromosome serial number

K L

A-C. W RAIAE; D-F. SR RIE; G-1. BZERUNAE a; J-L. BZERUNIE b,
A-C. [ liboensis; D=F. I. chishuiensis; G-IL. I. tubulosa a; J-L. I. wbulosa b.

B3 ARUIAE TR AR A G R B E A B R A R

Fig. 1 Chromosome number, idiograms and karyotypes of three Impatiens species
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Fig. 2 Karyotype symmetry comparison of

three Impatiens species

32 BEERLELBEHENTRE#H L

RUAINAE J& A P e e AR50 H Z 0, AS{UHE & Fh
[B) AR Ak, 1 AR 2 50 N ARk, AR5
SRS T 1) e i BH A 10 48 25 RN A gt iR B H
2n=14 fl12n=18 , B AE 2B, A /A K 2n=2x=
14=4m+4sm+6T F 2n=2x=18=4m+2sm+12T, ]
Jr5e(2011) il i 48 25 RN AE R B TP i
r, Je a8 H o 2n =18, B RLE 1C, B RIA N
2n=2x=18=4m+2sm+ 12T, 5545 H 1A 5 7] fE
S ZERUINAERD N 28 S AE A 22 57 24 BB v i T
TSy 43 B BT 2, 6 T RE IR 5t A% 2E L 5 i Ak i
Wb PRI — o AR DG I T A PR L 25
SR A6 53 A7 i T 35 v, A6 <A ™ I T AN B o 1Y)
ABETF N AR AR E AR R, X
R RANAE 8 A 400 A B A 25 2 i 5 B R T D s v
Bh, WA 5T RUALAE T AR 0 B V% oy A 5 b B
8 22 5 1 OC R AR — e i B Al
33MRERMESIFERMMTEFELEXR LM
EBo%Hh

VP2 2, it 38 52 1 BOE SRR IE ) 2 4
PEAE— 7 2 B b Be S it J Py 28 B A9 o4k S A ()
ML ICZR I 0T H TR P A ] 5 & 0] 4325 HE Y
ARG R, IR EE S (2013) X 36 Ff
JRUALAE a8 AR 3 B 3 Bz S8 8 R AR R A7 A 5% % 30
-3¢ Bz WUE SRR AE 5 B8 o0 A HLA — 8 A e
2E I A ZE RAINAEVHFE Group TZEEEH %P Y
- % R 2 A RE SRR R R, R R 2 R RE URE
RBCIR 2 EE 53 A AE b [ R AR Sk X, DA

Wy 3ty BE 93 A Ffy BE R 35 RV AE AL 23 A 7 52N 7
BB s ARoK RUAAE 53 A A2 BN T 94 8 =5 KU 4
IR WL VS R AR AR T
SFHLITA I3 A AN BIE 5 45 2R 9k B R A (2013) 1Y
e —E, I, RUIAE i 3% B BOE 25 5 Ak AT
MM RGERT s P E S B (8 1 o
Ak

ABFTERY 3 Ff I G Ff RUALAE T A i 2 Bz ik
AR R B B A — B, 2 — RS T 7
W RANAE 25 7K Al AE FAE 25 XUANAE 22 18] 1Y 5% 2%
KA, AJE b 3R B 3 Ji R SRR AL AR R
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