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Abstract: Salvia is the largest genus of the Lamiaceae. Several species of Salvia are used as traditional Chinese
medicine, as well as ornamental species. To explore the evolution pattern of species in Hengduan Mountains at the
cytological level and to discuss the taxonomic relationship between morphological taxonomy and molecular systematics,
based on extensive collection of chromosome literature, the karyotypes of six species (eight populations) of Salvia
collected from Hengduan Mountains were analyzed by using conventional plant pressing method, and the chloroplast
phylogenetic trees of Salvia distributed in China were constructed. The statistical results were as follows: (1) About 23%
of the chromosome data of Salvia was reported all over the world, in which the chromosome reporting rate of Salvia in
China was 32.10%. The reporting rate of Salvia in Hengduan Mountains was 40.54%. (2) The chromosome basic number
of Salvia were mainly x=8 and x=11, and the chromosome cardinal numbers of Salvia plants distributed in China were
x=8. The experimental results were as follows: (1) The karyotype data of S. wardii was reported for the first time. (2)
The diploid population of S. evansiana was found for the first time in Deqen, Yunnan. The chromosome evolutionary
association analysis was carried out by combining cytological data with chloroplast evolution tree, and it was
demonstrated that polyploidy might not be the main mechanism of Salvia adapting to high altitude environment. It showed
that polyploid was not the main evolutionary pathway of Salvia plants species formation, but mainly at the level of
diploid. So we speculated that the doubling of genome might be one of the reasons for the inconsistency between species
morphology taxology and molecular phylogeny taxology. This study enriches the chromosome karyotype data of Salvia in
Hengduan Mountains, discusses the evolutionary relationship of chromosome characteristics combined with regional
molecular phylogenetic tree, has made exploration for further study of the karyotype evolution of Salvia species in the

future, and complements the basic data for the deduction and analysis of the chromosome cardinal number of ancestral
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species.

Key words: Hengduan Mountains, Salvia, karyotype analysis, chromosome evolution, phylogeny
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by DX K g v B R LU K S A b X TR BT R T L
X FwE YR ZREE, B g, B B X A
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Table 1  Experimental material information in this study
prisn  CRIEERS ik BT 4 R iyt

Material code Chinese name

specimen code

Scientific name

Collecting location Altitude (m)

a MS17-509 HYERER Salvia przewalskii PUJI 5 2% (BX) 3763
Baoxing, Sichuan

b SunH-077X-3021 HPE R S. preewalskii =R AR BEBL(SL) 3180

Shangri-La, Yunnan

¢ MS17-405 WAL U S. flava Y1 5 24 ( BX) 2286
Baoxing, Sichuan

d SunWG-0228 WAL U S. flava SHERYL (L)) 3 800
Lijiang, Yunnan

e SLZ-104 EEY: i gt A S. digitaloides AR (L]) 3282
Lijiang, Yunnan

f SunWG-0212 V3G LR S. wardii PUBE#B(CD) 4120
Changdu, Xizang

g YNNU19-248 Hil R S. evansiana = B (DQ) 4 484
Deqgen, Yunnan

h MS17-678 UECY T S. roborowskii S 3 (XC) 3618

Xiangcheng, Sichuan
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a. S. przewalskii( Baoxing, Sichuan) (The black arrow indicates the B chromosome ) ; b. S. przewalskii ( Shangri-La, Yunnan); c. S. flava

(Baoxing, Sichuan;); d. S. flava(Lijiang, Yunnan) ; e. S. digitaloides( Lijiang, Yunnan) ; f. S. wardii( Changdu, Xizang) ; g. S. evansiana

(Degen, Yunnan) ; h. S. roborowskii( Xiangcheng, Sichuan). * indicates that the chromosome contains a satellite.
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Fig. 1
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1.66~2.17, 8 L >2 1 @ik ma I Rh
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B (S. digitaloides ) 5 T8 5 — X e {0 {4 g B
FEBEA, MR AN EXEHARBERE R 4~6 %
BEANER B YOk, X% H ke P REBEN
KB Yk, 6 Fh 8 JE i LR R IE AT Y 1 (8] 1
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Metaphase cell, paired chromosome morphology and karyogram of six species of Salvia in eight populations
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AR E T 530 B Y BRI b I DR ) o b
W7 L1 XA G (o AR B AR vh X L) x=8 Sy
BB Qe R MG, To e AR MRS YE B N
Geit, AR AR AT 4 X8 1 L L
23 REEENNER

WA R R R 62 Fh oy AL (K
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Table 2 Karyotype characteristics of Salvia chromosome in this study

53197 BH>2:1
e s \ \
S PSRN B H 43 B Rk ek Py
IR TR BRI T L L AE Ratio of BARL AXERR :.F!E/Tﬁ ﬁfg LR
Material gifi P I Mean arm  The longest/ chromo- Karyotype £S48 AR S AR S KRR
code aryolype lormuta ratio the shortest some (KA) As.K E¥44 E¥44 RE
(MAR)  chromosome arm ratio (%) CVy CV,. M,
ratio >2 1
(LR) (%)
a 2n=4x=32=4m+20sm+8st 2.48 2.14 68.75 3B 70.72 19.92 20.23 41.44
b 2n=4x=32=26sm+6m 2.02 1.84 56.25 3A 66.68 13.41 17.21 33.51
c 2n=2x=16=4m(2sat) +10sm+2st 2.22 1.97 62.50 3A 67.68 15.33 25.12 35.35
d 2n=2x=16=8m+8sm 1.62 2.17 25.00 2B 61.75 15.26 26.72 23.50
e 2n=2x=16=2st(2Sat) +14sm 2.46 1.66 87.50 3A 70.95 11.96 17.29 41.89
f 2n=2x=16=2m+10sm+4st 2.48 1.86 62.50 3A 70.51 17.82 19.45 41.02
g 2n=2x=16=2m(2sat) +12sm+2st 2.34 1.79 62.50 3A 69.27 19.18 20.80 38.54
h 2n=2x=16=2m(2sat) +12sm+2st 2.24 1.83 62.50 3A 68.34 15.48 23.04 36.68

R JE o AR bE B 7R X — 70 3 B g
IAREEL, O I8 A9 BR JE 8 B 52 (S. castanea)
x=8 Fl x=11 PiFp e AT, HAR R YT
x=8, B o AR A B R A 5 L U A R
J& B H(S. brevilabra) F1H P8 B H, Hip H 1l
U HE LA I A AR Fh 5540, Tl B
W SRR B AR B (S. cyclostegia) W ZL
B H(S. atrorubra) F158T i U #E (S, deserta ) iX
5 YR TE AR R I AR H R SN
AL LA X i ST Y B — 2y S 5 4 H AR ST Y
RER G4 b B A AH X B 1Y 2R 2 K &, H = i
R e R FIA 5B A4 26 i s s
AR FR IR IR — 32, MR H B Ry e (&
PR EFOR A 1 34 52 00 L 2 PR M 0 R A5 T LR T
WP J& ( Subg. Allagospadonopsis) F1 35 K H IV J& H [
etk aE N B, HIES 0 7 RER LR |
W BT AR 1 SR, ik AT 40 2 9 B 5 OF HL
HEAT S0 oA B 43 AR B AR A

3 Wik54#

SRR e S A O R B 89 Sl A R A 23 32, A
P ULz oA, 5 B B ) N RE ) N
Ay B AR ) ) T AR R B A
Jo Xk BB 43 L i, DAL Ik B R R R A i

FEARAE th 5 HAZ RUE LA ¢ (W HL B %5, 2014)
AR F 3 A AR 4t A PR P ) LR T e £
WEHEIRGE , g, et RaFE N, 2 28
A0 e 00 A A 41 38 R 2 Sy 23% , v [ Ml IX 4R
N 32.10% , B W LI X iR E 8 40.54% , WU HESE
L [ XA e 0 R 2 R B0H O 8 0 NCBT T 3%
I S A DR St g 8 v ol X LR R AL 19 20 T
PRGN , I X REWT L X 69 6 Fh 8 JE R BB B @A)
TEAT 20 160 2 52 56 3R AT A% 7 B4l | DA A4t 2 7K P %
WRBR R T2k &, 478 LR 508 9 4L 0 14
Bt ASHIF 5V R RS % TR R T YR R A A
ANEH 2n=2x=16=2m(2sat) +12sm+2st., FH L1 R,
JE AR 22 i I 5 R A A AT A R DU A% R R A
PERI K (Chen et al., 2018) , KK FRE =
TRER () S B o A% A, LAy 4 P L 25 3 S A
WF9E— 2, H 7 BUR 58 DA% R 9 B, AL LR
OB REE M ERER R AR R, H o6
it BB B A A G RSB x =8, RN
PR R e o ) R RO AL, e R R Bt ok A i
[ 16 45 32 4 (Hu et al., 2016) ., %4b, @it %
Ty AR v, F AT & PR BLUR B0 I8 v I R ) A
T AR BT L DX B 22 A5 A HE ) 5 ) e X ) 2 3% Ak
F ) AR 57, 3 18 B 22 A% 4k AT RE I AS 2 A 9 38
IO peg LU BRI B ME—BILR (R e 55, 20045 4547 1
MU, 2006) , XY o PR A5 1 Bl 2 Ge 1 LY
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23,0300 X727 030% x=29, 0.30%x=31, 0.30% x=41, 0.30% a R A b
x=19, 1.52% - | = x=5,0.30% a2 Diploid & Polyploid, 10.00%
x=18, 0.30% S e
x=17, 0.91% x=7, 12.12%

EZi1%
Polyploid, 8.18%

x=16, 7.27%
x=15, 5.45% \

x=14, 1.52%
x=13, 2.73%

A ;

x=8, 24.55%

x=11,22.12%

ZfE
=9, 6.36% Diploid, 81.82%

x=10, 8.18%

c d
- 90, -
x=11, 9.09% x=7, 9.09% —iEERE A
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a. Chromosome cardinal number statistic of Salvia in the world; b. Chromosome ploidy statistic of Salvia in the world; ¢. Chromosome cardinal
number statistic of Salvia in China; d. Chromosome ploidy statistic of Salvia in China; e. Chromosome cardinal number statistic of Salvia in

Hengduan Mountains; f. Chromosome ploidy statistic of Salvia in Hengduan Mountains.
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Fig. 2 Chromosome cardinal number and ploidy ratio chart of Salvia
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Fig. 3 Molecular phylogenetic tree of Salvia from China based on combined chloroplast
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